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Abstract

We investigated the radioclinical outcomes of naviculectomy and limited/tailored soft-tissue releases in a short series of
ambulatory children with complex/intractable congenital vertical talus subsets namely neglected, multiple operated and
recurrent patients. We postulated that this technique will yield satisfactory radioclinical outcomes and minimal complications
because it avoids extensive surgical release/trauma that is otherwise classically recommended for complex congenital vertical
talus (CVT). The cohort consisted of five -four boys, one girl- complex CVT children with neglected, multiple operated and/or
recurrent subsets. Patients were included if manipulative casting techniques were deemed unlikely to produce a plantigrade
foot. Patients underwent naviculectomy with variable on-demand limited soft tissue releases. Two patients had bilateral
affection and two had a non-idiopathic aetiology. The mean age was 5.2 years (4 to 6.25) and mean follow-up was 2.3 years (1
to 3). We reported satisfactory outcomes as per foot posture, function, overall parent satisfaction including pain and
radiography per lateral views of talar-axis-first metatarsal base angle on the short/intermediate term. Whereas manipulative
casting is unlikely to yield lasting outcomes in ambulatory children with complex subsets of CVT, extensive surgical soft-tissue
releases have unfavourable long-term complications. As a substitute, naviculectomy as a form of resection arthroplasty created
a practical and affordable third way between manipulative casting with minimally invasive surgery and the extensive surgical
soft tissue releases on the short/intermediate term.
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Highlights

® Naviculectomy with limited soft tissue releases corrects foot posture satisfactory in complex congenital vertical talus
(CvT).

® Naviculectomy with limited soft tissue releases restores foot function on short/intermediate term.

® Naviculectomy is also safe and yields a satisfactory functional outcome.

® |t can be considered a treatment option in neglected, multiple operated or recurrent CVT.

Introduction

ongenital vertical talus (CVT) is a rare foot anomaly. Its typical radioclinical findings include severe and rigid flatfoot with
radiographic abnormalities of the talar axis-first metatarsal base angle [1, 2]. It is acknowledged that the results of
manipulative serial casting with or without minimally invasive surgery are better than extensive soft tissue release
respecting surgical trauma inflicted, foot stiffness and pain on the long-term [1-4]. Nevertheless, the use of manipulative
techniques is classically suited to children younger than two years regardless of CVT subtype. There is disagreement over the
upper age limit for such manipulative treatment when used as a definitive and not as first-line treatment [1, 2, 5-7]. There is
indecisiveness regarding outcomes of both manipulative casting and the more extensive soft-tissue releases in patients with
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complex CVT subsets namely neglected/late presenting, multiple operated and recurrent subtypes. Such complex congenital
foot deformities usually require extensive and devitalizing soft tissue dissection to attain anatomic reduction. Failure to achieve
anatomic reduction or deformity recurrence may necessitate revision which can aggravate the amount of surgical trauma
inflicted and create a negative risk-to-benefit patient profile [1, 2, 8, 9]. Resection arthroplasty or naviculectomy may provide
an appealing alternative to the above procedures regarding the less traumatic nature and relative simplicity of its technique
[9, 10]. Historically, naviculectomy was performed as a routine procedure for irreducible CVT children above the age of three
months irrespective of ambulatory status and CVT subtype with satisfactory intermediate [11] and long-term results [12]. Upon
the successful advent of manipulative casting techniques and minimally-invasive surgery, the use of naviculectomy in
“ambulatory” CVT children faded. A recent report revived the use of naviculectomy in two ambulatory children with complex
CVT with satisfactory short-term results [10].

We aimed at expanding the above case report [10] in terms of sample size and follow-up period. We hypothesized that
naviculectomy represents a viable and less traumatic surgical option that can restore foot posture and function without
increasing short/intermediate-term complications.

Patients and Methods

We retrospectively assessed five ambulatory children (seven feet) with complex CVT subsets. All were ambulatory without
walking aids. There were four boys and one girl. All patients were subjected to a standard navicular excision with variable
limited/tailored soft tissue releases or ‘a la carte’ procedures according to EI-Sobky et al 2020 [10]. CVT was defined as any rigid
foot anomaly that is readily apparent after birth and exhibits a hind foot valgus, ankle equines and forefoot dorsiflexion and
abduction. And demonstrates characteristic radiographic abnormalities in the lateral radiographs especially the talar-axis-first
metatarsal base angle (TAMBA). The complex subset of ambulatory CVT children may include any of the following in isolation
or in combination: neglected/late presenting, multiple operated or recurrence or residual deformity following multiple
unsuccessful attempts of manipulative casting techniques, irrespective of the CVT subtype. Two had bilateral affection which
were operated in the same sitting. The mean age at time of index procedure, 5.2 years (4 to 6.25). Three patients had idiopathic
CVT while two had non-idiopathic namely congenital arthrogryposis and genetic mutation with undetermined clinical
relevance. There were three virgin feet and four recurrent following previous foot surgery. All virgin feet were not subjected
to serial manipulative casting (reverse-Ponseti) previously. The universal presenting symptoms were rigid foot deformity, gait
difficulties and occasional foot pain. If reverse-Ponseti was deemed unlikely to produce a lasting plantigrade foot,
naviculectomy with limited soft-tissue release was indicated.

Surgical technique

All patients were subjected to a standard navicular excision with variable limited tailored soft-tissue releases or ‘a la carte’
procedures according to El-Sobky et al 2020 [5]. The choice of the ‘a la carte’ releases was based on the quality of reduction of
the talonavicular joint and subsequent restoration of the medial arch of the foot [Figs. 1, 2]. A direct medial incision was made
over the talar head and extended slightly distal. Through it the talonavicular joint was circumferentially released, and plantar
calcaneonavicular ligament divided. The bony attachments of the tibialis anterior and tibialis posterior tendons were
disinserted in preparation for later rerouting after optimal foot correction. All the bowstringing digital extensors including the
peroneus tertious were released through mobilizing a small transverse incision over the anterior ankle. Then, a curved incision
was performed over the cuboid through which the extensor digitorum brevis origin, the peroneus brevis tendon and capsule
of the calcaneocuboid were released. The tendon Achilles was tenotomised in four feet and lengthened in three feet. The
posterior capsule of the ankle was released through a small direct incision. In all patients an attempted reduction of the
talonavicular joint was unsuccessful and carried a risk for neurovascular insult. A subperiosteal complete naviculectomy was
then made. One arthrogryposis foot received an additional resection of medial cuneiform. A retrograde K-wire was driven
through the cuneiform and first ray and foot alignment was restored by maximum forefoot adduction and flexion through the
talo-cuneiform pseudoarthrosis, and concomitantly upward pressurizing the talar head. The correction was maintained by
advancement of the K-wire proximally. The tibialis anterior tendon was reattached as medial and plantar as possible to the
plicated remnants of the talonavicular capsule. Likewise, the tendon of the tibialis posterior was advanced and secured
medially. Foot alighment was checked by image intensifier in orthogonal planes. A posterior slab was applied for four weeks
followed by a long leg cast for another eight weeks. A rigid ankle-foot-orthosis with a high medial arch was prescribed for six
months postoperatively. Patients were clinically assessed by Zorer et al 2002 [13]. The radiographic outcomes included the
lateral- talocalcaneal, TAMBA and tibiocalcaneal angles.
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Results

We recorded satisfactory outcomes as per foot posture, function, parent satisfaction and pain. Restored radiographic indices
were maintained at mean follow-up of 2.3 years (1-3). The final results are shown [Figs. 3, 4, 5] and [Table 1]. One patient with
unilateral idiopathic CVT suffered a calcaneal gait due to Achilles over-lengthening and was reoperated for tendon shortening
and percutaneous extensor tenotomy due to digital extensor posture.

Discussion

In CVT, the exact indications for the vast surgical strategies employed remain undetermined especially respecting the complex
subsets of CVT children with useful ambulatory capacity [1, 2, 9, 14]. The general consensus among pediatric orthopedic
surgeons is that manipulative casting techniques is considered a first line treatment for all forms of club feet irrespective of
subtype, age and previous surgeries. Nonetheless, there is considerable uncertainty as to whether it can be used as a definitive
treatment option i.e. alleviate the need for additional and extensive surgeries [15-20]. On the other hand the use of extensive
surgical soft tissue releases in children with club foot is fraught with impaired foot function, quality of life pain and bone
deformations on the long term [20, 21]. Similar controversies were echoed in literature on management of CVT children [1, 2,
5-7, 10]. Moreover, vigorous manipulative serial casting techniques usually needed in older children can injure the growing
cartilaginous centres of the foot and cause damage to the articular cartilage.

The current rationale behind naviculectomy in CVT presumes that navicular excision will relax the pre-tensioned ligamentous
structures especially around the talonavicular joint complex thus creating more room for repositioning of the fore/midfoot on
the hindfoot and subsequent reformation of a concave medial arch. Although, additional limited tailored soft-tissue releases
may be needed, it remains less traumatic than the classic peri-talar soft-tissue releases. We believe that relative flexibility of
the medial arch and foot encountered in most patients of our series is related to the minimal dose of soft-tissue dissection.
Dobbs et al, suggested a similar correlation between the dose of soft-tissue release and the degree of functional impairment
and stiffness in children with CVT [1, 2] and clubfoot [22]. Our favourable short/intermediate term results corroborate those
of Robbins 1976 and Clark et al 1977 [11, 12]. Noteworthy, our soft-tissue procedures accompanying naviculectomy mimicked
that of Robbins 1976 [11].

Talectomy -another form of resection foot arthroplasty- has been used to address similar complex subsets of clubfoot and CVT
alike [9, 23, 24]. However, we believe that talectomy in contrast to naviculectomy, is biomechanically and clinically challenged
specifically in ambulatory children on the long-term [Figs. 6, 7]. Firstly, excision of talus can compromise ankle stability, produce
an abnormal and weak joint moment through creating a lever arm deformity and disturb load distribution around ankle and
foot [25-27]. Secondly, salvage procedures for talectomy as tibiocalcaneal fusion, though successful on short-term [28] are
fraught with risk of adjacent joint disease on the long term [29].The rarity of CVT and restriction of our sample size to complex
subsets are inherent study limitations. Additionally the indications of surgery and surgical technique were case-based and
showed some variations.

Conclusion

In case both manipulative casting and classic extensive soft-tissue release have been deemed unfeasible to attain a plantigrade
foot, naviculectomy with limited/tailored soft-tissue releases can be considered. The functional benefits of naviculectomy in
ambulatory children with complex CVT seem to substantially outweigh the risks on the short/intermediate term.
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Tables
Table 1: Final radioclinical outcomes of CVT children
Clinical outcomes* Radiological outcomes*
Preoperative Postoperative
CVT type, FU  Preoperative Postoperative Talocalcaneal TAMBA Tibiocalcaneal Talocalcaneal TAMBA Tibiocalca
(Yr) angel angle angel neal angle
Idiopathic (3) 2 12 109 112 110 38 6 58
Arthrogryposi 1 10 15 40 104 4 7 85
s(2)
Idiopathic (3) R:1L:1 R:11L:12 R:49L: 44 R:52 L: 54 R: 86 L: 85 R: 34 L: 28 R:6L:11 R: 86 L: 76
Genetic/syndr R:1L:2 R: 10 L:12 R:45 L:49 R:40 L: 45 R:92 L:84 R:30 L:25 R:8 L:6 R:70L: 75
omatic (2.5)
Idiopathic (2) 2 R: 12 R: 74 R: 70 R: 110 R: 23 R: 6 R: 84

CVT congenital vertical talus; FU follow-up; TAMBA talar-axis-first metatarsal base angle; * measured according to Zorer et al [13]; + all
radiological indices recorded in degrees as per lateral views.

\

Fig. 1 (A, B): Naviculectomy. (A) Components of CVT deformity. Note the verticality of the talus, dislocated talonavicular joint with overriding
navicular, malalignment of tibialis tendons with fore- and midfoot abduction dorsiflexion and shortened Achilles tendon. (B) Technique of
naviculectomy. Note the disinsertion of the stretched/lax tibialis tendons and elongation —tenotomy or lengthening- of the tight Achilles
tendon. Other ‘4 la carte’ are not shown.

Figure legends

Fig. 2: Final correction. Restoration of concavity of sole of foot through naviculectomy, elongation of Achilles tendon and creation of new
articulation between head talus and medial cuneiform and final reinsertion and tensioning of both tibialis tendons.
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Fig. 3 (A, B): Preoperative clinical photos of 4-year-old boy with right neglected idiopathic CVT. (A) Note marked convex pes-valgus, stretched
skin on the medial aspect of foot and pronated fore- and midfoot indicated by depression of the first ray (big toe) and elevation of the other
rays (lesser toes). (B) Note the marked forefoot abduction, hindfoot valgus, elongated medial border of foot and shortened lateral border of
foot.

Fig. 4 (A-D): Three-year postoperative photos of previous patient. (A) Note the restored medial foot arch on weight-bearing and straight
medial border of foot. (B) Note restoration of hindfoot alignment. (C) Lateral and (D) AP radiographs of the foot show maintenance of the
normalized indices despite absence of the navicular.
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Immediate postoperative Three year postoperative
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Fig. 5 (A-C): (A) Preoperative non-standing and standing lateral radiographs of a 5-year-old boy with bilateral idiopathic CVT show abnormal
indices of the talus. Postoperative radioclinical photos show (B) restoration and maintenance of the indices at immediate and three-year
postoperative radiographs. (C) Note the plantigrade feet, restored forefoot and hindfoot alignment.

Naviculectomy versus Talectomy for Complex
Congenital Foot: Correlating Concepts
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Fig. 6: Naviculectomy versus talectomy: correlating concepts.
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Fig. 7: Naviculectomy in congenital vertical talus.
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