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Koconanocme: COBpeMeHHaa KoHuenuyusa je4yeHusa

Clubfoot: current concept of treatment
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BBepenne. Vnnonarnueckass koconarnoctb (IC), Takske Has3biBaemasi BPOSKAEHHON 3KBMHOBAPYCHOM KOCOJIAIOCThIO, SIBJISETCS ONHOM M3 Hauboree
yacTeIx AedopMaiyii HIKHUX KOHEUHOCTel, HabJIIofaeMblX Yy HOBOPOXKIEHHBIX M TPUBOISLIMX K 3HAYMUTEIbHBIM (YHKIMOHAIbHBIM HApYLIEHUSIM
IPM OTCYTCTBUM JIeueHust. PaHHee MMHMMAIbHO MHBAa3MBHOE JieueHye ObUIO MPM3HAHO OFHMM 13 CaMbIX YCIIELIHbIX METOLOB COBPEMEHHON IeTCKOM
opronenyu. [IpencraBieHHbI 0630p 0606IIAET M3BECTHBIE HA CETONHSIIHWMII I€Hb 3HAHMSI M JMCKYTaGesbHbIe BOIPOCHI O JIEYEHVM KOCOJIAIOCTH.
Marepuasbi u MeToabl. OncaHbl OCHOBHbIE HAIIPaBJIEHVIsI JIEUEHVS KOCOJIANOCTH, OTIPEIeJIeHbl 0COOEHHOCTH, TPYIHOCTH 1 MTPOTHOCTUYECKME (GaKTOPBbI,
CBSI3aHHBIE C JieueHVeM. Pe3ynbTarpl. 3a MOCTENHNME AECITUIETVSI XUPYPraMy MCHOIb30BaIOCh MHOMKECTBO KOHCEPBATMBHBIX, XMUPYPIUUECKUX WM
rMOPUIHBIX METONOB JiedeHns. OGecreunBaoyii  XOPOIIe ¥ OTMYHbIE Pe3y/IbTaThl MPK JIMTETbHOM HaGmoneHny meror [IoHceTy GbUT Mpu3HaH
JIETCKVMY XUPYPramMm-OpTOIeiaMM BO BCEM MMpE B KauecTBe CTaHAAPTHOro mMetoza JieueHus.. OfHAKO M HEKOTOPbIe IpyTrie KOHCEPBATMBHbIE METOIbI
BCe ellle IIMPOKO MPUMEHSIIOTCS B KIMHNYECKMX YCJIOBUSIX, HalpuMep, MeTof, ¢paHiysckoit dusnorepammm. CobmoneHe mpoToKoa GpuKcaryy umMeet
peliaoniee 3Ha4eHne Uil JOCTVKEHVsT JOJTOCPOYHOrO yCIexa JIeUeHst, TOCKOIbKY 06ecrieunBaeT Iyl TIPOTHO3 B IUIaHE PasBUTHS PELMANBA U
MUrpaeT BeYILYIO POJib, Jaske 60Jiee 3HAUUTEIIbHYIO, UeM TSDKECTh Aedopmarimy ipu pokaeHni. BeiBogbl. TiaTeIbHOCTb BbINOTHEHVST MAHUITYJISILIVIA [TV
HaJIoKeHNy (pparMeHTOB KOHCTPYKLMY OOyUeHHbIMY TTpodeccroHantamy BMecTe ¢ GOpMypoBaHieM ITO3UTUBHOIO HACTPOsSI pebeHKa Ha JieueHte B LIeoM,
M, B TOM UMCJIe, Ha HOLIEHME OpTe3a, HeOOXOAMMBI [JIsl YCIleXa KOHCEePBATMBHOTO JIeYeHNst. XMPYPriuyeckoe BMEIIaTeIbCTBO CJIEAYET BBIIOJHSTh TOTBKO
B CJTydae KpajiHell HeOOXOIMMOCTH, YKeJIATeIbHO 110 MIPUHLUITY «a Jist KapT» (MIOPLMOHHO, TI0 YCMOTPEHMIO).

KitroueBble cj10Ba: K0CosanocTb, Metoauka [loHceT, mog6op naumeHToB, ¢hpaHiy3ckas GyHKIMOHaIbHas Gu3mnoTepanyist, TMOPUIHBI METOZ,

Introduction Idiopathic clubfoot (IC), also referred to as congenital talipes equinovarus, is one of the most common lower limb deformities observed
in newborns, leading to significant functional impairment when left untreated. Early minimally invasive treatment has been praised as one of the most
successful practice of modern pediatric orthopedics. This review aims to report current knowledge and controversies about clubfoot treatment. Material
and methods We describe the main trends in clubfoot managing, identifying peculiarities, difficulties and prognostic factors related to the treatment.
Results Many treatment techniques either conservative, surgical or hybrid have been used over the past decades. Based on good and excellent results during
long-term follow-up, Ponseti method has been globally accepted by paediatric orthopaedic surgeons as standard method of treatment. However, some other
conservative methods are still widely applied in the clinical setting, such as the French Physical Therapy method. Adherence to the bracing protocol is
critical for the long-term success of the treatment, being a better predictor for relapse than severity of the deformity at birth. Conclusions Taking care of the
manipulation and casting details by trained professionals, together with enhancing the child and patents’ adherence to the brace, are essential for the success
of conservative treatment. Surgery should be performed only when strictly needed, preferably on a “a la carte” approach.

Keywords: clubfoot, Ponseti, casting, French functional physiotherapy, hybrid method

INTRODUCTION

Idiopathic clubfoot (IC), also referred to as congenital IC is a three-dimensional deformity of the foot which
talipes equinovarus, is one of the most common lower includes forefoot adductus, midfoot cavus, hindfoot varus,
limb deformities observed in newborns, occurring at 1 to  and ankle equinus and it is associated to calf amyotrophy.
2 per 1000 births. An awareness of the disorder has long Untreated and neglected clubfoot may cause a
been known since Egyptian age, and Hippocrates around  severe impairment of the lower extremity, resulting in a
400 B.C., firstly postulated the main causing factor to be a  significant level of disability due to pain, stiffness, and gait
mechanical pressure on the fetal foot. disturbance.

Although the exact etiology of IC still remains unclear, Many treatment options either conservative, surgical
a combination of genetic and environmental factors has or hybrid have been used over the past decades [2-4].
been hypothesized to play a role in the pathogenesis of the = Historically, long periods of immobilization followed by
deformity. extensive surgery such as soft tissue release or arthrodesis

Congenital clubfoot deformity may occur as an isolated  were the main treatments for IC. For example, one-stage
extremity defect, be syndromic, or associated with other  posteromedial release (PMR) initially described by Codivilla,
congenital malformations and deformities such as spina  and then modified by Turco, included extensive soft tissue
bifida, DDH, constriction band syndrome, tibial hemimelia.  excision and capsulotomies and was largely performed three

The etiology seems to be multifactorial including genetic,  decades ago or so. However, high rates of painful and stiff feet
environmental and medical factors. The most common and  with poor functional outcomes were reported [3].
clinically relevant factors include [1] family history, exposure Due to the controversial results of surgery and the
during pregnancy to selective serotonin reuptake inhibitors =~ modern anatomo-pathological findings, the treatment of
(SSRI), amniocentesis, maternal/paternal smoking, maternal ~ IC has shifted to minimally invasive approaches. The most
obesity (maternal BMI > 30 measured pre-pregnancy/within  relevant example is the protocol developed by Ignacio
first trimester) and gestational diabetes. Ponseti, Iowa, USA.
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Based on good and excellent results during long-
term follow-up, Ponseti method (PM) has been globally
accepted by paediatric orthopedic surgeons as the standard
conservative treatment. However, some other conservative
methods are still widely applied in the clinical setting, such

as the French Physical Therapy method (FPTM) and the
recent “hybrid method” (HYM) [3].

This review aims to summarize the main trends in
clubfoot managing, identifying peculiarities, difficulties
and prognostic factors related to the treatment.

MATERIAL AND METHODS

Ponseti Method

Starting from early 1990’s, the PM, consisting of
manipulation, casting, Achilles tenotomy in most cases,
and bracing has become the most widely accepted protocol
to treat IC during infancy [5, 6]. Ponseti emphasized the
importance of inversion of the foot in clubfoot pathology,
considering the growth of the foot to be altered by
the abnormal pressure of displaced navicular on talus
ossification center [2].

His technique consists of two phases: treatment and
maintenance. The first should be started as early as possible,
within the first month of life. However, even a delay of
few weeks does not significantly influence the number of
casts needed, the incidence of cast-related or brace-related
skin problems, parental brace compliance issues, or early
relapse [7].

The physician performs gentle manipulation following
three steps [8]: (a) Identify the head of the talus by
palpation. (b) Supinate the forefoot to eliminate the cavus
deformity and create physiological arch; (c¢) Abduct the
forefoot in the plane of the sole using the lateral head of
the talus as the fulcrum and maintaining the reduction of
the cavus deformity.

Manipulation is followed by the application of an
above-the-knee cast with the foot in the corrected position
to renew every 5 to 7 days until the foot is abducted
approximately 50° from the frontal plane of the tibia.

Plaster of Paris (POP) and semirigid synthetic fiberglass
(SRF) are the two most common casting materials used for
IC. Specifically, POP has been advocated as the material of
choice because of it is easily available, well moldable and
cheap. However, over the years, limitations such as difficulty
in removal, soiling and heaviness have been reported as
exothermic reaction during plaster molding and skin lesions
caused by the cast saw. SRF has thus been used as alternative
casting material for its lighter weight, rapid application and
removal, and because it needs no time lapse between removal
and application of the new cast [7]. However, its higher cost
and stiffness associated with reduced moldability compared
to POP, have limited its use.

During casting, meticulous attention should be given
to the technical details of manipulation, foot positioning
and cast molding, especially in very small and short feet
in which serial casting results more difficult and the risk of
cast slippage higher [7, 9].

The first deformity to be addressed is the cavus that is
neutralized after the application of 2 or 3 casts by the simple
positioning maneuver. Abduction of the forefoot while using
the head of the talus as the fulcrum, following a vector of
force parallel to the sole, results in the correction of the
midfoot adduction deformity together with the hindfoot
varus and the subtalar component of the equinus deformity.

After casting, 60 to 90 % of infants need a percutaneous
Achilles tendon tenotomy to correct the residual ankle
equinus, that needs to be addressed after all other
deformities have been completely corrected. If the foot
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dorsiflexion reaches 15° (without midfoot breach), a
tenotomy is not needed. The tenotomy can be performed
as an outpatient procedure under local anesthesia or in the
operation theatre under sedation or general anesthesia. The
final cast is applied and removed after three weeks.

The maintenance phase starts after removal of the final
cast and consists in wearing a foot abduction orthosis (FAO)
to hold the feet in external rotation and dorsiflexion for
23 hours per day for 3 months. Bracing at night and during
nap time is recommended until the age of 4 to 5 years old.
Since there is no strict clinical surveillance, maintenance
phase is probably the most challenging stage for the child and
his family. Adherence to the bracing protocol is critical for the
long-term success of the treatment, being a better predictor for
relapse than severity of the deformity at birth [10].

Other potential causes for recurrence include the
intrinsic contractile nature of the soft tissues, genetic and
neuromuscular factors and casting imperfections [11].

Goldstein et al. reviewed 134 feet with a minimum of
3-year follow-up and found patients with poor adherence to
foot abduction orthosis were 7.9 times more likely to need
surgery. Female patients were 5.4 times more likely to need
surgery than male patients. Dimeglio score at presentation
and number of casts required prior to the start of a foot
abduction brace were also predictive for treatment-resistant
cases and need of additional surgery [4].

A fairly new clinical sign that may help to identify
clubfeet resistant to the treatment is the “Samir-Adam sign”
which indicates a relatively extended big toe compared to
the lesser digits. The presence of this anomalous flexor
digitorum accessorius longus muscle was observed in
clubfeet resistant to casting [12].

Another risk factor for relapse that may be clinically
identified is a reduced eversion muscle activity [13].

Overall, despite some loss of ankle motion and
strength [14], clubfeet treated with the Ponseti method
generally present good function, without affecting activities
of daily living.

French functional physiotherapy method and
hybrid method

The FPTM is based on serial manipulations and
bandages to correct the various components of the
deformity separately and in a specific order [3, 15]. The
main difference with the PM is the progressive and gradual
correction by daily stretching, mainly focused on the medial
side of the foot, and taping followed by splinting. The total
duration of treatment is 1 to 3 months, and physiotherapist
treats the patient five days per week. The technical skill and
experience of the physiotherapist are crucial for the success
of treatment, and probably this is the reason of significantly
dissimilar outcomes reported in the literature [16]. Between
2 and 3 months of age, Achilles’ tenotomy under general
anesthesia is performed if one or more of the following
elements persist: a) equinus; b) empty heel; c) posterior
crease; or d) lack of divergence between talus and calcaneus
on anterior-posterior (AP) and lateral foot radiographs.



After corrective phase in which calf massage,
forefoot stretch, distraction, derotation, stimulation of
evertors, hindfoot valgus, and dorsiflexion are performed,
maintenance phase using splints starts. Another main
stay of the method is the concept of “surgery a la carte”.
In this conception, surgery should be considered as a
complementary procedure to non-operative treatment,
to perform in the most possible non-invasive manner,
protecting ligaments, tendons and sheets from unneeded
damages. For the same principle and to avoid fibrosis, all
lengthening procedures should be performed only at the
musculotendinous junction (“fractional lengthening”) [15].

Overall, the protocol aims to achieve a pain-free supple
plantigrade foot with as minimal surgery.

The HM proposed by Canavese et al. [3] adds
manipulations and feet radiographs to the PM. It is called
‘hybrid’ because it merges together the strength of the
PM (serial casting) and the FPTM (manipulations). In
particular, the frequent manipulations allow to stimulate the
foot at the end of each period of cast immobilization while
the regular foot radiographs are essential to objectively
evaluate the effect of the conservative treatment on the
foot anatomy. In particular, radiographs detect any lack
of divergence between talus and calcaneus that is sign of
incomplete correction.

Atypical Clubfoot

Some clubfeet are more difficult to correct and may need
a longer treatment. Excluding teratologic and syndromic
deformities, some idiopathic clubfeet result unusually stiff
presenting shortened and stubby shape of the forefoot, severe
supination and equinus, and deep medial to lateral plantar
crease at the midfoot [17]. These variants have been generally
referred as ‘complex’and ‘atypical’. The ‘four finger technique’
has been specifically described by Ponseti to improve casting
results in these cases. When manipulating, index and long
fingers of both hands are positioned over the dorsum of the
foot just anterior to the ankle joint. The index finger should
rest over the posterior aspect of the lateral malleolus while
the thumb of the same hand applies counterpressure over the
lateral aspect of the talar head (4 upper). Once the maximum
abduction of 30 degrees is achieved, both thumbs then push
upwards to extend the metatarsals correcting the cavus and
equinus (4 lower). Ponseti also recommended flexing the knee
at least 110° to avoid slippage, while other authors suggest
moulding the upper anterior thigh region is a flat shape, if not

ewos Opmonednn, vom 27,2 4,2021 .

actually concave, to prevent kicking of the knee [17]. After
serial casting and tenotomy, a standard FAO, with the affected
foot only externally rotated 40°, or an adequately moulded
ankle foot orthosis is used.

Treatment of relapse

The most common complication in clubfoot treatment
is relapse, occurring in up to 40 % of patients who
underwent initial successful treatment with the Ponseti
method [11, 18]. Clinical signs of relapse may appear at
different ages, and be present to varying degrees. The earliest
sign includes some loss of ankle dorsiflexion compared to
the previous examination. In older children, some elements
of the deformity may distinctly reappear, such as forefoot
adduction, cavus, heel varus, and a limitation of the foot
abduction may be noted. During walking age, some gait
disturbances may be present: increased contact of the
lateral border of the forefoot during stance phase, varus of
the heel, an inward deviation of the foot to the forward
line of progression, and dynamic supination of the forefoot
during swing phase [18].

During maintenance phase, a mild loss of dorsiflexion
(< 10°) may be successfully managed by increasing the
duration of daily bracing and prescribing home stretching
exercises. In case of loss of dorsiflexion > 10° proper
treatment should be started. In particular, a complete
Ponseti protocol is effective to correct relapsed clubfeet
up to 8 years of age [19], considering repeating Achilles
tenotomy when dorsiflexion is less than 15°.

Preliminary casting is particularly indicated in non-
passively correctible feet that would not benefit from
a tibialis anterior tendon transfer (TATT) as first line of
relapse treatment.

Ponseti recommended TATT in children over 2.5 years,
transferring the tendon to third (lateral) cuneiform. This
procedure is effective in patients presenting dynamic
supination of the forefoot during swing phase with flexible
and passively correctable feet [20].

If after casting 10° of dorsiflexion cannot be still
achieved, an Achilles lengthening procedure should be
performed at the time of TATT.

Other procedures, such as combined cuboid cuneiform
osteotomy, posterior ankle and subtalar release, extensive
posteromedial release or correction by gradual distraction
using the Ilizarov or hexapod frame, may be useful in selected
patients with stiff, stubborn and neglected clubfeet [20].

CONCLUSIONS

In the last 3 to 4 decades, the primary treatment option
of patients with clubfoot has shifted from extensive
surgical release to minimally invasive approaches, mainly
represented by the PM. Nowadays, this protocol is effective
to correct all components of the deformity leading to a
flexible and functional foot with minimal need of further
surgery in most cases.

The numerous papers that have been published in
the past several years highlight the success of clubfoot

No Source of financial support.
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programs in terms of training, diffusion, low-cost and
efficacy, also in low- and middle-income countries.

Taking care of the manipulation and casting details by
trained professionals, together with enhancing the child and
patents’ adherence to bracing, are the keys of the success in
the treatment, in which surgery should play a limited role
based and on a “a la carte” approach. However, prospective
randomized clinical trials are still needed to influence
clinicians’ and families’ choices regarding best practicing.
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