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viii  Preface

Towa City, US; and Puerto Pollensa, Mallorca. L.VP
March 1996

Preface to the Second Edition

The present second edition and fourth printing of Congenital Clubfoot: Fundamentals of
Treatment, first published in 1996, reveals how and why this crippling deformity can be
corrected without surgery by precisely following my protocol. In the past ten years, I have
corrected more than one thousand clubfeet without any surgical releases of ligaments or
joint capsules. A percutaneous tenotomy of the Achilles tendon, and an occasional transfer
of the anterior tibial tendon to the third cuneiform, facilitate all feet to develop normally.

Orthopedists, podiatrists, physical therapists, and physician assistants with expert hands
and a basic knowledge of the biomechanics and biology of the clubfoot have published
scores of reports of their success.

Recent discoveries by geneticists and biochemists that mutations in the fetal myosin
heavy chain cause arthrogryposis (Toydemir ef al. 2006) suggest that clubfoot is due to a
congenital defect in the fetal myosin of the posterior tibial and gastrosoleus muscles in an
otherwise normal infant. These muscles tether the fetus foot into supination and equinus
while its skeleton continues to grow: Since the fetal myosin is replaced by normal myosin
after birth and since the muscles and ligaments are stretchable, the clubfoot, if well cor-
rected, remains normal for life.

I have added a new chapter on the treatment of the complex clubfoot to explain how it
can be corrected without surgery by a modification of my original protocol. Joint release
surgery is not an option to correct clubfeet. It results in scarring, weakness, and often pain
for life.

I am indebted to the University of Iowa Print and Mail Services for their professional
management and editing of this book.

ITowa City. LLV.P
May 2008
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et al. 1994; Dobbs et al. 2006).
A well-conducted orthopedic treatment, based on a sound understanding of

the functional anatomy of the foot and on the biological response of young con-
nective tissue, cartilage and bone to changes in direction of mechanical stimuli,
can gradually reduce or almost eliminate these deformities in clubfeet. Less than
5 percent of infants with very severe, short, stubby feet, hard to stretch feet need
special attention (see Chapter 12). Parents of all infants with clubfeet may be
reassured that their baby, when treated by expert hands, will have a functional,
plantigrade foot, normal in appearance, requiring no special shoes, and with fairly

good mobility.
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aspect of the head of the talus and the index finger against the posterior sur-
face of the lateral malleolus.

Excessive abduction must be avoided in the complex club-
foot.

Open tendon lengthening is most often unnecessary.

The same guidelines apply in the initial treatment of the rigid clubfeet in pa-
tients with severe arthrogryposis or with myelomeningoceles. In these infants the
deformity is more difficult to correct or even impossible to correct satisfactorily.
Relapses occur even after extensive tarsal joint releases. However, partial correc-
tion may be obtained by manipulations and casting, and these corrections should
be accepted provided the foot is plantigrade, albeit deficient in function.

Dobbs, M.B., Nunley, R., Schoenecker, PL. (2006). Long-term follow-up of patients
with clubfeet treated with extensive soft-tissue release. J. Bone Joint Surg., 88A, 986.



Introduction 7



8  Pathological anatomy

The anatomy of the clubfoot is best understood by studying fetuses of dif-
ferent ages and babies after birth. Since 1947, Dr. Ernesto Ippolito and I have
studied serial histological sections of twelve clubfeet and four normal feet of four
fetuses with bilateral deformities and four fetuses with unilateral deformities;
all the fetuses were aborted at 16 to 24 weeks of gestation. These studies were
complemented with anatomical dissections of three clubfeet of stillborn babies
and three clubfeet recovered from two full-term babies dead shortly after birth;
one of the latter had bilateral deformity and the other had unilateral.
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ligaments were carefully studied.

on the right, severe on the left, tethered in supination by the pull of the posterior tibial
muscle.
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In the left foot the navicular was medially displaced, inverted and its tuberosity
was very close to the medial malleolus (Fig. 3B).The navicular was wedge-shaped

(Figs 3A and 3B).
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The number and distribution of the vascular channels in the talus is similar in both feet.
There is a large heel pad of loose connective tissue behind and under the calcaneus (he-
matoxylin and eosin, X7).
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section. There is a large heel pad of loose connective tissue behind the ankle (hematoxy-
lin and eosin, X7).
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thick; and the tendo Achilles (AT) is large and hypertrophic at this level (hematoxylin
and eosin, X 4.25).
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,and the plantar calcaneonavicular ligament (CN) is
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The morphological changes observed in the six clubfeet studied at birth were
similar to the changes observed in the fetuses. The talus, although in severe equinus
with the neck medially downward bent, was firmly fitted in the ankle mortise.
The greatest distortion was seen in the navicular, which was severely medially
displaced, inverted, and articulated with the medial aspect of the head of the talus
which was wedge-shaped. The navicular tuberosity was nearly in contact with the
tip of the medial malleolus. The inversion of the navicular appeared to be caused
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by the retraction of the deltoid and spring ligaments and by the traction of the
shortened tibialis posterior tendon which inserts in the lower part of the navicu-
lar tuberosity and first cuneiform and gives off fibrous expansion to the other cu-
neiforms and to the cuboid. The inversion varied from 40 degrees in the milder
cases to 80 degrees in severe ones. Thus, the position of the navicular changes
from horizontal in the normal foot to nearly vertical in the severe clubfoot. All
the medial tarsal ligaments and the posterior tibial tendon and tendon sheath
were greatly thickened and enlarged (Figs 9A, 9B, and 9C).
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Mutations in the fetal myosin have been recently described in patients with
distal arthrogryposis in the Freeman-Sheldon and the Sheldon-Hall syndromes
(Toydemir et al. 2006). These children have severe clubfeet and ulnar deviated
hands with camptodactyly, presumably caused by the disrupted function of the
sarcomere in the distal muscles of the extremities. The local structural changes
occur early in the fetal myosin and the expression rapidly declines after birth
when new normal myosin replaces the fetal myosin. Toydemir ef al. consider the
congenital clubfoot as an isolated congenital contracture. Theretore, defects of
the fetal sarcomere in the flexor muscles of the foot, mainly in the posterior tibial
and the gastrosoleus could be the cause of the congenital clubfoot. The fibrosis
we have described in the leg and foot occur simultaneously. Normal myosin
gradually replaces the defective fetal myosin during the first months after birth.
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(Fig. 14).

15
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Fig. 15
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et al.,

alterations in the structure of the collagen fibrils, fibroblasts, capillary endo-

towards the end of fetal life. In humans, the plantar calcaneonavicular ligament
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contains abundant elastic fibers. Proteoglycans and glycoproteins constitute less
than 1 per cent of the ligaments total dry weight (Frank et al. 1988).

Tipton and James (1975) observed that after endurance exercises in trained
animals the ligaments had larger-diameter collagen fiber bundles and a higher
collagen content.

such as fibroblasts and fibrocytes and others have spherical nuclei (Figs 16 and
17). The interosseous talocalcaneal ligament, on the other hand, is composed

corroborate our pathological findings (Ippolito and Ponseti 1980). The
observations of Toydemir et al. suggest that the congenital clubfoot is caused
by mutations in the fetal myosin of the flexor muscles of the foot together with
ensuing fibrosis.
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Fig. 16 Photomicrograph of the tibionavicular ligament of the right mild clubfoot in
the 17-week-old fetus with bilateral clubfeet shown in Fig. 2. The collagen fibers are
wavy, disrupted, and densely packed. The cells are very abundant and many have spherical
nuclei (Resorcinol-New Fuchsin van Giesen, x 475).

Fig. 17 Area of transition in the posterior tibial tendon. On the right, the tendon is
adjacent to the calcaneonavicular ligament and is very cellular and fibrotic. On the left,
we see the tendon branch to the second cuneiform with normal looking collagen fibers
and a normal cell arrangement (Mason trichrome, x 718).
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Toydemir, R.M., Rutherford, A., Whitby, EG., Jorde, L.B., Carey, J.C., and Bamshad,
M.J. (2006). Mutations in embryonic heavy chain (MYH3) cause Freeman-Sheldon
syndrome and Sheldon-Hall syndrome. Nature Genetics, 38, 561.
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Fig. 19 (A)
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unless the correction is made gradually, allowing for the gradual remodeling
of the joint surfaces, as beautifully illustrated with magnetic resonance imaging
by Pirani et al. (2001). A surgical realignment of the skeletal elements requires
severing most tarsal ligaments, causing all the tarsal joints to subluxate into a
wholly unstable position.
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plantar flexion than the lateral metatarsals, possibly caused by the pull of the
peroneus longus. The joints of the anterior part of the foot are nearly normal
even though the first cuneiformetatarsal joint may be medially slanted in some
clubfeet, as observed in many feet with metatarsus adductus.

metatarsals, thereby eliminating the cavus. In the rare complex clubfoot, however,
the plantar ligaments and the deep plantar intrinsic muscles are very tight and

thick, causing a severe cavus with all the metatarsals in plantar flexion (see
Chapter 10).

foot must be abducted in supination under the talus so that the tight medial
ligaments and the posterior tibial and toe flexors can be stretched. The inversion
of the calcaneus, navicular and cuboid will gradually decrease as the foot is further
abducted (Figs 19, 221, and 22]J; see also Figs 32B and 32C, Chapter 7). Forceful
pronation of a clubfoot will cause a breach in the midfoot and increase the cavus.
We clearly observed this in the early fifties under cineradiography.

Many clubfeet cannot be completely anatomically corrected. After treatement
there is some residual adduction of the tarsal bones as well as joint anomalies and
some limitation of motion. In the severe clubfeet with very stift medial tarsal
ligaments and posterior tibial tendon a full reduction of the medial rotation of
the navicular is not possible. The calcaneus cannot be fully abducted to its normal
position under the talus. A partial correction of the tarsal displacements, however,
is sufficient for a good function of the foot as illustrated in Fig. 22. The range
of motion of the tarsal joints, although restricted, is compensated by the normal
range of forefoot motion. Therefore, the range of motion of the whole foot is
sufficient for the normal activities of living into the fourth decade, as attested
by our last follow-up, and possibly for life. More detailed explanations will be
provided in Chapter 7 when the treatment is discussed.
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Pirani, S., Zeznik, L., Hodges, D. (2001). Magnetic resonance imaging study of the
congenital clubfoot treated with the Ponseti method. J. Pediatr. Orthop., 21,719.
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Many theories have been proposed to explain the pathogenesis of the
idiopathic clubfoot. Severe bone deformities have been described in untreated
idiopathic clubfeet of children and adults, and similar skeletal anomalies have been
demonstrated in clubfeet of neurogenic origin, in which anomalies presumably
are related to a neuromuscular imbalance. The improvement in skeletal deformities
following manipulation and plaster cast treatment of idiopathic clubfeet indicates
the importance of properly directed mechanical stimuli in normal skeletal growth
as shown by Pirani ef al. with MRI imaging. The medial angulation of the neck
of the talus observed in many clubfeet in fetuses was not seen in any of our
treated patients in our 20- and 30-year follow-ups. All these observations suggest
that the abnormal positions and shapes of the cartilaginous anlage of the tarsus
of the clubfoot of the fetus and child are caused by extrinsic abnormal stresses
on the skeleton.

Some other authors suggest that an abnormal position in utero or a small
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secondary to an equinus position caused by external pressure. Further arguing
against this theory is the fact that other conditions presumably caused by
uterine pressure, such as calcaneovalgus and postural equinovarus feet, resolve
spontaneously within weeks after birth.

) have observed that an ap-

as an increase in type 1 muscle fibers (Isaacs et al. 1977; Handelsman and Glasser
1994). Increased fibrous tissue in the muscle—tendon junction of leg muscles has
also been often observed. Changes of neural origin in the leg muscles of idiopathic
congenital clubfoot patients have not been unequivocally demonstrated either
clinically or electromyographically.
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clubfoot (Wiley 1959).The recent discovery of mutations in the fetal myosin in
patients with distal arthrogryposis referred to in Chapter 3 suggests that congenital
clubfoot may be caused by a defect of the fetal myosin in the flexor muscles of
the foot and the ensuing fibrosis. Such a hypothesis would explain many of the
clinical features observed in the congenital clubfoot.

The period of activity of any abnormal factor varies. In several cases, it may
last from the tenth week of pregnancy to the sixth or seventh year of age. In mild
cases, it may start in late fetal life and remain active for only a few months after
birth. In all cases, the resulting fibrosis is most pronounced from a few weeks
preceding birth to a few months after birth. This is the period, as we said earlier,
when collagen accretion is greatest in tendons and ligaments of normal mammals
and, presumably, also of man.

In conclusion, the findings of Toydemir ef al. (2006), showing that defects of
sarcomeric proteins are a common cause of congenital contracture syndromes,
suggest that congenital clubfoot is an isolated congenital contracture due to
a defect in the fetal myosin of the tibialis posterior and the flexor muscles of
the foot. Simultaneously there is an increase of intercellular connective tissue
and fibrosis in tendons and ligaments. After birth, other sarcomeric proteins
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compensate for defects of fetal myosin. Therefore, if the foot is well corrected,
it develops normally even though the stunted muscles in the fetus will never
completely recover their normal size.

Pirani, S., Zeznik, L., Hodges, D. (2001). Magnetic resonance imaging study of the
congenital clubfoot treated with the Ponseti method. J. Pediatr. Orthop., 21, 719.

Toydemir, R.M., Rutherford, A., Whitby, EG., Jorde, L.B., Carey, J.C., and Bamshad, M.].
(2006). Mutations in embryonic myosin heavy chain (MYH3) cause Freeman-Sheldon
syndrome and Sheldon-Hall syndrome. Nature Genetics, 38, 561.
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Wiley, A.M. (1959). An anatomical and experimental study of muscle growth. J. Bone Joint
Surg., 41B, 821.

Zimny,
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gryposis. A few cases with rigid clubfeet may have a very mild flexion contracture
of the thumb or of two or three fingers. These will disappear with splinting after
the first year (Fig. 24).

The length of the legs and the circumference of the thighs and calves should be
measured. The skin creases in the thighs, the leg, the ankle, and the foot should be
recorded as well as the degree of equinus, heel and forefoot adduction, cavus, and
foot supination (Catteral 1991, 1994; Goldner and Fitch 1994; Pirani 2002).

and the anterior calcaneal tuberosity should be noted. The degree of the following
anomalies should be recorded: heel equinus, heel cord tightness, calf circumference
and proximal retraction of the gastrosoleus muscle, adduction and inversion of
the calcaneus, and the extent to which the talar head is subcutaneous in front
of the lateral malleolus. The angle of forefoot adduction can best be measured
from the sole of the foot (Alexander 1990). A severe metatarsus adductus must
not be confused with clubfoot and treated as such. The result is a disasterous
iatrogenic foot valgus deformity. The metatarsus adductus is easily differentiated
from clubfoot because it has no equinus and is probably due to weakness of the
quadratus plantae inserted into the long toe flexors. Often it corrects itself.
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Figs 24A and 24B Severe, rigid clubfeet in the newborn baby girl with arthrogryposis
confined to the legs and minimal stiftness in two fingers. No muscle function was observed
below the knees. The knees have 20-degree flexion contracture.

To determine the position and range of motion of the navicular and the
calcaneus in the clubfoot, the orthopedist should keep a steady grasp of the
toes and metatarsals with one hand while he feels the malleoli from the front
with the thumb and index finger of the other. The thumb should be on the
fibular malleolus which is much more prominent than the tibial malleolus on
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which the index finger rests. The tibial malleolus feels less prominent because
the navicular abuts against its tip. As the index finger and thumb slide down the
malleoli, the thumb will come upon the prominent head of the talus while the
index finger will reach the top of the navicular. With the hand holding the toes
and metatarsals, the foot is abducted while the index finger of the other hand
pushes the navicular downward and laterally. The distance between the medial
malleolus and the navicular indicates the degree of displacement of the navicular.
In the clubfoot, the navicular tuberosity is in contact with the medial malleolus
and resists separation. The lateral aspect of the talar head can be palpated with
the thumb. The anterior tuberosity of the calcaneus can be palpated under the
head of the talus. The degree of subtalar motion can be estimated when the foot
1s abducted (Figs 25 and 26).
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Fig. 26 The index finger and thumb slide downward to reach the head of the talus and
feel the navicular with the index finger and the anterior tuberosity of the calcaneus with
the thumb. With the hand holding the toes and metatarsals, the foot is abducted and
some motion is felt in the navicular. The distance between the medial malleolus and the
navicular tuberosity indicates the degree of displacement of the navicular. The degree
of displacement of the anterior tuberosity of the calcaneus under the head of the talus
correlates with the changes in the talocalcaneal angle and with the varus of the heel.
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of the ankle and medial aspect of the foot. A deep crease across the sole of the
foot is seen in the complex clubfoot. An experienced clinician can best judge the
severity of the deformity after the first or second manipulations and plaster cast
applications. The degree of lateral displacement of the navicular and calcaneus
when abducting the foot is the orthopedist’s main clue. Goldner and Fitch (1991,
1994) classify the severity of the clubfeet according to the distance between the
navicular and the medial malleolus into severe (0—6 mm), moderate (7—12 mm),
and mild (13—-18 mm). In the normal foot their measured distance is from 19
to 24 mm (the same as measured by us in the roentgenograms of adults—see
Chapter 10). Since Goldner and Fitch make no reference to the age of the
patient, and the distance changes with age whether in a clubfoot or a normal
foot, their figures should be taken with reservation.

cuboid) are small, oblong, and eccentrically positioned. The navicular, the most
displaced component of this deformity, does not ossify until the age of 3 or
4 years. I fully agree with Rose ef al. (1985), who studied the flat foot in the

deformity, I do not take roentgenograms of the infant’s feet before nor after

started shortly after birth, and the baby is only 2 months old or at most 3
months old at the end of the treatment when splints are applied to maintain
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Pirani, S. (1995). A method of clubfoot evaluation. POSNA Meeting.
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The goal of treatment is to reduce or eliminate all the components of the con-
genital clubfoot deformity so that the patient has a functional, pain-free, normal-
looking, plantigrade foot, with good mobility, without calluses, and requiring
no modified shoes. A totally normal foot is not attainable and should not be
expected.

We are not certain about the etiology of congenital clubfoot and we therefore
cannot influence the pathology inherent in the ligaments, tendons, and muscles
which seem to determine the degree of resistance to the correction and possibil-
ity of relapses.

Most orthopedists agree that the initial treatment of a clubfoot deformity
should be non-operative and should begin in the first week of life in order to
take advantage of the favorable viscoelastic properties of the connective tissue
forming the ligaments, joint capsules, and tendons (Attlee 1868). As we said
earlier, the tightness of the posterior tibial and gastrosoleus muscles gradually
decreases since the flawed fetal myosin is being replaced by normal myosin in the
first months of life.

Surgery in the clubfoot is invariably followed by deep scarring which appears
to be particularly severe in infants. After extensive neonatal surgery, Dimeglio
(1977) observed considerable fibrosis which ‘progressively encased the foot in a
fibrous block’ (see also Epeldegui 1993). The abundant scar tissue forming after
sectioning the joint capsules, ligaments, and muscles in clubfeet of infants may
be related to the retracting fibrosis and to an increase of the collagen synthesis in
these tissues, as we observed when studying in vifro protein synthesis in muscle
biopsies from young clubfoot patients. The level of collagen synthesis appears to
correlate with the degree of severity of the deformity (Ionasescu et al. 1974).

The abundant scar tissue formation after surgery is also related to the incon-
gruent tarsal joint surfaces following capsular and ligament releases. As we said
earlier, an immediate correction of the anatomic position of the displaced bones
is impossible. The talonavicular, the talocalcaneal, and calcaneocuboid joint sur-
faces simply do not match after surgery. Indeed, wire fixation through the joint
cartilage is needed to stabilize the bones in a roughly realigned position. Inevi-
tably, the joint cartilage, as well as the joint capsules and ligaments, are damaged
and joint stiffness sets in. The tarsal ligaments, like ligaments in any joint, are not
expendable. They are indispensable in the kinematics of the foot. Furthermore,
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an exact anatomic alignment of the bones of the foot is not needed for a good
functional result. For all these reasons, surgery is never indicated. Recently, good
corrections of clubfeet have been obtained with proper manipulations and cast-
ing in children up to ten years of age.

The manipulative treatment is based on the inherent properties of the connec-
tive tissue, cartilage, and bone, which respond to the proper mechanical stimuli
created by the gradual reduction of the deformity. The ligaments, joint capsules,
and tendons become stretched with gentle manipulations. A plaster cast is ap-
plied after each weekly session to retain the degree of correction and soften
the ligaments. The displaced bones are thus gradually brought into the correct
alignment with their joint surfaces progressively remodeled yet still congruent.
Usually, after two months of manipulation and casting, the foot appears slightly
overcorrected. After a few weeks in splints, the foot looks normal. In the last eight
years, we obtained good results with accelerated treatment by manipulation and
cast changes every four or five days. In the infant, most clubfeet are corrected in
three weeks.

In some clubfeet, apparently tight ligaments seem to become easily stretchable
under manipulation and the bones of the foot are easily aligned after the applica-
tion of a few casts. In other clubfeet, the bone and joint deformities and the tight
ligaments are more resistant to correction and require several more manipulative
sessions and plaster—cast applications. No more than ten plaster casts should be
needed to obtain maximum correction.

Without a thorough understanding of the anatomy and kinematics of the nor-
mal foot, and of the deviations of the tarsal bones in the clubfoot, the deformity
is difficult to correct regardless of treatment, whether manipulative or surgical.
Poorly conducted manipulations will further compound the clubfoot deformity
rather than correct it. Rough manipulations may tear the taut ligaments and
cause scarring and stiffness, just as occurs after surgical intervention. The treat-
ment will succeed better if it is started soon after birth and if the orthopedist
understands the nature of the deformity and possesses manipulative skill and
expertise in plaster-cast application.

Unfortunately, most orthopedists treating clubfeet act on the wrong assump-
tion that the subtalar and Chopart joints have a fixed axis of rotation that goes
from anteromediosuperior to posterolateroinferior passing through the sinus tar-
si, and that by everting (pronating) the foot on this axis, the heel varus and foot
supination will be corrected. This is not so.As explained in Chapter 4, there is no
single axis (like a mitered hinge) upon which to rotate the tarsus in a normal or
in a clubfoot (Huson 1991).What we have in each of the tarsal joints are oblique
moving axes of rotation. In the clubfoot, these axes are greatly medially deflected
owing to the extreme degree of medial displacement and inversion of the tarsal
bones. Therefore, the correction of the severe tarsal misalignments necessitates a
simultaneous, gradual lateral displacement of the navicular, the cuboid, and the
calcaneus before these can be everted into a neutral position. The navicular must
be brought downward from its nearly vertical position under the medial malleo-
lus, laterally displaced, abducted, and finally, everted to a horizontal position to
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be properly aligned in front of the head of the talus. Simultaneously, the cuboid,
although less displaced than the navicular, will have to be brought laterally and
abducted before it is everted to its normal position in front of the calcaneus. At
the same time, the calcaneus will need to be abducted in flexion under the talus
before it can be everted to a neutral position. This is the procedure I have suc-
cessfully used since 1948 on the basis of my anatomical and cineradiographic
observations.

The poor results of the manipulative treatment of clubfeet in many clinics
suggest that the attempts at correction have been inadequate because the tech-
niques used are flawed. Textbooks and papers on pediatric orthopedics have de-
voted scant space to describing manipulative techniques in the treatment of this
deformity and many of these descriptions, unfortunately, are faulty. The main
errors are pronation of the forefoot and pronation of the whole foot, shown as
correct in the illustrations (Figs 27A and 27B). Kite’s (1964) book, The clubfoot,
is atypical in that it describes his method in great detail and his method does not
incur foot pronation. However, his technique is far from flawless. As mentioned
in Chapter 1, he did not realize that the components of the clubfoot deformity
are interdependent and must be corrected simultaneously to obtain good results.
Consequently, his corrections, attained at great cost in time and effort, were not
fully satisfactory.

After applying the plaster bandage to the foot, Kite set it ‘on a glass plate to
flatten the sole of the foot, thereby correcting the cavus. Kite admonished not
to ‘push up and out on the forepart of the foot.” This way the cavus is prevented
from recurring. He advises ‘not to twist the foot out on the ankle, thus avoiding
foot pronation and a breach in the midfoot. He recommends, ‘get all the correc-
tion by abducting the foot at the midtarsal joint’ with his thumb pressing ‘on the
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The cavus or high arch is a very common component of the clubfoot deformity.
The cavus is often confused with the forefoot equinus, a rare deformity in which
all five metatarsals are in nearly equal degree of plantar flexion. This is seen in the



Treatment 63

complex clubfoot with varus, adduction, and severe equinus. The forefoot flexion
and the equinus must be corrected simultaneously by dorsiflexing all metatarsals

and the hindfoot.
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fifth, the
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done by orthopedists (Figs 30E, 31A, and 31B). We must obtain 60 to 70 degrees
of abduction of the foot by the last cast atter correction of the equinus (Figs 31C
and 31D).This cast must be left on for three weeks. For several months thereafter,
the foot must be maintained in 60 to 70 degrees of abduction in shoes attached
to a bar in order to prevent retraction of the medial tarsal ligaments (Fig. 34).
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subtalar joint partially remodels. In the clubfoot, owing to the profile of the
talocalcaneal joint surfaces and to the orientation of the tarsal ligaments, the
inversion of the calcaneus corrects itself when the foot is abducted under the
talus if the heel is not touched.
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Figs 31C and 31D In the sixth and last plaster cast applied after subcutaneously
sectioning the tendo Achilles, the right foot is abducted to 60 degrees (C) and not
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Relapses are common in severe cases of clubfoot for which a partial correction
of the displaced navicular has been obtained. A bar with shoes holding the feet
in 60 or 70 degrees of external rotation worn at night may delay or prevent
a relapse. When a relapse occurs, transfer of the tibialis anterior tendon to the
third cuneiform is needed. This treatment results in a nearly perfect clinical and
functional foot. The treatment of relapses is addressed in Chapter 6.
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The correction of the equinus entails stretching the tight posterior capsules
and ligaments of the ankle and subtalar joints and the tendo Achilles to allow
the trochlea of the talus to rotate backward in the mortice. While the foot is
extended, with one hand placed flat under the entire sole, the heel is grasped
with the thumb and fingers of the other hand and pulled downward. The index
finger bent over the tendo Achilles insertion can also exert considerable pressure
downward.
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applied and worn for three weeks with the foot in 60 degrees of external ro-
tation. Special care should be taken never to pronate the foot in the slightest de-
gree so as to avoid a relapse of the cavus, a breach in the midfoot, and a backward
displacement of the lateral malleolus.

To facilitate the correction of the equinus when the tendon feels very tight
after the first manipulation to dorsiflex the ankle, a simple subcutaneus tenotomy
of the tendo Achilles should be performed under local anesthesia to obtain 15
degrees of ankle dorsiflexion. In this event, after the varus is corrected, one more
plaster cast, worn for three weeks, will be sufficient to maintain the correction.
Subcutaneus tenotomy is performed in about 85 per cent of our patients for a
faster correction. Suture of the sectioned tendon is unnecessary. It heals in a few
weeks even in 5- or 6-year-old children as its tenoblasts and adjacent fibroblast
proliferate. Open lengthening with Z sections in children are unnecessary and
leave ugly scars.

Dorsiflexion of the ankle to more than 10 to 15 degrees is often impossible
because of the talar and calcaneal malformations and tight ligaments. A pos-
terior capsulotomy of the ankle and subtalar joints is rarely performed in our
clinic because the additional degrees of correction obtained by surgery may be
completely lost later due to the retraction of the scar tissue. This is corroborated
in recent reports from two leading clinics. They indicate that posterior surgical
release of the ankle in clubfeet is followed by restriction of dorsiflexion and re-
duced mobility of the ankle in nearly half of their patients (Hutchins ef al. 1985;
Aronson and Puskarich 1990; Ippolito et al. 2003).

Tibial torsion

Medial torsion deformities of the leg have been thought by some to be a com-
ponent of the clubfoot deformity. However, in many treated clubfeet the lat-
eral malleolus is displaced backwards in spite of the alleged medial tibial torsion
(Hutchins ef al. 1986). Several studies have attempted to determine the degree
of tibial torsion by measuring with a torsionmeter the angle between the bi-
condylar axis (or the tibial tubercle) and the bimalleolar axis. None of these
methods is accurate.

A new more precise method for measuring tibial torsion, using computer-
ized tomography (CT), has been recently reported. It is solely dependent on
tibial landmarks and therefore measures true tibial torsion. The same technique
is applicable to ultrasound as well as to CT. Krishna et al. (1991) have measured
the angular differences between the proximal and distal posterior tibial planes as
defined by ultrasound scans in normal children and in children with clubfeet.
Normal children have a mean external tibial torsion of 40 degrees whereas chil-
dren with clubfeet have a mean external tibial torsion of only 18 degrees. Of
interest is the finding that the normal legs of patients with unilateral clubfoot
have a mean external torsion of 27 degrees, considerably less than that of normal
children (Krishna ef al. 1991).
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Children with clubfeet, therefore, have no medial tibial torsion deformity but
rather half the amount of external tibial torsion than children with normal feet.
The posterior displacement of the distal fibula is caused by faulty treatment.
Posterior displacement of the fibular malleolus and excessive lateral torsion of
the ankle occurs when the foot is wrongly manipulated into abduction (external
rotation) with the heel locked in inversion and adduction under the talus. At-
tempts to laterally rotate the foot in pronation with the heel inverted will force
the talus to rotate laterally at the ankle joint, in turn displacing the fibular mal-
leolus backwards. In addition, when walking with the heel uncorrected in varus
and adduction, the child will turn his foot laterally to avoid tripping, causing
further displacement of the fibular malleolus. A breach in the midfoot is incurred
to make the foot plantigrade, causing a ‘bean-shaped’ deformity (Swann et al.
1969). This deformity is avoided when the heel varus is corrected by abducting
and externally rotating the calcaneus under the talus without pronating the foot.
Placement of the thumb on the lateral aspect of the head of the talus helps pre-
vent the talus from rotating laterally in the ankle joint.

The relative medial torsion associated with clubfoot will persist if below the-
knee casts are used in the treatment. Tibial torsion, varus deformity of the heel,
and adduction of the foot can be gradually corrected if toe-to-groin plaster casts
are applied with the knee in 90 degrees of flexion and the foot externally rotated
under the talus, as we have described above. Splints with shoes in external rota-
tion worn at night for many months will maintain the correction of the medial
tibial torsion.

Plaster-cast application

The plaster cast is applied to maintain the correction obtained after manipulation.
The baby is on the mother’s lap for comforting while the foot is manipulated.
Then the baby is placed at the end of the table to allow room for the assistant
and the mother on either side. The baby is relaxed with a bottle of milk or a
pacifier and soft classical music. If the baby is breast-fed, it should be nursed
before manipulation. Throughout the procedure, the orthopedist should watch
the baby’s face for signs of distress.

During plaster-cast application, the foot is maintained in the corrected position
by holding the toes with one hand and applying counter pressure over the head of
the talus with the other. A 2-inch-wide rolled bandage of soft cotton is wrapped
by the assistant, overlapping by two-thirds its width. It should start at the toes and
proceed upward to the upper thigh. The reason for the overlapping is to cover the
skin with just three thicknesses. Pressure sores are prevented not by overpadding
but careful molding. The soft cotton, as well as the plaster cast that follows, should
be wrapped snugly over the foot and ankle for better molding and loosely over
the calf and thigh to prevent unnecessary pressure on the muscles (Fig. 33A).

A two-inch plaster bandage, moistened in lukewarm water, is wrapped over
the soft cotton starting at the toes; the toes should be covered by the tips of the
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Fig. 33A The thigh is held with one hand and the toes with the thumb and index finger
of the other hand, maintaining the knee at 90 degrees of flexion. A 2-inch soft roll is
wrapped from the toes to the upper thigh.

surgeon’s fingers to prevent crowding the toes. The plaster cast should extend to
below the knee at first. Now, the toes are released as the surgeon takes hold of the
foot to mold the plaster cast. Proper molding of the clubfoot necessitates a clear
visualization of the position of each one of the bones in the foot. The surgeon
should keep in mind an image of a dissected clubfoot (see Fig. 9, Chapter 2). The
plaster cast must be molded with gentleness and anatomical precision.

The cast over the toes should be flattened to keep them in neutral alignment.
The heel prominence should be emphasized by molding around it instead of
pressing on it (Fig. 33C). The heel should never even rest on the surgeon’s hand
so as not to flatten it. A flat cast at the heel is a sure indication that it has been
improperly applied.

When the foot is abducted to correct the adduction and supination, counter-
pressure is applied with a thumb over the lateral aspect of the head of the talus.
However, the thumb should never rest there for long, to avoid creating a dent
on the plaster as it sets. The correction is maintained not through pressure but
through molding. At the same time, the ankle and malleoli are gently molded.
The heel should be molded in a neutral position taking care that it is not pushed
into valgus. The heel varus corrects when abducting the foot. To help correct
the equinus in the last casts, the heel is molded downwards with the bent index
finger over the tendo Achilles.

After the foot and leg are molded and the cast is set, the leg should be sup-
ported by the surgeon’s hand under the calf without ever touching the heel,
while the plaster cast is extended to the upper thigh, just below the groin, with
the knee at 90 degrees of flexion and the leg in a slight external rotation (Figs
33E and 33F).
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Fig. 33F In the sixth plaster cast applied after subcutaneous section of the tendo Achilles,
the foot is held in 60 degrees of abduction and 25 degrees of dorsiflexion without
pronation.
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The plaster cast covering the toes should be trimmed to allow the toes to ex-
tend freely, but a platform of plaster should be left underneath the toes to prevent
them from flexing. Otherwise, the tight toe flexors would remain unstretched.
The plaster on the side of the big toe and the little toe should be trimmed away
to allow the toes to move freely. The corrective force should be on the metatarsal
heads, not on the toes.

The cast may be changed weekly or, for faster correction, every four or five days.
Five to seven toe-to-groin plaster casts should be suftficient to obtain correction.
The last cast should be worn for two or three weeks.

Splinting

Following correction of the clubfoot deformity, splinting for many months
is indispensable to help prevent relapses. Since the main corrective force of the
varus and adduction of the clubfoot is abduction (that is, external rotation of the
foot under the talus), a splint is needed to maintain the foot in the same degree of
abduction as it was in the last plaster cast. This is best accomplished with the feet
in well-fitted, open-toed, hightop shoes attached in external rotation to a bar of
about the length between the baby’s shoulders. Since, unfortunately, commercial
shoes for babies do not have a molded heel, a well-contoured strip of plastizote
must be glued inside the counter of the shoe above the baby’s heel to prevent the
shoes from slipping off. A sandal with a soft, well-molded sole and three straps to
firmly hold the foot in the proper position attached to a bar is more comfortable
and easier to use than shoes (Figs 34 and 35).

The splints are worn full-time for two to three months and thereafter at night
for two to four years. The splint should maintain the foot in 60 degrees of exter-
nal rotation to prevent recurrence of the varus deformity of the heel, adduction
of the foot, and in-toeing. The ankle should be in dorsiflexion, to prevent recur-
rence of the equinus. This is accomplished by bending the splint with the con-
vexity of the bar distally directed. A splint or strapping that cannot firmly main-
tain the foot in marked external rotation without pronation is ineftectual. The
added advantage of sandals attached to a bar as opposed to a fixed splint is that it
allows motion of the feet, ankles, and knees. The baby may feel uncomfortable at
first when he tries to alternately kick his legs. However, the baby soon learns to
simultaneously kick both legs and the splints are well tolerated. In children with
unilateral clubfoot, the shoe for the normal foot is fixed on the bar in a neutral
position with 25° of outward rotation.
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foot
attached to the splint in 60° of external rotation.

child ‘kick himself straight” However, any such mechanical device cannot fully
correct all the components of the clubfoot deformity. Only after the deformity
is fully corrected is a bar attached to sandals in 60 degrees of external rotation
effective in maintaining the correction.
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be carefully studied. Recently, neonatal clubfoot surgery and surgery in the

(Dimeglio 1977; Epeldegui 1993). However, surgery is counter indicated. Ex-
tensive dissections to release the tarsal joints have negative results in adult life [as
we report later]. Long dissections of the sheath from the tendon leave large areas
devascularized and may cause necrosis of the tendon with disastrous consequen-
ses. Instead, the deformity should be corrected with the proper manipulative
technique so that the feet grow supple and normal for life.
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In most clubfeet well treated by manipulations from early infancy, the only
operations indicated to facilitate the treatment without causing any damage are
tenotomy or lengthening of the tendo Achilles, and lateral transfer of the tendon
of the tibialis anterior muscle to the third cuneiform. Joint releases should be
avoided if possible since, in our experience, they cause stiffness, pain in adult life,
and limited function.

Many techniques have been devised to release the tarsal joints in the treatment
of clubfeet. No long-term functional results have been reported. The long-term
follow-up on the Heyman-Herdon (Stark et al. 1987) tarsometatarsal capsulotomy
for metatarsus adductus, published in 1987, showed that capsular release surgery
on children’s feet may cause severe disabilities. There was an overall failure rate of
41 per cent, an incidence of pain in 50 per cent, and degenerative changes in the
operated joints. Surgeons should not ignore the consequences of joint damage
inflicted by the extensive tarsal joint releases routinely performed in an effort to
align the bones of a clubfoot deformity. The assumption that early ‘correction’
of bone positions results in a normal anatomy of the joints and good long-term
function is an irreparable error.

with a bottle of milk. Under local anesthesia, a cataract blade is introduced
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60

is minimal and lengthening the tendo Achilles through a skin incision is
unnecessary even for children over five years of age.

Open lengthening of the tendo Achilles is rarely indicated for children over five
years of age, and is best if it is avoided. With the child under general anesthesia, a 2.5-
cm-long skin incision is made over the medial aspect of the tendo Achilles about 3
cm above its distal insertion. The medial border of the tendon should be exposed by
sharp dissection and the tendon sheath should be opened longitudinally. The tendon
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patients with severe deformities unyielding to manipulation treatment, in addition
to patients with neglected clubfeet or with iatrogenic deformities, will be in
need of joint releases. They should not be performed before two or three years
of age. Maximum correction should be obtained with manipulative treatment
and casting before undertaking any radical foot surgery, which as we said earlier,
causes stiffness, weakness and pain.
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posterior talofibular
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Tibial osteotomies to internally or externally rotate the foot are rarely neces-
sary.
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Ippolito, E., Farsetti, P, Caterini, R., and Tudisco, C. (2003). Long-term comparative
results in patients with congenital clubfoot treated with two different protocols. J. Bone
Joint Surg., 85A, 1286.
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Post-correction splints with well-fitted sandals (Figs 34 and 35) attached in external
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In general, the original correction may be recovered in four to six weeks with
manipulations and plaster casts, changed weekly, holding the foot in marked
abduction and as much dorsiflexion as possible at the ankle. This treatment is
followed by sectioning the tendo Achilles when dorsiflexion of the ankle is less
than 15 degrees. The last plaster cast is left on for three to four weeks. When the
cast is removed, shoes attached in external rotation to a bar are worn at night
until the child is about 4 years old.

to the foot than release of the tarsal joints. The tibialis anterior tendon should
never be split so as not to lose its eversion power, nor should it be transferred
to the fifth metatarsal or to the cuboid since this may excessively evert the foot
causing severe foot pronation and heel valgus.

The following two cases will serve as illustration:
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Clubfoot Patients with
Greatest X-ray Changes



112 Outcomes of treatment



Outcomes of treatment 113



114 Outcomes of treatment



Outcomes of treatment 115



116 Outcomes of treatment



Outcomes of treatment 117



118 Outcomes of treatment



Outcomes of treatment 119



120 Outcomes of treatment



Outcomes of treatment 121

until recently there are no long-term follow-ups of results of clubfoot surgery, al-
though postero-medial release operations have been performed since Codivilla’s
time at the beginning of the 1900s to the present day (Codivilla 1906).

to the casting groups. A recent long-term followup by Dobbs ef al. (2006) of 46
patients with 73 idiopathic clubfeet treated surgically with a mean of 30 years
shows a severe limitation of function in the majority of patients. They have pain,
osteoarthritis in the tarsal joints, weakness, stiftness, and difficulty walking. They
report that the mean physical component summary (PCS) score that measures
the impact on patients’ sense of well-being was equivalent to or worse than those
of patients with end-stage kidney disease, congestive heart failure, or cervical
spine pain and radiculopathy. These observations coincide with my experience
with extensive clubfoot surgery since the forties. Our functional results and
patient satisfaction improved greatly when we learned to correct clubfeet with
our improved techniques of manipulation and plaster-cast treatments.
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Dobbs, M.B., Nunley, R.., and Schoenecker, P.L. (2006). Long-term follow-up of patients
with clubfeet treated with extensive soft-tissue release. J. Bone Joint Surg., 88A, 986.
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Plaster casts serve three purposes: (1) to facilitate remodeling of the tarsal
anlagen formed by bone and abundant fetal cartilage, (2) to keep the
ligaments stretched, and (3) to loosen them sufficiently to facilitate further
stretching in the following manipulations at intervals of 4 to 7 days.
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well-aligned foot (Fig. 58).

Failure to use Mitchell shoes attached to a bar in external rotation full-time
for three months and at night for several years until retracting fibrosis and
overpull of the gastrosoleus and the tibialis posterior muscle abate.
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Treatment of the
complex clubfoot

Recent studies of mutations in the fetal myosin heavy chain causing congenital
contractures in clubfoot with distal arthrogryposis suggest that the congenital
clubfoot is an isolated congenital contracture developing in the middle third of
pregnancy caused by mutation in the fetal myosin of the flexor muscles of the
foot. Extensive fibrosis occurs in the gastrosoleus, the tibialis posterior, and the
flexor digitorum longus, the fascia adjacent to these muscles, and in the posterior
ligaments of the ankle.They tether the foot into supination and equinus, but its
skeleton continues to grow. Such structural changes decline after birth when the
fetal myosin is gradually replaced by normal myosin (Toydemir et al. 2006) and
the fibrosis slowly abates. The extension and severity of the muscle defect and
of the fibrosis varies from patient to patient. In most clubfeet the contracted
muscles, tendons, and ligaments can be easily stretched with five to six gentle
manipulations followed by well-molded plaster cast applications. In a few cases,
the equinus and cavus are very severe, presumably due to greater involvement in
the gastrosoleus and in the plantar intrinsic muscles and ligaments. If improperly
treated, a complex clubfoot develops.

The complex clubfeet are refractory to the usual corrective manipulation and
casting as Turco (1994) observed. He said that they respond altogether differently
to both non-operative and operative treatment, and that early surgery results in a
grotesquely deformed foot. These feet are short and stubby. All metatarsals are in
severe plantar flexion causing a severe cavus. There is a deep crease across the sole
of the foot. The big toe is hyperextended. The gastrosoleus is small and bunched
up in the upper third of the leg. The tendo Achilles is long, wide, and very tight,
pulling the calcaneus into severe plantar flexion and adduction, causing a deep
crease above the heel (Fig. 60A). Radiographs show the calcaneus and talus in
severe plantar flexion. The talocalcaneal angle is greatly diminished in the AP
and lateral views. All the metatarsals are also in severe plantar flexion. Often the
cuboid is medially displaced in front of the calcaneus (Fig. 60B).

The short, stubby foot may be difficult to correct. To correct the deformity,
the displaced tarsal bones must be accurately identified while gradually abduct-
ing the calcaneus, navicular, and cuboid to their proper relationships to the ta-
lus. Counter pressure is applied by the index finger resting on the posterior as-
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Fig. 59 shows how the foot is stretched and held in the corrected position when apply-
ing the fourth plaster cast.

Fig. 60A Seven-day-old baby girl with severe, stiff congenital clubfeet.

pect of the lateral malleolus and the thumb of the same hand on the lateral aspect
of the head of the talus, not on the very prominent anterior tuberosity of the
calcaneus (Fig. 59). The very tight medial ligaments and tendons must be steadily
stretched with the foot in equinus and supination. The orthopedist should watch
the child’s face to control the amount of pull possible without too much pain.
Stretching takes two to three minutes. Eight to ten plaster-cast changes every
four to seven days are necessary. The percutaneus tenotomy of the tendo Achil-
les before applying the last cast completes the correction of the deformity (Fig.
60). Although the forefoot adduction corrects with two or three plaster casts, the
correction takes place mainly at the Lisfranc line while the metatarsals and the
hindfoot remain in plantar flexion (Fig. 61). Attempts to correct the stiff hindfoot
flexion by abducting the foot while in cavus will force the metatarsals into fur-
ther plantar flexion. The foot is now in a straight line with the leg. The cast slips
down causing edema, wrinkles, and sores on the dorsal skin of the foot. Pushing
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Fig. 60B Radiographs show the foot in adduction and in severe equinus and cavus. All
metatarsals are in severe plantar flexion. The first metatarsal is perpendicular to the talus.
We corrected the deformity with six manipulations and plaster—cast applications.

Fig. 60C Radiographs at 5 years of age show a well-corrected foot.

Fig. 60D The corrected left foot is 1.5 centimeters shorter than the normal right foot.
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Figs 61A and 61B Clubfoot of a 7-day-old baby. The foot is in severe adduction, su-
pination, and cavus. A deep crease over the medial border of the foot extends across half
the sole of the foot.

Figs 61C and 61D After three plaster-cast changes in another hospital, the adduction
is improved. The forefoot and the heel are in severe plantar flexion in line with the leg.
The last cast slipped down, damaging the skin.

Figs 61E and 61F After five more casts and a tenotomy of the tendo Achilles, the fore-
foot is severely abducted and plantar flexed. The big toe is short and deformed.
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Figs 61G & 61H Radiographs taken at 4 months of age show in the lateral view the
talus, calcaneus, and all metatarsals in very severe plantar flexion. In the AP view, all meta-
tarsals are abducted. The cuboid is medially displaced.

Figs 611 & 61] After the correct treatment with nine plaster casts, the feet look normal.
The child walked at fourteen months of age. At 20 months, the feet look normal.

the foot into more abduction will cause the flexed metatarsals to further abduct,
resulting in a grotesque deformity (Fig. 61).

In the last ten years, the incidence of complex clubfeet has greatly increased.
Faulty manipulative technique seems to be the cause. Most of the complex club-
feet seen by me were previously treated. No information about initial severity
was furnished, but parents often had pictures of the feet at birth showing severe
deformity and some without the typical signs of a complex clubfoot (Fig. 61).

When the deformity is well understood, the correction consists in abducting the
forefoot, navicular, and cuboid in 60 degrees of supination while applying coun-
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Fig. 61K Radiographs taken at 20 months of age show a marked improvement in the
bone alignment. However, the medial displacement of the cuboid is not fully reduced.
The calcaneus is in 15-degree plantar flexion. A third tendo Achilles tenotomy may be
required.

Fig. 62 The cavus and equinus are simultaneously corrected by grasping the foot by the
ankle with both hands while the thumbs under the metatarsals push the foot into dorsi-
flexion and the middle fingers push the heel downward.

ter pressure with the thumb on the head of the talus and the index finger behind
the lateral malleolus (Fig. 59). The tight medial ligaments must be stretched without
overabducting the metatarsals at the Lisfranc line which causes a crease over the
lateral border of the foot. The heel varus will correct after three or four plaster-cast
changes as the foot is abducted in supination under the talus. The heel varus should
not be overcorrected.

Once the heel varus is corrected, the flexed forefoot and the equinus must
be simultaneously corrected by grasping the foot by the ankle with both hands
while the thumbs (under the metatarsals) push the foot into dorsiflexion and the
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Fig. 63 The fourth plaster cast in a patient with complex clubfoot. The heel is well
molded. The foot is not overabducted. The knee is 110 degrees of flexion.

middle fingers push the heel downward, rocking the talus in the ankle joint to
prevent a flat talus (Fig. 62). An assistant stabilizes the knee in flexion.

To immobilize the foot in the corrected position just under 40 degrees of
abduction, a plaster splint is applied over the calf, heel, and sole reinforced by a
well-molded plaster bandage tight around the ankle to accurately mold the mal-
leoli. The posterior calcaneal tuberosity should be pushed downward (Fig. 63).
The toes must be visible when the foot is firmly dorsiflexed. The blanching that
may occur in the toes will disappear when the pressure on the metatarsals gradu-
ally decreases while the cast sets.

To prevent the plaster cast from slipping, the knee is immobilized in at least
110 degrees of flexion by applying a plaster splint in front of the knee, reinforced
by a well-molded plaster bandage around the thigh, and avoiding excessive plaster
behind the knee as well as in front of the ankle. The posterior ankle ligaments are
very tight and several cast changes are needed before a tendo Achilles tenotomy
is performed before applying the last plaster cast to correct the equinus. The
tenotomy should be performed 1.5 cm above the posterior skin crease of the
heel, avoiding damage to the posterior tuberosity of the calcaneus, which should
be pushed downward to obtain at least 10 degrees of dorsiflexion of the foot
(Fig. 64). These feet often have a large heel pad of thick connective tissue that
changes the contour of the heel. Roentgenograms are needed to ascertain that
the calcaneus is in slight dorsiflexion. The large heel pad is already observed in
the clubfeet of fetuses with severe equinus (Figs 4 and 5). Its thickness gradually
reduces when walking.
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Well-molded sandals with a plantar flexion stop attached in 40 degrees of out-
er rotation to a foot abduction bar are indispensable to prevent relapses in these
short, stubby, complex clubfeet (Figs 34 and 35). The brace is worn full-time for
two months, and 16 hours a day for two to three years (Figs 61C and 61D).

Correction of grotesquely deformed feet from previous faulty treatment that
caused hyperabduction of the forefoot requires adducting the forefoot into prop-
er alignment with the hindfoot. And if the heel is in valgus, it also needs to be
adducted to a neutral position. Four or five casts are usually necessary, as well
as a second tenotomy in most cases, to correct the equinus and prevent rocker
bottom (Figs 62G-62]).

In our experience, once a complex clubfoot is corrected, the rigidity of the
soft tissues lessens, the skin creases and puffiness disappear, and the foot develops
normally.

Few patients with complex clubfeet also have a minimal flexion contracture
of one or more fingers and/or an adduction contracture of the thumb. These
contractures resolve during the first year of life with a simple hand splint. Such
cases can be considered a type of very mild arthrogryposis, a transition between
the common congenital clubfoot and the less common forms of distal arthro-

gryposis.
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