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Abstract

Purpose This study presents our experience with the
Ponseti method of manipulation and casting followed by
Achilles tenotomy (AT) in children with arthrogryposis
multiplex congenita (AMC).

Methods Five children (ten feet) were followed for at
least 24 months after the AT and are the cohort for this
study. Their mean age at follow-up was 38.4 months (26 to
48 months), and the average follow-up period was
35.8 months (24—44 months). Treatment was begun within
the first months of life. The AT to correct rigid equinus was
performed at a mean of 14.4 weeks of life, after 7-10 cast
changes (mean 8.4). Clinical criteria by Niki et al. and
standard standing AP and lateral radiographs were ana-
lyzed for final evaluation. Efficacy of Ponseti casting and
AT tenotomy was assessed according to the amount and
continuance of the achieved correction.

Results  Seven feet had clinically satisfactory results.
Among the three unsatisfactory feet, there were two (one
child) with rocker-bottom pseudocorrections after repeated
bilateral AT and one recurrent clubfoot (one child). Six feet
required soft tissue releases at 3, 12 and 21 months after
the AT due to recurrence of moderate equinus and ad-
ductus. Three feet (two children) underwent repeat AT at
10 and 15 months after the primary procedure. The mean
interval between initial AT and redo surgical procedures
was 11.8 months (range 3-21 months). Two feet (20%)
remained without significant deformity after AT.
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Conclusion Clubfoot in AMC responds initially to the
Ponseti method of casting, and deformity may be corrected
or diminished. In some children, more extensive surgical
treatment can be avoided and in others, delayed. Despite
the need for additional surgical intervention, the Ponseti
method of casting and AT does seem to be an alternative
for initial treatment in children with AMC.
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Introduction

Clubfoot is the most frequent indication for surgical
treatment in children with arthrogrypotic syndromes [1, 2].
Treatment of the clubfoot in patients with arthrogryposis
multiplex congenita (AMC) [3] is a challenge due to foot
and ankle stiffness and deformity, resistance to correction,
tendency to relapse and coexisting hip and knee contrac-
tures [1, 4, 5]. Most orthopedic surgeons agree that initial
treatment for arthrogrypotic clubfeet should begin with
serial manipulations and casting followed by soft tissue
surgical releases [4—6]. There are reports of talectomy or
Verberely—Ogston procedure as initial surgical options for
arthrogrypotic clubfeet depending on patient age [7-12].
Non-operative treatment for clubfeet in children with AMC
very rarely is successful, unless the deformity is excep-
tionally mild [8].

The Ponseti method of manipulation and casting is now
considered the standard initial treatment for idiopathic
clubfeet and is also thought to be useful in rigid, terato-
genic clubfeet [13, 14]. To our knowledge, reports on the
results of initial treatment using parts of the Ponseti pro-
tocol in AMC are rare [15]. We present our early
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experience using Ponseti method manipulation and casting
followed by Achilles tenotomy (AT) for clubfeet in chil-
dren with AMC.

Materials and Methods

We began using Ponseti casting followed by AT to treat
AMC clubfeet in 2003, considering it an initial conserva-
tive treatment preceding possible need for more extensive
soft tissue releases. Between 2003 and 2007, we treated
14 clubfeet in seven children with AMC. Five patients
(ten feet) were followed for a minimum of 24 months after
the primary AT and represent the final study group
(Table 1). This group included two boys and three
girls whose mean age at follow-up was 38.4 months
(26-48 months) with an average follow-up period of
35.8 months (2444 months). Three children represented
classic four-limb involvement with knee flexion contrac-
tures, flexion—abduction—-external rotation contractures of
the hips, shoulder adduction, elbow extension contractures,
and wrist palmar flexion and ulnar deviation [3, 16]. One
child had lower limb involvement with knee flexion con-
tractures and bilateral teratologic hip dislocations. The
remaining patient presented with clinical symptoms of
distal arthrogryposis with rigid extension contractures at
the intraphalangeal joints, thumb adduction contractures,
left radial congenital dislocation, and bilateral clubfeet
[16]. All of these children had bilateral, rigid, stiff—stiff
clubfeet according to the Dimeglio classification, with
initial Pirani scores of 6.0 [17, 18].

During the course of the treatment, one child with four-
limb involvement underwent additional surgery in the form
of soft tissue releases for bilateral knee flexion contrac-
tures. At the age of 15 and 10 months after primary

bilateral ATs, through the posterior approach, hamstrings
tendons and femoral attachment of gastrocnemius were
dissected, which was followed by knee posterior capsulo-
ligamentotomies. After completion of the knee procedures,
repeated AT tenotomies were performed during the same
surgical session due to bilateral recurrent hindfoot equinus.

All patients had not been treated previously outside our
institution, and after being referred to us, underwent pri-
mary non-operative clubfoot treatment beginning within
the first months of life (average 2.4 weeks) with initial
manipulations and casting based on Ponseti’s principles
[13]. Manipulations and casting were performed weekly
until the forefoot was at least in a neutral position. The
number of manipulations and casts varied from 7 to 10
(average 8.4). Residual fixed equinus was an indication for
percutaneous AT, which was done under general anesthesia
for all children at an average of 14.4 weeks of age (8-
20 weeks). Bilateral deformities were corrected in a single
session. Our postoperative protocol consisted of 5-9 weeks
of immobilization (average 6.6 weeks). A long leg cast
with maximal possible foot dorsiflexion and external
rotation was applied, initially for 3 weeks, then the casts
were changed, and immobilization continued in all children
for another 2 weeks to achieve additional correction of the
forefoot and possibly to improve ankle dorsiflexion. If any
equinus remained 5 weeks after tenotomy, we repeated
weekly manipulations and casting. Three children under-
went this additional postoperative treatment for 2, 3, and
4 weeks, respectively.

After removing the last cast, six feet (three children)
were treated with a foot abduction brace (FAB) with feet
positioned in pronation and external rotation. Four feet
(two patients) were treated with an ankle—foot orthosis
(AFO) during the first 6 months following AT. Those
children had severe external contractures of their hip joints;

Table 1 Material, outcomes of casting, heelcord tenotomy, and need for soft tissue release

Patient Side AC Age at achillotomy Number of cast Persisted equinus Postero medial Post-op.
type (weeks) changes after heelcord tenotomy? release? orthosis

LP Left CL 7 No No FAB and taping
Right CL 7 No No

KN Left L.L. 14 8 Yes Yes AFO
Right L.L. 14 8 Yes Yes

KA Left CL 14 7 Yes Yes AFO
Right CL 14 7 Yes Yes

NM Left ClL 20 10 No Yes FAB
Right ClL 20 10 No Yes

NP Left Dist. 16 10 Yes Yes FAB
Right Dist. 16 10 Yes Yes

Mean values 14.4 8 - - -

ClI. classic AC; L.L. lower limb involvment; Dist. distal AC; FAB foot abduction orthosis
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therefore, FABs seemed to increase this concomitant
deformity and moreover were poorly tolerated by parents
as they considered FAB to be an obstacle in rehabilitation
programs. All parents were instructed to perform physical
therapy (passive range of motion exercises) on the feet
three times daily to maintain correction and ankle move-
ment [15]. Children were to use the FAB or AFO full time
during the first 3 postoperative months with brace removal
for bathing and therapy. Nighttime-only bracing was then
instituted. During the day, the feet were positioned in
AFOs or, in one patient, secured in correction with adhe-
sive taping [19, 20], which initially was done daily by us in
an out-patient clinic, then continued by parents at home
until the child began to stand.

Medical files of all children from the study were
reviewed, and all underwent clinical examination. Standing
antero-posterior (AP) and lateral radiographs were avail-
able for assessment for eight feet (four children). The
following parameters were reviewed at the final follow-up
visit: (1) walking ability, (2) presence of plantigrade feet,
(3) pain complaints, (4) ability to wear conventional shoes,
(5) necessity to use orthoses, (6) ankle passive range of
motion (ROM), measured with a hand-held goniometer,
and (7) time of redo surgery.

The following radiographic measurements were per-
formed: talocalcaneal angle, talometatarsal-first angle on
AP views, talocalcaneal angle and tibiocalcaneal angle on
lateral views.

Assessment of clinical results was based on criteria
described by Niki et al. [6]: a plantigrade, pain-free and
braceable foot was considered a satisfactory result, whereas
a non-satisfactory result was defined as a non-plantigrade
foot with residual deformity necessitating another surgery.

The efficacy of the described treatment was assessed by
us if it was possible to achieve correction of the initial
deformity with manipulation and casting and equinus cor-
rection with the AT with correction maintained between
the initial AT and any secondary surgical procedures.

Fig. 1 A clinical picture
showing a neonate with classic
AMC (a) and the same child at
the age of 28 months, with
clinical (b) and radiographic (c)
satisfactory clubfoot correction,
after the Ponseti manipulations,
casting and AT tenotomy. The
left foot required in repeated AT
tenotomy 12 months after the
initial treatment. Bilateral
residual cavus and moderate
forefoot supination are present

Results

At final follow-up, all five children were pain free. Two
children could walk outdoors without any support or
orthosis using standard shoes (Fig. 1). Another two chil-
dren used AFOs and standard shoes for outdoor
ambulation. The remaining child, after repeated ATs and
bilateral knee posterior releases, walked inefficiently
indoors, with the parents’ assistance and KAFOs to
improve the stability of his knees.

Age at walking was achieved in the whole group at
17 months on average (15-20 months).

Seven feet (four children) were plantigrade and
according to the crieteria of Niki et al. [6] represented
satisfactory final results. The remaining three feet (two
children) had unsatisfactory results. In one of those chil-
dren, after repeated bilateral AT, clinical examination
revealed bilateral hindfoot varus, cavus and forefoot supi-
nation (Fig. 2). Standing radiographs of his feet in AFOs
revealed pseudocorrection in the form of hindfoot in varus
and equinus, and dorsiflexion through tarso-metatarsal
joints (Fig. 3a). The second child presented with unilateral
second recurrence of clubfoot deformity following AT and
early soft-tissue release. Those feet were treated with
repeated surgical corrections (Fig. 3b).

Moderate residual deformities that did not disturb gait or
bracing were seen on clinical examination in five out of
seven plantigrade feet and consisted of bilateral cavus and
20° forefoot adduction (two feet, one child), and 10-20° of
forefoot adduction in the remaining three feet (two
children).

Final examination of passive ankle dorsiflexion was
demonstrated to be limited to 10° passive dorsiflexion in
three feet (two children), and there was no dorsiflexion in
the remaining seven. Mean plantarflexion was 11.5° (5—
20°). Radiographic analysis of standing AP and lateral
views of eight feet revealed in two feet (one child) bilateral
pseudocorrections (equinus and varus positioning of the
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Fig. 2 A clinical picture of 40-
month-old child presenting with
bilateral hindfoot equinus and
varus, cavus, forefoot
supination and adductus after
repeated bilateral AT tenotomy
and knee flexion contractures
releases. Bilateral hip external
rotation and residual knee
flexion contractures are noted

talocalcaneal complex and dorsiflexion of tarso-metatarsal
joints on lateral radiograph) with 115 and 122° of tibio-
calcaneal angles on lateral radiographs and talocalcaneal
angles of 0° bilaterally. Among the remaining six feet, the
mean talocalcaneal angle on AP radiographs was 17° (15—
19°) and on lateral view was 17.5° (0-25°). The mean
talometatarsal first angle was 135° (115-165°). The mean
tibiocalcaneal angle was 89.2° (76-110°)

Medical record review demonstrated that initial weekly
manipulations and casting diminished the initial deformity in
all feet, although moderate forefoot adduction, which could
be passively reduced to neutral position, persisted in all
children. Uncorrectable equinus was an indication for AT.

Equinus in four feet (40%, two children) was corrected
with the primary AT, and a plantigrade, neutral position of
the foot was achieved during the procedure (Fig. 4),
although passive ankle dorsiflexion was not obtained.

In the remaining six feet (60%, three children), a
residual 10-20°equinus persisted after complete AT. In one
child, both feet were not completely corrected by addi-
tional serial manipulations and casting, and the patient
underwent early posteromedial soft tissue release 3 months
after the initial AT. Four feet in two children were cor-
rected to the neutral position with additional postoperative
casting. However, equinus and forefoot adduction recurred
in those feet, leading to walking or standing difficulties,
and resulted in the need for postero-medial releases.

During the follow-up period, nine out of ten feet (90%,
all five children) required additional surgical procedures to
correct recurrent deformities. The mean time between
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primary AT and any secondary surgical procedure was
11.8 months (3-21 months).

To correct recurrent equinus, repeated ATs were per-
formed in three feet (two children) after the primary
procedure at 10 (bilaterally) and 15 months (unilaterally),
respectively.

The remaining six feet (three children), because of more
complex relapses, were treated with soft-tissue releases
(postero-medial and lateral ankle release, Achilles tenot-
omy; talonavicular capsulotomy, reposition with K-wire
fixation) performed after initial AT tenotomies at 3, 12, and
21 months, respectively.

Discussion

The goals of clubfoot management in arthrogrypotic syn-
dromes include a plantigrade, non-painful foot that allows
the patient to wear normal shoes [7, 8]. Prior initial treatment
of arthrogrypotic clubfeet has been aggressive surgical
techniques [1-12]. The necessity of multiple surgical inter-
ventions and high recurrence rate (up to 73%) reported after
initial, extensive soft tissue surgery [6] suggest that primary
aggressive surgery may not provide satisfactory outcomes,
despite short-term results of radical soft tissue releases
seeming to be satisfying [5]. We felt that the Ponseti method
of manipulation and casting might produce a full or partial
clubfoot correction in children with AMC, and thus lead to
benefits including avoiding or at least decreasing the range of
necessary surgical procedures.
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Fig. 3 A radiographic picture
of the child from Fig 3: (a)
standing in AFO: hindfoot
equinus and varus, forefoot
supination and pseudocorrection
through tarso-metatarsal joints.
(b) Non-weight-bearing lateral
views after postero-medial
releases

A

Fig. 4 An intraoperative picture demonstrating repeated AT
tenotomy. a preoperative 30° recurrent equinus, b neutral foot
positioning with the knee in maximal extension, lack of ankle passive
dorsiflexion

According to Ponseti’s experience, his method may be
used to treat so-called “complex” idiopathic clubfeet,
which were defined as rigid, teratogenic clubfeet, classified
as stiff-stiff in the Dimeglio classification [17], with severe
plantar flexion of all metatarsals and deep creases around
the heel and sole of the foot. In a recent paper, Ponseti et al.
described modification of treatment for such clubfeet, even
though syndromic conditions including arthrogrypotic feet
were excluded from that study [13]. This previously noted
paper supports to some extent the idea of adapting the
Ponseti method of manipulation and casting to arthrogry-
potic clubfeet. Stiffness, initial severity of the deformity,
higher rate of recurrences and difficulties obtaining satis-
factory correction with manipulations seem to be common
issues with complex and syndromic clubfeet, despite dif-
ferent etiologies.

Although our patient cohort was small and the follow-up
period relatively brief, the minimal 2-year period of obser-
vation allowed us to observe three trends in this group. Our
first view is that arthrogrypotic clubfeet responded to the
initial manipulations and castings described by Ponseti, with
early complete or partial deformity correction despite initial
major rigid deformities (Fig. 5). The number of manipula-
tions and casting needed to obtain satisfactory positioning of
the foot was higher on average than reported for idiopathic
clubfeet [13, 21]. This may be explained by stiffness of the
soft tissues and the need for manipulative corrections in
children with AMC to proceed slowly to avoid secondary
bony changes, pseudocorrections or fractures [22].

Our second observation was that even complete AT was
not always sufficient to correct equinus and bring the foot
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Fig. 5 A clinical picture demonstrating initial severe lower limb
contractures in a newborn with AMC (a) and the same child 6 months
after simultaneous manual corrections of all contractures and Ponseti
casting followed by the AT tenotomy for clubfeet. Moderate residual
equinus persisted bilaterally (b)

to a neutral position. Compared to reports on idiopathic
clubfeet treatment, when dorsiflexion is expected after AT
[13, 19, 20], only four feet from our series (40%) achieved
a neutral position following the initial AT, and prolonged
casting (2 weeks) did not result in improving ankle dorsi-
flexion. Six feet obtained only partial equinus correction,
and residual equinus was treated by additional manipula-
tion and casting, but this repeated technique did not lead to
maintained correction, and additional surgery was required.

Our third observation was that two feet did not require
additional soft tissue surgical procedures up to the time of
last follow-up. That child was treated with one AT of her
right foot and with a repeated AT of the left foot. Non-
painful and plantigrade feet remained, giving us a satis-
factory result as for arthrogrypotic clubfeet [6]. However,
there were residual deformities, in form of cavus and
moderate forefoot supination and adductus, which make
her further surgical treatment possible (Fig. 1).

The optimal treatment after early relapse or undercor-
rection following initial manipulations, casting and AT
tenotomy in syndromic children is not known. Repeated
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non-operative treatment is suggested [6], but prolonged
casting and immobilization in children with AMC may
increase other contractures or may disturb other on-going
treatment, especially around the knees, or may lead to
pseudocorrections. This is why we decided to perform soft
tissue surgery in recurrent clubfeet resistant to the repeated
Ponseti casting protocol.

Another question concerns the most appropriate post
manipulation and casting bracing protocol for arthrogry-
potic feet. Foot Abduction Brace (FAB) use, considered
standard in the formal Ponseti method [21, 23], may not be
beneficial in children with AMC because of coexisting
contractures around hips, especially with fixed hip external
rotation. Additionally, gastrocnemius-soleus muscle acti-
vation or passive stretching from active knee and hip
movement, as seen in normal children in FABs, cannot be
expected in children with AMC, since active lower
extremity movements are usually quite limited. Noncom-
pliance with classic FAB was reported in idiopathic clubfeet
[15, 24] and considered as a factor increasing the risk of
recurrence of the deformity, and also was observed in our
group, and explained by parents as an obstacle in everyday
care and physical therapy. Nevertheless, between exercises,
an individually selected bracing method, taking into account
coexisting contractures and deformities of the lower
extremities, should be used and may include daily taping by
instructed parents in maximal dorsiflexion, abduction, and
pronation, as described in classic papers [19, 20] or FAB or
AFO; however, in our series, children who used AFOs
presented with ankle stiffness followed by relapse. We
propose that the best way to maintain the correction was via
physical therapy (passive range of motion exercises) con-
ducted by an informed parent and controlled by an
orthopedic surgeon and therapist. This protocol was adapted
by Dobbs et al. to idiopathic, neurogenic, and six syndromic
clubfeet and was reported as beneficial to maintain ankle
range of motion, which was achieved with AT tenotomy
[15]. There are also reports of articulating FAB for idio-
pathic clubfeet, which are better tolerated than classical
FABs [24]. Further investigations need to be performed to
asses this type of bracing efficacy and tolerability in children
with syndromic clubfeet and to determine the best postop-
erative bracing protocol for arthrogrypotic clubfeet
following Ponseti casting and AT tenotomy.

Prolonged periods of manipulations and casting, per-
forming AT under general anesthesia, troubles with FAB
bracing in AMC children, and the need for physical ther-
apy, including ankle range of motion exercises, were the
differences between our protocol and the original Ponseti
method [13]. Those differences led us to call our method of
treatment the Ponseti-like treatment, based on Ponseti’s
principles of clubfoot pathology, the principles of weekly
manipulations and casting, followed by AT tenotomy.
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Interpretation of clinical and radiographic results in ar-
throgrypotic clubfeet remains challenging. There are
numerous methods of outcome evaluation for idiopathic
clubfeet [25], whereas those concerning syndromic club-
feet are rare [1, 6, 7]. Evaluation systems proposed for
idiopathic clubfeet may not be appropriate for syndromic
ones. We decided to evaluate the clinical results with Niki
et al.’s criteria [6] and the efficacy of the Ponseti method
manipulation and casting by two additional criteria: (1) the
ability to achieve deformity correction with manipulation
and casting, followed by the AT and (2) maintenance of the
achieved correction. Following these criteria, in our hands,
40% of the feet had immediate equinus correction, whereas
the maintenance of our Ponseti-like protocol lasted for an
average of 11.8 months.

Need for radiographic evaluation and control of clubfeet
under treatment using various radiographic measurements is
controversial since it is often difficult to obtain objective
standard radiographs in young children with AMC [1]. Nev-
ertheless, we feel radiographs should be performed during
treatment to detect gross pathologies, e.g., pseudocorrections.

Our experience confirms that arthrogrypotic clubfeet
recurrences are frequent [1, 4-6] and are seen after Ponseti
method casting and AT as well. The 80% rate of need for
additional soft tissue surgical releases in our series indicates
that the Ponseti method of casting and AT, in cases of syn-
dromic clubfeet, does not provide the excellent results found
in management of idiopathic clubfeet. Nevertheless, in
AMC children, as in one child of our series, this treatment
protocol was able to provide satisfactory, as for syndromic
clubfeet, deformity correction maintained at follow-up. In
our other patients, the method led to a good initial response
and/or partial correction of the deformity. Feet that required
additional soft tissue surgery after this protocol were well
prepared for it, and the recurrent or undercorrected defor-
mity was moderate (Fig. 5), so aggressive primary surgical
procedures, including four-quarter soft tissue releases or
salvage talectomy, were avoided during the follow-up per-
iod, which limited the potential of further scaring and
stiffness. The Ponseti protocol of manipulation and casting,
followed by AT tenotomy, being a minimally invasive
method, seems to be a useful alternative in the initial treat-
ment of arthrogrypotic clubfeet, despite the usually
transitory correction and frequent subsequent need for soft
tissue or more aggressive surgery.
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