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Radical Reduction in the Rate of Extensive Corrective Surgery for
Clubfoot Using the Ponseti Method

Jose A. Morcuende, MDD, PhDD; Lori A. Dolan, PhDD(c); Frederick R. Dietz, MD; and Ignacio V. Pohsefi, MD

ABSTRACT. Objectives. The purpose of this study
was to evaluate the efficacy of the Ponseti method in
reducing extensive corrective surgery rates for congenital
idiopathic clubfoot.

Methods. Consecuiive case series were conducted
from January 1991 through December 2001. A total of 157
patients (256 clubfeet) were evaluated. All patients were
treated by serial manipulation and casting as described
by Ponseti. Main outcome measures included initial cor-
rection of the deformity, extensive corrective surgery
rate, and relapses.

Resylts, Clubfoot correction was obtained in all but 3
patients (98%). Ninety percent of patients required =5
casts for correction. Average time for full correction of
the deformity was 20 days (range: 14-24 days). Only 4
€2.5%) patients ' required’ extensive corrective surgery.
There were 17 {11%) relapses. Relapses were unrelated to
age at presentation, previous unsuccessful treatment, or
severity of the deformity (as measured by the number of
Ponseti casts needed for correction). Relapses were re-
lated to noncompliance with the foot-abduction brace.
Four patients {2.5%) underwent an anterior tibial tendon
transfer fo prevent further relapses.

Conclusions. The Ponseti method is a safe and effec-
tive treatment.for congenital idiopathic clubfoot and
radically decreases the need for extensive corrective sur-
gery. This technique can be used in children up to 2 years
of age even after previous unsuccessful nonsurgical
treatment. Pediatrics 2004;113:376-380; clubfoof, Ponseti
method.

C ongenital idiopathic clubfoot is a complex foot
deformity that occurs in an otherwise normal
child. In 1996, 2224 children were born with
clubfoot in the United States, an incidence of ~0.6
cases per 1000 live births.! The goal of treatment is to
correct all components of the deformity so that the
patient has a pain-free, plantigrade foot with good
mobility, without calluses, and without the need to
wear special or modified shoes.

Most orthopedists agree that the initial treatment
should be nonsurgical and started soon after birth.
Many different methods of correction are used, most
of them involving manipulation and casting. In
many institutions, manipulation and serial casting
require many months of treatment and frequently
result in incomplete or defective corrections.>* Ag a
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result, extensive corrective surgery is indicated in
50% to 90% of the cases, often with disturbing fail-
ures and complications>* In addition, depending
on the technique followed and the residual defor-
mity, up to 47% of clubfeet underge 1 or more revi-
sion surgeries.’*7

The results at our institution differ radically from
these reports. Since the late 1940s, we have followed
the method of correction developed by the senior
author.*® This method involves weekly stretching of
the deformity followed by application of a long-leg
cast. All components of the deformify usually correct
within 4 to 5 weeks with the exception of the equi-
nus. A simple percutaneous tendoachilles tenotomy
often is necessary to correct completely the equinus.
The first report of 67 patients who were younger
than 6 months and treated by the Ponseti method
demonstrated satisfactory and rapid -initial correc-
tion in the majority of cases (83%) with minimal
complications.!’ Flowevez, there was a relatively
high incidence clubfoot relapses (56%) in this patient
population. Most relapses were treated successfully
with repeat manipulation and castings and/or ante-
rior tibial tendon transfers. More important, the
long-term functional and clinical results at a 30-year
follow-up were excellent or good using pain and
functional limitation as the outcome criteria in the
majority of these patients (78% compared with 85%
of a matched control population born with normal
feet).?0 ,

The technique has been refined over the years, and
we have come to realize the necessity of hyperabduc-
tion of the foot in the last cast and long-term use of
the foot abduction brace. In addition, our referral
base has radically changed as a result of patient
referral from the Internet.?* This has resulted in an
increase in the number of children who present at an
age older than 6 months and many who have had
previous unsuccessful nonsurgical treatment else-
where. This change in patient population has led us
to expand the age range of our traditional indications
for nonsurgical treatment rather than to default to
extensive corrective surgery based solely on older
age or previous treatment.

Because of this more recent experxence we are
reevaluating the efficacy of the Ponseti method for
the correction of congenital idiopathic clubfoot. This
study also examined the effect of our changing pop-
ulation in the context of the age of the patients at the
onset of treatment and previous treatment.



METHODS

Patient Population and Treatment Protocel

We reviewed the records of 157 patienis with congenital idio-
pathic clubfoot (256 clubfeet) who were freated consecutively
under the supervision of the senior author from January 1991 to
December 2601. Positional clubfeet were not included, Institu-
tional review board approval was obtained. The average age at
last follow-up was 26 months (range: 6 months to 8 years). No
patient was lost to follow-up.

The guidelines for the treatment developed by the senior au-
thor and followed at our institution are as follows'®: 1) ali com-
ponents of the deformity are corrected simultaneously, not in
sequence, except for the equinus, which should be corrected last;
2) the cavus, which resuits from pronation of the forefoot in
relation to the hind foot, is corrected together with the adduction
by supinating and abducting the forefoot in proper alignment
with the hind foot; 3) with the longitudinal arch of the foot weli
molded and the forefoot in some supination, the entire foot can be
abducted gently and graduaily under the talus, which is secured
against rotation in the ankle mortise by applying counterpressure
with the thumb against the lateral aspect of the head of the talus;
4} heel varus will correct when the entire foot is fully abducted
under the talus; the heel is never touched {Fig 1); 5) finally, the
equinus is corrected by dorsiflexing the foot; this is generally
factlitated by a simple percutaneous tendoachifles tenotomy under
local anesthesia.

For maintaining the correction obtained by gentle manipula-
tion, a plaster cast is applied in 2 sections. The first section extends
from the toes to just below the knee, and the second covers the
kaee and the thigh. The knee is immobilized at a right angle. The
plaster cast is moided to fit the anatomy precisely. Abduction of
the foot is increased progressively with each manipulation and
plaster cast application until hypercorrection to ~70° of foot ab-
duction is obtained. All of the casts in all of the patients included
in this study were applied under the supervision of the senior
author (LV.P.; Fig 2). Radiographs are taken in the rare case of a
deformity that resists correction to rule out any bony abnormality.
If full, initial correction is not achievable, then surgical treatment
is indicated. The surgical procedure is tailored to the residual
deformity. No severity classification is used because the deformity
is not necessarily related to the resistance to correction. However,
we used the number of casts required to obtain a full correction of
the deformity as a proxy for severity of the deformity,

Fig 1. Manipulation as described by Ponseti. The thumb is posi-
tioned over the lateral aspect of the head of the talus, and the
index finger is positioned behind the lateral malleolus. No coun-
terpressure should be applied at the calcaneocuboid joint. The
cavus and the adduction are corrected by slight supination and
abduction: of the forefoot. The forefoot is never pronated.

After correction, a foot-abduction brace is used to mainiain the
correction. This brace consists of a bar with shoes attached at the
ends at 70° of outward rotation on the affected side and 4G° on the
normal side. The length of the bar should be equal to the width of
the child’s shoulders (Fig 3). The brace is used on a full-time basis
for 2 to 3 months and at night and during naptime for 3 to 4 years.
Parent self-report on brace wear was used to assess compliance.
Noncompliance was defined when the foot abduction brace was
not used for at least 10 hours a day.

A relapse is defined as the appearance of any of the compo-
nerds of the deformity, including cavus, adductus, varus, and/or
equinus. Relapses after initial correction are treated with addi-

tional manipulation and serial casting in marked foot abduction. A

tendoachilles tenctomy is indicated when dorgifiexion of the ankle
is <15° When the anterior tibial muscle tends to strongly supinate
the foot during gait, its transfer to the third cuneiform will prevent
additional relapses in most patients.

Analysis

We evaluated the following variables: age of the patient at first
visit to our institution, previous treatment and type of treatment
before referral, number of casts, previous tendoachilles tenotomy,
ramber of casts required at our institution, need for percutaneous
tendoachilles tenotomy, degree of ankle dorsiflexion after tenot-
omy, and compliance with the foot-abduction brace. These vari-
ables were in turn related to the need for extensive corrective
surgery and the incidence of relapses. Fisher exact tests, ¢ tests,
and odds ratios were used as appropriate.

RESULTS

A total of 107 (68%) patients were male. Seventy-
nine (60%) patients were first-born. Thirty-three
{22%) patients had a positive family history of club-
foot deformity. Most children (92%) were full term,
without complications during gestation or delivery.
At initial Ponseti casting, 128 (81%) patients were
younger than 6 months and 29 (19%) were older than
6 months.

A total of 113 (73%) patients had some form of
treatment before their initial visit to our institution.
Seven (4.5%) had physical therapy, and 111 (71%)
had serial manipulation and casting. The number of
casts ranged from 1 to 20, with a median of 10.
Patients had primarily below-the-knee casts (49%) or
a combination of below-the-knee and above-the-knee
casts (24%). Fourteen (9%) patients had a percutane-
ous tendoachilles tenotomy. Ninety-five percent of
the patients came to our clinic with all of the com-
ponents of the deformity uncorrected. Extensive cor-
rective surgery was recommended to 75 (48%) pa-
tients by their treating physicians.

Clubfoot correction was obtained in all but 3 (98%)
patients. These 3 patients were previously treated in
other institutions and presented with very severe
deformities. Correction was obtained with 1 to 7
casts; 90% of the patients required =5 casts for cor-
rection (Fig 4). The average time from the first cast to
the tendoachilles tenotomy (full correction of the
deformity) was 20 days (range: 14-24 days). Percu-
taneous tendoachilles tenotomy was performed in
86% of the cases. Average ankle dorsiflexion post-
tenotomy was 20° {range: 0-35°). The majority of
patients started walking at an age of 13 months
(range: 917 months). Twelve (8%) patients had a
cast complication, including erythema, slight swell-
ing of the toes, or downward slippage of the cast. All
these complications were attributed to a deficient
casting technique. No infections, skin necrosis, neu-
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Fig 2. Serial photographs at weekly intervals of the correction of a severe clubfoot deformity in a 3-week-old infant. A, At initial visit.
B, After first cast. C, After second cast. D, After third cast. E, After fourth cast. F, Treatment result after percutanecus tendoachiiles

tenotomy.

Fig 3. Foot-abduction brace. The brace consists of a bar with
shoes attached at the ends at 70° of outward rotation on the
affected side and 40° on the normal side. The length of the bar
should be equal to the width of the child’s shoulders. The brace is
used on a full-time basis for 2 to 3 months and at night and during
naptime for 3 to 4 years.

rovascular compromise, or profuse bleeding post-
tenotomy were observed.

Four (2.5%) patients required extensive corrective
surgery after ireatment by the Ponseti method. The
surgical procedures performed included 1 postero-
medial release and 3 posterior reieases with ten-
doachilles tenotomy. It is interesting that of the 75
patients whose deformities were previously indi-
cated for corrective surgery by the local physician,
only 1 went on to surgery after ‘treatment by the
Ponseti method.

There were 17 (10%) relapses after initial success-
ful treatment. Relapse of the deformity was not sig-
nificantly related to age at presentation, previous
unsuccessful treatment at other institution, or the
number of casts required for correction (used as a
measure of severity; all P > .05). Relapses were as-
sociated with noncompliance with the foot-abduc-
tion brace (P = .001; Table 1). Noncompliance was
associated with a 17 times greater odds of relapse (15
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Fig 4. Total number of casts required for full correction: of the deformity.

TABLE 1.  Factors Assoctated With Relapse After Full Correc-
tion of the Deformity
P Value
Age of patient 98
Previous treatment 2
Number of Ponseti casts 14
Compliance with orthosis 001

of 17) compared with compliance (6 of 140; P =
{0001). Relapses were treated with a second series of
manipulation and casting, followed by the use of the
foot-abduction brace. Three patients required a sec-
ond tendoachilles tenotomy. For preventing addi-
tional relapses in 4 (2.5%) patients who were non-
compliant with the foot-abduction brace, an anterior
tibial tendon transfer to the third cuneiform and a
tendoachilles lengthening were performed.

DiSCUSSION

This study demonstrates that with the use of the
Ponseti method, >95% of patients” idiopathic club-
foot can be corrected without the need for extensive
corrective surgery. In addition, we found no in-
creased difficulty correcting the deformity in chil-
dren up to the age of 2 years or in patients who
previously had a nonsurgical corrective attempt.

The results of this study are in contrast with most
published series.>~7 We believe that this discrepancy
-in the results of treatment is attributable primarily to
a deficient understanding of the nature of the defor-
mity and the normal functional anatomy of the foot.
This lack of understanding has led to poor corrective
manjpulation and casting techniques. It is not attrib-
utable, on the basis of the current study, to the com-
plexity or the severity of the deformity.

The main reason for failures is the application of

counterpressure on the calcaneocuboid joint during
the manipulation. By so doing, the normal move-
ment of the calcaneus under the talus, a motion that
is fundamental for the correction of the deformity, is
prevented. Because the 3 tarsal joints move simulta-
neously, blocking the calcaneocuboid joint in twurn
prevents the movement of the talonavicular joint and
therefore makes it impossible to correct the clubfoot.
In addition, many physicians perform these maneu-
vers somewhat forcefully, often causing the child
great distress.!%22 The correction should be per-
formed very gently to avoid these problems because
crying and pain are associated with increased muscle
tension in the lower extremity, making the manipu-
lation and casting more difficult.

An important finding in this study was the de-
creased number of patients who presented with a
relapse after initial full correction when compared
with our previous publication.’® We believe that this
is attributable to the hyperabduction now obtained
in the last cast and to the education of parents about
the need to use the foot-abduction brace at night and
naptime until the age of 3 years.

Our study has a number of important implications
for parents, children, and physicians. From the pub-
lic health standpoint, our findings can be used to
reassure the public that the congenital idiopathic
clubfoot deformity, although complex in nature, is
easily corrected and, more important, that our results
can be replicated in other institutions and clinical
practices and even in different health care systems.
Herzenberg et al?® recently reported similar good
results in their institutions. They evaluated 27 pa-
tients (34 clubfeet) after serial manipulation and cast-
ing following the Ponseti method. Control subjects
included patients who were treated with initial serial
short-leg casts for 3 months (range: 2-6 months).
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Only 1 {3%} clubfoot that was treated by the Ponseti
method required extensive corrective surgery com-
pared with 32 (94%) in the control group. In addition,
a significant decrease in the range of motion in pa-
tients who were treated surgically was found com-
pared with those who were treated by the Ponseti
method.

Pirani et al*** introduced the Ponseti method in
Uganda in November 1999 and developed a national
program for the treatment of clubfoot. As in many
other developing countries, many, if not most, chil-
dren who are born with clubfoot do not receive any
treatment of the deformity. Through training of phy-
sicians and other health care personnel and public
awareness campaigns, >80% of the patients have
their deformity completely corrected within 2
months of onset of treatment. The numbers of infants
who are younger than 1 year and being referred for
extensive corrective surgery has reduced remark-
ably. The success of this program is such that it has
already been expanded to Malawi, Tanzania, and
Ethiopia (5. Pirani, ]. N. Penny, and M. Steenbeeck,
personal communication, 2002).

In conclusion, the Ponseti method is a very safe,
efficient treatment for the correction of clubfoot that
radically decreases the need for extensive corrective
surgery. Furthermore, it can be used successfully in
children up to ~2 years of age when no previous
surgical treatment has been attempted. The decline
in extensive clubfoot surgery should encourage na-
tional efforts to make this method the gold standard
in the treatment of congenital idiopathic clubfoot.
Educational programs should be targeted to primary
care physicians to increase awareness of the Ponseti
method and its excellent results so that they can
advise families accordingly. Physicians who adopt
the Ponseti method will feel rewarded by the satis-
faction of successfully correcting what traditionally
has been a very frustrating deformity to treat.
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A method for the early evaluation of the Ponseti (Iowa)

“technique for the treatment of idiopathic clubfoot

Wallace B. Lehman, Ahamed Mohaideen, Sanjeev Madan, David M. Scher,
Harold J. P. Van Bosse, Michelle lannacone, Jamal S. Bazzi and

David S. Feldman

The Ponseti casting technique is reported to have a high
success rate in the treatment of idiopathic clubfoot. Non-
operative treatment of clubfoot provides a lower compli-
cation rate, less pain, and higher function as the patient
ages than operative treatment. To demonstrate serial post-
treatment change is clubfeet over time, threelciuhfoot
rating systems were utilized in the current study. Patients
compliant with the Ponsetl technique and treated befare
the age of 7 months, had a 92% success rate at an early
follow-up after casting was completed. It Is not the purpose

"of this article to analyze the long-term clubfoot treatment

result but to establish tools which can be used to judge
initial success with the Ponseti technique, Complications

. are few and minor, limited fo equipment used and cast

Introduction :
Historically, treatment of clubfoot is challenging. Lioyd-
Roberts wrote in 1964, ‘clubfoot will doubtless continue
to challenge the skill and ingenuity of orthopaedic
surgeons, but so long as much fundamental knowledge
cludes us, our practice will continue to be flavored with a
cercain ingenious empiricism. Art has had its day. Let us
now resolve to concentrate on the science of orthopaedic
surgery’ {11

The prevalence of clubfoot has been reported in the
orthopaedic literature to be two per 1000 births 2], with
the definitive treatment being largely surgical. The
majority of all clubfect in reported series end in surgical
releases, primarily in patients between the ages of 3
months and 1 year, despite carly serial casting [21.

The most common surgical procedure is a soft tissue
release of those structures that create the deforming
forces in the clubfoot. The primary disadvantages of soft
tissue release in the young clubfoot patient are a high
complication rate and, when complications do occur, they
are difficutt to treat. The most common complications are
recurrence of the deformity, with an average rate of 25%
(13-50% range) [2-4]. Other complications include
infection, neurovascular injury, loss of limb and over-
correction [2]. It is to avoid the high recumence rate
previously perceived by the authors following soft tissue
clubfoor release and the difficult revision procedures
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necessary for salvage that the Ponseti method was
considered and tested statistically.

The serial casting technique most often cited was
described. by Kire [5]. His reported success was greater
than 90%. However, consistent reproducibility of this rate
has not becn noted in many studies. Ponseti described
another fundamentally different casting technique, which
is coming under greater scrutiny after being initiated at
the University of lowa in 1950 [6,7]. However, the
rechniques, as described by Ponseti and Kite, have not
been analyzed by any statistical mears. Our purpose was
ro describe the early results of the Ponscti (Towa) casting
technique in a center specifically designed to serially
monitor the outcomes with previously established rating
methods.

Method
As part of our clubfoot center, care'is taken to exactly
duplicate the Ponseti technique.

Description of the Ponseti casting technique

A bricf description of the Ponseti casting technique is
provided here. For a more detailed description, the reader
is referred to the published works of Ignacio V. Ponseti
MD [8-10].

While. both Kite’s and Ponseti’s techniques analyze the
deformity of the clubfoot in terms of its component parts,
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there is a distinctly different approach to each part. Both
state the components to include the midfoot adducrus,
cavus, and hindfoot varus and equinus; however, Kite's
technique artempts to correct the deformity using the
calcaneocuboid joint 2s the fulerum point [2]. Ponseti’s
technique, on the other hand, centers around the
talonavicular joint and, unlike the Kite method, there is

 no direct manipulation of the calcaneus out of its varus

position [2,3,6,10]. The Ponseti technique utilizes five
basic cast types, each of which has specific purposes in
the treatment scheme [8,10]. The actual number of casts
used on a foor vary in accordance with the response to

- each subsequent cast. .

' Thé first cast attempts to correct the refative pronation/of
the first metatarsal and cavus by maximally supmanng '

the  foot but without dorsiflexiony This correction is

8™ achieved by bringing the first metatarsal in line with the

varus of the hindfoot which is, by Ponseti’s description,
pronated in relation to the other metatarsals. While the
first cast is quite counterintuitive, the second, third, and
fourth casts use sequentially increasing amounts of
abduction to achieve the maximal amount of correction
prior to addressing the hindfoot equinus. At no point
during the casting is there direct manipulation of the
calcaneus. Instead, Ponseti’s theory is that the calcaneus
meves out of its varus position during the manipulation.

After cormection of the adductus, cavus and hindfoot
_ varus, if there’is easy, passnve dorsiflexion of the foot 1o
15° above neutral, a final cast is placed on for 3weeks ina
dors:ﬂcxcd position. If this passwc dorsiflexion is not
poss;blc with the examiner using the pressure of one
finger, a2 percutancous release of the Achilles tendon is

.pc;;formcd, and the final cast is placed for 3 weeks. After

the 3-week time period, the feet are placed in a foot
abduction orthosis modified with a 15° bend to maintain
the correction achieved. The footr abduction orthosis is
worn full time for 3 months or until the child is cruising,
whichever event occurs first. Afterwards, the bar is kept
in place only at night until the child is 3-4 years of age.

Description of the clubfoot clinic protocol

The purpose of the clubfoot center, established in
December 1999, at the Hospital for Joint Diseases, was
to scientifically detail our results with the Ponseti casting
technigue. A pediatrician evaluated each patient enrolled
in the clubfoot center, and a detailed bireh history was

obtained. Any prior casting treatment was also noted.

Prior to initiation of treaument, parental instruction and
teaching was performed. All patients had their first casts
placed on their first visit.

To chart prdg'rcss or dechine during the course of
rreatment of each patient, three descrbed clubfoot
rating methods were utilized: (1} a modified Dimeglio/

" Bensahe] [11] method, (2) the Carterall/Pirani [12,13],

and (3) a modification of the functional rating developed
at the Hospital for Joint Diseases [3]. The Dimeglio/
Bensahel classification incorporated eight components:
equinus, varus, position of the rtalo-calcaneal-forefoot
unit, forefoor adduction, and the presence of abnormal
musculature, cavus, a medial crease, and a posterior
crease. A total of 20 points was possible, the higher the
number, the more rigid the clubfoot {Fig. 1).

The CatterallfPirani method utilized by our clinic was the
most - recent version; it incorporated six components
rather than the originally described 10. These items were
the position of the lateral border of the foot, amount of
medial and posterior creasing, the emptiness of the heel,
degree of palpation of the lateral head of the talus, and

~ the extent of ankle dorsiflexion passively. Again, similar to

the Dimeglio/Bensahel scoring, the hlghcr the score, the
more rigid was the clubfoor, with six being the highest
possible sum {Fig. 2). The Hospital for Joint :Diseases
Functional Rating involved a maximum score of 60 (best),
with six components being rated. These were ankle
dorsiflexion and heel posirion with maximum passive
manipulation, quantity of subtalar motion, the forefoor
appearance, the amount of medial creasing, and the
quantity of cavus (Fig. 3).

It was hoped that consistency between the methods

. would note trends during the treatment of each clubfoot.
" For ease of recording of our data, a single sheer was

créated 10 contain all relevant information. Posters of
each rating system were placed in each examining room
to minimize varation in scoring (Fig. 4). To maintain all
dara in a succinct manner in our records, derotation of the
talo-calcaneo-forefoot in the Dimeglio/ Bensahel rating
system was characterized as supination/pronation but
with the same scoring.

All individuals involved in casting and rating were
instructed in the rating methodology. All castings were
performed by or under the direct supervision of cither
pediatric orthopaedic artendings or pediatric orthopaedic
fellows to allow for consistency in the casting and rating.
At each visit to the clinic, all feet were rated prior to each
casting or tenotomy and prior o plicement in foot
abduction orthoses.

After casting was completed, the raring of feet continued
during the foor abduction orthosis stage of the treatment.
Along with the rating of the feet, other derails
were noted, including if the patient had a percutancous
Achilles tenotomy, complications with treatment,
and compliance with the treatment plan. These factors
were regulartty monitored at each visit 1o the clinic
(Fig. 4).
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1. Equinus - {(sagittal plane)

3 points ,
3 points 20°
4 points 45° : 2 points =

80°

4. Derotation-around the taius-
calcaneo-forefoot (CFF) -

3 points

by

Posterior crease Medial crease

2. Varus deviatlon - (frontal plane)

1 point%o

4. Adduction forefoot on
hindfoot In horizontal plane

20°2 poht8°1 points

{b)

Typel Benign

20% of all club feet
Soft - soft feet

0 -5 points

> BO” reducible
Postural clubfeet
Moderate fest

33%% of all club feet
Soft - Stiff

& - 10 points

o . Partially reducible
Typellb  Severe fect

35% of all club feet
Stiff — Soft

11 - 15 points
More resistant than reducible
Very savere

1206 of afl club feet
Stiff — stiff

16 - 20 points
kreducible

Type lia

-To Type Il
0 points

Scorinyg
: Scoring: 0 - 20 points
Totat 16 polnts +4 points

Reducibllity: 90°- 5° == 4 points
45°-20° = 3 points
20°-0% == 2 points

0°--20%= 1 points
less than -20° = 0 points

1 point - Cavus

1 points - Post. crease rnarked
1 points - Medial crease marked |

1 point - Muscle condition:
« Contracted peronesl
*» Atrophic - T.A\., gastroc.

.{aJ The modified Dimeglio/Bensahet method 5], (b) The modified Dimag!iolBensahel shown as type 1, type la, type Hib, and type Wi [5].

Selection of patients and data collection

Since inception of the clubfoot center at the Hospital for

Joint Discases 63 patients (87 feet) have been treated.
Those patients selected for inclusion in our study group
numbered 30 parients, a total of 45 clubfeet, with 15
patients having bilateral clubfoot. The first 30 patients
with 45 clubfeet followed for 3 months form the
substance of this review. None of these patients were
loft to follow-up. Inclusion criteria included patients

casted by the Ponseti technique with a minimum of 3
moonths follow-up after the last cast - applied. All
patients had idiopathic clubfoot. Clubfeet secondary to
syndromic involvement were excluded. Data collécted for
each patient included sex, right or left footr, age at
treatment onset, total number of casts placed, ratings of
feer at each clubfoot center visit, and pretreatment
radiograph, which was not used in our treatment
scheme.
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The modified CatterallfPirani scoring [10].

Results

Patients were divided into two groups. Group I included
“all patients using foot abduction orthoses, while group 11

involved those who were not placed into a foot abduction

orthosis because of failure with casting. Group I

numbered 40 feet, while group If numbered five feet.

The mean age of presentation for all patients was 10.8
weeks (range 0.5-40 weeks). Group I and group II had
_mean ages at présentation of 8.2 weeks (range 0.5-28

weeks) and 34 weeks (26-40 weeks), respectively.’

However, the median for group I was 4 weeks of age
and 36 weeks of age for group II.

"The total number of castings per foot averaged 5.4 (range
4-9) for the entire study group. Group I averaged 5.3
castings (range 4-9), while Group I1 averaged 6.4 {range
4-9). The number of castings performed varied with each
patient. When all components of the clubfoot other than
equinus were correctéd, the foot was placed into the last
cast, either with or without percutaneous [ENOLOmY.

The number of percutaneous tenotomies, after only one
series of castings, numbered 25 while three patients had
open Achilles tendon lengrhening and posterior releases

The modified Hospitg} for Joint Diseases functional rating system [1],

done intraoperatively. Two of these feet had previous
percutancous tenotomies performed. The open Achilles
tendon and posterior releases were done to analyze under
image intensification the effectiveness of the release in
our first cases. This is not done now and is not part of the

Ponseti technique.

Utilizing the Wilcoxon signed ranks test, there was a

significant difference between the initial and last follow-
up scotes using all three scoring systems in group I (40
feet). As seen in Tabie 1, the Dimeglio/Bensahel score
changed from a mean of 14.4 to 4.2 while the Catteral)/
Pirani decreased from 4.6 w0 0.6. The functional rating
was shown to increase from 16.8 ro 52.9. All three had P

values of below 0.0001 (Table 1).

Patients were labeled as having a good result if two of
three criteria were met: (1) Dimeglio/Bensahel 6 points
or better (Fig. 1); (2) Catterall/Pirani 1.5 points or
better (Fig. 2); (3) functional rating greater than 30
(Fig. 3). Thirty-eight feet had good resulrs prior 1o
application of the foot abduction orthosis. There were
two feet in group 1 that had poor results after casting and-
were indicated for open Achilles tendon lengthening/
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Data sheet for the clubfoot dlinic with all pertinent data to be collected for sach visit.

posterior release. These two feet had pood results at
3 months follow-up.

The thirry-eight feer placed into Foor Abduction
Orthoses were divided based on their compliance with
the orthosis. Twenty-seven feer were compliant with
orthosis wear. Of the compliant patients, all 27 feet had
good results at 3 months follow-up. Of the patients
compliant with foot abduction orthosis wear and with
good initial results after casting, all maintained their
correction at last follow-up (Table 2). We have followed
15 of the 27 feet to a follow-up of 6 months with good

results; 10 feet were followed 1o 9 months and two feet
were followed to 12 months.

Despite noncompliance with foot abduction orthosis
wear, five of the 11 feet in the non-compliant patients
had good resulss. Three of the six feet with poor results
were recast, but two of the feet were lost to follow-up.
The remaining foot had 2 good result at 6 months
following the second casting session. One of the six feet
had a second casting session and an open Achilles rendon
lengthening and posterior release with a good result at 6
months follow-up. Two of the six feet with a poor result
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Scores for group | compliant patients only, “Wilcoxon signed ranks test.

“had a second casting session with percutaneous Achilles

tenotomy. One of these feet had a tenotomy previously
while the other did not. Both had good results at 6
months_follow-up. The versatility of this technique is
that even an unacceptable result can be salvaged by
recasting and further tenotomy.

Teble 3 Dimeglio/Bensahel types for group | (n=:40 feet)
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Group | comphant, group | non-compliant (with good resull), group |

non-compliant (with poor resulf) and group il plotted against Hospital
for Joint Diseases functional rating score initially, after casting and 2t
last follow-up,

Five feet were in group II with all five patients eventually
being recommended for open Achilles tendon lengthen-
ing/posterior release because of failure with Ponseti
casting. This was despite the larger number of casts

,..
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placed in this group (average 6.4, range 4-9). All of these

patients were over 7 months of age when treated.

Figwres 5, 6, and 7 show the Dimeglio/Bensahel,
Catterall/Pirani, and Hospital for Joint Diseases scoring
systems by group I (compliant and non-compliant with
foor zbduction orthosis) and group II. While all group I
patients showed improvement, those non-compliant with
foor abduction orthosis wear had a worsening of their
outcomes at last foliownup Rather than use the initial
classificarion to predl(:t outcome, our results so far have
shown that no matter how severe the initial classification
is if the technigue is done properly a good result can be
antzmpaccd

The age of the patient at initiation of treatment was

much higher in group II patiénts than i in group I patients.
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Table 4 Dimeglio/Bensahel types for group | patients compliant
with foot abduction orthosis (n=27 feed)

Type Initial evélu_a!lon End of last cast Last foflow-up
H 0 25 {92.6%) 23 (85.2%)
Ha 5 (18.5%) T2 (74%) 4 {14.8%)
ilb 14 (51.5%) 4] [+
13 8 (28.6%) o o
Table 5 Complications st
Complication Quantity
Cast saw injury 7
Abrasions 8
Cast intolerancaframoval 5
Maceration 4
Blister 2

- Sibugh 1

The average age of group 1 patients was 8.2 weeks (range . .

0.5-28 weeks) while the group II patients averaged 34

weeks of age (range 26-40 weeks) (Fig 8)

When the group T feet {40 feet) were divided by
Dimeglio types- (I, 1Ia, IIb, IH), a significant shift in
classification was shown. While 19 feet were noted to be
IIb and 14 feet were type III at initial evalvation, there
were no type IIb or HI feet ac last foliow~up (Table 3).
There were 11 Ila feer when the entire group 1 was
analyzed. However; when only patients compliant with
foot abduction orthoses (27 feer) were noted, only four
patients were IIa (Table 4).
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There were 25 complications among all the castings
peiformed. This led to a 10.2% complication rate. Nearly
25% of all complications were cast saw injuries (seven
total}. By switching to the cast knife technique described
by Ponseti, these injuries were climinated (Table 5).
Macerations and abrasions occurred more often in the
early months of the opening of the clubfoot center. Some

- patients with marked equinus had casts fall off secondary

to the shape of the infant’s extremity.

Discussion ‘

The current philosophy on the treatment of clubfoot
initially involves a course of serial casting with surgical
intervention at age 3-12 months if correction of the

" .components of the clubfoot are not achieved [2]. Most

authors have felt thar suiff, rigid clubfeet such as
Dimeglio type IIb or III, are not amenable to casting
alone and that surgical intervention will eventually be
warranted. However, the complication rate of clubfoor
surgery has been reported to be between 11 and 33%
[3.4].

The advantages of a reproducible, easily followed casting
method with a high success rate are, therefore, obvious.
The casting technique introduced by Ponseti has had a
high success rate with Ponseri reporting a success rate of
over 90% with anccdoral or descriptive follow-up of 30
plus years [14]. However, there have been no other
reports with such high success using his methods in the
current literature, but we anticipate more frequent
positive reports will be fortheoming [6,15). In addivion,
there is currently no literature using existing clubfoot
rating methods to evaluate progress with the Iowa casting
technique.

Our clubfoot center sought ro systematically and exactly
reproduce the Ponseti technique in its entirety. To
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serially follow the progress of the clubfeet treated in our,

clinic, feet were rated with two described classification
systems and a third system that was developed at our
institution [11-13].

When our results were analyzed in terms of age, there was

a definite comrelation with success ‘of the casting
technique. In particular, patients treated over the age of
7 months appear to have an increased probability of poor ;

. results. Compliance with the foot abduction orthosis has

also been an issue. Those patients compliant with foot
ahduction orthosis wear had nearly 100% success at last

¢ follow-up if treatment was applied before the child was 7.
‘months of age. Patients not compliant with foot abduc-

rion orthosis wear but, with good results after casting, still

had good results in 50% of the feet. The Pomseti '
technique is flexible in that it provides an opportunity”
to recast patients who lose correction. Poor outcomes

were salvaged by recasting or by recasting with tenotomy.

Qur iongcst foliow—up to date has been 12 months. .

However, the majority of our patients fall into the 3-6
month follow-up period. Ponseti’s long-term outcomes, as

noted by Cooper and Dietz, have higher function, less

pain, and slightly less stiffness in these feet than in those

with more extensive surgical pruccdurcs [14]. As Ponseti

has indicated, some patients may require tibialis anterior
tendon transfers to compensate for possible muscle
imbalance, resulting in some deformity recurrence. This

'~ limited pmccdurc may be required in the future in some

of our patients, however, longiterm follow-up will
dctcrmmc this. Based on our current data, the Ponseti
(lowa) castmg technique provides excellent early results
and may limit the necessity of extensive surgical

B 4

procedures at early ages. Similar statistical evaluation of
other techniques, such as early motion and physical
therapy may show similar early success, but that was not
the purpose of our paper. We anticipate our long-term
results to be similar and also to correspond to the short-
term dara we report here,
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Evaluation of the Treatment of Idicopathic
Clubfoot by Using the Ponseti Method

Michael Colbum, DPM," and Matthew Williams, DPM?

The initial treatment of congenital idiopathic talipes equinovarus (clubfoot) is most often nonsurgical.
However, surgical treatment in the form of posteromedial refease is often undertaken after failura of
conservative measures. The prevalence of both immediate and long-term complications in surgically
treated clubfeet has cullivated a renewed interest in ponsurgical treatment, The Ponseli methcd for
treating clubfoot has seen a revived interest among those caring for infantile clubfeet, We report or: our
first 34 infants (57 clubleet) treated by using the techniques and principles described by Ponseti. Lising
a standard scoring system, 54 of 57 clubfeet were successfully corrected without requiring posterome-
dial release. Only 2 patients (3 clubfeet) required extensive surgical correction. There were 6 relapses. In
all recurrent cases, there was a lack of compliance with the straighi-last shoe and foot abduction bar
fe_gimen. Based on this level of initial success, we believe that posteromedial release is no longer
necessary for the majority of cases of congenital clubfeet. (The Journal of Foot & Ankle Surgery 42(5);

259267, 2003)

Kéy words: clubfoot, Ponseti, casting, surgery, tatipes equino varus

Congenital idiopathic talipes equinovarus, or clubfoot
deformity, is used to describe a complex deformity that
occurs in otherwise generally healthy infants. It consists of
4 components: equinus, varus, adductus, and cavus (1--4), I
is-‘generally agreed that the initial treatment should be
nonsurgical and start as soon as possible after birth (5-10).
A variety of manipulations, splinting, strapping, bracing,
and casting techniques have been advocated in an atuempt o
achieve correction of the deformity (5,7,8,11-16). Although
some success with nonsurgical treatment has been reported
in the literature, results have often been less than optimal,
W1Lh partial corrections, recurrence, and other complications
(6,17-20). This has led to a trend toward surgical interven-
tion, usually within the first year of life {(10,13,15,21,22).
However, surgical treatment also carries significant risks,
and the potential for complications is great. Although gen-
erally well tolerated into late adolescence and early adult-
hood, many patients with clubfoot treated with surgical
correction tend to develop feet that are stiff, painful, and
wedk (1623,24)..
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In 1950, Ignacio Ponseti, MD, at the University of Iowa,
developed a method of treating ciubfoot by manipulation
and casting. The clinical correction: achieved by using this
method has produced a functional. plantigrade foot without
requiring posteromedial release in 85% to 90% of cases (1).
The correction achieved is long lasting, with some patients
having been followed up into the fourth or fifth decade of
life. Until recently, these resuits have not been duplicated at
other institutions (25). The purpose of this stedy was to
relate our experience correcting idiopathic clubfoot defor-
mity by using these principles.

Materials and Methods

The first 34 infants with congenital idiopathic clubfeet
(57 clubfeet) treated at our institution by using the tech-
niques and principles described by Ponseti were evaluated.
Twenty-eight were boys and 6 were girls. Twenty-three
mfants had bilateral clubfeet, and 11 had unilateral clubfeet.
Patients were. either, referred from: the.maternity unit -of the
hospital or from other centers, usually after other treatment
regimens with little or incomplete correction.

There were no patients with any congenital syndrome or
neuromuscular condition other than clubfoot. Infants were
evaluated and graded for severity by using the Dimeglio
scale (Table 1} (26). Grading was performed to establish the
severity of the deformity before treatment. In this system, 4
parameters are considered to be important: equinus devia-
tion in the sagittal plane, varns deviation in the.frontal
plane, derotation of the calcaneo-forefoot block in the hor-
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TABLE 1 Dimeglic classification of clubioot

Essential parameters: the examiner applies a gentle corrective force and records

i Equinus deviation in the sagittal plane (0 to 4 points)
Varus deviation in the frantal plane {0 to 4 points)
Derotation of the calcaneo-forefoot block {0 to 4 points)
Forefoot adduction in the horizontal plane {0 to 4 points)

Further pejorative elements

Posterior crease {1 point)
Medial crease (1 point)

Cavus (1 point}

Poor muscie condition (1 point)

Overall total score (D to 20 points)

Scoring: reducibility fequinus, varus, calcaneo-forefoot block derotation, and forefoot adduction)

90° to 45° 4 points

45° 1o 20° 3 points

20° 1w 0° 2 points

0® to —20° 1 point

<-20° 0 points

Grades Owerail fotal score
Grade 1: Benign feet 0 to 5 points
Grade 2! Moderate feet § to 10 poinis
Grade 3: Severe feet 10 to 15 poinis
Grade 4: Very severe fest 15 to 20 points

izontal plane (supination), and adduction of the forefoot
relative to the hindfoot in the transverse plane. These 4
parameters are assessed for reducibility by applying gentie
corrective pressure to the foot. Each parameter is then
scored on a 4-point scale: reducibility 90° to 45°, 4 points;
45° 1o 20°, 3 points; 20° to 0°, 2 points; and 0° to —20°, 1
point. When tested, all 4 parameters can lead to a maximum
of 16 points. Four additional elements are also evaluated,
and 1 point is added to the score if they are present. These
include the presence of a posterior crease, the presence of a
medial crease, and the existence of plantar retraction or
cavus deformity; 1 point was added for poor muscular
condition, such as hypertonic, fibrous or contracted triceps,
tibialis anterior, or peroneal tendons (26). Those infants
with a reducible clubfootlike deformity at birth were ex-
u sux, Cluded. Each.clubfoot was evaluated:by 1 .0fithe authors-at .-

initial presentation (M.C.), and scored using the strict cri-
teria described by Dimeglio (26). Chart review was used to
determine the number and timing of treatments. Patients
were evaluated every 3 to 6 months after completion of the
initial treatment until 2 years of age to encourage parental
comphance with the straight last shoes and foot abduction
bar and to evaluate maintenance of the correction. The
minimum follow-up for patients included in this study was
1 year.

Criteria for successful outcome were defined as ankle-
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joint dorsiflexion of >17°, and a plantigrade foot without
heel varus. A plantigra:: foot was defined as one with the
rearfoot and forefoot (ali 5 metatarsal heads) in contact with
the ground in stance. Heei varus was defined as any degree
of inversion of the calcaneus compared with the long axis of
the tibia in stance. Chart~ were then reviewed at the time of
data collection, with specific attention given to each of the
criteria. The ultimate aszignment of a successful outcome
was determined by the senior author at the time of final
evalnatiorn.

Treatment Protocol

Patients were treated as soon as possible after birth. The

:coumse of treatssentfolvwed the:principles ofmanipuladen s

and casting described by Ponseti (1). Initial treattnent con-
sisted of gentle stretching and mobilization, followed by
application of well-molded, thinly padded plaster casts that
were changed every 5 to 7 days.

The first session of mobilization and casting was intended
to correct the cavus and some adduction of the forefoot. The
cavus is a result of pronation of the forefoot on the rearfoot
and is primarily a plantarflexion of the first metatarsal. To
correct the cavus, the forefoot is gently supinated and ab-
ducted by applying pressure from plantar-medial to dorsal-
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FIGURE1  (A) One-handed manipulation technique and {8) 2-hand manipulation techr:cue. Note that the thumb is placed over the palpable
head of the talus laterally and not over the calcaneocuboid joint. The arrows show tlie points where pressure is applied. The foot distal to
the talus is supinated to correct the forefoot cavus and is then abducted 1o allow the &/natior portion of the calcaneus to rotate laterally and

s Weresremoved. . The. moebilizations and casting-were. contin- . .
ued at each visit, with simultaneous correction of the cavus,

correct the hesl varus.

lateral on the first metatarsal head. The talus is firmly
prevented from rotation in the ankle mortise with counter-
pressure from the practitioner’s thumb placed on the easily
palpable lateral aspect of the talar head. This may be ac-
complished with either a 1-handed or a 2-handed manipu-
lation technique (Fig. 1). This allows for external rotation of
the foot under and distal to the talus. The cavus deformity of
the forefoot usually corrected after 1 or 2 weatments. Cor-
rection of the cavus deformity places the metatarsals, cu-
neiforms, cuboid, and navicular onto the same plane, form-
ing the lever arm required to laterally mobilize the
navicular, cuboid, and calcaneus. This will be accomplished
as the tight medial soft-tissue structures (ligaments, tendons,
and joint capsule) gradually yield to gentle, persistent ma-
nipulation.

In subsequent casting sessions, the foot was gently ma-
nipulated and mobilized before cast application. A well-
molded cast was then applied as described previously, with
the foot held in the corrected position until the plaster
hardened. The patient returned in 5 to 7 days and the casts

adduction deformity, and heel varus.

Heel varus was corrected by abduction of the foot distal
1o the talus, which aliowed lateral rotation of the pavicular,
cuboid, and anterjor aspect of the calcaneus. The subtalar,
talonavicular, and calcaneocuboid joints function with me-
chanical interdependence, and rotate around a moving,
rather than a fixed, axis (27-29). Abduction of the foot
distal to the talus allows the heel to come out of its supi-
nated position where it was previously locked into varus

FIGURE 2 (:7es of 4 consecutive clubfoot casts from the same
patient, showin,; correction of ali deformities (except equinus), with
the foot abductzd on the talus 50° to 60° by the fourth casting. The
casts were apnlied weekly,

under. the t2lug (29,30) .. The, heel must.never be .
everted while the calcaneus is Jocked under the talus be-
cause this will cause a breach in the midfoot and result in a
bean-shaped foot (1). During mobilization and casting, the
talus must be fixed in the ankle mortise by firm pressure on
the lateral aspect of the talar head while the foot under the
talus is abducted. Importantly, the calcaneus must never be
touched because lateral pressure against the calcaneus or
calcaneocuboid joint prevents lateral rotation of the calca-
neus and correction of the hee! varus, Ponseti referred to this
as “Kite’s error™ (1,31,32).

oreibly,
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uivanesthetic Awas-injected:«SFhe- foot -and . leg Wéis given 2« -
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FIGURE 3 {4) The ar::
talus, the anterior portiv
of the calcaneus to abcii-
of the eguinus deformiy. - g

The equinus was not addressed until all othef deformities
were correcteéd (usually after 3 or 4 visits) and: ﬁm foot was
able to be abducted 50° to 60° on the talus (Fig. 2). Once the
anterior portion of the calcaneus had rotated laterally about
the’ mterosseous talocalcaneal ligament, dorsiflexion of the
anterior calcaneus may occur (Fig. 3). When fuli abduction
of the foot on the talus was achieved, the - equmus was
correcwd by percataneous Achilles tenotomy or‘by casting
Abdncuon of the foot under the talus allows: e anterior
portian of the calcanens to rotate out laterally from under
the tilar head and neck where it was preventédfrom dorsi-
flexing. If tenotomy is attempted before 50%.t0 60° of
abduction of the foot is achieved, madequam co'x'recnon of
the equinus will result.

The Achilles tenotomy may be performed in'an operating
room or in a clinic setting. Local anesthetic cream was
applied under occlusion for 30 minutes and: then local

sterile preparation and the tenotomy was performed through
a single small posteromedial incision. A sterile dressing was
applied and the ankle joint dorsiflexed and placed in 2 cast
in the corrected position for 3 weeks.

After completion of the casting regimen, the feet were
placed in straight-last shoes with a foot abduction bar, with
the feet externally rotated 60° to 70°. The bar was worn 23
hours per day for 3 months. Time in the foot abduction bar
is then gradually decreased to a minimum of 12 hours per
day until the child is 2 years old.
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=ior portion of the calcaneus (C) is beneath the hezs. of the talus in clubfoot. () As the foot is abducted under the
* the calcaneus moves laterally. {C) The foot is abducted under the talus 50° to 80°. This allows the anterior port: -
< out from under the head of the talus to allow dorsgiflexion of the anterior portion of the calcaneus and correcti:

Reciis

e age at initial presentation ranged froo: 1 day to
mc;. a8, Average follow-up was 23 months (rzuge, 12 to %
me;is). The average Demeglio score for vi igm clubfa
(ne arevious treatment) was 11.2 (range, 7 to 15). Tk
average score for clubfeet that received previeus treatmes.
{nc:- Ponseti) was also 11.2 (range, 7 to 17).

Thirty-two of 34 patients and 54 of 57 (95%) clubfe--
wer corrected” without requiring posteromedial reles:
(Fig 4). Sixty-seven percent of clubfeet (38 clubfeet) wi-
corrected with serial manipulations and casting and w'
Achiiles tenotomy. Twenty-eight percent (16 clubfeet) we:
corrected with manipulation and casting alone, and 5%
clubteet) required posteromedial release. Detailed inform:-
tion regarding treatment ané outcomes may be found i

‘ -~ LA gw‘rvvx‘g:gv

All clubfeet (24 ciubfeet) in wh:ch the de" method w
the first and only treatment regimen were corrected witho:
a posteromedial release. The average number of casts v
quired for correctioni was 4.8 (range, 3 to 7). In infants -
whom the Ponseti method of treatment began after oth:
treatment atternpts, 30 of 33 clubfeet were corrected withe:
posteromedial release. All of these infants had manipulati<:”
and castings (non-Ponseti) at our institution or at otk
institutions without correction. Several of these infants bu?
been scheduled for surgical correction, which was the:

- .
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% PMR

Casting and Achifes Tenotomy
M Casting Alone

FIGURE 4-
pasteromedsat release.

Chubfeet suctessiutly treated with Ponseti mathod PMR

Number of clubfeet corected by using the Ponseti method or by surgical correction with fu! posteromedial release. PMR,

TABLE 2 Clubfeet with no previous teatment before treatment with the Ponseti method {n = 24)

Patient Sex Treated Ageat Dimeglio Dimeglio No. of Casts No. Comected No. Corected  Clubieet tength of Recurrence
Side Treatment Score, Store, Required for” With Casting With Casting Reguiring  Follow-up  Requiring
Onset  Right Foot Left Foot Comrection  and Achilies Alpne Postercrnedial  {mos)  Retreatment
{days) Tenotomy Relesse :
‘ Surgiery
1 F R 3 7 — 3 4] 1 G 3z 0
2 M L 12 — . 5;;1;3 4 1 0 ¢ 30 0
3 M L. 12 — 5 1 0 G 29 1
4 M B 4 10 . 10 5 2 0 ¢ 25 D
L M B 1 15 M5 6 2 1] e 28 0
6 M. B 5 1 S | 5 2 0 Y 23 1
7 M B 1 12 12 5 2 0 & 26 1
8 W B 11 12 . 12 7 2 ¢ G 21 0
g F L 7 — T 5 1 o G 21 "0
10 M B .38 12 12 6 2 1] ¢ 20 1
11 M B 12 10 =10 5 2 G ¢ 20 .0
12 M. B 12 11 S R 4 2 0 G 7 o
13 M B 5 10 : 10 4 2 1] G 17 0
14 W B B 10 710 3 0 2 G 12 o
_ Average Average: - Average Total Toial Tozal Average Total

n=24 . 9.2 1.2 4.8 21 3 : c 229 4

Abbreviations: B, bilateral; F, female; L, teft; M, male; R, right.

canceled after successful complenon of thls treatment pro-

" tocol. The averige ititiber of Casts réiuirest for correction

in these patients was also 4.8 (range, 3 to 14). Summary
results of the number of casts required for correction in all
patients ‘are shown in Figure 5. Six patiems suffered a
relapse despite initial successfui correction. However, in all
6 cases, the parents admitted to nopcompliance with the
straight-last shoe and foot abduction bar regimen. Serial
mobilization and casting was again performed, with correc-
tion again achieved, and the straight-last shoe with foot
abduction bar regimen was reinstitited in each of these
patients. Correction was successfolly maintained with pa-
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rental comphance -and none of these wfants reqmred surgl-

A RerVention, e B e e AR SR N 1

Discussion

The method of serial manipulations and casting devel-
oped and mastered by Ignacio Ponseti, MD, at the Univer-
sity of Towa in 1950 was ipstituted and applied to infants
with congenital clubfoot deformity in an effort to achieve a
plantigrade, functional foot without resorting to surgical
intervention (1,33). The long-term outcome of this tech-
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TABLE 3 Giubfeet that recieved non-Ponseti treatment before treatment with the Ponseti method (n = 33)

-

Patient Sex Treated Agé at  Dimeglio Dimeglio No. of Casts No. Corrected No. Corrected  Clubfeet Length of Recurrence
Bide Treatment Score, Score, Required for With Casting With Casting Requiring  Follow-up  Requiring

Onset  Right Foot Left Foot Correction  and Achilles Alone Posteromedial  (mos)  Retreatment
{days) Tenotomy Release
] Surgery
1 M B 56 B g 5 2 0 0 36 0
2 F R 49 B — 5 4 0 0 36 0
3 M R 141 12 — 5 1 0 D 36 o
4 M R 130 ] —_ 4 1 0 0 33 o
5 M B 135 11 11 5 2 3] g2 30 0
[ M B 114 11 11 4 2 0 ] 28 0
7 F B 177 11 H 4 2 )] D 28 (1]
8 F B 112 .9 9 3 0 2 o] 26 o
9 M L 121 T e 11 6 1 o 0 22 D
10 M B 104 12 12 3 4] 2 0 20 0
11 M L 30 — Tt 4 1 0 0 20 4
12 " M B 33 T 7 3 0 2 [ 20 0
13 M B 130 17 17 & D 1] 2 19 1]
14 M L 39 — 6 3 ‘0 1 ] 18 ]
15 F B 292 1) 15 6 2 0 0 19 1
4 16 M R 184 - 15 — 14 0 4] 1 20 [¢]
17 M B 54 12 12 5 1] 2 0 14 1
! 18 M B 155 11 11 3 D 2 0 16 ]
19 M B 33 B | 11 3 o 2 0 12 0
20 M B 13 " 13 13 5 2 0 4] 14 1]
Average Average Average Total Total Tota} Average Tota!
= 33 . 104.1 112 4.8 17 13 3 234 2

' Abbreviations: B, bilateral; F, female; |, lefl; M, male; R, right.

25

Number of
clubtest

nique has been reported to result in satisfactory functional
results in 85% to 90% of feet when appropriately applied
(34--36). Nonsurgical treatment regimens of manipulation
and casting at other institutions have had less success and
have been associated with such complications as increased
cavus deformity, false correction with midtarsal breach and
rocker-bottom deformity, flattening of the talar dome, pres-
sure sores from casts, and even fractures secondary to
excessive force during manipulation (6,19,20,37).
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Since the early 1970s, this has led to a trend fow

surgical intervention in cases of congenital chubfoot,
marily in the form of the posterior and medial soft-tis:
releases as described by Turco (15), with modification: -
Crawford et al (21), and McKay (3,13,38). Surgery is
ally performed at 6 moriths to 1 year of age. Exter:
surgical release carries both immediate and long-term: .
herent risks. Wound complications including scarring. -

fection, neurovascular compromise, and avascular necr:- 5

05



FGURE 6 Dorsoplantar radiographs of congenital clubfoot (4)
before and (8) after comection by using the Ponset method, show-
ing correction of the talocalcaneat anpie. ’

may occur in the immediate postoperative setting (39, 40).
Overcorrection with calcaneus deformity, heel valgus, pes
planus, and forefoot abduction, and undercorrection with
persistent equinus, heel varus, and metatarsus adductus may
also occur (38,41-43). Because these complications have
become more readily evident, a renewed interest in nonsur-
gical treatment of congenital clubfoot has oecurred.
Ponseti (44) has reported a relapse rate of 78% in patients
noncompliant with the straight-last shoe and abduction bar
regimen and a relapse rate of 7% in compliant patients, A}
of the honcompliant patients in Ponseti’s (44) series were
corrected with recasting), In all § relapses in this study, the
parents admitted to honcompliance with the straight-last
shoe and foot abduction bar regimen. Although there re-
mains some controversy in the literature, we speculate that
the tendency to relapse may be caused by the intrinsic
contractile nature of the soft tissues in clubfoot deformity,
s postulated by Ponset (1) and others (45,46). Although
the number of patients in this study is small, ourresults and

successful treatment.

This renewed interest has focused attention on the Ponseti
method because of the previously reported high rates of
Success (6,30,34,36). We have found that this treatrment

« - Préatocol:teads to-reliable restoration of ‘e chibfost defor *

mity to a functional, Plantigrade foot in 95% of our patient
series. This is Supported by both the clinical and radio-

ships of the targal bones, consistent with correction of the
clubfoot deformity (Fig. 6).

Although radiographs remain the most common method of
evaluating the position of the tarsal bones before and after
clebfoor treatment, accuralely assessing the degree of talona-

vicvlar subluxation with plain radiographs is difficult, The
navicular is radiographically silent until the age of 3 or older,
and there js eccentricity of the ossific nucleus in the talar neck
(47). Therefore, the axis drawn through the ossific nucleus of
the talus may not accurately represent the axis of the entire
bone. Despite these lirnitations, radiographs continue to be
used to assess clubfeet and the results of treatment.

Improvements ipn imaging techniques, specifically with
magnetic resonance imaging have alloweg accurate assess-
raent of the degree of talonavicular subluxation in clubfoot
and observation of the response to treatment. Pirani (48)
showed the effectiveness of the Ponseti method of treatment
by using magnetic resonance imagaint to evaluate the posi-
tions of the talus and the navicular in clubfeet before,
during, and after treatment. Not only did reduction of the
talonavicular joint occnr but also correction of the abnormal
shapes of the targal bones occurred (Fig. 7), which was
atiributed to changes in mechanical loading of fast-growing
cartilaginous tissues, similar to that described by Wolff
(48,49) in the bone, This further confirms the clinical evi.
dence that we have seen but have been unable 1o document
with radiographs becapse of the delay in appearance of the
navicular ossific nucleus. The apparent remodeling of the
abnormal shapes of the tarsal bones documented with mag-
netic resonance imaging lends further support to the impor-
tance of the earliest possible intervention with the Ponseti
method. The results of this study also support this because
none of the infants rreated from birth with the Ponset
method required posteromedia] release,

Limitations of this study include the subjective evalnation of
examiners, although efforts were made to address this by using
& standard scoring system for initia} evaluation, and measur-
able criteria for successfyl outcome. In children who received
non-Ponseti treatment, we are unable 1o verify precisely what
type of casting or treatment they received, and whether this
treatment corrected any of thejr initial deformity or created
additional pathology. In this group of patients, the initial se-
verity grade did not necessarily cormrelate with treatment out-
come; however, children at al] levels of severity were corrected
with the Ponseti method, The relatively smal] number of pa-
tients and short follow-up (average of 232 months) is an

. additional Timitation. Yiowever,a longer folicw-up Studywilfs

show whether this level of success may be maintained and wil]
provide additional insight into the functional outcomes of
clubfeet treated with this method,

Conclusion

Our results show that careful adherence to the treatment
protocol and an improved understanding of the pathologic
anatomy can result in similar rates of successful outcomes
similar to those achjeved by Ponseti. The weatment process
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FIGURE? Sequential oblique axial magnetic resonance images perpendicular to the talonavicular joint show progressive correction of the
medial talar reck inclination, the medial talonavicular displacement, and the wedge-shaped navicuiar from the {A) first cast to the {B) third
cast to the (C) fifth cast applied after percutaneous tenotormy. With the application of the fifth cast, the medial talar neck inclination was
reduced to normal and the talonavicular joint was reduced anatomnically and congruently. (D-F) Tracings of the correction of the medial tatar
neck inclination and the medial talonavicular displacement. Reprinted with parmissicn {48,
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THE EFFECT OF THE INTERNET IN THE TREATMENT OF CONGENITAL
IDIOPATHIC CLUBFOOT

Jose A, Morcuende, M.D., Ph.D,; Martin Egbert, M.B.A_; and Ignacie V. Ponseti, M.D.

ABSTRACT

Parents have traditionally relied on health care
professionals for advice and treatment for most
orthopaedic conditions, including clubfoot. How-
ever, the unprecedented access to heaklth care in-
formation offered by the Internet is changing how
parents gather information and make treatment
choices. This study was designed to evaluate the
effect of the Internet in the treatment of clubfoot.
We performed a retrospective review of the clini-
cal census, statistics of the Virtual Hospital web
pages on clubfoot, web sites, and web based sup-
port-groups related to clubfoot from 1995 to
2002. There were 157 patients that came to our
clinic for treatment, a dramatic increase compared
to previous years. There were a total of 790,084
hits to the Virtual Hospital web pages, with infor-
mation requested from all states and 72 coun-
tries. Interestingly, the referrals also changed with
patients coming from 30 states and 8 different
couniries, compared to previous vears when the
majority came from our own state. In addition,
75% of the patients were self-referred, many of
them while on treatment at outside institutions.
There were 160 web sites providing information
on clubfoot and 5 Jarge support groups. There
were approximately 30,000 messages (average
1000 messages/month) posted into the support
clubfoot websites. After visiting Internet support
groups, 125 parents transferred or initiated the
care of their children to a doctor practicing the
Ponseti method. In conclusion, the Internet pro-
vides a mean for parents to obtain disease-spe-
cific information in a timely manner, Parents used
the supportgroups to find and proffer informa-
tion, share experiences and opinions, and pro-
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vide encouragement. This sharing of information
is affecting how parents make their treatment
choices and also has the potential to induce un-
expected changes in clinical orthopaedic practice.

INTRODUCTION

The digitalization of information, the ability to net-
work, and the rapid electronic interchange of informa-
tion on a worldwide basis are recognized hallmarks of
today's society. The Internet, with 130,000,000 users and
growing at a rate of 2% per month, is 2 global, indepen-
dent but cooperative network system that allows remote
access to data and permits its quick access in unprec-
edented volume,

The world of medicine has not escaped the impact
of the Internet, and health-related sites are among the
most frequently accessed information resources, A re-
cent survey indicated that 70,000,000 US adults had
accessed the Internet to obtain health or medical infor-
mation in 2001%. At least 100,000 health and medica)
sites are on the World Wide Web, and are maintained
by entities ranging from academic medical centers and
professional organizations to individuals. Thousands of
other online self-help and support groups, bulletin
boards, and mailing lists also are available. However,
how this unprecedented access to health care informa-
tion is affecting the way parents make decisions on tfreat-
ment options, and how those decisions could impact
clinical practice are not well understood®s36Y7, Inter-
estingly, in 1998, a2 web page with information on the
treatment of ciubfoot as described by Ponseti was posted
in the Virtual Hospital of the University of Jowa. Since
then, we have withessed a dramatic change in our re-
ferral patterns. This study was designed to evaluate the
effect of the Internet in clubfoot clinical practice at our
institution and how web-based information and supports
groups influence parent choices for the freatment of
clubfoot.

, MATERIALS AND METHODS
We performed a retrospective reviewed of the clini-
cal census at our institution for the diagrosis of club-
foot from January 1991 to December 2001. Demo-
graphic data was evaluated with respect to living
address, referral enfity (selfreferral or physician refer-
ral), age of the patient at presentation, previous treat-

T3 fin falsl
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Figure 1. Number of hits at the Virtual Hospital clubloot web page.
Note the increase over the short period of fime, to a total of 780,084,

ment and type of treatment at the outside institution.
‘We also performed a review of the stafistics of the Vir-
tual Hospital web pages for the freatment of clubioot.
Total numiber of hits, number of pages visited, and total
visits were recorded. In addition, location of the request
was also recorded.

We also performed a review of the public web sites
providing information on clubfoot, as well as parent-
support groups for clubfoot from October 1998 to De-
cember 2001, From the 5 most active sites, total num-
ber of members, new members per month, and total
number of messages posted were recorded. In addiion,
evaluation of the content of the messages was per-
formed, specifically information on decision making by
the parents about fteatment choices.

RESULTS

From the initial posting of the web pages on club-
foot in the Virtual Hospiial in October 1998 through
December 2001, there were 780,084 hits, with an aver-
age of 27,334 hits/month (Figure 1). Information was
requested from all states and 72 countries. These in-
cluded countries such as India, Singapore, Spain, Egypt,
Australia, etc.

When evaluating patient referrals to the clinic, we
observed there was an increase in the number of pa-
tients per year that paralleled the hits to the Virtual
Hospital clubfost web pages (Figures 1 and 2). In the
years prior to 1998, there were an average of 5 patients
seen in clinic by the senior author (fVF). This number
increased to about 60 patients per year by 2001 (for a
total of 157 patients). Interestingly, 75% of patients at-
tending the clinic were selfreferrals, with 71% having
had treatment or currently on treatment at an outside
institution,

Age at presentation demonstrated a significant dif-
ference between pre and post Internet web page post
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Figare 2. Number of patienis seen in clinic from 1995 to 2001,
Note the dramatic increase since 1998 when the Virtual Hospital
clubfoot web pages were posted.

ing. Patients in the early 20°s were seen usually in their
first month of life. After 1998, the average age at pre-
sentation was 3 months, with a range from newborn to
22 months of age. Eighteen per cent of the patients were
older that 6 months at presentation (daia not shown).

With regard to the parents-support groups, there
were over 160 web sites providing information on club-
foot and 5 large support groups. There are sites and
support groups for General Information, Surgery,
Ponseti method, French Physiotherapy method, as well
as parental sites in the UK, Australia, France, Germany
and other countries. In the past few years, the fastest
growing sites and topics have been related to conser-
vative methods such as the Ponsefi method (Figure 3).
‘We have observed an increased sumber of people us-
ing group sites to obtain information and advice, with
the growth of 40 new members per month.

There were approximately 30,000 messages (average
1,000 messages/month) posted on these websites and
the messages are publicly available (Figure 4). Com-

" pared to the other sites, the Ponseti site had the great-

est increase in number of messages. Importaniy, e
visiting the support groups and talking with active mem-
bers in the groups, 125 parents brought their children
to our institution, or to another institution where there
are professionals practicing the Ponseti method. Inter-
estingly, only 3 of these children required extensive cor-
rective surgery after they were treated by the Ponsefi
method.

DISCUSSION
The results of this study, using clubfoot as a model,
demonstrate that the Internet can have a profound ef-
fect in clinical practice patterns, and in the patient phy-
sician relationship, Since the introduction of informe-
tion about clubfoot on the Virtual Hospital by the senior
author (IVP), we have seen a dramatic increase in the
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Figure 3. Total number of members at Internet sites. Note the ex-
ponential increase in the number in the general web sites and in
the Ponseti method.

number of patients attending our clinic, with the major-
ity of them coming from out of state and a significant

number having been treated at an outside institution.
In addition, general information and parent support
groups for clubfoot have grown almost expo-
nentially. Importantly, many parents decided to change
treating physicians after consulting and sharing infor-
mation on the web.,

Increasing use of the Internet by consumers in gen-
eral is being reflected in greater reliance on this me-
dium for health information and health care. In part,
the use of the Internet to find answers to health-related
questions has been linked to several issues affecting
existing practice patterns. Many people are using the
Internet due to the belief that today's dector-patient
relationship lacks attention to detail and the personal
touch that was present in the past. Patients also desire
more involvement in and control over the management
of their own health, Furthermore, there are alternatives
to fraditional providers and methods of treatment, and
patients can not only find them on the Internet, but also
retrieve information that is stated objectively and many
times, non-technicaily. Finally, the Internet also offers
a means o get a “second opinion” without the hassles
of a referral and can provide a way fo communicate with
others patients or families in similar situations or with
similar problemg313.1617,

In the case of clubfoot, several of these issues seemed
to be responsible for the changes observed in our prac-
tice. Until recently, non-surgical methods of correction
have demonsirated a ow success rate, with up to 90%
of the patienis requiring extensive corrective surgery.
However, clubfoot surgery is frequently associated with
persistent stiffness of the foot, and may lead to many

e Generske

EZA

g

i AN o
{ /AW A e N | S
o v
i / \’_/ l Nl

/ / : - bl

PESELEIRIEERIPEEPSEFS P

Figare 4. Number of messages posted at the different web sites.
Note the correlation between the number of messages in the gen-
eral site and the Ponseti web site (four months weighted average).

complications {up to 25% of cases) and the need for
secondary procedures (up to 47% of cases). Acceptance
of these poor results, however, has been the “norm”
because clubfoot has been viewed as a surgical defor-
mity' very difﬁcu]t 1o correct!.&?ﬁ.m.l1.32.14.15, 19.20,23-28_

Given that the resulis of surgical ireatment can be
so discouraging, parents looked for alternative treat-
ments. Traditionally, parents would have relied on
health care professionals for advice and treatment. How-
ever, the development of the Internet and the explo-
sion of health care information allowed them to obtain
disease-specific information in a timely manner. In ad-
dition, parents created and actively used Internet sup-
port-groups on clubfoot to find and proffer information,
share experiences and opinions, and provide encour-
agement to other parents.

From information available through the Internet,
parents became aware of the Ponseti method, and of
the controversy that existed over the need or not for
extensive surgical treatment for the correction of the
deformity. Interestingly, clubfoot is a very “visual” de-
formity, i.e., it is very easy for the parents to see and
assess the results of any treatment. The fact that the
Ponseti method allows full correction of the deformity
in a very short period of time and without the need for
extensive surgery is of critical importance™'#, Parents
realized the benefit of this treatment modality and share
their experience with others. As a resulf, the number
of messages on the Ponseti method at the different club-
foot web sites and parents support groups increased
exponentially. This also resulted on many parents trans-
ferring the care of their child to a physician with knowl
edge on the Ponseti method (75 % of our referral popu-
lation and 125 parents in the support groups).
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In conclusion, the Internet provides a mean for par-

ents fo obtain disease-specific information in a timely
manner. Parents use the supportgroups to find and
proffer information, share experiences and opinions,
and provide encouragement. This sharing of informa-
tion is affecting how parents make their freatment
choices and also has the potential to induce unexpected
changes in clinical practice. The implications of these
effects deserve further investigation.
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Ponseti Versus Traditional Methods of Casting for
Idiopathic Clubfoot

*John E. Herzenberg, M.D.,

’

+Christef Radler, M.D., and $Noam Bor, M.D.

Study conducted at the Maryland Center for Limb Lengthening & Reconstruction, Baltimore, Maryland, U.S.A., and the Emek
Central Hospital, Afula, Isracl

Summary: Serial casting is successful in avoiding extensive
posteromedial release (PMR} in only 11% to 58% of patlents
with idiopathic congenital clubfoot. Extensive open surgery is
commonly associated with Iong-tcnn stiffness and weakness.
Ponseti claims to avoid PMR in 89% of cases by using his
specific technigue of manjpulation, casting, and limited sur-
gery. The authots report their first 27 patients undergoing the
Ponseti technique (34 feet) with a group of 27 matched control
patients (34 feet). All patients anderwent serial casting, began
within the first 3 months of life. The parameter studied was the
need to perform PMR within the first year of life. In the Ponseti
group, only'1 (3%) of 34 feet required PMR. In 31 (91%) of 34

' feet, percutaneous Achilles tet;otomy was performed at age 2 to

3 months. The average duration-of casting was 2 montis. In the
control group, 32 {94%) of 34 feet required PMR within
the first year Of life, despite a longer casting period. Based
on the authors” initial sgccess with the Ponseti method, they no
longer believe that PMR is required for most cases of idiopathic
clubfoot. Foot abduction splints are crucial to avoid recurrence.
Longer follow-up will determine whether the authors can con-
tinue to match Ponseti’s reporied outcomes. Key Words: Club-
foot—Comparison——Manipulation casting—Ponseti—
Posteromedial release,

Most orthopaedic surgeons agree that the initial treat-

ment of idiopathic congenital clubfoot should be serial -

gentle manipulations to stretch the contractures, with se-
rial casting, splinting, or strapping to maintain the cor-
rection obtained by stretching (6;8,12,16,20,22,23,31,33,
36). The reported success rates in standard conservative
treatment are only fair, ranging from 11% to 58%. How-
ever, Ponseti claims to avoid open surgery in 89% of
cases by using his technique. of manipulation, casting,
and limited surgery (19). Cooper and Dietz (5) reviewed
Ponseti’s cases, with an average of 30 years of follow-
up, and found that 78% of the patients had achieved
excellent or good functional and clinical outcomes com-
pared with 85% in a control group without congenital
foot deformity.

The most common clinical scenario today seems to be
3 to 5 months of serial casting, with only partial correc-
tion of the deformities being achieved. Such feet are
described as being “resistant,” and they then undergo a
variation of posteromedial release (PMR). Various tech-
niques for PMR in cases of resistant clubfoot have been

Address comespondence and reprint requests to John E. Herzenberg,
M:D., Sinai Hospital, Rubin Institute for Advanced Orthopedics, In-
ternational Center for Limb Lengthening, 2401 West Belvedere Av-
enue, Baltimore, MDD 21215, TLS.A. (e-mail: FRCSC @aol.com).

From the *Maryland Center for Limb Lengthening & Reconstrue-
tion, Baltimore, Maryland, U.S.A,; tUniversity of Vienna Medical

described (3,4,6,22,33). Excellent or good results after
open release surgery have been achieved in 52% to 91%
of cases. However, most of these cases have relatively
short follow-up periods, ranging from an average of 2 to
8 years. In the few available articles on longer-term fol-
Iow—np (10-15 years) of PMR, the results are disappoint-
ing, with increasing foot pain and disability (1,8,12). In
an effort to avoid the joint stiffness and muscle weakness
associated with PMR, some authors have even tried ap-
plication of external fixators for gradual distraction of
the soft tissue {9,14,24),

Short- and medium-term complications of PMR range
from simple wound infections to necrosis leading to am-
putation (11). Avascular necrosis of the talus has been
reported (7). Overcorrections and loss of surgical correc-
tion" with subsequent relapse have also been reported -
(33,35). Long-term complications include stiffness and
weakness leading to premature arthritis of the foot
(1,16). Clearly, the standard accepted practice of per-
forming serial manipulations and then PMR in the ma-
jority of cases leads to genmerally excellent short-term

- results but disappointing long-term results.. In 1997, we

School, Vienna, Anstria; and the $Emek Central Hospital, Afula, Israel.
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abandoned our previous protocols of short leg casting
and PMR. In its place, we adopted Ponseti’s method, In
this preliminary study, we compared our first 27 patients
treated with the Ponseti method with a matched control
group of patients who underwent standard casting. The
parameter in question was the need to perform PMR
during the f':rst year of life.

DOL: 10.1097/01. BPO.0000018893.25321. FE
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'METHODS

We began using Ponseti's method in mid-1997. This
report describes the outcomes (peed for PMR surgery)
for our first 27 patients with idiopathic congenital club-
foot who were treated with this method during a 2-year
period. There were 20 unilateral and 7 bilateral cases, for
a total of 34 feet. Each of the patients underwent casting
by one of the senior authors (F.E.H. or N.B.) starting
within the first 2 weeks of life, except two patients for
whom casting was delayed until ages 2 and 3 months
because of later presentation. None of the patients in the
Ponseti group had undergone casting before presentation
at our institutions. The cases were classified according to
the stiffness of the foot into catcgones of mild, moderate,
and severe (10),

Treatment was started as soon as possible after birth
(Fig. 1A-D) and consisted of weekly manipulations and
long leg casting, as described by Ponseti (26,27). We
strove as much as possible to reproduce Ponseti’s strict
casting protocol faithfully. This calls for forefoot abduc-
tion with counter-pressure on the neck of the talus, never
pronating ‘and mever touching the calcaneus. If residual

1 Pediatr Orthop, Vol, 22, Ne. 4, 2002

equinus was observed after 4 to 8 weeks of casting and
the foot had been abducted 60°, a percutaneous Achilles
tenotomy (complete tenotomy, not lengthening) was then
performed with the patient under local or general anes-
thesia, and the foot was maximally dotsiflexed. After
tenotomy, one more cast was applied and left in place for
3 weeks to allow healing of the tenotomy (Fig. 2A-B).
When this last cast was removed, all children were
treated with abduction splinting with straight-last shoes
and a Denis Browne-style bar set at 45° external rotation
for the normal foot and 70° for the clubfoot. (For bilat-
eral cases, both feet are set at 70° of external rotation.)
The protocol for this foot abduction orthosis was 23
hours per day for the first 3 months and then nighttime
only for 2 to 4 years. This process is essential to avoid
recurrence. .

From our computer ‘databases, we created a control
group, matched to the Panseti group by bilateralism and
severity. The 34 clubfeet of the 27 patients in the his-
torical control group were treated with various serial
casting techniques, either by one of the senior authors
(82% of the feet) or by referring physicians (18% of the
feet). The end point for this study was the need for open

FIG. 1. A: Severe bilaterat clubfoot in a newbormn,. B:
Same patient at 3 months of age, after Ponseti treat-
ment. C: Same patient at 2 years of age. D: Foot ab-
dugtion orthosis.
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surgical release (PMR) within the first year of life, as
determined by the clinical judgment of one of the senior
authors. We also recorded the range of dorsiflexion and
plantarflexion in both groups at last follow-up.

RESULTS

Twenty-six of the 27 patients treated with the Ponseti
technique were followed for at least 1 year. Twenty-five
of the 27 control patients were followed for at least 1
year. The Ponseti group had an average follow-up of 25
months, and the control group had an average follow-up
of 30 months. The clubfeet in the Ponseti group under-
went casting initially for an average of 2 months (range
1-3), with an average of seven casts {range 3--10). Of the
34 Ponseti clubfeet, 31 (91%) underwent percutaneous
Achilles tendon tenotomy. In 1 (3%) of the 34 Ponseti
feet, the initial correction was good, but the family was
noncompliant with use of the foot abduction orthosis and
the foot relapsed, necessitating PMR.

The control group was treated with initial serial cast-
ing with short casts for 3 months (range 2-6). PMR had
to be performed in 32 (94%) of 34 feet within the first
year of life. One of the two control patients who were
treated successfully with casting alone showed good ini-
tial results but eventually required surgery in the form of
tendon lengthening procedures and transfer at age 2
years, .

At follow-up, the 34 feet that were successfully treated .

using the Ponseti method showed good subtalar motion,
dorsiflexion of 32° (range 10°-45°), and plantarflexion
of 50° (range 25°~70°). The feet available for measuring
in the control group (15 of 19 feet) showed diminished
subtalar motion, dorsiflexion of 8° (range 5°~20%), and
plantarflexion of 29° (range 10°-40°). These results
show a significant difference between the PMR and Pon-
seti methods of treatment in terms of range of motion
(dorsiflexion, P < 0.05, and plantarflexion, P < 0.05,
using unpaired two-tailed t test for both).

"DISCUSSION

Althongh the Ponseti group represented our learning
curve with this method, we are very satisfied with the

FiG. 2. Clubfoot that underwent casting
with the Ponseti method is shown (A) be-
fore tenotomy and (B) after tenotomy.

initial results. Only one of our patients treated with the
Ponseti method required PMR, and this was attributed to
noncompliance with the foot abduction orthosis regimen.
At the end of casting, this patient’s foot was well cor-
rected. However, the family was not compliant with the
derotation splinting, and the deformity relapsed. Another
three casts were applied, which recomected the defor-
mity, but even then, the parents did not comply. Finally,
PMR was performed.

The major concern in the operative treatment of con-
genital clibfoot is functional cutcome. Numerous reports
document good results for the first 10 years of life. How-
ever, as the child with clubfoot becomes an adult, the

-functional results often deteriorate. Open surgical release

often leads to scarring and stiffening of the ankle, with
resulting limitation of motion and strength (1,18,19,25.
30). Aronson and Puskarich (1) studied the disability
associated with various clubfoot treatment options. Their
results showed that patients who underwent casting only
and patients who had additional heel cord lengthening
had the least deformity and disability. However, patients
who had undergone PMR had reduced ankle plantarflex-
ion motion and diminished push-off strength. Our pa-
tients who were treated with the Ponseti method had
much better ankle range of motion, both in dorsiflexion
and plantarflexion, than did the contxol patients. Mac-
nicol et al. (21) correlated total range of ankle motion
with eventual surgical outcome in a2 mean 10-year fol-
low-up study of surgically released clubfeet. '
Few authors describe their technique of casting pre-
cisely. Kite (17) illustrated his method in 1964 and com-
prehensively outlined his technique of manipulation. He
recommended abducting the forefoot against pressure at
the calcaneocuboid jeint. Ponseti called this maneuver
“Kite’s error” because it blocks the correction of the
hindfoot varus and internal rotation. Zimbler (36) re-
ported poor follow-up results for 75 patients (90 feet)
who were treated using the Kite method. Only 10% of
the patients responded to the conservative treatment; all
others required surgery. Zimbler attributed the failure of
conservative treatment to the various types of clubfeet
{rigid versus flexible). Shaw (32) recommended correct-

J Pediatr Orthap, Vol. 22, No. 4, 2002
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ing the deformity through dorsiflexing and everting the
calcaneus with the index finger and thumb while using
the thenar eminence to bring the forefoot into abduction
eversion and dorsiflexion. Vesely (34) attempted to mold
the forefoot into a vhlgus position and the hindfoot into
valgus and pronation. Both recommendations are con-
trary to Ponseti’s principles, because forefoot pronation

creates an increase of the cavus and locks the subtalar
joint. Bversion of the calcanens without first derotating it
prevents its correct derotation. Similar errors can be
found in casting methods described by Ikeda (13) and
Karski and Wogko (15). Another important factor in
clubfoot casting is the need to use long lep casts. Kite
(17,18) used below-the-knee casts in children younger
than 12 months. Ikeda (13) vsed shoxt leg casts in all of
his patients. A below-the-knee cast is not suitable for
holding the foot abduction and should therefore not be
used at any age.

The Ponseti method of casting for xdmpathlc clubfoot
was successful in avoiding PMR surgery in 95% of our

. cases. Percutaneous tenotomy performed during the first
few months of life has been shown by Cooper and Dietz
(5) to be a benign procedure, with no negative long-term
effect on muscle strength. Follow-up of our patients
treated with the Ponseti method averaged 25 months, and
we have thus far bad one partial relapse that required the
tibialis anterior tendon transfer that Ponscti reports as
occurring in 35% of his patients older than 2.5 years
(26,29). Ponseti’s more recent experience suggests a re-
lapse rate closer to 10%, the diminution being attributed
to an improved appreciation of the need for careful fol-
low-up freatment with the foot abduction orthosis proto-
col (Ponseti, personal communication). Derotation
splinting after the casting period seems to be crucial to
avoid relapse of the treated foot and should be adminis-
tered by any means. A longer follow-up study of our
patients is needed to evaluate final ontcomes. '

Bensahel et al. (2) and others from France have de-
scribed a method of serial manipulations by well-trained
physiotherapists to avoid PMR. However, it has been
puinted out that the French treatment involves a very
lengthy procedure and a long casting time and has a
relatively low success rate compared with Ponseti’s
method (28).

One of the chief advantages to usmg the Ponseti
method is the decreased cost, which is important in this
age of cost containment, The Ponseti method and tradi-
tional casting methods use similar amounts of casting.
Thus, there is very little difference in the outpatient
costs. However, the traditional casting method invariably
leads to an incomplete comection, necessitating an ex-
pensive surgical procedure (PMR) with the associated
high cost of general anesthesia, operating room time,
and hospitalization. The Ponseti freatment wsually re-
quires only a relatively inexpensive and quick office pro-
cedure (percutaneous Achilles tenotomy), with the pa-
tient under local anesthesia. The resultant savings are
many thousands of dolars compared with the traditional
method.
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RELAPSING CLUBFOOT: CAUSES, PREVENTION, AND TREATMENT!

Ignacio V. Ponseti

INTRODUCTION
Regardless of the mode of treatment, the clubfoot
has a strong tendency to relapse. Sfiff, severe clubfeet
and small calf sizes are more prone to relapse than less
severe feet. Clubfeet in children with very loose liga-

ments tend not to relapse Relapses aré rare after four

years of age.

Not all components of the clubfoot tend to relapse to
the same degree. In most of our cases, forefoet correcs
tion is permanent without memtarsus addictus. The .

relapse of the cavus defortmty is rare and usua]ly mild.
The most 1mporta.nt relapses oceur in the hindfoot, first
in the equinus, and then in the heel varus. Iu some re-
lapsed clubfeet, the hee! varus is very severe, while in
others it is mild. Rarely, the heel in equinus may go
into valgus resulting it a calcaneovalgus deformity. This
‘isa frequent occurrence in surgically treated clubfeet.
In our experience, most relapses develop gradually

and may be difficult to recognize in the early stages. A

relapse is. detected when there is an appearance of a
- slight equinus and varus deformxty of the heel, most
. often without increased adducuon and cavus in the fore-
foot. When walking, the child tends to put more weight
on the outmde of the sole of the foot.

. CAUSES _

It is wrongly assumed that relapses occur because
the deformity has not been completely corrected. Actu-
ally, relapses are caused by the same pathology that
initiated the deformity. Therefore, when we undérstand
the pathogenesis of the clubfoot, the causes of the re-
lapse will become clear.

The clubfoot in otherwise normal children is a de-
velopmental anomaly originating after the third meonth
of intrauterine life. It is induced by an inknown dys-
function in the posterior and medial aspects of the lower

¥ Lecture delivered at the IX National Congress of the Italian Society
of Pediatric Orthopaedics and Traumatology, in Rome, October
- 2001

Department of Orthopaedic Surgery
University of lowa i
Iowa City, JTowa, USA

leg, ankle and foot. There is a slight decrease in size of

the muscles, and an excess of collagen synthesis with
retracting fibrosis in the medial and posterior tarsal liga-
ments, in the deep fascia, the tendo Achilles, and the

-posterior tibial tendon. These changes induce severe

equinus, medial displacement of the navicular, heel
varus and foot adduction.
The period of dysﬁmcuon causing the deformity start-

' ing in the middie third of pregnancy lasts to the third

or fourth year of hfe In mild cases, it may start in late
fetal life, and reimain active for only a few months after

_ birth. In ali 'cases, the resullmg fibrosis is most pro-

nounced fr 1.2 few weeks precedmg birth; to a few
months after‘ birth. This is the period when collagen
accretion, is ‘préatest in tendons and !lgements of nor-
mal mamma}s and presumab]y also of man. The speed
of growth of the foot decreases after the first year of
life, dnmmshmg greatly after five' years.

Relapses appear fo be related to the intensity of col-
lagen synthes:s as the foot grows ’I‘hus relapses occur
swiftly in premature infants and more slowly in older
infants. Reiapses are less common and less severe in
mild club feet with litle fibrosis and in chﬂdren with
loose ligaments. They occur because the factors induc-
ing the deformity are still active. Relapses are rare af
ter four years of age, regardless of whether the defor-
mity is fully or partially corrected. i

The clubfoot is no different from other non-embry-
onic huma.n deformities such as torticollis, scoliosis, or
Dupuytren’s contracture in that it develops in normal
individuals, _and progresses for a limited titne before
becoming inactive. Torticollis usually develops within
days after birth and increases for a few weeks. Idio-
pathic scoliosis starts in late childhood and increases
throughout adolescence Duptiytren’s contracture devel-
ops at maturity and may be active for a few years. Club-
foot develops in the middle of pregnancy and is active
during the first to fourth years of life. In: torticollis,
Dupuytren’s contracture, and presumably in clubfoot, a
localized temporary increase of collagen synthesxs isa
cormmon pathologic feature.

With our technique, most congenital clubfeet in in-
fants are corrected within four to six weeks. However,

-splinting for several months or yeats is indispensable

to belp prevent relapses. Since the main corrective force
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Magnetic Resonance Imaging Study of the Congenital Clubfoot
Treated With the Ponseti Method

Shafique Pirani, M.B.B.S., F.R.C.S.C., Laura Zeznik, M.D., and David Hodges, M.D., ER.C.P.C.

Study conducted at the Royal Columbian Hospital, New Westminster, British Columbia, Canada

Summary: Little information exists about the degree of effi-
cacy of the several nonoperative treatments, such as manipu-
lation and casting, used in correcting the pathology of the virgin
clubfoot deformity. The steps in the correction of the displace-
ments and anomalies of the skeletal components have never
been visualized. The method reported to have the best long-
term results is that of Ponseti. A magnetic resonance imaging
protocel was devised fo image the described chondroosseous
abnormalities of the virgin clubfoot deformity and to illustrate
the changes that occur with the Ponseti method of treatment,
Scans were performed at the beginning of, in the middle of, and

at the end of treatment. Images obtained with this protocol
largely agree with postmortem studies of clubfeet. All of the
major chondroogseous pathology could be visualized in vivo.
With Ponseti treatment, all the abnormalities seen on the initial
scans either improved markedly or comected completely. Treat-
ment resulted in correction not only of the abnormal relation-
ships of the tarsal bones, but also of the abnormal shapes of the
individual tarsal osteochondral anlages, probably because of
the changes in growth resulting from the changes in mechanical
loading of fast-growing tissnes. Key Words: Clubfoot defor-
mity—MRI evaluation—Ponseti treatment—Remodeling.

i

Nonoperative treatment of the virgin clubfoot, such as
manipulation and casting, has been used to correct the
deformity since the time of Hippocrates (1,2,7,8,10).
Little information exists about the degree of efficacy of
the several methods used in correcting the pathology of
the deformity. The method reported to have the best
long-term results is that of Ponseti. A 34-year follow-up
of his patients by Cooper and Dietz (4) has reported 78%
good and excellent resuits. The steps in the correction of
‘he displacements and anomalies of the skeletal compo-
1ents have never been visualized.

The deformity occurs mainly in the tarsus (10). In
-adiographs of infants the centers of ossification, smail
ind oblong, can be seen in the talus and calcaneus. No
»ssification is present in the navicular. With ultrasound,
rarious elements of the deformity are seen, but no evalu-
itions can be made through a cast {(5).

In the past, magnetic resonance imaging (MRI) inves-
igations have mostly been onc-time evaluations; hence,
hey show snapshots of different clubfeet at different
tages during treatment, at different ages (3,9,11,12,14).
(hese investigations have largely been directed toward
dentifying and measuring various aspects of the chon-
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droosseous deformities rather than evaluating the effects
of treatment,

With MRI, we have a unique opportunity to image the
chondroosseous elements of the clubfoot in many planes
and to evaluate the effects of treatment. The aims of the
current study were to develop an MRI protocol that
would allow us to image the various chondroosseous
abnormalities described in anatomic studies, and to de-
scribe ‘the effect of manipulation and cast treatment by
the Ponseti method on these chondroosseous abnormali-
ties by sequential MRI evaluation during treatment.

METHODS

Since 1997, infants with virgin clubfeet referred to our
clinic have been treated with the Ponseti method of ma-
nipulation and casting, An MRI protocol was devised to
image all the anatomic abnormalities reported and to
illustrate changes that occurred with the treatment. Scans
are performed at the beginning of treatment (typically
after the first manipulation and cast application}, in the
middle of treatment (typically after the third or fourth
manipulation and cast application), and at the end of
treatment (typically after percutaneous Achilles tenoto-
my and application of the last cast). Infants arrive at the
MRI scanner sleep-deprived and are then fed to induce
sleep. If necessary they are given chloral hydrate for
sedation (50-75 mg/kg). The casted foot is placed within
an adult wrist coil. Fast spin-echo T2-weighted se-
quences are used because they are short in duration and
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provide good contrast between bone and cartilage. Slice

thickness is 2.0 mm, with no gap. Our studies were per-

formaed in a high field-strength magnet (GE 1.0 Tesla;

General Electric Medical Systems, Milwaikee, WI},
Images are obtained as follows:

1. Sagittal images perpendicular to the bimalleolar axis

(to image tibiotalar plantarflexion, inferior talar neck
inclination, and inferior talonavicular displacement)

2. Oblique axial images perpendicular to the talonavic-
ular joint (to image medial talar neck inclination, me-
dial talonavicular displacement, the wedge-shaped
head of the talus, and the wedge-shaped navicular)

3. Oblique axial images perpendicular to the calcanco-
cuboid joint (to image the wedge-shaped distal calca-
neus and medial calcaneccuboid displacement)

4. Obligue coronal images perpendicular to the subtalar
joint (to image the inverted and adducted calcaneus
and the abnormal facets of the subtalar joint).

The parameters of the sequence are as follows: repeti-
tion time, 2,500 ms; echo time, 80 ms effective, echo

" train of 12; bandwidth 16 kHz; ficld of view, 12 x 12 cm,

with a matrix of 256 x 192. Three acquisitions are ob-
tained to provide a good signal-to-noise ratio. Scapning

h‘
’4)

time is approximately 2 minutes 10 seconds per se-
quence.

For each foot, after completion of the sequential scans,
all MRI films were reviewed and representative cuts se-
lected. Initially the scans were of poor guality, but with
modifications in our protocol we could improve the im-
aging quality so that with our current protocol we can
visualize most if not all of the chondroosseous abnor-
malities mentioned later. Twelve clubfert in 12 infants
have been evaluated by MRI We are <howing scans
from three feet in three patients reprezoentative of our
findings. The changes are qualitative rather than guanti-
tative.

Case 1

A 2-month-old boy was seen with bilateral clubfeet,
treated elsewhere for 2 months with below-knee casts
(Fig. 1). We treated the feet according to the Ponseti
method. The feet were clinically corrected in five casts,
To prevent relapse, a foot abduction splint was applied.
Three sequential MRI examinations were performed of
the right clubfoot as per our protocol: after application of
the first cast, after application of the third cast, and after
percutaneous tenotomy and application of the fifth cast.
The interval between each MRI evaluation was 2 weeks.

FiG. 1. Clinical photographs of the right foot in patient 1. The infant was referred at age 2 months with a history of weekly manipuiations
and below-knee casts, Physical examination showed persisting deformity with equinus and varus of the hindfoot (A) and adducius
and cavus of the midioot (B). After treatment with four manipulations and casting per the Ponseti method there was complete clinical
correction of the varus, adductus (C, D), and cavus (D, E). After a percutaneous Achilles tenotomy, the foot could be dorsiflexed 15° at

the ankie (F).

! Pediatr Orthop, Yol. 21, No. 6, 2001
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1G, 2. Clubfoot of a 3-day-old infant showing severe tibiotalar plantarflexion, medial and plantar talar neck inclination, a wedge-shaped
sad of the talus, and severe medial displacement, adduction, and inversion of the navicular such that it articulates only with the medial
spect of the head of the talus, leaving the lateral part of the head uncovered. The mediai tuberosity of the navicular approaches the
edial maileclus, The navicular is wedge-shaped, and the calcaneus is adducted and inverted such that the anterior tuberosity of the
ticaneus lies under the head of the talus rather than laterad to it {A). Only the medial part of the wedge-shaped anterior tuberosity of
¢ calcaneus arliculates with the cuboid (B), which is displaced medially and inverted in front of the calcaneus. {Courtesy of Dr. L V.

mnsel, lowa City, lowa.)

'hen interpreting the MRI scans, we found it useful to
fer to the picture ofta dissected clubfoot to correlate the
1ages with the chondroosseous pathoanatomy (Fig. 2).
The sagittal images perpendicular to the bimalleolar
is show the correction of the tibiotalar plantar-flexion
«d inferior talonavieular displacement from the first to
e third scans (Fig. 3). The oblique axial images per-
ndicular to the talonavicular joint show the correction
“the medial talar neck inclination, the medial talona-
cular displacement, the wedge-shaped head of the ta-
5, and the wedge-shaped navicular from the first to the
ird scans (Fig. 4). The oblique axial images perpen-
:ular to the calcaneocuboid joint show the correction

the wedge-shaped distal calcaneus and the medial
fcancocuboid displacement from the first to the third
s (Fig. 5). The obligue coronal images perpendicu-

lar to the subtalar joint show the comection of the in-
verted calcaneus from the first to the second scans
(Fig. 6).

Case 2 ‘

A 2Z-week-old boy was referred with a virgin right
clubfoot. His feet were treated according to the Ponseti
method, and a complete correction was obtained. The
first cast was applied at age 2.5 weeks. Three sequential
MRI examinations were performed of the right clubfoot
per our protocol (after application of the first cast, after
application of the fourth cast, and afier percutaneous te-
notomy and application of the seventh cast). The foot
was then treated with a foot abduction splint.

The oblique axial images perpendicular to the calca-
neocuboid joint show the correction of the wedge-shaped
distal calcaneus, the medially inclined calcaneocuboid

- 3. Patient 1. Sequential sagitial magnetic resonance images perpendicular to the bimalleolar axis show progressive cormection of
libiotalar plantarflexion and inferior talonavicular subluxation from the first cast {A) to the third cast (B} fo the fifth cast applied after

utaneous tenotomy (C).

J Pediarr Grihop, Vol. 21, No. 6, 2001
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FIG. 4. Patient 1. Sequential oblique axial magnetic_resonance images perpendicutar to the talonavicular joint show progressive cor-
rechion of the madial talar neck inclination, the madial talonavicular displacement, and the wedge-shaped navicular from the first cast {A)
to the third cast (B) 1o the fifth cast applied after percitaneous tenotomy (C). With the application of the fifth cast, the medial talar neck
inciination was reduced to normal gnd the talonavioular joint was reduced anatomically and congruent. D—F: Tracings of the correction
of the metial talar neck inclination dnd the medial talpnavicular displacement. - E ‘

FIG. 5. Patient 1, Sequential oblique axlal magnetic resonance images perpendicular to the calcansocuboid joint show the correction of
the wedge-shaped distal calcaneus, the medially inclined caicaneocuboid articular surfaces, and the medial calcaneocuboid displacement
from the first cast {A} fo the third cast (B} to the fifth cast applied alter percutaneous tenotomy (C). After application of the fifth cast, the
caicaneocuboid joint was anatornically reduced and congruent.

I Pediatr Orthop, Vol, 21, No. 6, 2061



ticular surfaces, and medial calcaneocuboid displace-
lent from the first to the third scans (Fig. 7). The oblique
xial images perpendicular to the talonavicular joint
1ow the correction of the medial talar neck inclination,
i medial talonavicular displacement, the wedge-shaped
ead of the talus, and the wedge-shaped navicular from
ie first to the third scans (Fig. 8), without a marked
hange in the shape or orientation of the ossific nucleus
{ the talus. ‘

‘ase 3

An 11-month-old girl with a left clubfoot was seen;
aec had been treated elsewhere for 11 months intermit-
:ntly with below-knee casts. Her feet were then treated
ccording to the Ponseti method. They clinically im-
roved but did not correct completely (Fig. 9).

13, 7. Patient 2. Sequential oblique axial mag
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FIG. 6. Patient 1. Sequential oblique core

nal magnetic resonance images perpenicy -
tar to the posterior facet of the subtalar jor..
show that the inverted caicaneus in the fir ..
cast (A) was welt aligned in the third ¢a:”
(B).

The oblique axial images perpendicular to the calca
neocuboid joint show that the wedge-shaped distal cai-
caneus and medial calcaneocuboid displacement im-
proved but did not correct completely. The sagitta}
images perpendicular to the bimalleolar axis show how
the plantarflexion deformity of the calcaneocuboid joist
corrected with remodeling and realignment. However, &
new iatrogenic deformity became apparent, with an up-
turning of the distal end of the calcaneus, making the
profile of the calcaneus similar to that of a Dutch wooden
clog.

DISCUSSION

Of the various descriptions of the pathoanatomy of the
clubfoot deformity, we find the one by Ponseti (10) the

nefic resohance images perpendicular to the calcaneocuboid joint show progressive

orrection of the wedge-shaped distal calcaneus, the medially inclined calcaneocuboid articutar surfaces, and the medial calcaneocuboie
lisplacernent from the first cast {A) to the fourth cast {B) to the seventh cast applied after percutanaous Achities tenotomy {C). After the
eventh cast, the medially inclined calcaneoctboid articular surfaces were well aligned in thelr more normai atiftude perpendicular to the
alcaneus, and the calcaneocuboid joint was anatomically reduced and congruent,

J Pediair Orthop, Vei, 2/, No. 6, 200!
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FIG. 8. Patient 2. Sequential oblique axial magnetic resonance ima

% et
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ges perpendicular to the tatonavicular joint show progressive cor-

recfion of the medial talar neck inclination, the medial talonavicular displacement, the wedge-shaped head of the talus, and the wedge-
shaped navicular from the first cast {A) to the fourth cast (B) to the seventh cast applied after percutaneous tenotomy (C}. In the seventh
cast. the medial talar inclination was reduced to normat and the talonavicular joint was reduced anatomically and was congruent, D—F:
Tracings of the correction of the medial talar neck inclination and the mediat talonavicular displacement.

most germane to this discussion (Fig. 2). Images ob-
taig * ~-ith our MRI protocol largely agree with his post-

mes
viv

| S

bl

stndies of clubfeet, and we could visualize in
i following chondroosseous pathology:

¢ tibjotalar plantarflexion such that only the pos-
tz- -~ part of the body of the talus articulates with the
= tiye

-l talar peck inclination

+adge-shaped head of the talus
- =re medial displacement, adduction, and inversion
"ise navicular such that it articulates only with the
- lial mberosity of the head of the talus, leaving the
ral part of the head uncovered, The medial pole of
ti:+ navicular approaches the medial malleolus.

£ wedge-shaped navicular

An adducted and inverted calcangus such that the an-
terior tuberosity of the calcaneus lies under the head
of the talus rather than lateral to it

o

e -l o

. A wedge-shaped distal calcaneal articular surface.

The cuboid is medially displaced and inverted in front
of the calcaneus. Only the medial part of the anterior

1 Pediatr Orthop, Vol. 21, No. 6, 2001

tuberosity of the calcaneus articulates with the cu-
boid.

The guidelines for clubfoot treatment as stated by Pon-
seti {10) include:

1. All components of the clubfoot deformity must be
corrected simultaneously, not in sequence, except for
the equinns, which should be corrected Iast,

2. The cavus, which results from pronation of the fore-
foot in relation to the hindfoot, is comected together
with the adduction by supinating and abducting the
forefoot in proper alignment with the hindfoot.

3. With the arch well molded and the foot in skight su-
pination, the entire foot can be gently and gradually
abducted (outward retation) under the talus, which is
secured against rotation in the ankle mortise, by ap-
plying counterpressure with the thumb against the lat-
eral aspect of the head of the talus. Heel varus will be
corrected when the entire foot is fully abducted (never
everted, but in maximum outward rotation) under the
talus. The heel is not touched.
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FiG. 9. Patient 3.l0blique axial magnetic resonance images petpendicular to the calcaneccuboid joint show that the wedge-shaped distal
- talcaneus and the medial calcaneocubaid displacement improved but did not correct completely from the first scan at 13 months of age
+(A) to the third scan at 14 months of age (B). The sagittal kmages perpendfcular to the bimalleolar axis show the plantarflexion deformity
- of the calcaneocuboid joint {C) and its response to manipulation and casting by the Ponseti method. The deformity corrected with
“‘fernodeling and realignment of the distal calcaneal.articutar surface to a more normal orientation, where it is perpendicular to the long axis
" of the calcaneus. The cubeid remodeled so that its proximal and distal articular surfaces became more parallel. However, a new iatrogenic

deformity became apparent, with an upturning of the distal end of the calcaneus, making the profile of the calcaneus similar to that of a

" Dutch wooden clog (D).

4. Finally, the equinus is corrected by dorsiflexing the
" foot, This is generally facilitated by a simple percu-
. taneous tenotomy of the Achilles tendon.

5. Weli-molded plaster casts are applied weekly after
" manipulations. ‘

© We followed these guidelines during our treatment
and performed sequential MRI evaluations to see what
‘éffect our treatment was having on the chondroosseous
abnormalities described. With the Ponseti treatment, in
patients ! and 2 all the abnormalities seen on the initial
scans either improved markedly or corrected completely.
The sagittal images perpendicular to the bimalleolar axis
documented correction of severe tibiotalar plantar flex-
ion and inferior talonavicular subluxation. Thé obligue
axial images perpendicular to the talonavicular joint
documented correction of the wedge-shaped head of the
talus, the medial talar neck inclination, and the medial
displacement, adduction, and inversion of the navicular.
The obligue axial images perpendicular 1o the calcaneo-
cuboid joint documented correction of the wedge-shaped
distal calcaneus, the medially inclined calcaneo cuboid
articular surfaces and the medially displaced and in-

verted cuboid. The oblique coronal images perpendicular
to the subtalar joint show how the inverted calcameus
everts to a normal position. The changes occur mostly in
the cartilage without much alteration in the shape and
orientation of the underlying ossification centers.

This study shows that Ponseti manipulation and cast
treatment of the clubfeet in our series leads not only to
correction of the abnormal relationships of the tarsal
bones but also to the comrection of the abnormal shapes
of the individual tarsal bones, probably because of the
changes in mechanical foading of fast-growing tissues.
The sequential MRI images show that the static loading
induced by the gradual and gentle correction of the club-
foot with the Ponseti technigue does not cause stunting
of the growth of the fast-remodeling cartilage covering
the partly ossified tarsal bones, as concluded by Hueter
(6) and Volkmann (13). Rather, the cartilage in the tarsal
bones remodels with changes in the direction of the
stresses, as Wolff (15) observed occurring in bone.

Our study supports Ponseti’s statement (10) that A
well-conducted orthopedic treatment, based on a sound
understanding of the functional anatemy of the foot, and
on the biologic response of young connective tissue and

J Pediatr Orthap, Vol. 21, No. 6, 2001



726

bone to changes in direction of mechanical stimuli, can
gradnally reduce or almost eliminate these deformities in
most clubfeet.”

Acknowledgment: The authors thank Dr. Ponseti for his
assistance and for allowing us to use his pictures of a clubfoot
of a 3-day-old infant, N
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Editorial

Clubfoot Management

No major congenital muscuioskeletal deformity is
easier to diagnose or sirnpler to treat than the clubfoot.
And yet, the nature of the clubfoot deformity and its
treatment continue.to elude many orthopaed:sts despue
the several available studies correcting misconceptions

“on this subject.

Sonographic examinations of fetus in uterus have re-

vealed that most clubfeet develop in otherwise normal

~ children toward the middle of pregnancy, Some transient
‘muscular and collagen dysfunction locaiized in the pos-
tertor and medial aspects of the foot and leg appear to
induce the deformity in a normally developed foot (11).
The presence of vimentin and myofibroblast-like cells in
the thick, tight, and shortened medial and posterior tarsal

~ ligaments seems o play an important role in the patho-
genesis and relapses of the clubfoot deformity (12).
Some shortening. and fibrosis are. also observed in the
gastrocsoleus and its tendon as well as'in the posterior
tibial muscle and its tendorz (11). '

_These ligaments’ and’ tcndons firinly hold ‘the foot in
_equints and the favicular, cuboid, and calcaneus in se-
vere adduction and inversion. This causes the héel varus
-and the foot supmation The resistance of these ligaments
to stretching varies greatly, chardiess of the dcgtec of
the deformxty, many yield raad;ly to manipulations,

. whereas others are harder to stretch and some even re-

tract after being stretched. The ligaments in the forefoot
are normal. Although. adducted, the forefoot is not as
supinated as the hindfoot. This causes the cavus (11).
In the past 40 years, the manipulative treatment of the
clubfoot deformity has been largely supplanted by sur-
gical interventions owing to the lack of understanding of
the functional anatomy of the clubfoot. Even Kite (7),
who upderstood how to correct the cavus and avoid foot
pronation, did not realize that the calcaneus must abduct
under the talus to'evert, as was explamed by Farabeuf (3)

more than a century ago. In fact, pressure over the lateral.

‘aspect of the calcaneacuboid joint prevents the calcaneus
from abducting and hence the heel varus from correcting

(11},
At present. many surgeons CQHSE&GY nonoperauve

measures as prel!mmary steps o facilitate the primarily -

surgical interventions needad to comect the clubfoot to-
ward 6 months of age (14). Improved surgical techniques
have yielded betier short-term results (4,13), but at what
cost? Exiznsive surgical approaches and dissections with
severance of most tarsal joint capsules and ligaments
have become the fashion. Coleman (2) voices his con-
cermn about “the wemendous impact in the older child”
that these operations may have. The consequences of
ligameni and joint damage inflicted by the extensive wmr-

sal joint reieases routinely performed in an effort to align
the bones of a clubfoot should not be ignored.

Generally, children can walk without pain on poorly
corrected or even uncorrected clubfeet. The pain, stiff-
ness, weakness, and cnppimc disabilities in.operated
clubfeet usuvally appear in adulthood. Unfortunately,
long-term results of surgery beyond adolescence are
lacking.

Recemiy nonsurgical techmques are bemcr favored by
a pumber of orthopaedists. Bensahel et al. (1) and others
(4a,12a) in France treat clubfeet by well-trained physio-
therap:sts with manjpulative swretchings followed by tap-
ing of the leg and foot to a splint, Physzot,herapy softens
the tissues makmﬂ the foot more compliant. However,
repeated mobilization of the displaced tarsal joints will
not heip reshape them as immobilization in the proper
posmon does. The French treatment is very lengthy, ex-

© pensive, and fails to correct the deformity in more than

one fourth of the cases.
Fifty years ago, after careful study of tht: pathologlcai
anatcmy and. the biomechanics: of the tarsal Joipts, dis-

- sections of clubfeet of stillborn bables and examination
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of serial histological sections of fetuses, I developed a
technique of ‘manipulations followed by plaster cast ap-
plxcauons that have yielded excellent results in a ma;or—

ity of cases (8, 11). In a 25-42 year follow-up review of

my patients treated in the 1950s and 1960s, it was found
that, although the treated clubfeet were less supple than
the normal feet, there were no significant differences in
function or performance cornpared to a population of the
same age bom with normal feet (3,10). -

"The heel varus and foot supination occer primarily in
the tarsus. The tarsal joints are mechanically interrelated
(6). Therefore, the components of the clubfoot deforrmty
must be corrected simultaneocusly except for the equinus,
which takes place in the ankle joint and must be cor-
rected last. The cavus corrects as the foot is abducted
with the forefoot in supination. The correction of the
cavus brings the forefoot and the hindfoot into the proper
alignment. The adduction is corrected when the foot in
supination is abducted while counterpressure is applied
with the thumb against the lateral aspect of the head of
the talus, not the calcaneus.

Gradually, the lateral aspect of the head of the talus
becomes covered by the navicuiar. As the foot is further
abducted, the supination decreases. The foot should
never be pronated, as explained below. When fully ab-
ducted the foot is plantigrade (5,11). As the calcaneus
abduets together with the cuboid. it simuitaneously
everts owing to the curvature profiles of the subtalar
loint. thereby correciing the heel varus, This method of

-~
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TREATMENT OF IDIOPATHIC CLUBFOOT: AN HISTORICAL REVIEW

Matthew B. Dobbs, M.D. .
José A. Morcuende, M.D., Ph.D.
Christina A. Gurnett, M.D., Ph.D.*

Ignacio V. Ponseti, M.D. ‘

Idiopathic clubfoot, one of the most common
problems ‘in pediatric orthopaedics, is character-

“ized by a complex three-dimensional deformity of

the foot. The ‘treatment of chubfoot is controver-
sial and continues to be one.of the biggest chal-
lenges in pediatric orthopaedics. This controversy
is'dile in part to, the, difficulty in measuring and

eval ahﬁg the effectiveness of different tréatment
g elieve the heart of the debate is a

nding. of the functional anatomy
of the defortnity, the biological response of young
connective i » fo ry &

commbinied eff;
comes. The

on the Jongterm treatmient out-
of this review is not only to as-

‘sess'the diffe ethods of: chibfoot treatment
used:over ears$ in light of an’ evolving under-
- standing of the' pathoanatomy of the deformity, but

| toalse clarify ify factors that allow. 'a safe, logical
~dpproach to clubfoot management. Further re.

search will be needed to fully understand the
patlisgenesis of clibfoot, as well as the longterm
sults"and quality of Jife for the treated foot.

Period of Serial Manipulations and

* Immohilization.

_ Idiopathic clubfoot is one Qf‘tiié'in'(_)si; é;ommd_f;ly re-
ferred problems in pediatric orthopaedics and is char-

acterized by a compléx three-dimensional deformity.
When clubfoot is analyzed from an historical perspec-
tive, it is difficult to ascertain if other types of foot de-
formity, for example equinovarus or metatarsus
adductus, were inclided in the definition. However, we
believe most experienced authors were able to differ-
entiate it from the other foot deformities when they
referred to a clubfoot: given the natural history of no

improvement without treatment.

*Dép;r‘tment of Orthepaedic Surgery and Department of
Pediatrics, University of Iowa, lowa City, 14 .
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Matthew B. Dobbs, MD, Department of Orthopaedic Surgery,
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e to injury and repair, and their

Chibfoot was first depicted in ancient Egyptian tomb

 paintings, and freatment was described iri India as early

as 1000 B.C. The. first written description of clubfoot
was given to us by Hippocrates (circa 400 B.C)), who
believed the causative factor to be mechanjcal pressure.
He described methods for manipulative correction re-

- markably similar to current non-operative methods.

Hippocrates understood two important principlés in the
tréatment of clubfoot which succeeding generations
have time and time again claimed as their own, He ex-
plained that the vast majority of cases can be siiccess- -
fully treated with serial manipulations, and that treat
ment should begin as early as possiblé’ before the
deformity of the bones is well estabfished- He also up-

~ derstood the inadequacy of restoring the foot'to its nor

mal position, but that it must be overcorrected and then
held in this position afterwards to prevent recurrence, -

* Hippocrates freateéd clubfoot as soon after birth as
possible. His technique involved repeated manipulations
of the invélved foot with his hands, followéd by the ap-
plication of .strong baridages fo maintain correction.
There is no written account of the specifics of the ac.-
tual manipulations, but there is mention of the impor-
tance of gentleness in correcting the deformity. When
corréction had beén obtained by this method, special
shoes were worn'to’ maintain the correction and pre-
vent recurrent deformity. o -

These techniques were apparently forgotten by sub- -
sequent generations. In the Middle Ages, the manage- -
ment” of clubfoot and other deformities was the prov-
ince of barber-surgeons, charlatans, and bonesetters, :
and minimal information is available concerning their
practice. The next description of repeated stretching -
comes from Arcaeus, who in 1658 wrote a chapter on
the freatment of clubfoot where he déscribes his stretch-
ing technique as well as two mechanical devices for -
maintaining the correction. The latter of these devices
is similar to Scarpa’s shoe, which will be discussed later.

In the mid 18% century, Cheselden, at St. Thomas’
Hospital, treated clubfeet by repeated stretching using
tape to maintain the improved position. From this time
until 1803, when Scarpa published his historical Mes-
otr on Congenital Club-foot of Children, the subject was
apparently neglected.” The Memoir provides us with a
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) déScﬁpﬁon- of his concept of the deformity. He consid-

ered the talus to be normal both in position and shape,
and that the deformity was due to a dislocation of the

forefoot inward upon the head of the talus. His freat

ment involved forceful manipulation, not gentle stretch-
ing, and application of a complicated mechanical device,
later known as Scarpa’s shoe. His treatment method was
never successful in other hands and for that reason was

not widely accepted. :

. In the year 1806, Timothy Sheldrake published an

. essay, entifled Distortions of the Legs and Feet of Chil-

dren.*® Sheldrake used bandages like Hippocrates, and

... claimed that most of his patients could be cured in two

... to.three months. He also recognized that although an

.. infant’s foot might be cured, it should not be left free
* .-until the, child was able to walk. He Believed that half ..
- .the disability. was due to the ligaments and the other

-to the muscles. In expressing an opinion as to the.

‘ E’iips_§ibi1ity of a cure, he said “that children taken at or
, within two months of birth a cure will be in every sense -

- complete by the time they begin to walk. But the older .

. .the.child is when treatment is begun so much longer

- will it be before a cure can be effected.” -

+ Introdiiction of Percutaneous Achilles Tenotomy

- - In 1823, Delpech performed subcutaneous tenotomy

- ~‘of the Achilles tendon in two patients with acquired tal- -
. 'ipes equinovarus. Sepsis occurred in both patients and
- he did not repeat the operation. The high incidence of

infection discouraged most surgeons from performing

- tenotomies. However, Stromeyer continued fo practice
. “the operation. In 1831, he subcutaneously divided the

. tendo-Achillis in several patients with no fever or other
signs of infection. W.J. Little was a young British sur-

geon who acquired an equinovarus deformity due to

- polismyelitis. He visited Stromeyer in Hanover, who
- successfully operated on him. In addition, Stromeyer

taught Little howto perform the procedure and allowed
Little to opetate on several of the patients who came to
his clinic. Little then returned to England where he in-
troduced this procedure with great success. In his trea-
tise, Little argues strongly against the mechanical
theory of this deformity.®® His view was that the defor-
mity was due to abnormal muscular contractions dur-
ing intra-uterine development. This was in contrast to
Stromeyer, who believed the deformity was due to a
deficiency of the internal malleolus, ,
Little also pointed out that although the medial liga-
ments cannot directly produce the deformity, stretch-
ing them can result in improvement. He believed that
associated with the distortion of the foot there was a

rotation of the thigh outwards, consequently affecting .
the entire extremity, From this line of thought arose

60 The lowa Orthopaedic Journal

the use of irons extending from the foot to the pelvisi

- the treatment of clubfoot.

For thirteen years after Little recorded his stcces
withsubcutaneous tenotory, no work of note appeare:
in the literature. Subcutaneous tenotomy enabled man:
feet considered beyond correction to be remarkabk
improved. Rogers in 1834 and Dickson in 18356 wert
the first to perform subcutaneous tenotomy for club
foot in the United States: In 1866, Adams was the firs
surgeon to draw attention to the ‘error of dividing the
Achilles teridon as the first stagé in the correction of

 the deformity, -~

_In order to further "ﬁ_zidérsta}nd' ' clubfootdefornmy,

- Adams performed digsections on several stillborn in-

fants with clubfoot and' reported the results! This re-

- patient with clubfeét. He foind’
- hibit any abnormal structufal cong
-naked eye or microscopically: - Hi

port is especially interesimg’because itisﬁheﬁrst to
describe. microscopic examination of the muscles in g
it they did not ex-
ons either. to the

ally:' He also. examined the
bones of several specimeis and discovered the only one
that exhibited any markéd change was the talus, which

. tilted medially:: He believed the alteration in. the con.
. tour of the talus resulted from the altered position of

- the calcaneus and navicular. His ohser ations of the
‘articular surfaces of the farsal E‘g‘;‘l@ iri

] these $pecimens

further supported this notion.” . S
After discussing the evidénte for and against  the
various theories of the causation’ of clubfoot, Adams
stated he believed: the ‘muscles Were the "cle'formjng
force, and that anatomically, clubfoot is a dislocation of
the talocalcaneonavicular joint: He emphasizéd that the
talus can only assume its normal shape and position
after the dislocation between it and the savicular and
calcaneus has been reduced.-He recomiended early
sifgery to obtain anatomical reduction of the disloca- .
tion, ' o . S
- Adams condemned the use of Searpa’s shoe of other
existing mechanical devices. He believed Scarpa’s shoe

was not constructed in accordance with the deforrity
it was supposed fo correct. He did agree With Scarpa
on the importance of correcting the varus element of
the deformity before the equinus. However, after con-
demning the use of mechanical devices; he devised his
own straight splint of turned sheet metal applied along
the outer side of the leg. ‘ ' B

In 1838, M. Guerin described the use of plaster-of.
Paris in the treatment of congenital clubfoot, and was
apparently the first fo use it for this purpose. We will
later discuss in further detail the current use of plaster
cast techniques for the correction of clubfoot.



Introduction of Aseptic Surgical Techniques,
Anesthesia, and Radiographs

- With the exception of tenotomies, the operative treat-
ment of clubfoot began with the introduction of aseplic
techmque and anesthesia. In 1867, Lister introduced
antiseptic: principles of surgery. Esmarch in 1873 de-
scribed a flatrubber bandage for expressing blood froen

a lunb The introduction of the pneumatic tourniquet

fo hmb surgery by Cushing'in 1904 was invaluable. T!ae
introduction of radiography roade possible the precvse
evaluation of deformities. The advent of anésthesia com-
pleted the surgical renaissance, and thése ddvinces Set
the stage for orthopaedic surgery to evolve from a spe-
c1alty with . much empirical craftsmanship into an-m-
portant scientific discipline. However, in the ¢ase of cltﬁa-

foot. treatment, this evolution' also allowed “thie
‘ deveiopment: of more radxcai operahons a.uned too&a~ '

fain a “perfect” foot. -

In 1891, Phelps not, only dmded the Achllles tendm B

but carried out 2 medial releéase of all soft tisstes, elon—

gai:on of the tibialis posterior: and ‘division’ of the e
dial ligament of the ankle joint dnd: plantar fasc:la, A
ductor. hallucis; flexor hallucis longus; all the shoxt'
ﬂexors and finally performed osteotdmy of the neck of
the talus and wedge resection of the calcaneus 15 vl
(1890), Ogston. (1902) and- L'me (1893) all carned out ‘_

sxmﬂar radlcal procedures.

Elmshe (1920), howeVer eensulered these procm— |

uuderstood the reszstance to ‘coirection to be Iargely'_
due 1o the talonavicular capsule, the plantar fascia, thee

Achﬂles tendon and less importintly the posterior tibial

tendon.®’ Ober (1920) also agreed with Elmshe s ap—"

proach..

Brockman (1930) in addlﬁon to’ releasmg the e -

, dial lxgaments and plantar fascia, divided the abducfnr' ‘

hallucis, tibialis posterior and subsequently carned omt
eIongatlen of: the Achilles tendon to correct tb;e
equinus.? He noticed that tlie operated feet were lefi -
stiff and immobile and he eventually abandoned this .

procedure. He argued: that widespread soft tisstie re-
lease lead to the formation of extensive fibrous tissue.
Stemdler reported good resulfs with this techmque i
only.45% of 91 operations.? ‘

Elmslie, Ober, and Brockman all emphasized the
importance of immobilization in a plaster-ofParis cast

until correction was established. These authors’ opers-

tions all pursue the same end, namely correction of the
adduction and inversion due to the soft tissue contrac-
ture. “The Brockman operation is the most complete.

These corrective procedures are all based on the ne-

tion that all elemnents of clubfoot must be correctes]
before correction of equinus is tindertaken.

- Treatment of Idiopathic Clubfoot: An Historical Review

Tendon transfers first became popular in the 1920's.
Dunn in 1922 described transfer of the tibialis anterior
tendon in selected cases of clubfoot to prevent relapse.”
However, he did not publish his results. In 1947,
Garceau and Manning reported good results in a se-
ries of fibialis anterior transfer in 83% of 86 patients with
recurrent deformity. Barr (1958) believed that the tibi-
alis anterior tendon should not be fransferred to a lat-
eral insertion if peroneus longus is functioning, due to
restltant muscle imbalance.?

During the same time period that many soft tissue
surgeries were being performed, many surgical proce-
dures on the skeleton of the foot were also being de-
vised for treatment of clubfoot. Operations aimed at
correction of the prominent talus were popular during
the latter’ part of the nineteenth century. In 1872, Lund
performed taiectemy, not as a corrective procedure for
the ‘équinovarus deformity, but because it was proini-
nent.** Unfor tunately, this procedure resulted in a plan-
tigrade foot. Agustoni in 1888 and Morestin in 1901 also
atternpted to improve the position of the foot through '+
talectomy. Steindler reported good results in 1950 with. -
removal of the ossific nucleus of all the tarsal bones.

Osteotomy and wedge resection of the tarsal bones
was performed by Robert Jones in 1908."* He always
obtained as much correction as possible by manipula- -
tion and plaster before considering any operation on
bene “and when. necessary, removed as litile bone as
possxble Denis Browne in 1937 disagreed and sug-
gested that in all cases beyond the possibility of cor- °
rection by eastmg, a “cresentic resection of the tarsus *
below and in front of the ankle should be performed
nght away‘ However as Robert Jones wisely said in
1920, "I‘here is.not much to be said for the removal of
large masses of bone. I have never seen a case of club-
foot When a good portion of hone has been removed .
where the foot has functioned well.™ In fact there are
very few indications for surgery on the bones of the
foot to correct clubfoot deformity. '

Interestmgly, current trends contend that clubfoot is
a surglcal deformity where only mild cases can be cor-
rected by manipulation and immobilization. This view

is supported by the disappointing results obtained af-
ter prolonged manipulations and casting in the more
severe cases. Interestingly, most publications on the

- surgical treatment of clubfoot emphasize that early align-

ment of the displaced skeletal elements results in nor-
mal anatomy of bones, joints, ligaments and muscles.
Howeéver, there is still no unanimity about when sur-
gery should be performed, how extensive it should be,
or how to evaluate the results. Adding to the uncertainty
is the lack of long-term follow-up of surgically treated

cases.,

-
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We believe this Iack of understandmg has resulted
in’poor correction of the initial deformity accompanied
by severe iatrogenic deformmes An immediate correc-
tion of the anatomic. position of the displaced bones is,
in fact, impossible. Any attempt to roughly realign the
talonawcular talocalcaneal, and calcaneocuboid joints
requlres wire fixation through the joint cartilage. Inevi-
tably, the joint cartllage as well as the joint capsules,
are damaged and joint stiffness sets in. A few reports
indicate that surgery is almost invariably followed by
deep scarring, which appears to be particularly severe
in infants. In addztlon, the average failure rate of club-
foot surgery is 25% (range 13% to 50%) and many com-
phcat:ons can occur incliding wound problems, persis-

tent forefoe!: supination, loss of reduction and
recurrence overcorrection of the hindfoot, dorsa.l sub- |,
}uxatton of the navicular, and Joss of normal motion of ..

the ankle and subtalar joints,

Retutn to Serial Manipulations and
Immobilization

It is striking when reviewing the history of clubfoot
management to sée how the same mistakes are made
time -and time again by the treating physicians. The
mistakes. are madé because the treating physician con-
sistently ignores what has already been learned by his
predecessors and instead he is offen mxsgmded by new
inforinatior or trends,

Hugh Owen Thomas- (18341891) studied medlcme
at Edinburgh and University College, London. He de-
veloped the Thomas test for hip flésion contracture as
well a$ the Thomas splint used in fracture treatment.
In dddition, e developed the Thomas wrench, a device
used' to forcibly correct clubfoot. The plane through
which the correction éccurred was never clear. Experts
claimed that if properly applied, the Thomas wrench
could eisily detach the foot from a cadaver,

In 1894, Sir Robert Jones at the British Orthopaedic
Sociéty said that he had given ujy operative treatment
in place of treativient by manipulation. He wrote that he
had never met with a case in which treatment had been
started in the first week where deformify could not be
corrected by manipulation and bracing for two months.
He also noted that the cure was only finally completed
when the patient could walk. He accepted the view that
the condition is due to pure mechanical causes. He éx-
pressed the view that tenotomy should only very rarely
bé necessary. Bone operations, he held, should never
be performed without obtaining maximum correction
by manipulation with the Thomas wrench. However, his
claimed results could not be duplicated.

Denis Browne (1892-1967), a second generation Aus-

tralian, became the father of pediatric surgery in the
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United ngdom- Heis best known in. ‘orthopaedics for

" his Denis Browne bar used to correct clubfoot; a simi-

lar abduetlon orthosis is still used today to- maintain
correchon of the deformity.

Michael Hoke (1874:1944) was the first medical di-
rector of the Scottish: Rite Hospital in Decatur; Geor-
gia, and was instrumental in advocating manipulative
treatmeni: for clubfoot and holding the correcnon mth
plaster casts N

Kite then became the leadmg advocate of the con-
servauve treatment of clubfoot for many years in the’
early and mid 1900’s. Kite completed his orthopaedic
training at J ohns Hopkins and succeeded Michael Hoke
as medjcal director of the Scotish Rite Hospital in
DELatUI', Georgxa. He continued the meticulous clubfoot -
cast apphcatzon and molding that he had learned froim
Hoke. Kite corrected each component of the deformxty :
separately instead. of simultaneously. He was able to
coxrect the cavus and to avoid foot pronation, but’ cor=
rechng the heel varus: took many.casts: He recoinénded

“getting all the correction by abducting the foot at the
mldtarsal Jomt” with the thumb pressing “on thé 4tesal
side. of the foot near, ihe ca]caneoeuboni joing™z How-

‘ever, by abductmg the forefoot against pressure at the

caleaneocubmd joint the abducuon of the caltaneus'is
blocked thereby mterfering with the correction of the ‘
heel varus. Therefore; it took many months. and ‘¢ast
changes fo slowly correct the, heel virug and obtain a
pldﬂhgrade foot. Due to the inordinate amount of time-
it took to obtain correction of the. deforrmty, he - lost
many followers who sought quleker correctlons v1a sur-
gery.,

It was through Ins attempt to understand the patho-
physmlogy of clubfoot, as well as- hss _ability to learn:
from the mistakes of his prédecessors; that Ponseti de- -
veloped his current method of treatment for-clubfoot.
His understandmg of the anatomy of the tarsus of the
normal foot and of the clubfoot was greatly enharnced
by the work of Farabeuf’s Precis de Manual Operatoire,
first pubhshed in 187’2 *Farabeuf described how in the
normal foot when the calcaneus rotates under the fa-
lus, 1t adducts flexes, and inverts. More precisely, as
the foot goes into varus, the calcaneus adducts and in-
verts under the talus while the cuboid and the navicu-
Tar adduct and invert in front of the calcaneus and the
talar head, respectively. Farabeuf-also explained that in
the clubfoot deformmity the ossification center of the fa-
lus responds to the abnormal pressures placed on it by
the displaced navicular. In addition, he observed that
while bony defonmtzes in the infant with clubfoot were
reversible, recurrences are h1gh due to soft tissue
contractures. In his time, clubfoot patients were rarely
treated at an early age, so surgery was usually neces-
sary to correct the deformity.
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Huson in 1961 wrote his Ph.D. thesis entitled “A finc-
tional and anatomical study of the tarsus.”® This work

. supported and advanced the ideas of Farabeuf, Huson

demonstrated that the tarsal joints do not move as single

hinges but rotate about moving axes. Furthermore,

motions of the tarsal joints occur simultaneously. If the
motion of one of the joints is blocked, the others are
functionally blocked as well. Based on these concepts,

Ponseti developed his treatment guidelines:

1. Alithe components of the clubfoot deformity have to
be corrected simultaneously with the exception of
the equinus which should be corrected last.

2. The cavus results from a pronation of the forefoot in
relation to the hindfoot, and is corrected as the foot
Is abducted by supinating the forefoot and thereby
placing it in proper alignment with the midfoot.

3. While the whole foot is held in supination and in flex-
ion, it can be gently and gradually abducted under
the talus, and secured against rotation in the ankle
mortise by applying counter-pressure with the thumb
against the lateral aspect of the head of the talus.

4. The heel varus and foot supination will correct when
the entire foot is fully abducted in maximum exter-
r:al rotation under the talus. The foot should never
be everted,

5. After the above is accomplished, the equinus can be

corrected by dorsiflexing the foot, The tendo-Achil-
les may need to be subcutaneously sectioned to fa-
cilitate this correction.

When proper freatment of clubfoot with maniptila-
tion and plaster casts has been started shortly after
birth, a good clinical correction can be obtained in the
vast majority of cases, A plaster cast is applied after each

weekly session fo retain the degree of correction and
- soften the igaments. After two months of manipulation

and casting the foot often appears slightly overcor-

' rected. As mentioned, the percufaneous fenofomy of the

Achilles tendon is an office procedure and is done in
85% of Ponseti’s patients to correct the equinus defor-
mity. Open lengthening of the tendo Achilles is indi-
cated for children ovér one year of age. This is done

" under general anesthesia. Excessive lengthening of the

tendon must be avoided since it may permanently
weaken the gastrocsoleus. Transfer of the tibialis ante-

.Hor tendon to the third cuneiform is done after the first

or second relapse in children older than two-and-a-half
years of age, when the fibialis anterior has a strong
supinatory action. The relapsed clubfoot deformity must
be well corrected with manipulations and two or three

 plaster casts left on for two weeks each before transfer

of the tendon. With appropriate early manipulations and
plaster casts, surgery of the ligaments and joints should

only be rarely necessary.

.~ Treatment of Idiopathic Clubfoot: An Historical Review

‘To provide patients with a functional, painfree, nor-
mal-looking foot, with good mobility, without calluses,
and requiring no special shoés, and to obtajn thisin a
costeffective way, further research will be needed to
fully understand the pathogenesis of clubfoot and the

~ effects of treatment, not only in terms of foot correc-

ton, but also of long-term results and quality of life.
One thing that is definitely missing in the literature is a
long térm follow up study on surgically treated ¢lub-
feet. The authors of this paper are currently involved
in a multi-center retrospective study to Jook at this group

- of patients.
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To comrect the clubfoot, the cavus is corrected
first by supinating the forefoot and dorsifiexing the
first metatarsal (Figs. 3, 4). The Forefoot must
never be pronated.

To correct the varus and adducuon the foof in
supination is abducted while counterpressure is
applied with the thumb against, the head of the
talus (Figs. 5, 6). The calcaneus_abducts by rotat-
. ing and sliding under the talus (Fig. 8). As the
caicaneus abducts it 51muitane0usly extends and
everts, and thus the heel varus is corrected (FIO'S 8,

9). The calcaneus cannot evert unléss it is abducted .
[7]. The improvement obtained by mampulaﬂon i3
maintained by immobilising the ‘foot in-a plaster -
cast for five to seven days. With. 1mmob1hsauon :

the tight medial and po$terior tarsal ligaments tend
to yield. The deformity can be gradually corrected
with further manipulations and five or six changes
of cast. To fuilly stretch the medial tarsal ligaments
- in the later casts, the foot in front of the talus must
" be severely abducted to an angle of about 60°
- {Fig. 7). The heel must not be touched.

&
Fig. 1. Modei of a clubfoot made with plastic bones and efastic
strings simulating the ligaments. The talus and calcaneus are in
severe flexion, The calcaneus, navicular and the cuboid are
adducted ‘and inverted. The navicular tuberosity is close to the
medial mal!eu!us The metatarsals are adducted

Fig. 2. Medial view. The st metatarsal is in more flexion
than the other mewtarsals this causmg the cavusg

Fig. 3 The cavus is com:cmd by extending the first metatarsal
and supinating the forefoot

Fig. 4. Front view. To initiaté& the correction of the clubfoat the
first metatarsal is extended and the forefoot is held in supina-
tion in proper alignment with the midfoot and the calcaneus. In
this position the Fout can- bc abducted under the talus

"Fig. 5. Gradual correcuon s ebtamcd by abducting the
‘supinated foot, with* counterpfessurc appilcd on the lateral
aspect of the' head of the taius. . The heel is rot touched

Fig. 6. The flexed foot, [:ghtly supinated, is slowly abducted
while counterpressure on the head of the talus stabilizes the

_ bone against rotation. in the.ankle mortice. The medial tarsal
ligaments are stretched alfowing the calcanéus to zbduct with
the foot and the antéfior tuberosity of the caicaneus is disen-
gaged from its position under the head of the talus

Fig. 7. Complete correction of the clubfoot requires severe
abduction of the midfoat and forefoot to stretch the tight
“medial tarsal ligaments

Fig. 8 A In the clubfoot the calcaneus is severely adducted,
flexed and inverted under the talus. B When the calcaneus
abducts it simultaneously extends and everts to its normal and
neutral position under the talus, (Fig. B originally appeared in

{1on

Fig. % A Posterior view. The heel is in vorus when the foot and
calcaneus are adducted. B The heel is in the normal position
when the adduction of the foot and of the calcaneus. are
corrected

il surgical corrsctio
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Many degrees of seventy and‘ngxduy of b5-

foot.are:found -4t barth  Failures . in"treatinént are

related ‘more often to faulty technigues: of manip-
ulat;o “&nd-dpplicafion of the: cast, [than to the se-
he deformiity. Our experience of 50" years
hiat moat ciubfect when treated shortiy :

stff llgafﬁénts unyieldmg to_strt

and .the results of our patients treated iy mfancy'
indicate ‘that the weli treated clubfoot .is qot.a
handicap and is companble with a normal active
life [3] e

The common emots in the treaz:ment of the
clubflaot and how to avozd themyea

*ronatiorn : & foot {Fig
WIONE assumpuon is thade that fhe severé supi-
nation ‘i’ the clubfoot, will. corfect: by. Pronatlng DE
evemng the foot Pronatioti of the’ foo wzﬂf make

1 rly displaced latéral

ted chibfoot, s dn fatr
[12] It does not occur when the foot is. abducted in
fiexmn and slight ‘supindtionits’ stratch the medial

s‘taught by
it and is a majur error [8} By abducting the foot
agamst prf:ssure at ‘the’ calcaneocuboid joint the
abductxon of the calcaneus is blocked,  thereby in-
ith cofrection of the heel vamus (Fig. 1).
ngly beheved that, the heel ¥

. He did’

not reailse that the calcaneus can evert only-swhen
it is abdicted, e, latera]ly rotated, tinderthe t;aius
This error in the Kite techinique ‘had a' major neg-
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Fig. 10 Pronation of the fore-
foot will not correct the supi-
nation and adduction of the
midfoot and of the calcanecus.
The caleaneus will remain
focked in adduction under the
talus and the midfoot and fore-
foot will be twisted into ever-
sion leading to increased civus
and .to a “bean-shaped foot”
deformity

'Fig. 11. Arching the foot as if
o straighten a bent wire with
pressure applied on the fateral
side of the foot near the calea-
negcuboid joint is a major error
because medial pressure at the
calcanegcuboid joint prevents

' thescatcaneus from abducting
and therefore from. everting,
-since the calcaneys can evert
.anly whcn itis zzbducted

hnavzcular may Dot bé posstble by rnampulatzon

front of the head of the talus. Since the joint cap-
sules ard ligaments play a crucidl role in the ki-
nernatics ‘6f the tarsdl 'joints {7], they. cannot. be
stripped away with.impunity. In infants, the media)
ligaments should be gradually stretched as much as
they will yield rather.than. cut ,aregardless‘ of
whether a perfect anatom:cai reductxon is obtained
ornot [1i].

With a partially reduced nawcu¥ar the’ forefoot
can-be brought into -proper alignment with the
hindfoot because the ligamen(s in front of the na-
vxcular and the bifurc a ents wﬂi yxeld -al-

be aabdacted sufﬁc;en‘, _
:ncmnal neutral posxu

: cosmet:c results for '
many of the cc;mph ‘
lease. However, in children more than four or ﬁve
months old, the llgaments become stiffer and they
may need to be divided surgically to adequately
position the foot, ~

Relapses are common in severe clubfeet and are
probably caused by the same pathology that ini-
tiated the deformity, but they wiay easily be cor-
rected by manipulation and two to three plaster
casts. When a second relapse occurs and the tib-
ialis anterior muscle has-a strong supinatory action,
the tendon must be transferred to the third cunei-

The medial tarsal ligaments cannot be stretched
sufficiently to properly position the navicular in

o
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form. This transfer prevents further relapse and
corrects the anteroposterior talcocalcaneal angle,
thereby greatly reducing the need for tarsal release
{9, 10]. :
Surgeons with limited experience in the treat-
ment of clubfoot shouid not attempt to correet the
deformity with manipulation and plaster casts.
They may succeed in correcting mild clubfeet, but
the severe cases require experienced hands. It is
easy to compound the deformity, making further
treatment “difficult or impossible. No more than
two or three changes of cast should be undertaken
if correction is not being achieved. Referral to a
centre with expertise in the management of club-
foot should then be made so that more skilled at-
tempts at manipulation can be attemnpted before
tarsal release operation is considered. The func-
tional results are always better if thls type of sur-
- gery can be avoided [1].
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Treatment of Idiopathic Clubfoot

A THIRTY-YEAR FOLLOW-UP NOTE*t

BY DOUGLAS M. COOPER, M.D.t, AND FREDERICK R. DIETZ M.DJ§ IOWA CITY, JOwWA

Investigation performed at the Department of Orthopaedic Surgery, University of lowa Hospitals and Clinies, Iowa City

ARBSTRACT: We evaluated forty-five patients who had
seventy-one congenital clubfeet. The average age was
thirty-four years (range, twenty-five to forty-twe years).
Twenty-nine of these patienis had been evaluated and
reported on in 1980. We performed pedobarographic
and electrogoniometric analyses in addition te the clin-
ical and radiegraphic studies performed previously. With
the use of pain and functional Hmitation as the out-

come criteria, thirty-five (78 per cent) of the forty-five
patients had an excellent or good outcome ‘coimparéd”

with eighty-two (85 per cent) of ninety-seven individuals
who did not have congenital deformity of the foot.

~ The patient’s occupation, passive dorsiflexion as
measured with a hand-held goniometer, the antero-
posterior calcaneus-fifth metatarsal angle, the total
foot pressure time integral, and the number of rapid

 single-limb toe-ups that could be performed were the

only variables that differed significantly between the
feet that had an excellent or good result and those that
had a poor result (p < 0.05). A comparison of the feet
that had an excellent or good outcome with those that
had a poor outcome with regard to body-mass index,
peak pressure under the heel, and force time integral
mndeyr the metatarsal heads revealed a p value that was
between (.05 and 0.08 for each variable.

The technique of treatment led fo good long-term
results in our patients who had clubfoot. The data
suggest that a sedentary occupation and avoidance of
excessive weight gain may improve the over-all long-
term result. Excessive weakening of the friceps surae
may predispose patients to a poor result; therefore, it
is prudent to avoid overlengthening of this muscle. The
outcome could not be predicted from the radiographic
result.

l L

The determination of the optimum treatment for
idiopathic clubfoot has been hampered by the lack
of long-term follow-up studies. Studies with short-term
follow-up that rely on radiographic findings or the range
of motion for the assessment of outcome may not reflect

*No benefits in any form have been received or will be received
from a commercial party refated directly or indirectly to the subject
of this article. No funds were received in support of this study.

. tRead in part at the EMED User Meeting, Ulm, Germany,
1994, Awarded Second Prize by Novel, GMBH, Munich, Germany.

+312 East Main Street, Marshalltown, Towa 50158,

§Department of Orthopaedic Surgery, University of Jowa Hos-
pitals and Clinics, 1012 Roy Carver Pavilion, fowa City, Iowa 52242,

VOL. 77-A, NO. {0, OCTOBER 1995

accurately the factors necessary for good lifelong func-
tion of the foot. In the present study, we assessed the

. results in a group of adults who had been managed with

a single treatment program at the University of Towa -
Hospitals and Clinics under the direction of Dr. Ignacio
Ponseti. Our initial hypothesis was that a combination
of good muscle strength, well balanced pressure distri-
bution under the sole of the foot {as assessed with a

_pedobarograph), and greater ankle-foot mobility (as as-
sessed with an electrogoriometer) would correlate with
less pam‘ u.l._tha foot and better function.

Materials and Methn_ds

One hundred and twenty-six patients wij:h"élubfoot
who had been treated at our hospital between 1950 '
and 1967 met the inclusion criteria for this study. None
of the patients had any other congenital-anomaly, all
had been less than four months old when first seen, and
all either had had no previous treatment aside from use
of a splint or had had fewer than three plaster casts

. applied before being seen by us. We were able to con-

tact sixty-one of these jpatients by mail or telephone,
and we invited them to_participate in the study Four '
patients refused, and twelve who were willing to par-
ticipate were not evaluated because of time or financial
constraints or because they lived too far from our hos-
pital. Nine of the twelve patients who were willing but
unable to participate in the study returned our letter.
Seven stated that the feét were doing well, and two
stated that the feet were doing poorly. These nine pa-
tients were not included in the data analysis or out-
comes. The remaining forty-five patients (thirty-four
men and eleven women), who had seventy-one clubfeet,
composed the study group. Twenty-six (58 per cent) of
them had bilateral clubfoot and nineteen (42 per cent)
had unilateral clubfoot, with nine right and ten left feet
affected. Twenty-nine of the forty-five patients had been
included in the 1980 study by Laaveg and Ponseti.

All of the patients completed a questionnaire, were
examined radiographically, and had a complete physi-
cal examination performed by one or both of us at
the University of lowa Hospitals and Clinics. Complete
electrogoniometric measurements were available for
thirty-nine patients. Thirty-four patients were evalu-
ated with a pedobarograph. The patients who were not
evaluated with these modalities were seen during peri-
ods when the equipment was not available.
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To better assess the quality of the results of the
treatment regimen, we compared the pain and function
of the foot in the patients with those in a group of
individuals who did not have congenital deformity of
the foot. We attempted to determine findings that were
associated with an excellent or good outcome as op-
posed to a poor outcome. Demographic data (such as
the sex and occupation of the patient), radiographic
measurements, mobility of the foot (as measured with a
hand-held goniometer and a two-dimensional electro-
gonjometer [Ankle-Foot Elgon; Therapeutics Unlim-
ited, Iowa City, Iowa]), pressure distribution under the
sole of the foot (as measured with a pedobarograph
[EMED-SF; Novel, GMBH, Munich, Germany]}, mus-
cle strength, and residual deformity were assessed with
respect to the excellent or good outcomes and the poor
outcomes. '

Treatment Regimen

Our treatment regimen for clubfoot involtis gentle
manipulation and the application of serial casts without
the use of anesthesia. The first cast is applied as soon
as possible aftér birth, with the manipulation repeated
and a new cast applied at five to seven-day intervals.
An average of seven, eight, or nine casts are applied
before complete correction is obtained. If the equinus
deformity remains uncorrected, the Achilles tendon is
sectioned percutaneously with the use of local anes-
thesia before the application of the last cast, which is
usually worn for three weeks. The patient then wears
a Denis.Browne splint full time for two or three months
and is weaned to nighttime use, which continues for
two to six years. A key feature of the manipulation that
allows rapid correction is the reduction of the cavus
deformity with the initial casts. By reducing the cavus
deformity first, the joints of the midfoot are realigned
so that rapid correction of the adductus and varus de-
formity of the heel occurs with progressive abduction
of the forefoot while the head of the talus is used as a
fulcrum". A relapse is usually treated with repeat ma-
nipulation and application of a cast, which is worn for

' four to eight weeks. A formal lengthening of the Achil-

les tendon may be necessary at this time. In patients
who are two and one-half years old or more, the ante-
rior tibial tendon is transferred to the third cuneiform

bone if this tendon causes supination of the foot during -

dorsiflexion.

Questionnaire

Each patient completed a questionnaire with infor-
mation regarding occupation, education, pain, function,
satisfaction with the treatment, and additional treat-
ment received outside of our hospital. Occupations were
divided into low-foot-demand and high-foot-demand
categories on the basis of our assessment of the amount
of prolonged standing or walking, or both, that was
required and whether the occupation permitted the

patient to stop bearing weight on the foot at hi
her discretion. High-foot-demand occupations ine
day laborer, janitor, busing tables, and cook. Low-f
demand occupations include accountant, office
ager, sales ‘manager, homemaker, and secretary.

Physical Examination

The physical examination included assessmen
the height and weight of the patient, limb length (o
sured from the anterior superior iliac spine to the
dial malleolus), circurnference of the calf, and lex
and width of the feet. The body-mass index was de
mined by division of the weight in kilograms by
square of the height in meters. We inspected the feet
evidence of calluses and palpated them for areas
tenderness. The function of the anterior tibial mu
was recorded. Gait was analyzed with respect to limp
or back-kneeing as well as the ability to walk on
heels or toes and to hop. We estimated varus or val,
deformity of the heel, adduction or abduction of
forefoot, and the presence of cavus with the pati
standing and the examiner using a hand-held gonia
eter. We also measured passive dorsiflexion, plan
flexjon, varus and valgus deformity of the heel, supii
tion, pronation, adduction, and abduction with a hai
held goniometer. Motor strength of the anterior tibia
posterior tibialis, gastrocnemius-soleus, peroneals, ¢
tensor hallucis longus, extensor digitorum commur
flexor hallucis longus, and flexor digitorum longus w
graded on a scale of 0 to 5. Grade 5 indicated nc
mal strength, trace weakness indicated that the THUS(
was less strong than the muscle on the contralate;
side. but was still grade 5, grade 4 indicated moy
ment against resistance, grade 3 indicated moverne
against gravity, grade 2 indicated movement with gra
ity eliminated, grade 1 indicated palpable contractic
of the muscle only, and grade 0 indicated no contra
tion. The patient stood on one foot and perform
rapid, toe-ups, stopping when he or she had done for
of them or when there was moderate pain or fatigue
the gastrocnemius-soleus,

- Radiography

Anteroposterior and lateral radiographs of the fe
were made with the patient standing, and oblique r
diographs were made with the patient sitting. On t}
anteroposterior radiographs, we measured the tal
calcaneal angle, the angle between the calcaneus ar
the fifth metatarsal, and the angie between the tal
and the first metatarsal. On the lateral radiographs, w
measured the talocalcaneal angle (with the method ¢
Vanderwilde et al.), the angle between the talus ap
the first metatarsal, the angle between the calcaney
and the first metatarsal, and the angle between the fip
and fifth metatarsals. We then calculated the taloca
caneal index as the sum of the anteroposterior and la
eral talocalcaneal angles. We also recorded any wedgin
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Fi6. 1

Photograph of the electrogoniometer in place. The tibial attach-
ment piece is contoured to fit on the crest of the tibia to mini-
mize motion and is secured by a Velcro strap. The footpiece is
attached by placement of a thin foam pad, which is sticky on both
surfaces, between the flat metal plate @iid the foot and is secured
by a rubber strap. A long, flexible telephone cord runs from the
device to the recorder; the cord permits walking with the device in
place. .

of the navicular bone or flattening of the trochlea of the
talus and graded these changes as none, mild, moderate,
or severe®. Degenerative changes at the ankle, subta-
lar, talonavicutar, calcaneocuboid, navicular-cuneiform,
and Lisfranc joints, as evidenced by osteophytes, nar-
rowing of the joint space, cysts, or subchondral scle-
rosis, were recorded as well. The previous radiographs
of the twenty-nine patients whg had been reported
on previously” were compared with the most recent ra-
diographs for evidence of progressive degenerative
osteoarthrosis.

Electrogoniometric Analysis

We examined the feet using a lightweight, adjustable
ankle-foot electrogoniometer, with the leads placed on
the anterior aspect of the proximal end of the tibia and
on the navicular or second metatarsal (Fig. 1). This elec-
trogoniometer uses four high-precision potentiometers
to measure motion of the foot and ankle. The poten-
tiometers are arranged in pairs at each end of a light-
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weight telescoping rod. One pair of potentiometers
measures rotation of the foot and ankle in the frontal
plane (inversion and eversion) and the other pair mea-
sures rotation in the sagittal plane (dorsiflexion and
plantar flexion). Axial rotations occur within the tele-
scoping rod so that they do not introduce artefact into
the measurement of the other two planes. We measured
dorsiflexion, plantar flexion, eversion, and inversion
with use of a reference starting point with the patient
standing stationary and the feet shoulder-width apart.
With one lead fixed to the tibia, any motion in the lead
attached to the foot was recorded on graph paper and
was later translated into degrees. Measurements were
made during a single step of normal walking, during the
passive range of motion with the patient sitting and the
leg and foot hanging free, and during the active range
of motion with the patient sitting. To determine the
over-all suppleness of the foot, we used a digitizer and
measured the area (in square centimeters) inside the
passive range-of-motion circle (Fig. 2).

Pedobarographic Analysis

The patient was asked to walk on the pedobaro-
graph, which operates with individually calibrated ca-
pacitive pressure sensors. The sensor platform has a
sensor area of 445 by 225 millimeters, with a local reso-
lution of two sensors per square centimeter, a recording
frequency of seventy hertz, and a measurement range of
one to 127 newtons per square centimeter. The patient
was asked to step on the pedcbarograph three times
with each foot during normal walking. The sensor plat-
form was hidden with a thin plastic cover to prevent the
patient from changing the length of the stride in order
to strike it. We obtained values for total area-of maxi--
mum pressure (in square centimeters), peak pressure of

Left Clubfoot- Right Normal Foot
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Fig. 2

Tracing of the electrogoniometric record from a forty-two-year
old man who had clubfoot on the left and an excellent result. There
is a2 marked decrease in the active and passive ranges of motion of
the clubfoot as well as the range during watking. This was a uni-
form finding. .
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FiG. 3

. M. COCPER AND F.

R. METZ

Photograph of the pictures generated by the pedobarograph of the patient in Fig. 2. Each smali square is generated by an individual press
sensor. The lines dividing the foot iuto'heei,midfoot; forefoot, lateral toes, and great toe were custom-fitted for each fool. The clubfoot (te
shows fess pressure on the heet (light gray indicates a higher pressure than dark gray} and more-pressure in the area of the midEcot (v

light gray indicates the highest contact pressure)

than the normal, contralateral foot, suggesting a limitation of dorsiflexion with m

weight-bearing on the midfoot and less on the heetl. The clubfoot has a larger area of high pressure in the forefoot and more lateral press

than_the normal foot.

the maximum-pressure picture (in newtons per square
centimeter), total force (normalized to body weight)
of the. maximum-pressure picture {expressed as the
percentage of body weight), pressure time integral
(newton-seconds per square centimeter), and force
time integral normalized to body weight (expressed as
the percentage of body weight multiplied by seconds).
These parameters were chosen to ‘assess the different
kinds of energy absorbed by the foot. The peak pressure
area, peak pressure, and préssure time integral are mea-
surements of different absolute energies experienced.
by the foot. The force measurements compensated for
different body weights. The integrals of pressure and
force reflect the total energy experienced, while the
peak pressures reflect the extreme energy experienced.
We investigated all of these parameters because we did
not know & priori which might be associated with pain
and function. The foot was divided into five areas (heel,
midfoot, metatarsal heads, great toe, and lateral toes),
and separate values were obtained for each area as
well as for the entire foot (Fig. 3). In the evaluation of
the nineteen patients who had unilateral clubfoot, we

- e ~w

used the normal foot as a comparison (not a true cc
trol) for measurements. :

Comparison Group

~'We randomly selected ninety-seven individuals wi
were in the waiting area of the ophthatmology outg
tient clinic of our institution to fill out a questionnai
regarding pain and function of the foot that was iden
cal to that completed by the patients. “The -individu
were within the age-range 6f our patienits {twenty-o)
to fifty years old) and were screened only for the a
sence of congenital deformity of the foot. On the bas
of the initial thirty-four responses, we established o
teria for excellent, good, and poor function of the foc
For a foot to be considered excellent, there had to {
no functional limitation and only occasional mild pai
However, since many of the individuals in the con
parison group. had some pain and functional problen
associated with the feet, and since we do not expe
treatment of clubfeet to result in feet that are superi
to those without congenital deformity, we thought th;

3

feet with minor problems should be classified as goo
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Specifically, our classification was as follows. An excel-
Jent foot does not limit activities of daily living and
either is never painful or occasionally causes mild pain;
a good foot occasionally limits activities of daily living
or strenuous activities or is painful after strenuous ac-
tivities; and a poor foot limits daily activities or routine
walking or is painful during daily activities or walking,
or at night. If the answer to one of the two questions
regarding pain or function was in the poor category, the
foot was regarded as poor.

We compared the individuals who did not have
congenital deformity of the foot with the patients, with
respect to each item on the questionnaire. All of the
individuals were included except in the evaluation of
low-foot-demand occupations compared with high-foot-
demand occupations. Nine nurses in the comparison
group were excluded from that analysis because we
could not distingnish among nurses’ aides, administra-
tive murses, ward nurses, and operating-room nurses.
The demands on the feet vary widely among these oc-
cupations, and thus classification into low-foot-demand
or high-foot-demand categories was not possibie. None
of the patients who had clubfoot was a nurse. Eight
other individuals who- did not have congenital defor-
mity of the foot did not note their occupation on the
questionnaire. Thus, eighty of the ninety-seven question-
naires from the comparison group were used for anal-
ysis of occupation.

Results

The average age of the forty-five patients at the time
of follow-up was thirty-four years (range, twenty-five to
forty-two years).

Of the seventy-one feet five were treated with only
manipulation, plaster casts, and 2 Denis Browne splint.
Twenty-seven feet also had an Achilles tenotomy. Thirty-
eight feet also had a transfer of the aaferior tibial
tendon. Six of these thirty-eight feet were treated, in
addition, with at least one of these procedures: plantar
fasciotomy (four feet), recession of the extensor hallucis
longus tendon to the neck of the first metatarsal {four
feet), transfer of the extensor digitorum communis ten-
don to the metatarsals (two feet), and transfer of the
peroneus longus tendon to the peroneus. brevis (one
foot). One patient had transfer of the posterior tibial
tendon to the dorsum of the foot through the interos-
seous membrane. One patient who had a bilateral trans-
fer of the anterior tibial tendon also had a bilateral
triple arthrodesis. This patient is included in the over
all outcome analysis (as a poor result) but is not in-
cluded in the comparison of excellent or good results
and poor results with respect to the questionnaire, radio-
graphs, physical examnination, pedobarographic data, or
electrogoniometric data because we were attempting to
find factors associated with excellent or good outcomes
compared with poor outcomes in relation to clubfeet, not
in relation to triple arthrodeses.
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Using the outcome criteria of pain and limitation o
function of the foot, we found that twenty-eight (62 pex
cent) of the patients had an excellent result (Figs. 4-A
and 4-B), seven (16 per cent) had a good result, and
ten (22 per cent) had a poor result, compared with sixty-
one (63 per cent), twanty-one (22 per cent), and fifteen
(15 per cent), respectively, in the comparison group.
Because of evident demographic differences between
the patients and the individuals in the comparison
group, we controlled for differences in sex and occupa-
tional frequencies with use of the Cochran-Mantel-

FIG. 4-A

Figs. 4-A aud 4~B Radiographs of a thl:ty—two—year~old man who
had a clubfoot on the tight. This patient had one of the best radio-
graphic results in the series. He did not have the decreased talo-
calcaneal angle and the residual medial displacement of the navicular
commonly seen.in the other patients.

‘Fig, 4-A: Anteroposterior radiograph of the right foot.

FiG. 4-B
Lateral radiograph of the right foot.
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Haenszel test of general association®. No significant dif-
ference was found between the patients and the com-
parison group with or without this adjustment.

Results of the Questionnaire

Twenty-five (56 per cent) of the patients were junior-
high or high-school graduates, and twenty (44 per cent)
had attended college without graduating or were col-
lege graduates. Thirty (31 per cent) of the individuals in
the comparison group were junior-high or high-school
graduates, and sixty-seven (69 per cent) had attended
college without graduating or were college graduates.
Analysis of occupations revealed that twenty-four (55
per cent) of the patients had a low-foot-demand occu-
pation and twenty (45 per cent) had a high-foot-demand
occupation, compared with sixty-one (76 per cent) and
nineteen (24 per cent), respectively, for the eighty indi-
viduals for whom occupational data were available in
the comparison group. Twernty-two (54 per cent) of the
forty-one patients who answered the question partici-
pated in sports activities at least once a week, com-
pared with thirty-nine (40 per cent) of the ninety-seven
individuals in the comparison group. Twenty-four (55
per cent) of the forty-four patients who responded were

D. M. COOPER AND F R. DIETZ

T FiG. 5-A
Figs. 5-A, 5-B, and 5-C: Radiographs of 2 thirty-seven-year-old man who had a clubfoot on the left and a

-

able to participate in unlimited activities, comparéd

seventy-one (73 per cent) of the individuals. Of thef

three patients who answered the question, eleven (2

cent) thought that they could walk any distance wit

discomfort in the foot, compared with forty-four (4

cent) of the individuals. Sixteen patients (36 per ¢
had received treatment for clubfoot after care a
University of Iowa had been completed. This treatr
consisted of anti-inflammatory medications or sho
serts, or both, for all but two patients. One patient

used an ankle-foot orthosis in the past and the Other,
had had a bilateral triple arthrodesis, had several a
tiona] operations on both feet. Thirty-three (73 perc
of the patients were very satisfied or satisfied with
end result of the treatment. We were able to Jo.
questionnaires completed by seventeen of the twe:
nine patients who had participated in the previous stu
Comparison of the responses revealed no change dm
the intervening thirteen to sixteen years.

Results of the Physicaf Examination

There was no difference in the length of the Io
extremity with the clubfoot compared with the norn
contralateral extremity of the patients who had uni

n excelient functional result. The

is navicular wedging and residual medial displacement of the navicular of the clubfoot. The small dorsal osteophyte of the talar head is typic

of the so-called degenerative changes seen. The small osteophyte of the neck of the talus seen in the normal, ri
common so-called degenerative change seen in clubfeet. The apparent talar flattenin
the talar body was not normal, the talar body was not completely flat.

Fig. 5-A! Anteroposterior radiograph of both feet,

ght foot s identical to the mq
g was graded 2s moderate because, while the contour
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eral clubfoot. The circumference of the calf was an aver-
age of three centimeters smalier on the involved side.
The clubfoot of two patients was the same length as the
normal foot, and that of sixteen patients was an average
of one centimeter shorter than the normal foot. The
clubfoot of three patients was the same width as the
normal foot, and that of fifteen patients was an average
of 0.5 centimeter narrower.

A callus formed, usually under the fourth or fifth
metatarsal head, in ten patients. Twelve patients had
tenderness to palpation, which was around the ankle
joint in five, along the plantar fascia in three, under
the metatarsal heads in three, and at the insertion of
the Achilles tendon in one. The gait of forty-one pa-
tients was considered normal. Four patients, including
the one who had had a bilateral triple arthrodesis, had
a slight Hmp. All of the patients were able to walk on
the toes; however, three were unable to walk on the
heels because of limited dorsiflexion.

Three feet (4 per cent) had evidence of mild cavus
deformity on visual inspection. All of the transferred
anterior tibial tendons were functioning and grade 5. Six
feet that had had a trapsfer of the anterior tibial tendon
had trace weakness compared with the normal foot.

“Motor function of the posterior tibialis was normal in

sixty-six clubfeet and had trace weakness in five. The
strength of the gastrocnemius-soleus was normal in all
but two feet, which had trace weakness. The peroneals
had normal strength in sixty-seven clubfeet and had

trace weakness.in four. Function of the extensor hallums‘

longus was grade Oin: two pat:ents who had been treated

with recession of the € ensor halluczs longus and was -

weak (range grade 3 to.

FiG. 5-C
Lateral radiograph of the right foot.
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TABLE I
RADIOGRAPHIC RESULTS
Clubfeet MNormal Feet
Angle (N=69y (N=19¥ P Vilue

Anteroposterior {degreess)

Taloraicaneal 178 23+8 0.005

Calcaneus-fifth metatarsal ~8 £ 10 ~3 %9 Q.00

Talus-first metatarsal 1411 148 0.86
Lateral (degrees)

Talocalcaneal® 307 44 + 9 «0,0001

Talus-first metatarsal 5&6 ~-1+9 0007

Calcaneus-first metatarsal 145+ 9 1382 10 000G

First-fifth metatarsat 16+5 165 0.7

*The values are given as the mean and the standard deviation.

Function of the flexor hallucs longus was normal in atl
feet except for one that had trace weakness. Sixty-six
clubfeet had normal function of the extensor digitorum
communis; four had trace weakness; and one, which had
been treated with transfer of the extensor digitorum
communis tendon, had no function of that tendon. The
function of the flexor digitorum longus was normal in
all feet. Nineteen patients were unable to do forty rapid
toe-ups on the affected side. In contrast, only one pa-
tient was unable to do forty toe-ups on the normal side.

The passive range of motion of the foot was assessed
with a hand-held goniometer. Dorsiflexion averaged 6
degrees (range, ~2 to 18 degrees) for the clubfeet and
17 degrees (range, 4 to 22 degrees) for the normal feet.
Plantar. flexion averaged 31 degrees (range, 15 to 45

‘degrees) for the clubfeet and 41 degrees (range, 30 to
" 60 degrees) for the normal feet. The average varus de-
“formity of the hind part of the clubfeet was 14 degrees
.+ (range, 0 to 30 degrees), compared with 24 degrees

(range, 2 to 36 degrees) for the normal feet. The aver-

age valgus deformity of the hind part of the clubfeet was
1.6 degrees (range,—2 to 10 degrees), compared with 5.8

 degrees (range, 0 to 20 degrees) for the normal feet. The
- -position of the: heel, recorded with the patient standing,

average:d 0.3 degree of valgus (range, 5 degrees of varus

- to 8 degrees of valgus) for the clubfeet and 1.5 degrees
-of valgus (range, neutral to 5 degrees of valgus) for the
- normal feet.

Radfographic Results

The radiographs revealed a number of differences
between the clubfeet and the normal, contralateral feet
(Table I). Both the anteroposterior and the lateral
talocalcaneal angles were decreased in the clubfeet, com-
pared with those in the normal feet, by an average of 6
degrees for the anterior angle and an average of 14 de-
grees for the lateral angle. These angles generally reflect
residual varus deformity of the subtalar joint. The lateral
talus-first metatarsal angle and the lateral calcaneus-first
metatarsal angle were slightly greater in the clubfeet
than in the normal feet (5= 6 degrees and 145 £ 9 degrees
compared with -1 + 9 degrees and 138 + 10 degrees,
respectively), reflecting a mild residual cavus deformity
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TABLE II
ELECTROGONIOMETRIC RESULTS
Clubfeet Normal Feet
Range of Motion (N =g2)* (N =16)* P Vahe

Pagsive (degrees) )

Dorsiflexion 0+7 11+12 0.003

Plantay fexion 42+ 12 52+9 0.003

Eversion 138 159 0.28

Inversion 21+ 11 34 +11 0.0001
Agtive (degrees)

Dorsifiexion -4+ 8 6+ 10 <0.0001

Plantar flexion o+ 11 519 0.0001

Eversion 0+7 14+ 8 0.06

Inversion 17+1 34 +1p <,6001
Walking (degrees)

Dorsiflexion I ) 135 0.006

Plantar flexion 14+6 13+5 0.57

Eversion 6+4 35 0.03

Invers_ion 65 0+6 0.02
Area within passive range- 29 + 14 0.0005

61 +29
of-motion drcle {em?} :

*The values are given as the mean and the standard deviation.

of the midfoot. The lateral first-fifth metatarsal angle was
identical in the club and normal feet (16 * 5 degrees),
reflecting a complete reduction of the cavus deformity
that had been present at birth. Measuremerits of ad-
ductus of the midfoot gave conflicting results. The an-
teroposterior talus-first metatarsal anglé was ‘similar in

Figs. 6-A. 6-B, and 6-C: Radjographs of a thirty-nine-year

old:womin who -had"biiaﬁér#! cl‘lib.

D. M. COOPER AND F. R. DIETZ

.
'

the club and normal feet {1 + 11 degrees compared
1+ 8 degrees); however, the anteroposterior calcay
fifth metatarsal angle showed a greater average af
tion in the clubfeet (-8 + 10 degrees) than in the no
feet (-3 £ 9 degrees.) .

Forty-two clubfeet (61 per cent) had navicular w
ing. It was mild in nineteen, moderate in sixteen,
severe in seven. Forty-seven clubfeet (68 per cent)
talar flattening. It was mild in fifteen, moderate in r
teen, and severe in thirteen. Degenerative changes«
noted in twenty-four (35 per cent) of the clubfeet. T
changes were usually mild and consisted of os
phytes on the dorsal aspect of the talus, the ante
aspect of the distal end of the tibia, or the talonavic
joint. Two patients were noted to have ossificatio:
the Achilles tendon, and both had been managed -
open operative lengthening. Twenty-nine patients
had radiographs made for the previous study’. Only
of these patients had evidence of increased degen
tive changes, consisting of slightly larger osteophytes
the dorsal aspect of the talar neck (Figs. 5-A thro
6-C), when the most recent radiographs were compa
with the previous ones.

Electrogoniometric Results

Electrogoniometric analysis revealed markedly
creased passive and active dorsiflexion, plantar flexi

foot and a poor functional result. The feet we

among the most radiographically deformed in the series. There is severe navicular wedging of the right foot and residual media} displacerne
of the navicular. Both feet have a shortened, ¢rushed-appearing navicular and osteophytes of the dorsal aspect of the talar pecl.

Fig. 6-A: Anteroposterior radiographs of both feet.
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and inversion of the clubfeet compared with those of the
normal feet (Table IT). Passive and active eversion were
not markedly different. During walking, the clubfeet
had less dorsiflexion and inversion and more eversion
than the normal feet did. There was no marked differ-
ence in plantar flexion during walking. The magnitude
of the difference in motion between the clubfeet and the
normal feet was much less during walking than during
the active and passive ranges of motion. During walking,
the clubfeet had only 4 degrees less dorsiflexion (9 £15
compared with 13 % 5 degrees [average and standard
deviation]) and inversion (6 * 5 compared with 10 + 6
degrees), 3 degrees more eversion (6 + 4 compared with
3 + 5 degrees), and 1 degree more plantar flexion (14 &
6 compared with 13 £ 5 degrees) than the normal feet
did. It is noteworthy that the amount of dorsiflexion
during walking (9 £ 15 degrees) was much greater than
that during the passive range of motion (0 + 7 de-
grees) or the active range of motion (—4 & 8 degrees).
This was probably because of the greater force exer-
ted by the weight of the body across the ankle, subtalar,
and midfoot joints and the ligaments during walking
compared with that generated by active and passive
range-of-motion testing. The area within the passive

S _Fi6. 6-B )
" - Lateral radiograph of the left foot.

FiG. 6-C
Lateral radiograph of the right foot.
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TABLE 1II

PEDOBARGGRAPHIC RESULTS
(PARAMETERS WITH SIGNIFICANT DIFFERENCES)

: Normal
Clubieet Feet
Section of the Foot (N=34)* (N=14)* P Value
Heel
Total force of maximum-pressure 66 + 12 74+ 14 0.04
picture {per cent body weight)
Peak pressure (Nfem?) 3018 3T£12 006
- Midfoot . .
Total force of maximum-pressure 35 % 14 23+ 1 0.003
picture {per cent body weight)
Peak pressure (Nicm?) 18+8 1244 0.001
Pressure time integral 642 4+2 0.009
(N-secs/em?)
Force time integral 11+35 75 0.01
(per cent body weight x secs.}
Metatarsal heads
Total area of maximum pressure 51 %7 56+8 6.04
{cm?)
Lateral'toes
Total area of maximum pressure 9£2 T2 0.01
(on?)
Force time integral 241 11 0.04

(per cent body weight x secs.}

*The values are giver as the mean and the standard deviation.

range-of-motion circle was strikingly smaller for the
clubfeet (29 * 14 square centimeters) than for the nor-
mal feet (61 + 29 square centimeters).

Pedobarographic Results

Analysis of the pedobarographic data revealed no
differences between the clubfeet and the normal, con-
tralateral feet, with regard to any parameter, when the
entire foot was assessed (Table IIT). However, there
were differences in specific regions of the foot. The heels
of the clubfeet had a lesser peak pressure (30 + 8 com-

- pared with 37 + 12 newtons per square centimeter) and
‘a lesser total force in the area of maximum pressure

{66 112 compared with 74 14 per cent of body weight).
The preatest difference between the clubfeet and the
normal feet was in the region of the midfoot. Total force
in the area of maximum pressure, peak pressure, pres-
sure time integral (the total pressure during one stance
phase), and force time integral (the total force during

- one stance phase) were all greater in the clubfeet than

in the normal feet. The total force in the area of maxi-
mum pressure was 35 & 14 per cent of body weight for
the clubfeet, compared with 23 11 per cent of body
weight for the normal feet; the peak pressure was 18 +
8 compared with 12 + 4 newtons per square centimeter;
the pressure time integral was 6 + 2 compared with 4 +
2 newton-seconds per square centimeter; and the force
time integral was 11 & 5 compared with 7 + 5 per cent
of body weight multiplied by seconds. The clubfeet also
had a smaller area of maximum pressure under the
metatarsal heads (51 £ 7 compared with 56 + 8 square
centimeters). The lateral toes of the clubfeet had a
larger total area of maximum pressure and a greater
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TABLE 1v

COMPARISON OF BXCELLENT OR GooD OuTCOMES
WITH Poor QUTCOMES N CLUBFEET
(PARAMETERS WITH SIGNIFICANT DIFFERENCES OR
APPARENT ASSOCIATION WITHOUT SIGNIFICANCE)

‘Outcome
Excellent
Parameter or Good* Poor* P Value
Qccupation
High-foot-demand : 12 8 0.03
Low-foot-demand 2 2
Passive dorsiflexiont (degrees) T+4 4+4 0.03
o (hn=57) (n=12)
Rapid toe-ups (max., 40) 3B+4 . 2BE10 0.005
n=57) (n=12) .
Body-mass indext 263 30z%6 0.97
(n=57 (n=12)
Anteroposterior calcaneus-fifth ~-6+10 -13%+7 0.03
metatarsal angle (degrees) (n=50 (a=12)
Pressure time integral of entire 27+6 217 0.04
foot (N-secs fem') (n=43) (n=T)
Peak pressure under heel {N/em?) 31 &8 25+53 0.07
(n=43) (n=7
Force time integral of meta- 027 27x2 0.67
tarsal heads (per cent body =43 (=7

weight X secs.)

*Except for occupation, the values for each parameter are given
as the mean and the standard deviation,

tAs measured with the hand-held goniometer,

The weight in kilograms divided by the square of the height in
meters.

force time integral than those of the normal feet S
compared with 7 £ 2 square centimeters and 2 * 1 com-
pared with 1 £ 1 per cent of body weight multiplied by
seconds, respectively). o

Parameters Associated with-an Excellent or--
Good Result Compared with-a Poor Resulit

Although there were marked differences between
the clubfeet and normal feet with regard to atmost ait
of the measurements, very few helped teo discriminate
between an excellent or good functional outcome and
a poor functional outcome (Table V). Factors that
were significant included occupation (p = 0.03), antero-
posterior calcaneus-fifth metatarsal angle (p = 0.03),
passive dorsiflexion measured with the hand-held goni-
ometer (p = 0.03), pressure time integral of the entire
foot (p = 0.04), and number of rapid toe-ups that the
patient was able to perform’ (p = 0.005). '

Twenty-two (92 per cent) of the twéntyifour'féé't',

of the patients who had a low-foot-demand occupation
had an excellent or good result and two (8 per cent) had
a poor result, compared with twelve (60 per cent) and

eight (40 per cent), respectively, of the twenty feet of the

patients who had a high-foot-demand occupation (p =
0.035. Fisher exact test®). '

The average anteroposterior calcaneus-fifth meta-
tarsal angle was ~6 + 10 degrees in the feet that had an
excellent or good outcome compared with ~13 + 7 de-
grees in the feet that had a poor outcome. Passive dor-

D. M. COOPER AND F. R. DIETZ

siflexion, measured clinically, averaged 7 + 4 o,
for the feet that had an excellent or good outcom
4 3 4 degrees for those that had a Door outcome
0.03). According to the pedobarographic measurey
the feet that had an excellent or good outcome
an aveérage pressure time integral of the entire f¢
27 £ 6 newton-seconds per square centimeter
pared with 21 £ 7 newton-seconds. per square
meter for those that had a poor outcome (p = 0.04)
rapid toe-up test revealed an average of 38 + 4 toe
for the feet that had an excellent or good outcome
pared with 28 1 10 for the feet that had a poor outc
(p = 0.005).

Three other measurements approached the lev
significance (p = 0.05). The average body-mass i
was 26 £ 5 kilograms per Square meter for the patj
who an excellent or good result and 30 +. 6 kilogr
per square meter for those who had a poor result .
0.07). The average peak pressure under the heel
greater (31 * 8 newtons per square centimeter) for
feet that had an excellent or good outcome than
those that had a poor outcome (25 £ 5 newtons
square centimeter). The force time integral was 30
per cent body weight multiplied by seconds for the
tients who had an excellent or good outcome and 2
2 per cent body weight multiplied by seconds for th
who had a poor outcome (p ="0.07). ]

With the limited number .of patients studied,

- could detect no aséociation ‘between the over-all ¢
~come and the remaining ranges of motion MEeasty;

clinically or with the electrogoniometer, the remain
pedobarographic measurements, or the Temaining ;
gles measured radiographically. We found no differe:
between the different modes of treatment (méhipu

tion with or without percutanecus Achilles tenotor

compared ‘with transfer of ‘the anterior tibjal tend
compared with additional procedures) and the over-
rating. = :

Discussion

We defined our outcome groups according to ty
questions: one regarding the function of the foot duri
activities of daily living and strenuous activities and
other regarding pain in the foot. This subjective asses
ment of outcome is doubtless affected by factors oth
than those reflecting the objective quality of the corre

tion of the initial deformity, such as mobility, supplene:
- strength, and absence of residual deformity of the foc

We interviewed a few patients in stressful life circun
stances who had multiple physical symptoms in additic
to pain in the foot. These patients were considered
have 2 poor result despite a good result with regard 1
the standard radiographic and clinical criteria. In cor
trast, some feet that were stiff and had mild residu;
deformity had an excellent functional outcome. Indivic
ual responses to an absolute level of abnormality of th
foot doubtless depend greatly on the over-all satisfac
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tion of the patient with his or her life. Despite this
limitation, we believe that the subjective results were a
better measure of the long-term outcome than objective
radiographic or physical parameters that have not been
demonstrated to correlate with pain and function of the
foot. We think that rating scales based on such parame-
ters are arbitrary and uninformative. Certainly, better
techniques for the assessment of subjective results will
improve the quality of future outcome studies. Because
pain in the feet is commeon in adults, we believe that
evaluation of a group of individuals who did not have
congenital deformity of the foot was important to help
us to choose our outcome criteria. We would not expect
people who have a clubfoot to have better function than
those who do not have such a congenital deformity.
Some pain in the feet after strenuous activities is com-
mon, as evidenced by the fifteen individuals (15 per
cent) who had a poor rating in the comparison group.
Thirty-five {78 per cent) of the forty-five patients had
an excellent or good result compared with eighty-two
(85 per cent) of the ninety-seven individuals in the com-
parison group.

Comparison of the results of the present study with

those of other studies is difficult because of the many
evaluation schemes employed and the variable dura-
tions of follow-up. The results of our study caused us to
question the value of short-term results based on radio-
graphic or range-of-motion criteria because these fac-
-tors did not distinguish between the excellent or good
outcomes and the poor ouicomes in our patients. Fur-
thermore, pain is not an appropriate outcome criterion
for children, as even feet with moderately severe de-
formity do not usually become painful until adolescence
or adulthood.’

In 1979, Turco reported the results in a series 0f 240~

clubfeet that had been treated with one-stage postero-
medial release with internal fixation. He reported an
excellent or good result for 125 (84 per cent) of 149
feet that had been followed for two to fifteen years. His
assessment of the resulis was based om radiographic
criteria, range of motion, and clinical appearance but
not on function or symptoms. Otremski et al., in 1987,
reported the results of the Turco operation in forty-
seven feet. As assessed with a grading system similar to
that used by Turco, forty-one (§7 per cent) of forty-
seven feet that were followed for eight to fourteen years
had an excellent or good result. Thirty-six (77 per cent)
of forty-seven feet that were followed for four to eight
years in a study by Ricciardi-Pollini et al. had an excel-
lent or good resuit. Ricciardi-Pollini et al. also evaluated
the results according to clinical and radiographic criteria
without considering function or symptoms. Bensahel et
al., in 1987, reported a good result, after six to ten years
of follow-up, for eighty-nine (88 per cent) of 101 feet
that had been treated with one-stage medioposterior
release®. They assessed the results on the basis of the
clinical and radiographic alignment, mobility of the
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joint, gait, wear pattern of the shoes, and findings of
plantar photopodometry. No mention of symptoms or
function was made. In 1985, Simons compared twao
groups of patients who had been managed with either
complete subtalar release or a less extensive proce-
dure (posterior, posteromedial, or posteromedial and
lateral release). He reported a satisfactory result, after
a two to four-year follow-up, for eighteen (72 per cent)
of twenty-five feet that had been treated with complete
subtalar release compared with thirteen (50 per cent)
of twenty-six that had been treated with less extensive
means. For this short-term follow-up study, Simons used
a clinical and radiographic evaluation scale, and the re-
sult for any patient who had pain with normal activity
was considered unsatisfactory. Hutchins et al, in 1985,
reported the results for 252 feet that had been treated
with early posterior release and that had been followed
for an average of fifteen years and ten months. With use
of the grading system of l.aaveg and Ponseti, the result
in 81 per cent of the feet was considered satisfactory, but
only 57 per cent were thought to have an excellent or
good result. -

_ The validity of the criteria used to determine an
excellent or good cutcome in these studies is question-
able because few of the measured variables corre-
lated with an excellent or good outcome in the present
long-term follow-up study. It is likely, however, that the
requisites for an excellent or good outcome may be
different for different treatment regimens.

Others have managed patients with a combination
of serial casts and limited operative procedures to
correct resistant deformities after treatment with a cast
alone®™*®, Wynne-Davies, in 1964, reported the re-
sults for 121 feét that had been treated with serial casts
wintil full correction was obtained and then were treated
with a Denis Browne splint. Two-thirds of the pa-
tients needed an operation after use of the casts and
splint, and one-third were managed with closed meth-
ods. Wynne-Davies found a corzelation between radio-
graphic appearance and clinical outcome at the age of
fifteen years. A clinical and radiographic scoring system
was set up but no results were given. Fifteen (18 per
cent) of eighty-four patients bad occasional pain and
fatiguéed easily. The average duration of follow-up was
not stated,

Ninety-two (88 per cent) of the 104 feet in the 1980
study by Laaveg and Ponseti had a satisfactory func.
ttonal resuit at an average of nineteen years. The authors
found that transfer of the amterior tibial tendon was
important for the prevention of relapse. This was also
reported by Wynne-Davies and Ricciardi-Pollini et al.
but not by Bensahel et al.2, who stated that tendon trans-
fers are not indicated in the treatment of clubfoot. In
1990, Aronson and Puskarich compared the results of
different types of treatment and found that feet that
had been treated with casts or with casts and heel-cord
lengthening tended to have the least disability and de-
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formity except with regard to correction of the talo-
calcaneal index. They found that posteromedial release
improved the talocalcaneal index but reduced both the
range of motion of the ankle and the plantar flexion
strength compared with those in the feet that had been
treated with casts. None of these studies had a control
group with which the results could be compared.

We found that the clubfeet in our study were mark-
edly different than the normal, contralateral feet with
respect to almost every evaluation parameter. The club-
feet had a decreased range of motion as measured with
both a hand-held goniometer and an electrogoniome ter.
It i1s noteworthy that passive and active dorsiflexion was
much more limited than dorsiflexion during walking.
Standard testing of the passive range of motion may not
reflect accurately the range of motion available during
normal function of the foot. The absence of correlation
between the range of motion and the outcome.in the
present study does not necessarily mean that motion is
unimportant for function of the foot. Rather, the range
of motion was not related to the outcome within the
ranges obtained with this specific treatment regimen.

It is possible that the outcome did not correlate with
various radiographic measurements because this treat-
ment technique resulted in sufficient correction for sat-
isfactory function of the foot. Certainly, correction of
the talocalcaneal angles to normal values does not seem
critical with this treatment regimen, which resulted in
visually plantigrade feet despite persistent radiographic
abnormality. With extensive releases, the radiographic
angles may predict outcome, particularly in overcor-
rected feet. We have difficulty explaining the correlation
of an increased calcaneus-fifth metatarsal angle with a

poor result. In our experience, residual.adduction ot

abduction of the forefoot has not seemed to be associ-
ated with poor functional results in clubfoot or other
deformities of the foot. It is possible that this associa-
tion occurred by chance since we performied a large
number of statistical comparisons (approximately 250).
For example, with 250 independent tests each per-
formed at the 0.05 level of significance, there is a nearly
10G per cent chance that at least one test will be falsely
positive. Alternatively, feet that were stiffer at birth may
have necessitated a greater abduction of the forefoot
in order to rotate the calcaneus out of varus, and this
may have resulted in residtial abduction. This finding
might then correlate with the initial severity rather than
directly with the functional outcome. Oury hypothesis
is supported by a modest correlation between smaller
anteroposterior talocalcaneal angles and more negative
(abducted) calcaneus-fifth metatarsal angles, as demon-
strated on a scatterplot display. This interpretation
was supported by a positive association with both the
parametric (Pearson) and non-parametric (Spearman)
correlation coefficients of 0.33 and 0.30, respectively.
The null hypothesis (no correlation between these two
angles) was rejected on the basis of these correlation
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coefficients (p = 0.007, Pearson, and p=0.01,;8
man). More severely deformed feet might have pe
tated a greater abduction of the forefoot throug
midfoot to obtain clinical correction if the calcaney
less correctable beneath the talus.

Although mild residual deformity was com
only minimum signs of early degenerative osteoar
sis were found. The absence of any progression of r;
graphic signs of degenerative osteoarthrosis in the
or ankle suggests that the present results will persis
many years,

Pedobarographic evaluation showed no diifere
between the clubfeet and the normal, contralateral
when the entire foot was considered, but there
differences in specific regions of the foot. The hee
the clubfeet had a lesser peak pressure and total £
of the maximum-pressure picture than those of the
mal feet. This, coupled with the increased pressure
the mid-part of the clubfeet, suggests that the lHimita
of dorsiflexion results in a transfer of weight from
heel to the midfoot in normal walking. The theory
this is not due to a rocker-bottom deformity of the ¢
foot is supported by the slightly greater cavus deforr
of the midfoot seen on radiographic analysis. The
creased area of maximum pressure under the metata
heads and the mildly increased total area of maxirn
pressure and force time integral under the latera] ¢
of the clubfeet suggest a mild lateral trapsfer of weig
bearing compared with that in the normal feet. The I
of association of any of these differences with an ex
lent or good result compared with a poor result suggs
that they are within the tolerance of feet — that is, ti
do not interfere with good function.

Physicians are limited in their ability to control |
variables that we found to be associated with a bet
outcome. Early counseling of the patient to obtair
sedentary job may be appropriate. Whether limiti
heavy use of the foot in an occitpation or occupation
satisfaction is more important in the determination o
patient’s perceptions of pain and functional limitati
was not addressed in this study. On the basjs of ¢
conversations with patients, we surmise that both f;
tors are important. Patients should also be advised
avoid excessive weight gain.

The records from our hospital indicate that niney
two (88 per cent) of 104 clubfeet seen from 1950 to 19
were successfully treated with manipulation and cas
followed by use of 2 Denis Browne splint, with transf
of the anterior tibial tendon to the third cuneiform
dynamic supination developed (as was described
Laaveg and Ponseti). There is a wide spectrum of d.
formity in congenital clubfoot, with some feet beir
very supple and easily correctable with four or five cas
and others being resistant to manipulation and prone {
recurrence. There is as yet no system to determine, ;
infancy, which feet will be easily correctable and whic
will need operative treatment*. Our data suggest thy
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the cavus and adductus deformities are always easily tion, as reported by the patients, as our outcome mea-
corrected with casts and that the varus deformity of the  sures, this group of patients who had clubfeet were do-
hindfoot and the equinus determine whether more ex- ing nearly as well as the comparison group of individuals
tensive operative treatment is necessary to obtain a who did not have congenital deformity of the foot. Con-
plantigrade foot. tinued follow-up is necessary to determine if these re-

In the present study, most of the patients had a sults will persist throughout life.

satisfactory long-term result. There was no deteriora-
tion in the results of the feet that had been reported on Nore: The authors thank Ignacio Panseti tor helpful supgestions during the preporation,

in

™ b

. . e . of this manuscript and for aliowing them to review the cases of his patients. They also th
19807, With the use of pain and limitation of func-  Charles s. Davis for the time and effort expended in the statistical analysis ofthe data,
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Plaster Cast Treatment of Clubfoot: The Ponseti Method
of Manipulation and Casting

José A. Morcuende, Stuart L. Weinstein, Frederick R. Dietz, and Ignacio V. Ponseti

Department of Orthopaedic Surgery. University of lowa Hospitals and Clinics, lowa C’ffy; fowa, U.5.A.

Surnmary: We report the principles and method devel-
oped by Dr. I. V. Ponseti for correction of clubfoot. The

aim of the treatment is early and full correction of all -

components of the deformity by gentle manipulations and
weli-molded plaster casts. All components of the clubfoot
deformity must be corrected simultaneously, not in se-
guence, except for equinus, which should be corrected
iast. A percutanecus tendo achillis tenotomy may be

v

needed to facilitate correction of equinus. To prevent re-
currences, the comrected feet must be maintained in out-
ward rotation in open shoes attached to a bar for many
months. The results, although often not anatomically per-
fect, as viewed on roentgenograms, are almost perfect
clinically and functionally, at least idto the fifth decade of
the patient’s life. Key Words: Clubfoot—Ponseti
method-—Treatment. .

Clubfoot is a complex deformity occurring in an
otherwise normal child or as a part of many prenatal
disorders (9). It has four components: equinus,
varus, adductus, and cavus. The goal of treatment
is to correct all components of the deformity so that
the patient has a pain-free plantigrade foot with
good mobility, without calluses, and without the
need to wear modified shoes. Regardless of treat-
ment techmquc it is a difficult deformity to correct
and tends to relapse. .

Most orthopedists have agreed that initial treat-
ment of a clubfoot should be nonoperative and

should be instituted soon after birth (4,5,7,10,11,14, -

15,18,20,24,27,29,30,32,35). In our institution, ma-
nipulations and applications of serial casts, sup-
ported by limited operative interventions, yields
satisfactory long-term functional results in 89% of
such feet (6,21,29,30,317. However, at other insti-
tutions, manipulative treatment has resulted in in-
complete or defective corrections and distressing
ouicomes (2,20,24,25,27 41}, To avoid these out-
comes, early and even primary surgical treatment of
clubfoot is practiced in some centers, often with
equally disturbing failures and complications (1,2,
12-14,22,23,25,26,28,33,34,36,37,41,42). This dis-
crepancy in the resuits of manipulation and serial
casting suggests that the attempts at correction
have been inadequate or that the technique has
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been faulty. In our experience, operative interven-
tion. is indicated only in the small percentage of pa-
tients who have short rigid feet, with very severe
equfinovarus deformity that does not respond to
proper manipulations.

The success of manipuldtion and senal casting

- depends on the séverity and stiffriess (underlying

pathology) of the deforiiity, age.of the patient, the
orthopaedistﬁ understanding of the défot'mity, and
their skill .in appropriate mampulatxons and in ap-
plying plaster casts,

Although accurate assessment of the severity of
the deformity at birth is commonly believed to be
important, it is difficult to predict how a particular
foot will respond to treatment. Sometimes an ap-
parently stiff foot appears to becomé easily stretch-
able with mampulatmn and ahgnment of the bones
of the foot improves rapidly after-application of a
few casts. In othér clubfeet, with use dof the same
technique, correction is more difficult. Invariably, a
clubfoot deformity can be corrected much more
easily if treatment is initiated in the first days after
birth than if treatment is started after even a few
weeks (8,15). ‘ ‘

‘Orthopeadists must have clear uriderstanding of
the nature and degree of the deviations from normal
in the tarsal and metatarsal components of the club-
foot deformity. The most severe deformities in a
clubfoot occur in the hind part.of the foot and are
mextncably interrelated. The foot is displaced and
rotated medially (adducted) beneath the talus. The
talus and calcaneus are generally deformed and in
severe equinus; the calcaneus is in varus and ad-
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dusted. The cubeid.is also displaced medially in
front of the calcaneus. The cuneiforms are dis-
placed dowaward and medially in front of the na-
vicular, which is inverted and severely displaced.
The forefoot, aithowgh adducted and inverted, is
not as severely inverted as the hindfoot. As a result,
the forefoot is somewhat pronated with respect to
the hindfoot, and the first metatarsal is plantar-
flexed to a‘greater degree than the fifth metatarsal.
It.is this relation that causes the cavus deformity
(19,30,32,38).

In addition, physicians must understand the func-
tional anatomy of the rormal foot, which has been
best described by Huson (16,17). Without this
knowledge, poorly conducted manipulations will
further compEmate thé clubfoot deformity rather
than'corredt it. Physicians must train their fingers to
palpate the bories and Joints of the foot and to feel
the joirit motions both in normal feet and in club-
feet, Inference of the extent of correction can be
made’ by -analysis of anteroposterior and lateral

roentgenographs of the foot. Accuratély determin-

ing the position of the tarsal bones is difficult, how-
ever, since most of the centers of ossification are
absent at birth and may not appear for many
months, ‘or dre srall, $lightly round, and eccentri-
cally positioned (3,7).

The guidelines fot-the clubfoot treatment devel-
oped by Ponseti in the late 1940s and still followed

‘at the Umversuy of Towa are as follows:

1. All components ‘of the clubfoot deformity must

be corrected simultaneously, not in sequence, ex-
ception for equinus, which should be corrected last.
2. The: cavus, whick results from pronation of the
. forefoot in relation to the hindfoot, is corrected to-
'"gethe:r‘with thie adduction by supinating and abduct-
ing the forefoot in proper alignment with the hind-
foot. . .

3, With the arch wel[ moided and the foot in slight

supination, the eatire foot can be gently and grad- .

vally -abducted (otitward rotation) under the talus,
which i5 secured against rotation in the ankle mor-
tise by applying. counterpressure with the thumb
- against the lateral part of the head of the talus. Heel
varus will be corrected when the entire foot is fully
abducted (ncver everted,sbut in maximum outward
rotation under the taius)
4, Fmaily, equinus is corrected by dorsiflexing the
foot. This is generally facilitated by a simple percu-
taneous tenotomy of the tendo achillis.
3. Well-molded plaster casts are applied after ma-
nipulations are complete,

This uniform type of treatment has been followed
since 1948, More than 1,000 patients have been
treated with this method, and follow-up studies of
“-these patients attest to the soundness and success
.of our treatment (21,29-31). We now descnbe in
detail the manipwiative-treatment and serial casting
of clubfoot as well as the errors to avoid.
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because of the severe supination of 4

TREATMENT METHOD - b

The aim of treatment of clubfoot deformity is
early and full corraction of all components of the
deformity by gentle manipulations and wel]-
molded,
changed every 4-7 days. The plaster casts are ap-
plied in two sections, the first section extending
from the toes to just below the Knee and the second
covering the knee and thigh, with the knee immo-
bilized at a right angle. Anesthesia is never used.
Early correction of all components of the deformity

in the shortest possible time {usvally ~2 months)is »

necessary for proper development of the foot, since
plaster-cast treatment prolonged for many months

interferes with growth and may cause further stiff- -

ness of the joints.
Because all components of the clubfoot dcformny

. must be corrected simultaneously (except the equi-

nus), the first manipulation and plaster cast appli-
cation are intended to eliminate the cavus together
with some adduction of the forefoot. The cavus is

the hindfoot although the entire foot §supinated
e hindfoot
{(Fig. 1). The cavus deformity does not ihvolve plan-
tarflexion of equinus of the entire forefoot. Rather,
there is excessive plantarflexion, primarily, of the
first metatarsal {29,30). Therefore, the cavus should
not be confused with forefoot equinus, which is a
rare deform:ty consisting of a similar degree of plan-
tarflexion in all five metatarsals.

To correct the cavus, the forefoot is gently ma-
nipulated and held in supination to place it in proper
alignment with the hindfoot. An inexperienced or-
thopiedist may believe that the clubfoot deformity
has been increased, Nevertheless, to correct the ca-

- related to pronation of the forefoot wifgz_spect to

vus, the first metatarsal must be abducted by push-
ing [aterally on its head while the foot is in supina-

tion. In addition, forefoot adduction is also cor-
rected by pushing laterally on the first metatarsal
head (Fig. 2). This abduction entails an_exXternal ro-
tation of the foot distal to the talus. Actually, the

entire foot must be abducted under the talus, which’

is firmly fixed against rotation in the ankle mortise.

An attempt to correct the clubfoot deformity by
forcible pronation of the entire foot increases the
cavus deformity because the first metatarsal is fur-
ther plantarflexed (Fig. 3). Furthermore, forefoot
adduction should not be overcorrected by abduct-
ing against a thumb placed at the calcaneocuboid
joint. This would prevent abduction of the calca-
neus, The forefoot should not be made to angle lat-
erally in front of the hindfoot since the hindfoot
must also be abducted. Iatrogenic deformities result
from attempts to correct the components of the
clubfoot deformity in sequence without realizing
that they are all mechanically interrelated and must
be corrected simultaneously.

The plaster cast is applied to maintain the correc-

thinly padded plaster casts, which are

+



FIG. 1. Severe bilateral ciubfeet in a 1-month-old infant. The

heei is In severe varus and equinus; the forefoot is adducted
and inverted; cavus deformity is the result of the first meta-

tarsal being in greater plantarflexion than the cther metatar-

sals.

tion obtained by manipulation. The first portior of.

- the piaster cast extends to-the knee ard mamtams
. 'the’ entire foot in equinus, in supination, 3 &
slight abductlon while mild counterpressure’
‘phcd pver the lateral aspect of the head of the ta
in front of the lateral malieolus (Fig. 44). The pt

ter cast must be molded gently and with anatormic™::

precision. After the plaster sets, the cast must be

- - extended to the upper third of the thigh, with the
“knee flexed to 90° and-the tibia slightly axtemaii

~rotated.
"Once the cavus and some adduction of the fore-

foot have been corrected,.tHe metatarsals, cunei- ="
forms, and navicular are on the same plane and -
form the lever arm necessary for correction of heel”

varus. Correction of this deformity and the severe
medial displacement of the navicular necessitates
more time and skill. For their proper correction, the

navicular must be displaced laterally together with .

the cuboid and the anterior aspect of the calcaneus.

The talocalcaneal, talonavicular, and calca-

neocuboid joints in a normal foot operate in strict
mechanical interdependence and do not move 45
single hinges but rotate about a moving axis (16:17).
[a the clubfoot, the axes of motion of the talar joiats
are greatly medially displaced. Therefore, the se-

positioned over
and the fingers
should be applied

the hindfog
piaced £
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N FiG‘. 4, Toe-to-groin, well-molded plaster casts changed weekly are

FIG, 3. In clubfoot, the entire foot is in supi-
nation but the forefootlis pronated in relation
to the heel. A: Wrong maneuver of corrective
manipulation, Eversion of the forefoot fur-

- ther plantarflexes the first metatarsal, which
increases the cavus deformity and fails to
correct varus of the heel. B: The foot should
be corrected by outward pressure on the first

3 metatarsal and counterpressure on the later-
al aspact of the head of the talus. Correction
of the severe tarsal deformities necessitates
progressive laterdl displacement of the na-
vicular, cuboid, and calcansus under the ta-
tus before they can evert into neutral posi-
tion.

teromesiosuperior to posterolateroinferior, passing
through the tarsal canal, The aim is to correct heel
varus by everting the calcaneus on this axisyjust as
though the subtalar joint moved as’a simplgthinge.
However, this’ maneuver-fails because th¥ calca-
neus cannot tilt into valgus. under the talu§ unless
the navicular and the cuboid:as well as the calca-
+ 'neus are laterally displaced. Although this maneu-
ver everts the navicular and the forefoot to some
degree, it causes the inverted calcaneus to lock un-
der the talus, thus preventing correction of the heel

is created in the midfoot, causing increased cavus
. deformity and a breach in Chopart’s line (30,41).

used to maintain correction obtained by manipulaticn. A: First plas-
ier castlsapplied with the forefaot in supination in proper alignment
with the hindfool. B: With ithese casts, the foot can gradually be
nraught downward into outward rotation under the talus. Foot and
leg are widely externally rotated in relation to the thigh. The sole of
the foot and the toes are in a plane perpendicular to the axis of the
tibia in the last plasier cast,

varus. Furthermore, an eversion or profation twist,
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Excessive lateral torsion of the ankle also ap-~

pears to occur if the forepart of the foot is pressed
into eversion and abduction and the corrective
force is transmitted to the hindfoot, which rotates
laterally at the ankle joint, thus displacing the fib-
ullar malleolus backward. This ‘*bean-shaped’’ de-
formity is not observed when varus deformity of the
heel is corrected by abduction and external rotation
of the calcaneus under the talus with the foot in
neutral position and not in eversion.

To prevent recurrences of the cavus deformity
and a breach in midfoot, the forefoot should never
be pronated. To ensure that the foot is not pro-
nated, the plane of the metatarsal heads, which is in
supination at onset of treatment, should gradually
be turned into neutral position, so that in the last
few plaster casts it is at a right angle to the leg. In
addition, the foot can be maintained in external ro-
tation only if the talus, ankle, and leg are stabilized
by a plaster cast that extends from the toes to the
upper. third of the thigh with the knee flexed 90°
(Fig. 4B). The talus should be firmly immobilized
against rotation in the ankle mortise to force the
talar head to stretch the tight plantar calcaneonav-
icular and talonavicular ligaments as well as the ti-

bionavicular part of the deltoid ligament and the.

posterior tibial tendon. With a below-the-knee cast,
the foot cannot be immobilized in firm external ro-
tation under the talus. To insist on using short-leg
‘casts in treatment of clubfeet is to ignore the basic
role the leg-and talus rotation have in the kinematics
of the subtalar joint, midfoot, and forefoot.

Finally, the equinus deformity is corrected by -

-« d§réMecting the foot-after the cavus and adduction
of the forefoot and the varus of the heel have been
corrected. While the foot is extended with the hand
flat under the entire sole of the foot, the heel is
grasped with the thumb and fingers of the other
hand and pulled downward. The index finger curled
over the tendo achillis insertion can also exert con-
siderable pressure downward. Care shouid be taken
not to cause a rocker-bottom deformity, which can

- occur when dorsiflexion of the foot is attempted
with pressure under the metatarsals rather than un-
der the midfoot, particularly when the varus defor-
mity of the heel has not been corrected.

A ‘simple percutaneous teriotomy of the tendo
achillis_facilitates correction of the egquinus. This
tenotomy is indicated when [5° of dorsiflexion has
not been obtained with use of casts, which is true of
95% of feet we treat. A posterior capsulotomy of
the ankle and subtalar joints is rarely indicated.

Reduction of the navicular, remodeling of the
naviculocuneiform joints, as well as correction of
the medial angulation of the neck of the talus and
comrection of the varus deformity of the heel can be
achieved only if the foot is held properly in abduc-
tion and external rotation in plaster casts for several
weeks. Six to eight toe-to-groin plaster casts,
changed weekly after proper manipulation, should

be sufficient {o obtain the' faximur corretion pos--
sible. The last plaster cast, when applied with or
without a tenotomy of the ténido achillis, should be
worn for 3 weeks. The last cast maintains the foot in
60°~70° of external rotation and theankle in ~15° of
dorxiflexion. R

After correction of the clubfoot deformity, splint-
ing full time for 2-3 months and at night and during
the infant’s. naps for many months is:indispensable
to help prevent recurrences. Because the main cor-

tective force of the varis-apdiadduction is outward

rotation of. the foot under: the talus, a splint is
needed to maintain the foot in this position. This is
best accompiished with the feet in well-fitted high-

. top shoes attached in outward rotation to a bar of
about the length between:the baby’s shoulders. Be-

cause commeicial shoes for babies do not have a

-molded heel, a weli-countered strip .of: plastazote
must be glued. inside the ¢ounter ot'the shoe above

the level of the baby's hégl:. A splint of strapping
that cannot firmly.maintain the. foot-in-marked ex-

ternal rotation without pronation is meéffectual.

- When clinical correction of the foot and the mo-
tion of the ankle arersdtisfactory, eéven tho?gtr_ the

‘correction may not be perfect on roentgeng@rams,

thé result of treatmient is considered-successful. The

“structiral abnormalities of the talar bones and joints

in & club foot cannot be fully corrected, and a com-
pletely normal foot should not'be expected (18,21,
31,39,40). The aim:of treatirent is- not to obtain an
anatomically perfect foot; but-a well-aligned, func--
tional foot(Fig."8). ¥ho b oo

With careful supérvision arnd-cooperative and re-
sponsible parents who follow instructions faithfully,
relapses. can be prevented in ~50% of patients
{21,29). Mest relapses ‘can be treated successfully
with additional manipulations. and applications of
casts in marked . outward rotation for 4-8 weeks.

" This treatment is followed by lengthening of the

tendo- achillis if dorsiflexion of the ankle is <15°.
When the anterior tibial -muscle tends to supinate
the foot stfongly during galt, transfer.of the anterior
tibial tendon to the third cuneiform will prevent ad-
ditional relapses in most patients. Rarely, surgical
release ‘of the tarsal joints will be necessary. This
operation should not be perforrned at the same time
as an anterior tibial transfér becausé it may cause
very severe and difficult to correct plano valgus de-
formity of the foot. -+ 7 "7 '

Longstérm results’ at anaverage of 34 years
(range 25-45 years) show that 78% of the feet had
excellént or good ratings (using pain and functional
{imitation as outcome criteria) as compared with
85% in a control population. Lower extremity
length is not significantly different, but calf circum-
ference remains smalier on the clubfoot side and the
foot is shorter and narrower. All transferred ante-
ror tibialis tendons function normally. The range of
active and passive flexoextension and inversion—
eversion averages {0° less than that in the normal

" J Pediatr Orthap Part B. Vol. §, No. 2. 1994



; 1 : fnrer plaste casts (changed ev-
ery week) and a ﬂercutaneous tenda’ achilis tenotomy. A: All
components of the deformity. were fully corrected, B: Com-
plete dorsiflexion was obtained, To control reiapses, weli-
fitting, hlghvtopped shces attached ‘on’a bar in 70°-B0° of
outward'rotatich-are'worr full tiime for 3 menths and at night
and durmg naps for 2 or 3 years

feet. However, when the children walk, the clubfeet
'show only a few less degrees of ankle dorsifiexion,
inversion-eversion, and plantarflexion than normal
feet. All patients can walk on tip-toes. Mild degen-
erative changes were noted in 33% of clubfeet, usu-
ally on the dorsal talus, the anterior distal tibia, or
the tdlonavicular joint. Standard radicgraphic mea-
surernents did not distinguish good from poor func-
tional results within the range of radiographic val-
ues of this patient population.

Initial treatment of clubfoot should be nonopera-
tive. Most clubfeet can be corrected in the first 2 or
3 months after birth by properly conducted manip-
ulations and casting. A percutaneous tendo achillis
tegotomy may be needed to facilitate correction of
equinus. To prevent recurrences, the corrected feet
must be maintained in outward rotation in open
shoes attached to a bar for many moaths. The re-
sults, although often not anatomically perfect, as
viewed on the roenigenograms, are almost perfect
clinically and functionally at least into the fifth de-

cade of the patient’s life:
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Treatment of Corigenital Club Foot |

BY IGNACIO V. PON%ETI, M.D.*, IOWA CITY, IOWA K
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Investigetion performed at the Department of Onhopae&ic Surgery, University of lowa Hospitals and Clinics, lowa City
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Congenital club foot is a complex deformity that is
difficult to correct. It has a tendency to recur until the age
of six or seven years. While there may be a so-called
recurrence in an adolescent, this is usually associated
with incomplete correction rather than being secondary
to growth alone. The deformity has four components:
equinus, varus,adductus,and cavus. The goal of treatment
is to reduce or eliminate these four deformities so that
the patient has a functional, pain-free, plantigrade foot,
with good mobility and without calluses, and does not
need to wear modified shoes. A postural varus foot,
which is commonly noted at birth, is easily corrected into
a normal foot with manipulation, if it does not correct on
its own in a few weeks. A postural varus foot is not a club
foot.

'The most severe deformities in a club foot occur in
the hind part of the foot. The talus and calcaneus are
generally deformed and in severe equinus, the calcaneus
is in varus angulation and medially rotated, and the
navicular is severely displaced medially™*****. These
components of the deformity are inextricably interre-
lated. The ligaments of the posterior aspect of the ankle
and of the medial and plantar aspects of the foot are
shortened and thickened. The muscles and tendons of the
gastrocnemius, tibialis posterior, and toe flexors are
shortened™*>%, '

Most orthopaedists have agreed that the initial treat-
ment of a club foot should be non-operative. The pre-
ferred method is manipulation and application of a
plaster cast at weekly intervalg!ranBseaannaann
Less favored methods of initial treatment are use of a
Denis Browne splint, stretching and adhesive strapping,
and physiotherapy™**”. All of these methods can be
successful when they have been applied properly, al-
though incomplete or defective correction may be com-
mon.

Although it is important to assess the severity of the
deformity at birth, it is difficult to predict how the foot
will respond to manipulation. The success of manipula-
tion and serial application of casts varies with the age of
the patient, the severity of the deformity, the skill of the
orthopaedist, and the orthopaedist’s understanding of

*Department of Orthopaedic Surgery, University of Iowa Hospi-
tals and Clinics, Jowa City, lowa 52242

448 .

the deformity. In some club feet, apparently tight liga-
ments seem to become easily stretchable with manipula-
tion, and the alignment of the bones of the foot improves
rapidiy after the application of a few casts. In other club
feet, the primary osseous deformities and tight ligaynients

resist correction. Invariably, it is much easier to correct a

club-foot deformity in the first days of life than after even
a few weeks ™", -

Manipulation and serial application of casts, sup-:
ported by limited operative intervention, yielded satis-
factory functional results in 89 per cent of the feet in our
clinic®. However, at other institutions, manipulative
treatment has resulted in increased cavus deformity,
rocker-bottom deformity, a longitudinal breach, flatten-
ing of the proximal surface of the talus, lateral rotation
of the ankle, and increased stiffness of the ligaments and
j oiﬂtsmzsss.mm&m-

To avoid these distressing outcomes, early and even
primary operative freatment of club foot is practiced in
some centers, often with equally disturbing failures and
complications, such as wound infection, necrosis of the
skin, severe scarring, stiff joints, overcorrection and un-
dexcorrection, dislocation of the navicular, flattening and
beaking of the talar head, talar necrosis, and weakness of
the plantar flexors of the ankle with major disturbances
of gait'?@#ARSBET The reported results of operations
in newborns have been either short term or not encour-
aging'*""**'* Early operative treatment often results in
reduced motion of the ankle and foot, whereas manipu-
lation and the application of plaster casts with proper
technique leads to greater mobility and less disability*”.
Some people believe, as I do, that “the successful non-
operatively treated club foot is much better than the
successful surgically treated foot™ . Most orthopaedists
have agreed that an operation should be considered only
after manipuiation and serial application of casts have
failed to obtain correction in a specified period of time,
preferably not more than three months. '

The poor results of manipulative treatment of mosi
club feet in many clinics suggest that the attempts a
correction have been inadequate or that the technique
has been faulty. Books and papers on pediatric orthopae-
dics have devoted scant space to manipulative technigue
in the treatment of this deformity, and often the descrip
tions have been incorrect. The correction of the cavw
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component of the deformity is usually not addressed’.
The cavus deformity does not involve plantar flexion or
- equinus of the entire fore part of the foot. Rather, there

is excessive plantar flexion, primarily of the first and

second metatarsals, Lateral roentgenograms of club feet
often show the fifth metatarsal to be well aligned with
the cuboid and calcaneus, whereas the first metatarsal is
in severe plantar flexjon***. Therefore, although the
entire foot ars to be supinated because of the severe
supmatlon the hind part of the foot, the fore part of
the foot is pfonated with respect to the hind part, as a
result of thevgavus‘deformlty This deformity is thus the
result of the fixst metatarsal being in more plantar flexion
than the fifth’metatarsal®®,

The cavus deformity must be corrected with the first
cast. Since the cavus deformity is related to pronation of
the fore part of the foot with respect to the hind part, it
is corrected by placement of tHe fore part of the foot in
supination in proper alignment with the hind part. An
attempt to correct the inversion of the foot by forcible
pronation of the anterior part of the foot increases the
cavus deformity as the first metatarsal is plantar-fiexed
further™”. Unfortunately, in most reports, photographs
have shown the fore part of the foot held in pronation in
the plaster cast™ . The cavus deformity remains uncor-
rected in this situation. In fact, the cavus component
tends to inecrease when the fore part of the foot is im-
mobilized in pronation with respect to the hind part of
the foot. - =«

Whereas cz%vus and adduction deformities of the fore
part of the foot of infants yield easily to proper manipu-
jation, correction of the varus deformity of the heel and
the severe medial displacement of the navicular necessi-
tate more time and skill. In many clinics, correction of the
severe varus deformity of the hind part of the foot is
attempted with forcible pronation of the whole foot into
valgus angulation. This maneuver fails because the calca-
neus cannot tilt into valgus angulation under the talus
unless it is laterally rotated. Forceful pronation of the
foot is a common @ad harmful maneuver because it
increases the cavus deformaty, causes a breach in the
mid-part of the foot, and does not correct the varus
defornmity of the heel. Ingeontrast to rocker-bottom foot,
which represents a break around the transverse axis, a
breach in the mid-part of the foot can tzke place arcund
a sagittal axis when the foot is forcefully pronated while
the heelis in varus angulation. It seems that the ligaments
of the mid-part of the foot yield to the force directed
toward pronation of the foot,and the mid-part of the foot
is wrenched into pronation until the foot is plantigrade
while the hind part of the foot remains uncorrected™™.

For proper correction of the varus deformity of the
hind part of the foot, it is necessary to displace the
navicular laterally together with the cuboid and the an-
terior aspect of the calcaneus. Once the cavus has been
corrected, the metatarsals, cuneiforms, and navicular are
on the same plane and form the lever arm that is nec-

. VOL. T&A, NO. 3, MARCH 1992

449

essary for this lateral displacemer’ff. The lateral shift of -
the navicular, the cuboid, and the calcaneus in relation-
ship to the talus will be possible when the tight joint
capsules and ligaments on the inner aspect of the foot
yield gradually to manipulation, before the plaster cast
is applied. This abduction or lateral shift entails an ex-
ternal rotation of the foot distal to the talus®**, A thumb
that is placed on the lateral aspect of the head of the
talus is used as a fulcrum. The foot can be maintained
in external rotation only if the talus, the ankle, and the
leg are stabilized by a plaster cast that extends from the
toes to the groin, with the knee flexed 90 degrees. A
below-the-knee cast cannot immobilize the foot in firm
external rotation under the talus®*”. To prevent recur-
rence of the cavus deformity and a breach in the mid-part

- of the foot, the foot shonld never be pronated. Rather,

it must be abducted and externally rotated. To ensure
that the foot is not pronated, the plane of the metatarsal
heads, which is in supination at the onset of treatment,
should be gradually turned into a neutral position, so that
it is at a right angle to the leg, in the last few plaster casts.
The plane of the metatarsal heads should never be turped
into pronation®*,

Complete reduction of the extreme medial displace-
ment of the navicular is not possible with manipulation
in most severe club feet. Direct forward | pressure on the
navicular tuberosity accomplishes little®, The calcaneo-
navicular ligament, the tibionavicular ligament, and the
posterior tibial tendon cannot be stretched sufficiently to
position the mavicular properly. Even if the navicular
were freed by cutting of the ligaments, the deformed
contour of the talar head would be inadequate to accom-
modate it*. Therefore, rather than the medial ligaments
being cut, they should be stretched, as much as they will
yield, by firm abduction of the fore part of the foot™. With
a partially reduced navicular, the fore part of the foot can
be brought into proper alignment with the hind part,
because the ligaments in front of the navicular yield and
allow lateral displacement and lateral angulation of the
cuneiforms with respect 10 the navicular*, The cuboid
falls into normal position with respect to the anterior
tuberosity of the calcaneus. The anterior aspect of the cal-
caneus should be laterally displaced and rotated enocugh
to correct the varus deformity of the heel. Some or-
thopaedists also press medially on the posterior tuber-
osity of the calcaneus to ensure lateral rotation of the
calcaneus under the talus™™. The partial reduction of
the navicular, the remodeling of the navicular-cuneiform
joints in abduction as well as the correction of the medial
angulation of the neck of the talus, and the correction of
the varus deformity of the heel can be achieved only if
the foot is held properly in severe abduction and extesnal
rotation in plaster casts for several weeks and in a Denis
Browne splint for a long time.

Various degrees of relative medial tibial torsion may
be associated with club foot*”, and the deformity will
persist if below-the-knee casts are used for treatment™”.

L
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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 flexed 90 degrees
and the foot laterally rotated™. The leg portion of the cast,
which includes the foot, should be held in lateral rotation
while the thigh portion hardens®. Excessive lateral tor-
sion of the ankle seems to occur if the fore part of the
foot is “pressed into eversion and abduction” and *“the
corrective force is transmitted to the hindfoot which . ..
rotates laterally at the ankle joint, thus displacing the
fibular malieolus backwards””. This bean-shaped defor-
mity® is not observed when varus deformity of the heel
is corrected by abduction and external rotation of the
calcaneus under the talus with the foot in a neutral
position and not in eversion™". Placement of the thumb
on the lateral aspect of the head of the talus prevents the
talus from rotating laterally in the ankle joint.

The equinus is corrécted by dorsiflexion of the foot
with the heel in valgus after the adduction of the foot and
the varus deformity of the heel have been corrected. The
correction entails stretching of the tight posterior cap-
sules and ligaments of the ankle and subtalar joints and
the tendo achillis™®. Two or three plaster casts that
carefully mold the heel, applied after manipulation, are
usually needed to correct the equinus deformity, Care
should be taken not to cause a rocker-bottom deformity,
which can occur when dorsiflexion of the foot is at-
tempted with pressure under the metatarsals rather than
under the mid-part of the foot, particularly when the
varus deformity of the heel has not been corrected™“®.
A simple subcntaneous tenotomy of the tendo achillis,
performed with the patient under local anesthesia, facil-
itates correction of the equinus™®, This tenotomy is done
in about 70 per cent of patients, when 15 deprees of
dorsiflexion has not been obtained with the use of the
casts. Dorsiflexion of the ankle to more than 10 to 15
degrees is rarely possible becaunse of the talar and calca-
neal malformations and tight igaments™>***, A poste-
rior capsulotomy of the ankle and subtalar joint is rarely
done, because the few additional degrees of correction
that are obtained may be completely lost later due to
retraction of the scar tissue™™ %,

Six to eight toe-to-groin plaster casts, changed week-
ly after proper manipulation and worn for seven to ten
weeks, should be sufficient to obtain the maximum cos-
rection possible™™®. The last plaster cast, which should
be applied after a tenotomy of the tendo achillis if the
tendon is short and prevents dorsiflexion of the ankie of
at least 15 degrees, is worn for three weeks. The cast
maintains the foot in 50 to 60 degrees of external rota-
tion, to ensure correction of the varus deformity of the
hind part of the foot and correction of the adduction of
the foot, and maintains the ankle in about 15 degrees of
dorsiflexion™*.

After the last plaster cast has been removed, the
degree of correction is evaluated clinically. An experi-
enced clinician can evalnate, by palpation, the position of
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the navicular in relation to the head of the talus the
position of the cuboid in relation to the anterior tuber-
osity of the calcaneus, the positions of the heel and of the
fore part of the foot in relation to the hind part of the
foot, and the range of movement of the ankle.

The degree of correction of the deformity ¢an also be
inferred from an analysis of anteroposterior and lateral
roentgenograms of the foot. However, it is difficult to
estimate the accurate position of the tarsal bones be-

‘cause the centers of ossification are small and eccentri-

cally positioned and the navicular does not ossify until
the age of two or three years™. It is important to under-
stand that a talocalcaneal angle that is at some variance
from the normal range does not signify a poor clinical
resuit™,

When the clinical correction of the foot and the
motion of the ankle are satisfactory, even though the
correction may not be perfect on roentgenograms, the
result of treatment should be considered successful. The
structural abnormalities of the talar bones and joints in
a club foot cannot be corrected fuily, and a completely
normal foot should not be expected™ s

Regardiess of treatment, a club-foot deformity tends
to relapse until the chiid is about seven years old. To
prevent relapse, some orthopaedists hold the foot in
maximum correction with a series of plaster casts or with
splints. Denis Browne splints and high-top shoes with
well molded heels that hold the feet in lateral rotation
are the most effective means for maintenance of the
correction™™*, 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 to 70 degrees
of external rotation, to prevent recurrence of varus de-
formity of the heel, adduction of the foot, and in-toeing.
The ankle should be in dorsiflexion, to prevent equinus,
and this is accomplished by bending of the splint with the
convexity of the bar directed distally. A splint or strap-
ping that cannot firmly maintain the foot in marked
external rotation without forced pronation is ineffec-
tual**. The added advantage of a Denis Browne splint
compared with a fixed splint is that it allows some motion
of the foot and ankle. Ordinary high-top shoes should be
used for walking for two to three years, as they provide
good stability for the ankle. Although outflare shoes and
lateral wedges are recommended by many orthopae-
dists®, they are unnecessary if the foot has been corrected
well and they are ineffectual if the foot has not been
corrected.

With careful supervision and cooperative and re-
sponsible parents who follow instructions faithfully, re-
lapse can be prevented in about 50 per cent of patients,
In the other 50 per cent, a relapse will occur between the
ages of ten months and seven years (average age, two and
one-half years)®. A relapse is detected when slight
equinus and varus deformity of the heel is observed,
usually without increased cavus and adduction deformity
of the fore part of the foot. The originai correction may
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be recovered in four to eight weeks with manipulations
followed by application of a toe-to-groin plaster cast,
with the foot held in marked lateral rotation, every ten
to fourteen days. This treatment is often followed by
lengthening of the tendo achillis, if the tendon prevents
dorsiftexion of the ankle to at least 15 degrees, and by use
of the Denis Browne splint at night.

To prevent more relapses, the tendon of the anterior
tibial muscle is transferred to the third cuneiform if this
muscle tends to supinate the foot strongly after correc-
tion has been obtained™**, The anterior tibial muscle has
a sirong supinatory action when the abnormal relation-
ship between the talus and the calcaneus has not been
corrected fully, as indicated by smaller talocalcaneal an-
gles. My clinical experience indicates that, in a large
proportion of club feet that are treated with this proce-
dure, the correction of the varus deformity of the heel
that was obtained with manipulation and application of
casts can be maintained and the anteroposterior talocal-
caneal angle will become normal™. The transferred ante-
rior tibial tendon dorsiflexes the foot in neutral position
without supination. However, transfer of the tendon does
not correct the lateral talocalcaneal angle, which indi-
cates that there is residual restriction of motion of the
subtalar joint and of dorsiflexion of the ankle. People
who have a club foot generally cannot dorsifiex the ankle
te much more than 10 to 15 degrees and, as a conse-
quence, they do not begin heel-strike as far posteriorly
as people who have normal feet®.

My experience has been that the cavas component of
the club-foot deformity rarely recurs’*. When this defor-
mity is resistant to manipulation, it should be treated with
plantar fasciotomy and recession of the extensor hallucis
longus tendon to the neck of the first metatarsal®®,

The adductus component of the club-foot deformity
does not recur in patients who have received good treat-
ment and follow-up care™,

‘When proper treatment with manipulation and casts
has been started shortly after birth, operative release of
the tarsal joints seldom is needed”™"™". An early opera-
tion (not later than the second month of life) is indicated
only in the small percentage of patients who have short,
rigid feet, with very severe equinovarus deformity, that
do not respond to proper manipulations. Many ortho-
paedists also favor release of the tarsal joints in less rigid
feet when manipulations have failed to completely cor-
rect the displacement of the navicular and the talocal-
caneal alignment to a normal talocalcaneal index.

Many operations have been employed to accom-
plish this correction since the beginning of the twenti-
eth century™*7*¥ Extensive posteromedial release,
with or without internal fixation of the tarsal bones, is the
preferred procedure™**** put there has been much
disagreement about the timing of the operation™*"#*%,
More satisfactory results have been reported when the
operation is delayed until the child is nearly one year
old®. With good operative technique, most resistant club
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feet can be comrected satisfactorily with an extensive .
posteromedial release, with functional results that are
almost as good as those obtained with the manipulative
method “®%#%¥ 1 ess-good results, with more complica-
tions, have been reported by surgeons who used similarly
extensive procedures as well as less extensive opera-
tions™ "SR Tt appears that “limited subtalar ar-
throtomy is not as effective as complete subtalar release
in obtaining lasting correction™”.

Recently, more radical techniques have been tried in
younger patients™®**. The objective of all of these op-
erations is rejease of the tight capsules and ligaments of
the ankle and tarsal joints and lengthening of the short-
ened tendons of the foot to facilitate placement of the
tarsal bones in normal alignment. Since the distorted
joints are no longer congruent, the new position of the
bones often has to be secured with internal fixation,
usually Kirschner wires, and with plaster casts that are
worn for several months. The reduction may look goed
roentgenographically, but when the wires are removed
the bones are stabilized in the new positions only by the
formation of scar tissue, which presents the prospect of
increasing stiffness. Furthermore, there is always the risk
of overcorrection and displacement of the navicular. Of
course, extensive operative treatment is necessary to
correct more severe deformities. Whether the joints will
remodel to allow a functional range of motion of the foot
and ankle will be known only after long-term follow-up
has established whether the added operative procedure
improves functional resuits™™>,

In my experience, 85 to 90 per cent of club feet have
been treated successfully with proper manipulation and
applications of casts, tenotomy of the tendo achillis and
transfer of the anterior tibial tendon when indicated, and
careful supervision™. A well corrected club foot appears
normal; is mobile, painless, and functional; and is only
about one centimeter shorter than the normal foot. The
circumference of the calf may be two centimeters smaller
than that of the contralateral calf, but usually the legs are
of normal length and without torsional deformities.
However, motion of the ankle and subtalar joints is some-
what restricted”. The size and configuration of the bones
retain some of the characteristics that they exhibited at
birth™®*#% The medial angulation of the talar meck
corrects as the adduction is corrected, whereas the navic-
ular may become more wedge-shaped®. The medial dis-
placement of the navicular and the talocalcaneal index
may be only partially corrected, but the fore part of the
foot is alipned properly with the hind part of the foot, the
heel is in neutral position, and the footprint, center-of-
pressure path, and gait are virtually normal®”.

In summary, the goal of treatment of congenital club
footis a functional, pain-free, plantigrade foot, with good
mobility and without calluses, that does not necessitate
the wearing of modified shoes. The initial treatment of
club foot should be non-operative. Corrective manipula-
tion and serial application of casts, followed by calcaneal
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tenotomy and transfer of the anterior tibial tendon if
indicated, should be successful in at least 85 per cent of
patients who are initially treated a few days after birth.
The orthopaedist must have a thorough understanding
of the deformity and be highly skilled with regard to
manipulation and the application of plaster casts. The
maain components of this type of treatment are as follows,

1. The cavus deformity is corrected by supination of
the fore part of the foot with respect to the hind part.

2. The varus deformity of the hind part of the foot is
corrected with displacement or lateral rotation of the
navicular, rogether with the cuboid and the anterior
aspect of the calcaneus, without pronation of the foot.
Attempts to correct the varus deformity of the hind part
of the foot with forcible pronation of the whole foot into
valgus angulation is barmful because it causes an in-
crease in the cavus deformity and a breach in the mid-
part of the foot and does not correct the varus deforrnity
of the heel.

3. Maintenance of the correction of the varus defor-
mity of the hind part of the foot entails marked external
rotation of the foot distal to the talus. This is accom-
plished by a toe-to-groin plaster cast with the knee flexed
90 degrees and the foot in maximum external rotation. A
below-the-knee cast cannot immobilize the foot in firm
external rotation.

4. The equinus is corrected last, by dorsiflexion of
the foot with the heel in valgus angulation. A subcutane-
ous tenotomy of the tendo achillis, performed with the
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patient under local anesthesia, facilitates correction of
the equinus. The last plaster cast, which often is applied
after a tenotomy of the tendo achillis, is applied with the
foot in at least 60 degrees of external rotation and the
ankle in 15 degrees of dorsiflexion. The total duration of
treatment should be less than three months.

5. Tomaintain the correction,a Denis Browne splint
on shoes in 60 degrees of external rotation and in dorsi-
fiexion should be worn full time for three months and at
night for two to four years.

6. Most relapses can be treated successfully with
additional manipulations and applications of casts for
four to eight weeks. When the anterior tibial muscle tends
to supinate the foot strongly, a transfer of the anterior
tibial tendon to the dorsum of the foot will prevent
additional relapses in most patients.

Operative correction of a club foot is indicated when
the deformity has not been treated successfully with
proper manipulation and serial application of casts, sup-
ported by limited operative intervention. Most of these
resistant club feet can be corrected with the use of an
extensive posteromedial release, with satisfactory func-
tional results.

The deformities of the bones and joints are rarely, if
ever, corrected completely. Some persistent medial dis-
placement of the navicular bone and a talocalcaneal
index that is outside of the normal range are compatible
with a fully functional, normal-looking, pain-free, planti-
grade foot.
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