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What is the optimal treatment for equinus deformity
in walking-age children with clubfoot? A systematic
review
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Equinus contracture is the most common deformity at
clubfoot relapse and causes pain and functional limita-
tion. It presents a challenge to the orthopaedic surgeon
throughout childhood.

A systematic review was conducted according to Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Studies included were: (i)
original articles, (ii) investigating management of relapsed
idiopathic clubfoot, (iii) with at least a partial study popu-
lation of primarily equinus deformity, and (iv) a paediatric
study population of independent walking age.

Nine studies were included with a total of 163 patients
(207 feet). Studies presented five management para-
digms: gastrocnemius-soleus complex release, extensive
posterior soft tissue and joint release, anterior distal tibial
hemi-epiphysiodesis, distal tibial osteotomy, and circular
frame distraction.

All approaches reported success in at least one of our
selected outcome domains: plantigrade status, range of
motion, clinical outcome scores, functional status, radio-
graphic outcomes, patient-reported outcomes, and com-
plications. Younger children tend to be managed with soft
tissue release while older children tend to require more
extensive bone/joint procedures. Relapse in surgically
treated feet is harder to treat.

Comparison across treatment approaches is limited by the
small size and low evidence level of the literature, as well
as a lack of consistent outcome reporting. It is therefore
not possible to recommend any one treatment option in
any age group.

This review highlights the need for a validated core out-
come set to enable high-quality research into the manage-
ment of equinus deformity.
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Introduction

Congenital talipesequinovarus (CTEV) is the mostcommon
congenital limb deformity, with an estimated incidence of
1-2in 1,000 live births.™=* As of the late 20th Century, the
gold-standard treatment has comprised serial manipula-
tion and casting according to the Ponseti method.>6 Pri-
mary correction rates are very high,”-° and this method is
superior to surgical first-line management.0.11

While the Ponseti method provides predictable correc-
tion, there is no universally accepted definition of a cor-
rected foot and it is assumed rather than proven that all
treated feet are corrected fully, without residual equinus
deformity. Despite acknowledged excellent results of
early treatment, management of CTEV continues through-
out childhood and is not without its challenges.’> Relapse
or recurrence of the deformity is a known and significant
occurrence.'? Relapse following Ponseti treatment has
mostly been associated with non-adherence to the post-
casting bracing protocol.’ It is recognized that a foot
with residual deformity will be difficult to brace and hence
compliance will be low.' Poor evertor activity of the cor-
rected foot has also been reported as a predictive factor
for relapse.?>16

The prospect of relapsed deformity raises the question
of how to best manage affected individuals. Relapse may
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include all four components of the clubfoot deformity and
may present at any time following primary correction.6”
Recurrent deformity in a surgically treated clubfoot pre-
sents an even greater challenge due to joint stiffness and
tissue scarring'® but may be improved by use of the Pon-
seti technique.

Equinus deformity is reported as the most common
deformity at relapse,’® and is a cause of pain and func-
tional limitation. Stouten et al reported that isolated equi-
nus deformity accounted for 40% of all observed relapses,
with a further 36% displaying some element of equinus.2°
In a study assessing correlations between foot function
and perceived disability, McCabhill et al found that per-
ceived disability was associated with equinus deformity,
hindfoot deformity in coronal and sagittal planes, and
medial forefoot pressure gait parameters.?’ Residual or
recurrent deformity of the hindfoot causes significant dis-
ability. It is challenging to correct and also to maintain the
correction.

The approach to isolated equinus relapse in the young
child will most commonly involve repeat serial cast-
ing.2223 Those in whom serial casting is not sufficient pre-
sent a challenge for management up to the age of skeletal
maturity.

In addition to casting, numerous surgical approaches
have been described in the literature, including repeat
Achilles tenotomy, limited-to-extensive soft tissue release,
various corrective osteotomies, and gradual soft tissue
and/or callus distraction with circular frame devices with
or without a concurrent osteotomy.??24-2% Selection of
approach depends on age, static and dynamic findings on
clinical examination, imaging, treatment chronology, and
surgeon’s preference.

In this systematic review, we will synthesize the current
evidence available regarding the treatment of isolated
equinus deformity in idiopathic clubfoot in children of
walking age.

Methods

Search strategy

A systematic literature search was performed in accord-
ance with the Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.30 It was
prospectively registered on PROSPERO (registration num-
ber: CRD42020186307).

PubMed, EMBASE, and MEDLINE databases were
searched from the beginning of their records to August
2020. The search terms were: “CTEV”, “congenital tali-
pes”, “equinus”, “clubfoot”, “relapse*”, “recurrent*”,
“residual”, “management”, “treatment”, “correct*”,
“surgery”. These terms were combined with AND/OR
statements and filtered for ages up to 18 years to optimize

results. Articles of all levels of evidence were included.
Sources of grey literature and reference lists of identified
relevant articles were also consulted.

Eligibility criteria

The inclusion criteria were: published original articles;
studies of all methodologies; studies investigating man-
agement of relapsed CTEV; at least a partial study pop-
ulation of relapsed isolated equinus deformity; and a
paediatric study population of independent walking age.
The exclusion criteria were: studies of non-idiopathic club-
foot (e.g. neurogenic deformity, arthrogryposis); studies
investigating primary (i.e. first-presentation) CTEV; studies
solely investigating CTEV in children of non-walking age;
studies solely investigating neglected CTEV; studies solely
investigating multi-dimensional (i.e. not isolated equinus)
CTEV deformities; and single case reports.

Two authors (DM and MR) reviewed titles for all articles
identified by the literature search against the inclusion and
exclusion criteria, followed by a review of abstracts, full
texts and reference lists. In any instances of disagreement,
the senior author (YG) was consulted and disagreements
were resolved in consensus.

Data extraction and analysis

Data extracted for analysis were: year and country of pub-
lication; number of participants; participant age; follow-
up time; previous treatments; intervention trialled; and
treatment outcomes. Selected outcomes collected were:
plantigrade status; ankle range of motion (ROM); radio-
graphic outcomes; clinical scoring outcomes; functional
outcomes; patient-reported outcome measures (PROMs);
and complications (Table 1). Articles were categorized by
trial intervention. Data were extracted into a standardized
collection form using Microsoft Excel (Microsoft Corpora-
tion, Redmond, WA, USA). Bias assessment of case series
was carried out in accordance with published guidance
from Murad and colleagues,?' and assessment of non-
randomized interventional studies was carried out using
the ROBINS-I tool.32

Results

The literature search resulted in a total of 308 results.
The PRISMA flow chart of study selection is presented
in Fig. 1. Nine studies33-41 met the inclusion criteria and
were included for analysis. All included studies were ret-
rospective case series.

Patient demographics

The nine included studies33-#1 contributed a total of 163
patients with 207 clubfeet. One-hundred and three (63.2%)
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Table 1. Systematic review defined outcome groups

Outcome groups

Notes

Plantigrade status
Ankle ROM

Radiographic outcomes

Clinical scoring outcomes
Functional outcomes
Patient-reported outcomes
Complications

Actual reported plantigrade status where available, otherwise ankle dorsiflexion > 10° taken as plantigrade.
Reported as change in mean pre and post intervention.

Dorsiflexion range most relevant in management of equinus.

Reported as change in mean angle pre and post intervention.

All reported radiographic angles are included.

AOFAS score reported by one study.* Modified Clubfoot Outcome Grading System reported by one study.33
Across all studies: very few functional outcomes reported.

Pain and patient or parent satisfaction are main PROMs reported.

All reported complications included.

Notes. ROM, range of motion; AOFAS, American Orthopedic Foot and Ankle Society.

Identification ]

[

)

Eligibility Screening

Included

-

Records identified through Additional records identified
database searching through other sources
(n=308) (n=0)

Records after duplicates removed
(n=255)

y

Records excluded
(n=213)

Records screened
(n=255)

y

Full-text articles assessed
for eligibility »>
(n=42)

Full-text articles excluded:
Complex deformity i.e. not
isolated equinus (n=18)
Deformity not defined (n=7)

y Non-CTEV equinus (n = 3)
No equinus deformity (n = 3)
Not recurrent CTEV (n = 2)

Studies included in
qualitative synthesis
(n=9)

y

Studies included in quantitative
synthesis (meta-analysis)
(n=0)

Fig. 1 Flow chart of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) process.

Note. CTEV, congenital talipes equinovarus.

Refai et al reported a mixed cohort of feet corrected by the

patients were male and 52 (31.9%) were female. Eight
patients (4.9%) did not have their gender reported.3® Mean
patient ages of the studies ranged from 2.4 to 11.3 years.

Primary CTEV treatment

Five studies included only surgically-corrected feet33-37
and three reports included only Ponseti-corrected feet.38-40
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Ponseti method and a surgical posteromedial release.*!

Follow-up

Mean follow-up periods varied from 1.2 to 5.0 years.
None of the included studies followed patients to skeletal
maturity. Follow-up times are presented in Table 2.
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Table 2. Study protocols and demographics

Study type Treatment protocol Patient numbers Previous Mean age (years) Mean follow-
(feet) treatments up (years)
Park et al. Foot Ankle Retrospective Vulpius procedure (distal 17 (22) Ponseti method 2.4 4.0
Int 2012.3° case series gastrocnemius + soleus 14 male, 3 female (range 0.5-4.3)
release)
Shah et al. / Pediatr Retrospective Repeat Ponseti casting 44 (63) Ponseti method 3.2 2.8
Orthop B 2019.40 case series Tendo-Achilles 36 male, 8 female (range 1.0-5.5)
lengthening
Jauregui et al. | Pediatr Retrospective Repeat Ponseti casting 16 (20) Ponseti method 6.1 5.0
Orthop 2017.38 case series Posterior capsulotomy 3 male, 13 female (range 3-9)
Al-Aubaidi et al. / Retrospective ADTH 25(31) EPR 7.0 2.2
Pediatr Orthop 2011.34 case series 16 male, 9 female
Zargarbashi et al. | Retrospective ADTH 8(9) EPR 7.3 1.2
Foot Ank Surg 2020.37 case series 4 male, 4 female (range 5-12)
Napiontek and Nazar. | Retrospective DTO + K-wires 14 (19) total Previous surgical 7.6 4.3
Pediatr Orthop 1994.36 case series 12 feet with management (range 2.1-17.0)
equinus deformity
5 male, 4 female
Refai et al. Clin Orthop Retrospective Repeat Ponseti casting OR 18 (19) Ponseti (9 feet) 8 4.5
Relat Res 2012.41 case series posterior release 12 male, 6 female Posteromedial (range 4-15)
llizarov frame release (10 feet)
Post-frame K-wires + cast
Segev et al. | Orthop Retrospective DTO + lizarov frame 13 (14) Eight idiopathic 11.2 2.6
Surg (Hong Kong) case series Eight feet feet had (range 8.0-15.5in
2008.33 idiopathic CTEV previous surgery idiopathic group)
Six feet neurogenic (EPR)
Patient gender not Four had Evans
reported procedure
Ebert et al. | Pediatr Retrospective ADTH 18 (23) All previously 11.3 3.7
Orthop 2020.35 case series 13 male, 5 female surgically (range 8.3-12.9)
treated
Range of
operations

Notes. ADTH, anterior distal tibial hemi-epiphysiodesis; CTEV, congenital talipes equinovarus; DTO, distal tibial osteotomy; EPR, extensive posteromedial release.

Treatment method

The nine studies33-41

that fitted the inclusion criteria

Risk of bias was found to be high in two studies3638 and

medium in the remaining seven studies (Table 3).

reported five treatment options for equinus in clubfoot.
Two studies performed soft tissue release of the gas-
trocnemius-soleus complex (GSC), i.e. tendon Achilles
lengthening (TAL) or Vulpius procedure.3?40 One study
also performed posterior capsulotomy.3® Two studies
performed distraction via a circular frame (one with dis-
tal tibial osteotomy [DTO] but neither with hindfoot oste-
otomy),3341 one further study utilized DTO,3> and three
studies performed anterior distal tibial hemi-epiphysiode-
sis (ADTH) using either 8-plates or staples.3435,37

Protocols by Jauregui et al, Shah et al, and Refai et
al, 384041 state the use of serial casting as initial man-
agement of relapsed feet; other protocols do not state
whether serial casting was utilized prior to the investiga-
tional intervention.

The procedures used in each study showed correlation
with age (Table 2). Soft tissue procedures were utilized
in the younger patients (mean ages 2.4—6.1 years, range
0.5-9.3 years). ADTH and DTO were utilized in patients
around seven years old in two studies, and older children
(mean age 11.3 years, range 10.2-12.9 years) in another.
Circular frames were preferred in older children (mean
ages 8.0 and 11.2 years, range 4.0—15.5 years).

Treatment outcome

Various outcome measures were chosen by the studies
with no single outcome reported in all studies. All studies
reported success in at least one of our defined outcomes
(Table T). Outcomes are presented in Table 4.

Achievement of a plantigrade foot was reported in
eight out of nine articles,33-37:38-41 with success rates from
33-100%.

Improvements in ROM were directly reported with
five treatment protocols. Soft tissue release of the GSC
resulted in a change from —0.7° to +14.5° dorsiflexion at
final follow-up in one study.3® The other did not report
any direct ROM metrics, but reported a ‘pain-free, plan-
tigrade foot, without the need for extensive soft tissue
release’.#0 Posterior capsulotomy improved mean ankle
dorsiflexion from —6.5° pre operation to +9.7° post oper-
ation, and +8.3° at final follow-up.38

ADTH resulted in a mean improvement in ankle
dorsiflexion of 12.3° (range 2.4-14.8°) across three
studies.34:35.37

Gradual distraction using circular frames delivered
mixed results. One study reported an overall improvement
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Table 3. Bias assessment according to Murad et al3'

Selection Ascertainment Causality Reporting Risk of
bias

Do selected patients Was exposure Was the Was follow-up Is there sufficient

represent total adequately outcome long enough detail for findings

experience of the ascertained? adequately for outcomes to to be relevant/

clinician’s practise? ascertained? occur? applicable to others?
Al-Aubaidi et al. / Yes Yes Yes No Yes Medium
Pediatr Orthop 2011.34
Jauregui et al. | Pediatr No Yes Yes No Yes High
Orthop 2017.38
Napiontek and Nazar. | No Yes No No Yes High
Pediatr Orthop 1994 .36
Park et al. Foot Ankle Yes Yes Yes No Yes Medium
Int 2012.3°
Refai et al. Clin Orthop Yes Yes Yes No Yes Medium
Relat Res 2012.41
Segev et al. | Orthop Yes Yes Yes No Yes Medium
Surg (Hong Kong)
2008.33
Shah et al. | Pediatr Yes Yes Yes No Yes Medium
Orthop B 2019.40
Ebert et al. | Pediatr Yes Yes Yes No Yes Medium
Orthop 2020.35
Zargarbashi et al. | No Yes Yes No Yes Medium

Foot Ank Surg 2020.37

Notes. Performed according to criteria from Murad, Mohammad Hassan, Shahnaz Sultan, Samir Haffar, and Fateh Bazerbachi. Methodological quality and
synthesis of case series and case reports. Evidence-Based Med 2018;23:60-63. https://doi.org/10.1136/bmjebm-2017-110853.

in patients’” American Orthopedic Foot and Ankle Soci-
ety (AOFAS) score, which assesses function and align-
ment.#! However, in the protocol combined with DTO, no
improvement in ROM or functional metrics after interven-
tion was reported.33 The study examining DTO alone did
not report any ROM or functional metrics.3¢

Assessment of radiographic outcomes

Seven studies33-35,37-39,41 reported improved radiographic
outcomes (Table 4). Vulpius procedure demonstrated
an improvement in the lateral (LAT) talocalcaneal angle
(TalCA) from 18.6° to 26.9°.3° The other study exam-
ining release of the GSC did not report radiographic
outcomes.*? Posterior capsulotomy delivered mixed radi-
ographic results with a significant improvement in mean
LAT tibiocalcaneal angle (TibCA) from 98.9° to 63.7°, but
no improvement in anteroposterior (AP) or LAT talo-first
metatarsal angle (TMTT1).38

ADTH demonstrated an improvement in anterior distal
tibial angle (ADTA) from 85° to 70° in one study,34 87.5° to
75.8°in a second study,3* and 86.3° to 69.0° in a third.3”

Gradual distraction using circular frame improved
radiographic outcome measures in both studies it was
used in.3341 In the protocol by Refai et al, the mean AP
TalCA improved from 5° preoperatively to 30° at last
follow-up; the mean AP TMT1 improved from 32° to
9.5°; and the LAT calcaneo-first metatarsal angle (CMT1)
improved from 111° to 136°.41 In the study by Segev et
al, which combined circular frame distraction with DTO,
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the mean AP TMT1 improved from 42.6° to 8.6° in the
idiopathic CTEV cohort.33

Osteotomy protocols had mixed reporting of radio-
graphic outcomes: one study reported an improvement,33
while one did not report any radiographic outcomes.3¢

Assessment of PROMs and patient satisfaction

The PROMs reported in the included studies were pres-
ence of pain and satisfaction with treatment. The only
protocol which reported clear reduction in pain scores
was repeat TAL lengthening.*® Gradual distraction using
circular frame showed improvementin pain scoringin one
study,*! but no improvement in the other.33 No other pro-
tocols provided information on presence of pain before or
after intervention.

Patient or parent satisfaction was only reported in two
studies.33:38 Posterior capsulotomy resulted in an 80% par-
ent satisfaction rate one year post intervention.3® While
this study did not directly report pain-related outcomes,
the authors report that some of the parents’ dissatisfaction
is related to the presence of pain. Segev and colleagues’
DTO with the use of llizarov frame produced a statistically
significant improvement in parent satisfaction according
to the Modified Clubfoot Outcome Grading System.3342

Assessment of complications

The most complications were reported in protocols utiliz-
ing circular frame fixation, with the most common being
pin tract infections and toe flexion contractures requiring
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Table 4. Results presented by defined outcome group

Treatment % feet ROM Radiographic Clinical Functional Pain Satisfaction Complications
protocol corrected to scoring
plantigrade outcomes
Park et al. Vulpius 100% Mean Improved LAT Not reported  Not reported  Not reported Not reported No complications
Foot Ankle Int procedure (distal dorsiflexion improved ankle  TalCA: 18.6° to Five feet required
2012.% gastrocnemius + 10-25° at last dorsiflexion 26.9° further correction
soleus release) follow-up —0.7° to +14.5°
Plantigrade per
se not reported
Shah et al. Repeat Ponseti 73% [without Not reported Not reported Not reported  Not reported  Successful Not reported Relapse in 27%
| Pediatr Orthop  casting need for outcome: Non-adherence to
B 2019.40 Tendo-Achilles posterior pain-free, bracing in 11%
lengthening release] plantigrade
foot, without
the need for
extensive soft
tissue release
in73%
Jauregui et al. Repeat Ponseti Not reported Mean Improved LAT Not reported  Not reported  Not reported 80% parents Not reported
| Pediatr Orthop  casting improved ankle  TibCA: 98.9° to satisfied atone
2017.38 Posterior dorsiflexion 63.7° year
capsulotomy —6.5° to +8.3° No improvement Reasons for
Mean change in other metrics dissatisfaction:
plantar flexion (AP and LAT pain, functional
37.5°t0 37.4° T™MT1) limit
Scoring tool
not reported
Al-Aubaidi ADTH 97% Mean Improved ADTA: Not reported  Not reported  Not reported Not reported Misplacement of
etal. dorsiflexion improved ankle  85° to 70° metalwork
| Pediatr Orthop 0-10° dorsiflexion Some
2011.34 Plantigrade per ~ +2.5° to +4.5° malalignment
se not reported
Zargarbashi ADTH 89% Mean Improved ADTA: Not reported ~ Notreported  Not reported Not reported None
etal. improved ankle  86.3° to 69.0°
| Foot Ank Surg dorsiflexion
2020.37 -27.7°to-2.2°
Napiontek and ~ DTO + K-wires 33% Not reported Not reported Not reported  Not reported ~ Not reported Not reported Relapsed
Nazar. deformity in 7/9
| Pediatr Orthop patients.
1994 .36
Refai et al. Repeat Ponseti 84% Not reported Improved AP Mean AOFAS score improved 16 of 19 feet Not reported 19/19 feet pin
Clin Orthop casting OR TalCA: 5° to 30° (57 to 81) pain-free at infections
Relat Res posterior release Improved AP Very wide range (3271 pre- last follow-up 4 flat-top talus
20124 llizarov frame TMT1:32°t0 9.5°  op, 32-91 post-op) 4 temporary foot
Post-frame Improved LAT Mean AOFAS score improved stiffness
K-wires + cast CMT1:111° to (57 to 81) 8 toe flexion
136° Very wide range (3271 pre- contracture
op, 32-91 post-op) needing PC release
Recurrence of
deformity in 2 pts
(age 12and 15)
Segev etal. | DTO + lizarov 71% No Improved AP Used No No Improvement, 6/8 feet pin tract
Orthop Surg frame improvement TMT1: 42.6° to modified improvement improvement related to infection
(Hong Kong) 8.6° (idiopathic clubfoot appearance 4/8 toe flexion
2008.33 patients only) outcome contracture
grading
system 44
Mean
improvement
of 52.1 to
98.9
Ebertetal. | ADTH 100% Mean Improved ADTA: Not reported ~ Notreported  Not reported Not reported One loose screw
Pediatr Orthop improved ankle  87.5° to 75.8° requiring surgery
2020.3% dorsiflexion for replacement
-3.3°to +6.1°

Notes. ADTA, anterior distal tibial angle; ADTH, anterior distal tibial hemi-epiphysiodesis; AOFAS, American Orthopedic Foot and Ankle Society; AP, anteroposterior; CMT1, calcaneo-first
metatarsal angle; DTO, distal tibial osteotomy; LAT, lateral; ROM, range of motion; TalCA, talocalcaneal angle; TibCA, tibiocalcaneal angle; TMT1, talo-first metatarsal angle.

percutaneous release (Table 4).3347 Complications were
also reported following ADTH, including loose screws, mis-
placed metalwork, and joint malalignment.3435> Relapse or
deformity requiring further correction were identified as

complications in both articles reporting soft tissue release
of the GSC.3%40 The studies of posterior capsulotomy
and DTO with K-wire fixation did not report presence or
absence of complications.36:38
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Comparison by previous management

Two studies383° reported outcomes of their intervention
in feet previously treated only with the Ponseti method.
They achieved a weighted mean improvement in dorsi-
flexion of 15.0°. Three studies reported outcomes in feet
previously managed via surgical intervention.333437 They
achieved a weighted mean improvement in dorsiflexion
of 4.1°.

Discussion

Equinus is the most common deformity seen in the
relapsed clubfoot. It can result from residual or recurrent
deformity, and can present following Ponseti correction
or after surgical intervention. Hindfoot equinus in the sag-
ittal plane may be associated with a loss of eversion ability
at the subtalar joint and the appearance of varus in the
coronal plane. Forefoot equinus may increase the over-
all appearance of hindfoot equinus but the two elements
must be considered separately. Hindfoot equinus poses
a treatment challenge with no consensus regarding the
best protocol for management in the walking-age child. It
is important to decide not only whether to intervene sur-
gically but also with what method. This systematic review
looks at treatment methods documented in the literature
and their respective outcomes.

Five approaches to treatment were identified from the
literature: A repeat Ponseti treatment including minor soft
tissue release to the Achilles tendon or GSC, extensive pos-
terior soft tissue release, ADTH, DTO, and gradual distrac-
tion with circular external fixator. Three studies reported
pre-operative serial casting.3840:41

TAL in the relapsed clubfoot demonstrated success
according to the authors’ definition in 73% of cases,*° and
GSC release delivered improvements in ROM and radio-
graphic measurements in the other study performed.3?
Both studies reported serial casting prior to the surgery
which is an important stage in correcting the equinus
deformity. The subtalar abduction resulting in a lateral
position of the anterior tuberosity of the calcaneum
allows a better superior migration and equinus correc-
tion. The mean follow-up periods of 2.8 and 4.0 years are
relatively short, and up to 27% of the study population
relapsed within each follow-up period. Given the young
age of the study populations324° there is a high probabil-
ity of further recurrence before skeletal maturity as shown
in other studies.?*

Extensive posterior soft tissue release achieved improve-
ment in ROM.38 |t also demonstrated good radiological
outcomes, good parent satisfaction, and very few compli-
cations after mean follow-up period of five years. This
approach was implemented in younger children (mean
age 6.1 years, range 3-9 years); but a five-year follow-
up period leaves the possibility of future relapse. From
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previous studies of long-term outcomes following soft tis-
suerelease, itis known thatasignificant proportion of these
feet are painful and stiff.>43 These outcomes informed the
shift towards the Ponseti method of treatment.

Circular frame application delivered qualified success;
however, results were not consistent across study proto-
cols. Improvement was documented in radiographic out-
comes, and, in one study, the aggregate AOFAS score.3341
There was no reported improvementin function, and there
was discrepancy in pain improvement. This approach had
the highest reported rate of complications; mostly related
to pin track infections which, although uncomfortable,
may not have compromised the final outcome. The ages
of children treated with this method were older than those
treated using soft tissue methods (weighted mean age 9.3
years across both studies). The choice of the AOFAS scale
as an outcome measure has been questioned regarding
its validity and reliability in paediatric clinical practice.*445

Three studies examined ADTH, with all reporting suc-
cess in reaching a plantigrade foot.343537 All three reported
improvements in ankle dorsiflexion and radiographic out-
comes (Table 4). The large increase in dorsiflexion reported
in Zargarbashi and colleagues’ study (25.5° vs. 2.0° and
8.8° in the other two studies) likely reflects worse start-
ing equinus in the study population. While plantigrade
status was reported at last follow-up in each study, only
follow-up to skeletal maturity would be able to determine
whether this correction is sustainable. No information was
collected on function or PROMs in any study, and there
were several complications associated with this approach.

DTO was reported in two studies with contradicting
results.33:36 The first study reported poor outcomes: seven
out of nine patients relapsed within the mean follow-up
period of 4.3 years.3¢ No reporting was provided for our
other key defined outcomes; any broader analysis of the
success of the protocol is therefore limited. The second
study reported improved radiographic measurement and
satisfaction with no quantifiable clinical improvement.33
Both ADTH and DTO attempt to correct the equinus
deformity at a fulcrum above the lateral process of the cal-
caneus, which thus results in a relative anterior translation
of the foot which may affect push off.

It is pertinent to discuss treatment outcomes according
to patient age. Vulpius3 and TAL*® procedures delivered
good outcomes in the youngest patient groups identified,
with the former achieving significant improvements in
ankle dorsiflexion and LAT TalCA in patients with a mean
age of 2.4 years, and the latter achieving a plantigrade
foot in 73% of cases with a mean age of 3.2 years. The
outcomes of posterior capsulotomy in a group with a
mean age of 6.1 years were mixed, with an improvement
in LAT TibCA but no significant changes in AP TMT1, LAT
TMT1, or ROM.38 It was not reported whether the pos-
terior capsulotomy followed previous procedures to the
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Achilles tendon complex and whether this contributed to
the failure to achieve improvement in ROM.

ADTH,3437 DTO,3% and circular frame distraction*! were
investigated in patients aged 7-8 years. In this age range,
ADTH resulted in an improved ADTA (mean improvement
16.2° from the two studies in this age group) and reliable
correction to plantigrade,3337 while relapse occurred in
seven of nine patients treated with DTO.3¢ Circular frame
distraction also delivered good results with improvements
in AOFAS score, and in AP TalCA, AP TMT1, and LAT
CMT1. Recurrence was noted in only two of 18 patients.*’
However, direct comparison between circular frame and
ADTH in this age group is difficult as the studies document
crude reporting of a plantigrade foot but have no other
outcomes in common.

DTO with circular frame distraction in an older patient
group (mean age 11.2 years) achieved an improved AP
TMT1 and improved patient satisfaction with relation to
appearance, but no improvements in ROM or pain.33 In
the same age group, Ebert et al investigated ADTH and
reported better outcomes in ROM with fewer complica-
tions.33 Both studies report improvements in radiographic
outcomes, but direct comparison is not possible because
different metrics are used.3335

We can also compare outcomes in patients previously
treated using the Ponseti method only, versus those pre-
viously treated via surgical methods (including extensive
posteromedial release). Due to variability in outcome
reporting, we can only compare ROM data. Interventions
in feet treated previously with only the Ponseti method
achieved greater dorsiflexion (weighted mean 15.0°) fol-
lowing post-relapse intervention compared to feet previ-
ously treated with surgery (weighted mean 4.1°).

Endorsement of any one of these approaches is limited
by the body of literature available. There is no agreed-
upon set of core outcomes for assessing management of
clubfoot in the walking-age child. Furthermore, report-
ing of outcomes in each of our key domains is variable,
with only one study reporting on all six.33 It is therefore
difficult to make comparisons across studies. While radio-
graphic outcomes are relatively common, different angles
are used by different authors: TalCA, TMT1, CMT1, ADTA,
and TibCA are all reported. Furthermore, studies reporting
on presence of pain had mean follow-up periods of 3.2
and 4.5 years*%4! and cannot comment on the likelihood
of significant or chronic pain in the medium to long term
as the child approaches adolescence or adulthood.

It is evident from the literature that the treatment of
equinus in clubfoot is ongoing throughout childhood.
The acknowledged ideal management is meticulous pri-
mary correction adhering to the Ponseti method with the
aim of avoiding residual deformity which leads to an early
cascade of battling with the deformity.

Following a complete primary correction and a strict
foot abduction brace regime it is our belief that every sign
of relapse should be identified and addressed immedi-
ately with repeated casting according to the same prin-
ciples. Management of the residual deformity following
casting utilizes various degrees of posterior soft tissue
release in the younger age group and osteotomies, dis-
traction and hemi-epiphysiodesis in the older age group.
The approaches reported in this review present variable
outcomes over a short follow-up period and thus do
not allow us to endorse any one treatment philosophy.
A validated core outcome set (COS) for CTEV as well as
randomized controlled trials with sufficient follow-up are
much-needed next steps in order to decide on the best
surgical treatment for equinus at every age.

Strengths and limitations

This is the first available systematic review focusing on this
challenging clinical question that paediatric orthopaedic
surgeons face frequently in their practice. The strengths of
this review are its relevance, broad inclusion criteria, and
strict methodology. This review is limited mainly by the
small size and low level of evidence of the available litera-
ture. In addition, variability in reported outcomes, patient
age, and follow-up period limit interpretation and com-
parison of results across studies.

Conclusions

Equinus deformity following clubfoot correction poses
an ongoing treatment challenge. The main identifiable
trend from our review is a tendency towards use of soft
tissue procedures in younger patients and more exten-
sive procedures in older children, and greater success in
feet that were previously treated with the Ponseti method
compared with those previously treated surgically. There
is no clear advantage to any of the reported methods.
The variability of outcomes and follow-up time in the
reported studies hinders appropriate comparison and
analysis. A much-anticipated COS will allow high-quality
research into the best way to manage equinus deformity
in clubfoot.
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