
Learning Point of the Article:
Combining a correction approach, based on the Ponseti regimen with a hexapod fixator, together with a triple arthrodesis has presented an 
excellent management strategy for neglected clubfeet in an adult.

Use of a Ponseti-hex Assisted Triple Arthrodesis: A Case Study of 
Bilateral Neglected Adult Clubfoot

Ziyaad Mayet¹�², Annette-Christi Barnard³, Franz Birkholtz³�⁴

Introduction: Management of neglected clubfoot presents a challenging problem. Treatments traditionally involve extensive posteromedial 
soft tissue releases, bony procedures, and the Ilizarov technique of differential distraction.
Case Report: We present a case of bilateral neglected clubfoot in a 34-year-old female. Management involved the novel combination of the 
gradual distraction of prepared triple arthrodesis surfaces and the Ponseti regimen which was achieved using the three-dimensional corrective 
power of hexapod-type circular fixators. Both feet were corrected to achieve plantigrade painless feet.
Conclusion: Combining the Ponseti regimen with a hexapod fixator has presented an excellent management strategy for neglected clubfeet in an 
adult. We further propose the use of a generic name, the Ponseti-hex technique, to cover for the use of all makes of hexapod external fixators.
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Abstract

Case Report

Introduction
Clubfoot has traditionally been a difficult condition to treat. 
Numerous operative and non-operative techniques have been 
used over the years [1]. The Ponseti regimen has arguably 
revolutionized the treatment of clubfoot and can be described 
as the gold standard [2]. It is based on serial manipulations and 
casting and aims to reverse the deformity using an 
understanding of the kinematics of the ankle and subtalar joints. 
The results of treatment in infancy with the Ponseti regimen 
have shown good results [2, 3]. The Ponsetaylor technique is an 
alternative in successfully managing neglected or recurrent 
clubfeet. This technique utilizes a hexapod external fixator, 
specifically the Taylor Spatial Frame� (Smith and Nephew, 
Memphis, USA) to achieve correction by Ponseti’s principles  
[4]. Residual, recurrent, and neglected clubfoot is usually more 
challenging to treat. They present with rigid deformities, 

contracted posteromedial soft tissue structures, and tarsal 
bones with altered shapes from growth in deformed or 
abnormal positions, making treatment unpredictable[3]. 
Management ranges from conservative management to 
amputation, with treatments traditionally involving extensive 
posteromedial soft tissue releases, bony procedures, and the use 
of the Ilizarov technique with differential distraction [3,5, 6, 7, 
8, 9, 10]. The use of the Ponsetaylor technique provides an 
attractive management option in the adult patient. We present a 
case of a 34-year-old female with neglected clubfoot where the 
combination of triple arthrodesis, distraction osteogenesis, and 
the three-dimensional corrective power of hexapod type 
circular fixators were used to achieve correction in both feet. 
The left foot was done with a Taylor Spatial Frame and the right 
was done with a TrueLok-Hex (Orthofix, Verona, Italy). We, 
therefore, also proposethe use of a generic name, the Ponseti-
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Hex technique, to cover for the use of all makes of hexapod 
external fixators.

Case Report
A 34-year-old female presented with bilateral neglected 
clubfoot. She presented with pain and callosities on the lateral 
border of the feet and was unable to fit the left foot into regular 
shoes (Fig. 1).All toes had flexion and adduction deformities at 
the metatarsophalangeal joint level, and the toe deformities 
were not fixed. The rigid equinocavovarus deformity on the left 
was visibly worse with forefoot adduction and pronation (Fig. 
2),resulting in weight bearing only on the dorsolateral surface of 
the foot. Of note was the presence of a flat-top talus on the left 
foot (Fig. 3), indicative of abnormal growth of the talus. The 
presence of the flat-top talus resulted in restricted movement of 
the ankle and an equinus deformity that could only be fully 
corrected with an osteotomy. The severity of the left foot 
deformity and rigidity resulted in pre-operative AOFAS scores 
of8 for the hindfoot and 0 for the midfoot. The left foot was 
operated on first, followed by the right. The Ponsetaylor 
technique was used to correct the left foot using a Taylor Spatial 
Frame (Fig. 4). The right foot was treated in a similar fashion 
using a TrueLok-Hex Frame�(Orthofix Verona, Italy) (Fig. 4). 
The procedures were combined with triple arthrodesis, and 
reduction and union were achieved using distraction 
osteogenesis. Both feet followed the same sequence. A plantar 
fascia release was performed to get some correction of the cavus 
to facilitate fixation in the frame. The Hoke procedure was 

performed to lengthen the Achilles tendon with percutaneous 
step cuts, allowing for its excursion during the correction 
process. The subtalar and calcaneocuboid joints were prepared 
for arthrodesis through a lateral approach. The medial approach 
was used for the talonavicular joint. The external fixator was 
applied with a full ring on the tibia and the foot. A laterally 
placed olive wire was placed in the talus to act as a fulcrum for 
correction. This was initially attached to the tibial frame, 
allowing correction to occur primarily through the subtalar 
joint. After a lag period of 7 days, gradual correction was started. 
Programming for the correction involved correction of the 
varus and internal rotation. After correction of these 
components, the talar wire was attached to the foot ring and 
equinus was corrected through the ankle joint by running a 
second adjustment programme. The frame was left in situ until 
consol idat ion of  the  ar throdesi s  had taken place. 
Intramedullary K-wires were inserted into the toes and kept 
throughout the duration of the correction to protect the 
metatarsophalangeal joints and prevent clawing of the toes. 
Time in frame for the left foot was 4 months and 4.1 months for 
the right. The arthrodesis was united at the time of frame 
removal for both feet, and no further casts or orthotics were 
needed. Pin track complications were minimal, and no 
antibiotics or exchanges were needed. The only complication 
was a posterior talar subluxation on the right during the equinus 
correction phase, which was corrected with a residual program. 
The patient was followed up 12 months after the Ponseti-Hex 
procedures and reported no chronic pain. Both feet were 
corrected to achieve plantigrade painless feet. On the right, a 
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Figure 1: Pre-operative clinical picture showing gross deformity of the left 
foot.

Figure 2: Pre-operative standing anteroposterior X-rays. Figure 3: Pre-operative left ankle lateral X-ray showing flat-
top talus.
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Figure 5: Lateral X-ray of the left (a) and right (b) foot 12 months after removal of external fixator showing union of the triple 
arthrodesis.

BA

Figure 4: Radiograph showing the right foot after hexapod frame 
application using a TrueLok-Hex Frame® (a) and a photo image of the left 
foot during fixation treatment using a TaylorSpatial Frame® (b).



residual equinus deformity of 20° remained (Fig. 5)shows a 
united triple arthrodesis on the left and right. On the right, there 
is residual posterior subluxation of the ankle, and this is thought 
to be responsible for the residual equinus. This represents one 
of the risks of the technique, and we emphasize vigilance during 
the equinus correction phase to avoid posterior subluxation. 
Fig. 6 and 7show the correction achieved clinically. The patient 
was satisfied with the result and scored both feet at 0 on a visual 
analog score. The score was set between 0 and 10, with 0 being 
extremely happy and 10 being extremely unhappy. Her post-
operative AOFAS score after 12 months of follow-up was 51 for 
the midfoot and 55 for the hindfoot on the left, representing a 
vast improvement from the pre-operative scores. The patient’s 
walking distance improved from 50m to approximately 600m, 
with the use of crutches. She could also walk without crutches 
for short distance indoors. Her ankle range of motion on the 
right was 10°–10°–30° on the right, with the foot unable to reach 
neutral. On the left, it was 20°–0°–10°. The midfoot and 
forefoot joints showed functional ranges of motion. The Laaveg 
and Ponseti functional score was 72 on the left, which is rated as 
fair [3]. Finally, gait analysis showed results consistent with that 
of stiff feet, with the patient having no real heel strike or toe off. 
The general gait pattern, along with the use of crutches, 
compensated for this. Although further surgery can correct 
residual equinus, the patient elected not to have additional 
surgery performed as she was comfortable with her functional 
outcome and appearance.

Discussion
Neglected clubfoot has been a problem of the developing world 
[11]. This has been attributed to a lack of education or the lack 
of or limited access to healthcare. Treatments have varied much 
in the past, including the use of corticosteroids, physical 
therapy, and supportive orthotics. A citation from 1932 
suggested that a patient who received no treatment by 20 years 
will not benefit from correction and amputation should be 
offered [5, 6]. Sobel et al. stated that achievement of a pain-free, 
plantigrade foot in neglected adult clubfeet required surgery. 
They treated three patients with acute corrections. The surgical 
procedure consisted of extensive posterior plantar medial 

release with double arthrodesis involving calcaneal 
cuboid wedge resection and talonavicular fusion. This 
corrected the hind foot, provided minimal shortening, 
and restored a plantigrade position. Postoperatively, the 
patients were kept in a below-knee cast for 2 months. All 
three patients were reported to have cosmetically 
acceptable feet with good functional results [5]. Various 
treatment regimens have been proposed, with varying 
amounts of success, for residual or neglected clubfeet. 
One such regimen, popularized by Ilizarov, employed 

differential distraction of the deformity using a circular external 
fixator. Soft tissue structures medially and laterally are 
distracted differentially to achieve a plantigrade foot[1]. The 
original technique was criticized for not following normal 
biomechanics of the foot. This criticism was based on 
complications seen. These included physeal separation, 
planovalgus foot, tarsal subluxations, and joint contractures[3]. 
Grill and Frank were among the first to publish on the technique 
of differential distraction in 1987. Their study showed good 
results, with only minor complications in nine children with 
relapsed feet using an unconstrained Ilizarov external fixator 
[8,12]. Other studies have also shown promising results using 
this technique. Choi et al. were the first to use an unconstrained 
Ilizarov fixator combined with a laterally placed olive wire in the 
talus, toderotation of the talus. The hind foot, midfoot, and 
forefoot deformities were corrected simultaneously. Using this 
technique in 12 arthrogrypotic relapsed feet, plantigrade feet 
were achieved with improvements in the AOFAS scores 
[13,14]. De La Huerta in 1994 reported his results on 12 
neglected adult clubfeet using the Ilizarov differential 
distraction method. No corticotomies or osteotomies were 
performed. Frame time ranged from 5 to 8 months, and 
complete correction was achieved in all cases. There was a 
recurrence of adductus in three cases [1]. Ferreira et al. reported 
on a case series of 30 patients (38 feet) corrected with the 
Ilizarov method of distraction osteogenesis[15]. Achilles 
tenotomy and plantar fascia releases were performed before 
application of  fixators. Average frame time was 16 weeks, after 
which a short-leg walking cast was applied for 6 weeks. An 
ankle-foot orthosis was then used for 6 months. Thirty-Three  
feet had a favorable outcome. Five feet were reported to have a 
poor outcome with a non-plantigrade foot with continuous 
pain. Early complications included a distal tibial fracture, a 
dislocation of the first metatarsophalangeal joint despite the use 
of intramedullary K-wires and arterial injury, resulting in toe 
amputations. 19 feet reported recurrence (50%), of which it was 
severe in only 5. Spontaneous ankylosis occurred in 28 feet 
(73.7%). Arthrodesis was performed on 9 feet (23.7%) for 
ankle or midfoot arthritis or residual deformity. The authors felt 
that this was a satisfactory method of correcting the deformity 
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Figure 3: Pre-operative left ankle lateral X-ray showing 
flat-top talus.
Figure 6: Side view of both feet showing clinically 
plantigrade feet post-correction.

Figure 7: Front view of both feet showing clinically 
plantigrade feet post-correction.
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with minimal complications and avoidance of excessive 
shortening. They also felt that complexity of the deformity and 
stiffness and retraction of soft tissues limited the use of 
traditional osteotomies, talectomy, and modeling triple 
arthrodesis [15]. Ponseti has revolutionized the management of 
clubfoot in infants [2]. The serial manipulation and casting that 
are used are based on a sound understanding of ankle and 
subtalar kinematics [2, 3]. The first procedure is to correct the 
cavus by supinating the forefoot to line up with the hind foot. 
The second procedure is to push the foot into abduction, using 
the talus as a fulcrum. This is achieved by applying counter 
pressure using the thumb on the talar neck. The foot should be 
abducted to 60–70° to achieve correction of the subtalar joint 
and to stretch medial soft tissue structures. Equinus correction 
is then achieved with dorsiflexion, with or without Achilles 
tenotomy [2]. In the original study by Ponseti et al., children 
older than 6 years were excluded, as treatment in older children 
was considered too difficult, with the deformities being more 
rigid, soft tissues more contracted, and tarsal bones with altered 
shapes secondary to abnormal growth patterns [2, 3]. Tripathy  
et al. applied the Ponseti regimenfor deformity correction in 
neglected and relapsed clubfoot using the Ilizarov fixator, 
treating 12 feet in two stages. Plantar fascia release and Achilles 
tenotomy were added to each of these stages. Total time in frame 
averaged 8.2 weeks. Improvements were noted in the Dimeglio 
score and the Laaveg and Ponseti functional score, and no 
complications were noted [3, 12]. Lamm et al. introduced the 
Ponsetaylor technique which applied Ponseti’s principles of 
correction using a hexapod external fixator[4]. A laterally 
placed olive wire in the talus serves as a fulcrum for correction 
and replaces the thumb that is placed on the talar neck in the 
Ponseti technique. In stage 1, the olive wire is attached to the 
tibial rings and the calcaneus is derotated. In the second stage, 
the olive wire is attached to the foot frame to allow for 
dorsiflexion of the ankle joint and correction of equinus [4, 13]. 
The Ponsetaylor technique has, to our knowledge only, been 

used in children. It has not been used in adults to achieve 
correction nor has it been used to achieve a triple arthrodesis. 
The technique presented combines all of these to achieve a 
plantigrade foot, using a hexapod external fixator. The 
limitations of the technique are that it is labor intensive and 
requires constant vigilance to avoid complications. The patient 
also needs to be able to cope with an external fixator.

Conclusion
The case reported here represents a new direction of thought for 
adult neglected clubfeet by combining triple arthrodesis, 
distraction osteogenesis, and three-dimensional corrective 
power of hexapod type circular fixators. The result achieved was 
plantigrade feet and a high level of patient satisfaction. Different 
types of hexapod circular fixators were used on each foot, and 
we, therefore, propose that a more generic name be used for this 
frame configuration and correction technique. We propose the 
Ponseti-Hex technique.
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Clinical Message

Treatment of neglected clubfoot in the adult can be daunting. 
We combined a correction with a triple arthrodesis. The 
Chopart and subtalar joints were prepared, and a hexapod 
fixator was applied. Correction was then achieved with 
manipulation of the fixator in a manner that was based on 
Ponseti’s technique, also known as the Ponsetaylor technique. 
This technique was described for stiff neglected or residual 
clubfeet in children. The successful addition of the triple 
arthrodesis was done as we had an adult patient. The process 
needed constant vigilance and care of the fixator. Plantigrade 
feet were achieved with the patient being satisfied. This 
technique avoids the loss of bone and length associated with 
acute surgery.
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