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Abstract

Purpose Although non-idiopathic clubfeet were long thought
to be resistant to non-surgical treatment methods, more stud-
ies documenting results on treatment of these feet with the
Ponseti method are being published. The goal of this system-
atic review is to summarize current evidence on treatment of
non-idiopathic clubfeet using the Ponseti method.

Methods PubMed and Limo were searched, reference lists of
eligible studies were screened and studies that met the inclu-
sion criteria were included. Data on average number of casts,
Achilles tendon tenotomy (ATT), initial correction, recurrence,
successful treatment at final follow-up and complications
were pooled. The Methodological Index for Non-Randomized
Studies was used to assess the methodological quality of the
selected studies.

Results In all, 11 studies were included, yielding a total of 374
non-idiopathic and 801 idiopathic clubfeet. Non-idiopathic
clubfeet required more casts (7.2 versus 5.4) and had a higher
rate of ATT (89.4% versus 75.7%). Furthermore, these feet had
a higher recurrence rate (43.3% versus 11.5%) and a lower
rate of successful treatment at final follow-up (69.3% versus
95.0%). Complications were found in 20.3% of the non-
idiopathic cohort. When comparing results between club-
feet associated with myelomeningocele and arthrogryposis,
the first group presented with a lower number of casts (5.4
versus 7.2) and a higher rate of successful treatment at final
follow-up (81.8% versus 58.2%).

Conclusion The Ponseti method is a valuable and non-invasive
option in the primary treatment of non-idiopathic clubfeet in
young children. Studies with longer follow-up are necessary
to evaluate its long-term effect.

Level of Evidence Level lll — systematic review of Level-lll
studies.
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Introduction

Non-idiopathic congenital clubfoot or talipes equino-
varus is one of the most common developmental anom-
alies of the lower limb, with prevalence rates ranging
from 1.1/1000 to 1.6/1000 livebirths.”* Most clubfeet
occur as an isolated birth defect and are considered to be
idiopathic in nature. Non-idiopathic clubfeet, however,
develop secondary to an underlying condition, including
neuromuscular and syndromic disorders. The most com-
mon identified aetiologies associated with non-idiopathic
clubfeet are spina bifida and arthrogryposis.®’
Historically, both non-operative methods as well as surgi-
cal procedures have been used to treat clubfoot deformity.
Following evidence reporting high success rates of the Pon-
seti casting method and its superiority to surgical interven-
tions, itis now the preferred treatment for the management
of idiopathic clubfeet.®™ Children with non-idiopathic
clubfeet typically present with feet that are more rigid than
idiopathic clubfeet and often have additional abnormalities
which may complicate treatment of the clubfoot and influ-
ence the outcome.™ Non-idiopathic clubfeet are therefore
generally expected to be more resistant to non-operative
management. However, several studies have recently eval-
uated the results of the Ponseti casting technique in infants
with non-idiopathic clubfoot. The goal of this systematic
review is to summarize current evidence on treatment of
non-idiopathic clubfeet using the Ponseti method.

Materials and methods

The electronic databases PubMed and Limo were searched
for relevant articles with the last search being performed in
December 2017. One person performed the search (TDM),
while two reviewers supervised the search method (AVC
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and SP). The keywords were ‘non-idiopathic clubfoot’,
‘non-idiopathic talipes equinovarus’, ‘syndrome-associated
clubfoot’, ‘syndromic clubfoot’, ‘arthrogryposis’, ‘spina
bifida” and ‘myelomeningocele’, in various combinations.
Articles were screened for the following inclusion criteria:
diagnosis of non-idiopathic clubfoot, treatment with the
Ponseti method, primary treatment of clubfoot or treat-
ment of relapsed clubfoot after non-surgical treatment,
with exception of Achilles tendon tenotomy (ATT) and
the English language. Non-idiopathic clubfeet include all
clubfeet associated with an underlying condition, regard-
less of the aetiology of the underlying condition. Reviews,
abstract-only publications, studies using treatment meth-
ods other than the Ponseti method and studies on relapsed
clubfoot after previous surgery, except for ATT, were
excluded. No limitation was implemented regarding pub-
lication year. Eventually, the reference lists of the selected
articles were screened to identify further relevant studies.

Additional inclusion criteria were added to minimize
heterogeneity in baseline characteristics between studies.
This way, the risk on introducing bias when pooling data
of different articles was reduced. The additional inclusion
criteria were: average age at start of treatment or at pre-
sentation six months or less, average follow-up period
of at least two years and results on separate feet. Initial
correction, average number of casts necessary to achieve
correction, need for ATT, recurrence rate, successful treat-
ment and complication rate were identified as study end-
points. A foot was classified as initially corrected when no
deformity persists after the last Ponseti cast or ATT. Suc-
cessful treatment was defined as a plantigrade and brace-
able painless foot at final follow-up, achieved with the
Ponseti method and ATT only and without the need for
extensive surgery. Recurrences that were successfully cor-
rected using repeat casting and/or ATT only were, there-
fore, also classified as successfully treated. Complications
were classified as mild if they were transient without need
for change in therapy; as intermediate if they required
treatment but did not inflict long-term consequences; or
severe if they inclined lasting damage.

Data on study endpoints was extracted with the use of a
data extraction form, designed to meet the specific require-
ments of this systematic review. When a study matched
their non-idiopathic group to an idiopathic cohort treated
at the same time with the same method, data on these
idiopathic clubfeet was extracted in the same way. All col-
lected data was pooled and overall results were calculated.
Overall average number of casts was determined by calcu-
lating the average of all data on this endpoint.

Data on clubfeet associated with arthrogryposis and
spina bifida was evaluated separately. This includes all feet
of patients diagnosed with arthrogryposis or spina bifida
according to the study’s protocol. No further classification
was made based on subtype of arthrogryposis or spina bifida.

The Methodological Index for Non-Randomized Studies
(MINORS) was used to assess the methodological quality
of the selected studies.™

Results

After searching PubMed and Limo for potentially rele-
vant studies, 21 articles were selected based on title and
abstract. Of these studies, 18 met the initial inclusion cri-
teria. One additional study was identified by reviewing
the reference lists of the selected articles. The articles were
then screened for the above mentioned additional inclu-
sion criteria. In all, 11 articles were eventually included in
this systematic review (Fig. 1).7'¢% The MINORS of each
article was calculated which yielded scores ranging from
11/16 to 12/16 for non-comparative studies and from
18/24 to 21/24 for comparative studies. Because of the
limited amount of studies reporting results on treatment
of non-idiopathic clubfeet with the Ponseti method, all
studies were included regardless of the MINORS.

Non-idiopathic

Baseline characteristics and results of the 11 included articles
are presented in Table 1. Overall results are shown in Table
2. Kowalczyk et al**?¢ published two articles on this topic,
one in 2008 and one in 2015. The first study from 2008
was not included since its data are presumably included in
their study from 2015. Pooling of data yielded a recurrence
rate of 43.3%. Six studies reported causes for recurrence
and these include noncompliance or intolerance with brac-
ing protocol, reduced evertor muscle function, severity of
deformity and concurrent deformities. Complications were
found in 30 non-idiopathic clubfeet (20.3%) of which 19
feet were classified as having mild complications since they
presented with blistering, skin hyperaemia or swelling.
Intermediate complications were seen in 11 feet. These feet
presented with iatrogenic fractures, cast slippage, sores or
skin breakdown and required a change in treatment.

Seven of the included articles matched their group
of non-idiopathic clubfeet with a cohort of isolated idio-
pathic clubfeet treated at the same time with the same
method.”'¢-1%:225 The baseline characteristics and results of
the idiopathic group are presented in Table 3, together
with the overall results. Eight feet (7.1%) presented with
complications. Of these feet, five showed blistering and
were classified as having mild complications. Intermediate
complications in form of sores were found in the other
three feet.

Arthrogryposis

Four of the included studies documented on non-idio-
pathic clubfeet in children diagnosed with arthrogryp-
0sis.”1620.23 The results of these studies were pooled (see

J Child Orthop 2018;12:575-581
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Fig. 1 Flow Diagram.

Table 2). Only one of these articles studied the occurrence
of complications and found no complications in feet that
were treated solely with the Ponseti method.

Spina bifida

Four articles reported data on non-idiopathic clubfeet
associated with spina bifida specifically.(*'"?*?*) Pooled
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results are summarized in Table 2. Complications were
found in 26 feet (42.6%). Out of these 26 feet, 21 feet pre-
sented with mild complications, such as blistering, skin
breakdown and skin hyperemia and swelling. Two feet
with iatrogenic fractures and three feet with cast slippage
required additional treatment and these were classified as
having intermediate complications.
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Table 2 Overall results on non-idiopathic clubfeet, clubfeet associated with arthrogryposis and clubfeet associated with spina bifida

Total non-idiopathic

Total arthrogryposis Total spina bifida

Number of feet (children) 374
Initial correction (%) 281/305 (92.1)
Number of casts 7.2
Need for ATT (%) 296/331 (89.4)

Recurrence (%)
Successful treatment (%)

104/240 (43.3)
178/257 (69.3)

Complications (%) 30/148 (20.3)

67 103
56/67 (83.6) 97/103 (94.2)
7.2 5.4

64/67 (95.5) 96/103 (93.2)

16/45 (35.6)
39/67 (58.2)

0/18 (0)

32/55 (58.2)
45/55 (81.8)

26/61 (42.6)

ATT, Achilles tendon transfer

Table 3 Baseline characteristics and results of separate articles on idiopathic clubfeet and overall results on idiopathic clubfeet

Boehm etal Gerlachetal Janickiet al Moroney et al  Gelfer et al Dunkley et al Jackson et al Total
2008(16) 2009(17) 2009(7) 2012(18) 2014(19) 2015(21) 2015(25) idiopathic
Characteristics
Number of feet
(children) 219 35 (20) 249 (171) 138 (97) 59 (38) 77 (50) 24 801
Study design Retrospective  Prospective Retrospective Prospective Retrospective  Prospective  Retrospective
Age at start of / 4.7 wks 8.7 wks 8 days 2.5 mths 28mths  21.9 days
reatment
Follow-up / 36.8 mths 31 mths 34.9 mths 30.2 mths 4.9 yrs 2yrs
Classification system  Diméglio Diméglio / Pirani Pirani Pirani /
MINORS 20/24 19/24 20/24 21/24 20/24 18/24 18/24
Results
Initial correction (%) / 35/35 (100) 242/249 (97.2)  135/138(97.8)  59/59 (100) 77/77 (100)  / 548/558 (98.2)
Number of casts 4.5 5.1 4.8 5.1 6.5 5 7.0 5.4
Need for ATT / 33/35(94.3) 187/249 (75.1) / 43/59 (73) 49/77 (63.6)  24/24 (100) 336/444 (75.7)
Recurrence / 9/35 (25.7) 32/242 (13.2) 11/135 (8.1) / 5/77 (64.9)  2/24(8.3%)  59/513 (11.5)
Successful treatment  / 34/35 (97.1) 233/249 (93.6) 135/138(97.8) / 72/77 (93.5) / 474/499 (95.0)
Complications / 5/35(14.3) / / / 3/77 (3.9) / 8/112 (7.1)

MINORS, Methodological Index for Non-Randomized Studies; ATT, Achilles tendon transfer

Discussion

Since its development and implementation in 1963,%
the success of the Ponseti method in the treatment
of idiopathic clubfeet has been widely accepted and
confirmed.®™ Its use in the treatment of non-idiopathic
clubfeet remains, however, controversial. This system-
atic review reports results on treatment with the Ponseti
method in non-idiopathic clubfeet. Initial correction was
achieved in almost all clubfeet (92.1%) after an average
of 7.2 casts. A high recurrence rate of 43.3% was found,
although most of these relapsed feet could be success-
fully corrected with repeat casting and ATT only. This
yielded successful treatmentin 69.3% at final follow-up.
When compared with the idiopathic cohort, outcomes
in non-idiopathic clubfeet were inferior to those in children
with isolated clubfeet. Idiopathic clubfeet needed on aver-
age fewer casts to obtain correction (5.4 versus 7.2) and
required less often ATT after casting (75.7% versus 89.4%).
Lower recurrence rates were found in idiopathic clubfeet
(11.5% versus 43.3%), as well as a higher rate of successful
treatment at final follow-up (95.0% versus 69.3%). These
findings are to be expected since non-idiopathic clubfeet are
known to be more rigid and often present with other abnor-
malities which can complicate treatment of the clubfoot.

| Child Orthop 2018;12:575-581

Although the Ponseti method is the benchmark of treat-
ment in idiopathic clubfeet,?® the best treatment method
of non-idiopathic clubfeet remains to be established. Until
recently, these feet were often corrected using surgical
methods such as soft-tissue release (STR) and osteotomy.
STR is viewed as the preferred treatment in younger chil-
dren, whereas osteotomies are reserved for older children
or as a salvage procedure in severe, rigid clubfeet that
failed primary treatment.?*** Serial casting and primary
STR of non-idiopathic clubfeet yielded successful correc-
tion without recurrence after an average follow-up period
of 15.4 years in 25.5% according to a study by Kowalczyk
and Felus.?® The same authors reported a complication
rate of 23.0%. Flynn et al® found good results in 62.5%
after serial casting and primary STR of non-idiopathic club-
feet. The average follow-up period was 96 months. Com-
plications were found in 15.3%. Widmann et al*' reported
good results in 50% of cases after an average follow-up
period of 4.3 years and Niki et al*? in 46.3% after an aver-
age follow-up period of 118 months following treatment
of non-idiopathic clubfeet with serial casting and primary
STR. We report successful primary treatment of non-idio-
pathic clubfeet with the Ponseti method in 69.3% after a
minimum follow-up period of two years and a complica-
tion rate of 20.3%. Surgery is a valuable, and often the only,
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option in older children with clubfeet, since they present
with more foot stiffness and more advanced bone defor-
mities.?* However, the Ponseti method with or without ATT
is a non-invasive treatment option with comparable short-
term results with surgical interventions when used as pri-
mary treatment method in young children. The main issue
remains a high recurrence rate (43.3%). Although most
recurrences were successfully corrected using repeat cast-
ing and/or ATT only, more research with longer follow-up
is necessary to evaluate the long-term effect of the Ponseti
method in non-idiopathic clubfeet.

The most common aetiologies associated with non-idio-
pathic clubfeet are arthrogryposis and spina bifida.5” Better
results were found in clubfeet associated with spina bifida
when compared with arthrogrypotic clubfeet. Clubfeet
associated with spina bifida needed on average less casts
to obtain correction (5.4 versus 7.2) and presented with a
higher rate of successful treatment at final follow-up (81.8%
versus 58.2%). However, they did have a higher recurrence
rate compared with arthrogrypotic clubfeet (58.2% versus
35.6%). These differences can be partly explained by het-
erogeneity in baseline characteristics between the different
study groups. In addition to this, it is very likely that dif-
ferences in disease characteristics also account for the dis-
crepancies we found. Spina bifida is associated with motor
paralysis or spasticity and sensory loss, which probably
leads to the higher recurrence rate. Arthrogryposis is charac-
terized by contractures in at least two different areas of the
body with often very stiff clubfeet.?* This accounts for the
higher number of casts needed for correction and the lower
rate of successful treatment at final follow-up. Non-idio-
pathic clubfeet are often viewed as a whole and categorized
as one group, while they are in fact associated with a broad
range of different aetiologies. More research is needed to
study the influence of the different aetiologies associated
with non-idiopathic clubfeet on treatment outcomes.

Only five of the eleven included articles report on
complications occurring in feet treated with the Ponseti
method. Gerlach et al"” found complications in 50% of
their study cohort, of which 64.3% was classified as mild
and 35.7% as intermediate. All healed without long-term
consequences. Janicki et al’ report intermediate com-
plications in two out of nine clubfeet associated with
spina bifida (22.2%). Complications were found in 5.8%
in a study from Dunkley et al”’ and all were classified as
intermediate. El-Fadl et al*?> saw complications occurring
in 41.7% and all were classified as mild. Kowalczyk and
Felus®* report one complication after revision STR but
none in clubfeet treated solely with the Ponseti method.
Non-idiopathic clubfeet are thought to be at higher risk to
develop complications such as pressure sores and patho-
logic fractures because they often present with sensory
loss and more severe contractures.> More research is nec-
essary before conclusions can be drawn on this topic.

We found a recurrence rate of 43.3% after treatment of
non-idiopathic clubfeet with the Ponseti method. Six out
of the included studies report causes for recurrence. The
reported causes are multiple and include noncompliance
or intolerance with bracing protocol, reduced evertor
muscle function, severity of initial deformity and con-
current deformities. Because of the limited data, further
research is needed. We suggest studies with prospective
collection of data on causes of recurrence after treatment
of non-idiopathic clubfeet with the Ponseti method since
this would provide valuable, reliable and relevant informa-
tion on the management of these feet.

This study has several limitations. Due to restriction of
our literature search to the English language, it is possible
that not all studies on use of the Ponseti method in non-id-
iopathic clubfeet were included. This also limits our con-
clusions as they may not be applicable to all ethnicities. In
addition, publication or reporting bias cannot be ruled out
since abstract-only articles were excluded and this may have
caused elimination of studies with negative findings that
did not become full-text publications. Furthermore, results
of 11 articles with different baseline characteristics were
pooled and this heterogeneity limits the power to draw
general conclusions from our findings. Finally, many of the
included articles have low MINORS scores, small sample
sizes, short follow-up periods and are retrospective in study
design, which naturally affects the quality of this review.

The strengths of this review are that it is the first to sys-
tematically summarize current evidence on treatment of
non-idiopathic clubfeet with the Ponseti method and that
it highlights the importance of further research on this
topic. Additionally, the MINORS score was used to assess
methodological quality of the included studies, which
allowed for more objective assessments.

In conclusion, the Ponseti method is a valuable option
for the treatment of non-idiopathic clubfeet. It is a non-in-
vasive treatment method with comparable short-term
results with surgical interventions when used as primary
treatment in young children. Studies with longer fol-
low-up are necessary to evaluate its long-term effect.
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