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Abstract 
Introduction: Relapsed Congenital Talipes Equino Varus (CTEV) refers to 
clubfoot diagnosed after walking age. We refer to this entity as residual de-
formities of a previously treated clubfoot or a complete recurrence following 
treatment. For its treatment, several techniques have been used to improve the 
foot’s functional outcome while remaining minimally invasive. Correction by 
distraction using the Ilizarov external fixator is a promising technique. This 
single-center study aims to evaluate the anatomical and functional outcomes 
of treatment by distraction and compression with the Ilizarov fixator in re-
lapsed club feet. Patients and Method: We carried out a retrospective, single-
center study over 5 years. In total 16 clubfeet in 14 patients, including 9 males 
and 5 females were retained for final analysis. The average age of the patients 
at the time of the intervention was 15.16 years. K-wires were placed using the 
original technique. The average duration of the fixator in our series was 4.27 
months. The functional assessment of patients was based on pre-and post-op-
erative evaluation of the Foot and ankle function according to the AOFAS 
score. Results: Anatomic assessment was done according to the Dimeglio clas-
sification. There was a significant improvement at post-operative period with 
an average score of 4.47 against 10.07 at pre-operative period. We obtained 
43.8% good and very good functional outcomes according to the global AO-
FAS score increasing from 63.07 at pre-operative period to 77.88 at post-op-
erative period. Two cases of reinterventions were recorded. Conclusion: Dis-
traction with the Ilizarov external fixator occupies a place of choice in the 
management of relapsed club foot. A good mastery of the technique and 
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patient selection produce good functional outcomes. 
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1. Introduction 

Relapsed Congenital Talipes Equino Varus (CTEV) refers to clubfoot diagnosed 
after walking age. We refer to this entity as residual deformities of a previously 
treated clubfoot or a complete recurrence following treatment. 

Its treatment in developing countries is characterized by difficulties related to 
poverty, lack of awareness among populations regarding the benefit of early treat-
ment and lack of appropriate medical resources, making it a challenge for any 
surgeon. Several techniques have been introduced to improve the foot’s functional 
outcome while remaining minimally invasive. Correction by distraction using the 
Ilizarov external fixator is a promising technique. Also, fewer complications have 
been reported compared to other conventional methods. 

Developed in 1951 by Gravil Abramovich Ilizarov, the use of this fixator in the 
management of clubfoot gained popularity in 1987 with Grill and Franke [1]. 

This single-center study aims to evaluate the anatomical and functional out-
comes of treatment by distraction and compression with the Ilizarov fixator in 
relapsed club feet. 

2. Patients and Method 
2.1. Patients 

We carried out a retrospective, single-center study over 5 years (February 2017 to 
April 2022). All patients who underwent surgery for relapsed clubfoot at the Da-
kar Order of Malta’s Hospital Center (CHOM) using the Ilizarov fixator were in-
cluded in the study. Not included in the study were: 
- Patients lost to follow-up after surgery. 
- Incomplete files. 

In total 16 clubfeet in 14 patients, including 9 males and 5 females were retained 
for final analysis. The average age of the patients at the time of the intervention 
was 15.16 years with extremes of 8 and 30 years. The etiologies found were neu-
rological (43.8%), idiopathic (31.2%) and traumatic (25%) (Table 1). 

A complete plain radiographic assessment of the foot, including dorsoplantar 
and lateral views of the foot, as well as anteroposterior and lateral views of the 
ankle were carried out pre-operatively. In 9 patients, there was no talocalcaneal 
divergence. Only two patients had a good talocalcaneal divergence (Table 2). The 
average A/P view talocalcaneal angle was 10.89 degrees with extremes of 0˚ and 35˚. 

Seven feet were previously treated (43.8%). This involved a Ponseti associated 
with an Achilles tendon tenotomy for 6 cases and a midtarsal osteotomy for 1 case. 
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Table 1. Etiologies of relapsed clubfeet. 

Etiologies 
Number 
(n = 16) 

Percentage 
(n = 100) 

Idiopathic 5 31.2% 

Traumatic 4 25% 

Poliomyelitis 3 18.8% 

Cerebral palsy 2 12.5% 

Arthrogryposis 2 12.5% 

Total 16 100% 

 
Table 2. A/P view talocalcaneal divergence. 

Talocalcaneal divergence 
 Number Percentage 

Yes 2 18.20% 

No 9 81.80% 

Total 11 100 % 

2.2. Operative Technique 

The procedure was carried out under locoregional or general anesthesia depending 
on the patient’s age. 

Patients were installed in the supine position on an ordinary operating theatre 
table. A tourniquet was placed at the proximal thigh in case an osteotomy had to 
be done. 

K-wires were placed using the original technique: 
- 04 tibial wires, two of which were olive wires at two levels. 
- 02 calcaneal K-wires including 01 olive wire. 
- 01 or 02 metatarsal K-wires. 

Two tibial rings connected by two rods were mounted on the previously tight-
ened pins then a half ring on the hindfoot connecting the calcaneal pins and a half 
ring on the forefoot (Figure 1 and Figure 2). 

Two rods connected the tibia and forefoot on one hand and the other hand on 
the hindfoot. Two other rods mounted on holder posts or connecting plates con-
nected the hindfoot to the forefoot mediolaterally. 

Correction was done in chronological order by: 
- First, a distraction on the medial rod between the hindfoot and forefoot to 

correct the adductus deformity, the coverage of the lateral portion of the talus 
and the curvature of the lateral border of the foot. 

- Compression on the lateral rod between the hindfoot and forefoot to correct 
the hindfoot varus deformity. 

- Finally, after having proceeded with an abduction of the calcaneo pedal block 
of 30˚, compression of the rod connecting the tibia to the forefoot to correct 
the equinus deformity and a distraction lowering the heel cup backward were 
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carried out. 
Adjunctive procedures were equally carried out: 

- Percutaneous tenotomy of the Achilles tendon was performed in 13 cases. This 
tenotomy was performed before the fixator was placed. 

- Transfer of the tibialis posterior tendon using the Watkins technique in 1 case. 
- Midtarsal dorsal closing wedge osteotomy in 1 case. 
 

 
Figure 1. Assembling of rings and K-wires. 

 

 
Figure 2. Final assembly. 

2.3. Post-Operative Care 

A medical treatment was initiated for post-operative pain management. It in-
cluded an analgesic and an anti-inflammatory. Antibiotics and anticoagulants 
could be associated. 

Plain X-rays of the foot and ankle were done the following day after the surgical 
intervention. Progressive correction was continued post-operatively by medial 
and posterior distraction and lateral and anterior compression. This correction 
continued and was performed at a rate of 1 mm per day by the patient or parents 
after an informed explanation from the physician. 

The fixator was removed after satisfactory correction under anesthesia and a 
short leg cast was placed. 

The average duration of the fixator in our series was 4.27 months (Min = 2, Max 
= 11). A short leg cast was placed on all patients after removal of the fixator. It was 
kept for an average duration of 48.6 days (Min = 30, Max = 72). 
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2.4. Outcome Assessment Tools 

The mean follow up was 24.48 months. 
The functional assessment of patients was based on pre-and post-operative 

evaluation: 
- Foot and ankle function according to the AOFAS scale (The American Ortho-

pedic Foot & Ankle Society) proposed by Kitaoka. 
- Diméglio scale assessing anatomical outcomes. 
- Subjective patient satisfaction rate. 

Anteroposterior and lateral X-rays of the foot and ankle to evaluate for late-
onset complications during follow-up such as: 
- Tibiotalar and subtalar osteoarthritis. 
- Neuroalgodystrophy. 

3. Results 
3.1. Anatomical Assessment 
3.1.1. Diméglio Score 
The average preoperative Diméglio score increased from 10.6 with extremes of 7 
and 14 to 4.3 postoperatively with extremes of 0 to 8 (Figure 3). 
 

 
Figure 3. Good correction of a bilateral clubfoot after Ilizarov. 

3.1.2. Residual Deformities (Figure 4) 
After correction, forefoot adductus persisted in 8 cases, hindfoot varus in 5 cases 
and equinus in 5 cases. Table 3 provides more information on the residual defor-
mations. 
 

 
(a)                       (b) 

Figure 4. Residual deformities post-Ilizarov: Adductus of the 
forefoot (a) and equinus and cavus (b). 
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Table 3. Residual deformities. 

Divergence 
Deformities 

YES NO Not calculated 

ADDUCTUS (N: 8) 1 6 1 
VARUS OF HINDFOOT (N: 5) 1 3 1 

EQUINUS (N: 5) 1 3 1 

3.2. Functional Outcomes according to the AOFAS Scale 

 Pain 
The average pain score increased from 35.63/40 [min = 20, max = 40] preoper-

atively to 37.5/40 [min = 30, max = 40] postoperatively. 
 Function  

The average functional score increased from 27.25/50 [min = 8, max = 37] pre-
operatively to 33.25/50 [min = 21, max = 43] postoperatively. 
 Alignment (weight bearing) 

Preoperatively, weight bearing was lateral in 14 cases and dorsal in 2 cases. The 
average score was 0.31. Postoperatively, all patients had a plantigrade bearing. 
There was total plantigrade bearing in 7 cases, while it was partial in 9 cases. The 
average alignment score was 7.19. 
 Total AOFAS 

We noted a significant overall improvement in all clinical components of the 
AOFAS score. The average total score increased from 63.19 preoperatively to 
77.88 postoperatively. We obtained 43.8% very good and good results (Figure 5). 
 

 
Figure 5. Functional results. 
 
 Correlational study 

Table 4 and Table 5 provide information on the correlation between the AO-
FAS score and etiology on one hand and the other hand between alignment and 
etiology. There was no significant difference between these parameters (Table 6). 

3.3. Subjective Patient Satisfaction 

In this series, 68.8% (11/16) of patients were satisfied or very satisfied with the 
surgical intervention. 
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Table 4. Functional score according to etiology. 

Functional Score 
Etiologies 

Average Min Max 

Idiopathic (n = 5) 79.20 70 92 

Neurologic (n = 7) 77.71 61 88 

Traumatic (n = 4) 76.50 65 83 

 
Table 5. Alignment according to etiology. 

Alignment 
Etiologies 

GOOD AVERAGE BAD 

Idioathic (n: 5) 2 0 3 

Neurologic (n: 7) 4 3 0 

Traumatic (N: 4) 1 3 0 

 
Table 6. Subjective patient satisfaction. 

 
Number 
(n = 16) 

Percentage 
(n = 100) 

Very Satisfied 4 25% 

Satisfied 7 43.8% 

Disappointed 5 31.2% 

Unhappy 0 0% 

Total 16 100% 

3.4. Complications 

Two cases of revision of the fixator for mispositioning of the metatarsal pins were 
reported. In one of the cases, the revision was carried out two months post-oper-
atively, thereby extending the correction duration to 11 months. We noted a case 
of fixator intolerance leading to early removal of the fixator. At the last follow-up, 
4 cases of ankle stiffness were observed. On the other hand, no cases of infection 
or skin necrosis were reported. 

4. Discussion 

Some limitations of the study include: 
- The low number of cases in the series. 
- The lack of certain preoperative information linked to the retrospective nature 

which was corrected by a retrospective interrogation. 
- The poor quality of certain x-ray images does not allow the talocalcaneal di-

vergence to be studied. 
The anatomical assessment was done according to the Dimeglio scale with a 

clear improvement in the score at follow-up. It increased from 10.6 preoperatively 
to 4.3 postoperatively. The Ilizarov device allows gradual mechanical correction 
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of deformities in the three orthogonal planes, restoring good anatomy to the foot 
for painless plantigrade weight bearing [2]. It makes use of regeneration, bone 
plasticity and the ability of soft tissues to adapt to the new position to restore a 
normal configuration to the foot [3]. Thus, it results in good aesthetics and the 
possibility of wearing standard footwears, which ultimately improves the patient’s 
quality of life. This correction is done without shortening the foot unlike other 
techniques, notably osteotomies [4]. 

Residual deformities were noted in some of our patients during assessment. 
Adductus of the forefoot persisted in 8 cases, varus of the hindfoot in 5 cases. Hani 
El-Mowafi [5] in his series of 28 club feet obtained 5 residual deformities. Karima 
A [6] found 4 residual varus, 2 equinus and one adductus for a series of 13 feet 
treated by double arthrodesis. Literature data shows that the most common resid-
ual deformity is forefoot adductus, although equinus and varus have been re-
ported [3]. Our small sample size does not allow us to find a significant relation-
ship between this result and some parameters, such as age at the time of surgery 
and talocalcaneal divergence. However, these deformities were observed more in 
patients with an absent talocalcaneal divergence and were more pronounced in 
older patients. Indeed, the limited range of motion at the ankle and foot in re-
lapsed clubfeet due to multiple surgeries and significant retraction of the soft tis-
sues in some etiologies makes distraction difficult. Many authors claim that the 
Ilizarov technique can be used with soft tissue distraction alone to correct clubfoot 
in children under 8 years. Beyond 8 years and in adults, soft tissue distraction 
must be associated with an osteotomy to preserve joint congruence [7]. 

Thus, associating the Ilizarov technique with osteotomies seems to be a good 
alternative in certain cases to reduce residual deformities and obtain perfect cor-
rection. Also, the persistent adductus after correction may be attributed to the 
mispositioning of the metatarsal pins while placing the fixator, frequently re-
ported in literature [2] [4]. 

These residual deformities are most often the reason for secondary surgeries. 
Therefore, hindfoot varus can be corrected by subtalar arthrodesis [8] or by cal-
caneus osteotomy [9]. Management of forefoot adductus can be done using sev-
eral procedures. It can be corrected by closing wedge osteotomy of the lateral as-
pect of the calcaneus (Lichblau technique) [10] or combined with resection and 
arthrodesis of the calcaneo-cuboid joint (Evans’ technique) [11]. In paralytic club 
feet, a tibialis posterior tendon transfer may be sufficient to correct the forefoot 
adductus [12]. Finally, in the case of residual equinus, the first indication remains 
the release of the posterolateral subtalar joint capsule, the peroneal tendon sheath 
and the calcaneofibular ligament. If it persists, the next step will be a closing wedge 
osteotomy of the calcaneus, talus head resection, naviculectomy or distal tibia os-
teotomy [13]. 

As far as foot and ankle function is concerned, there was an improvement in all 
components of the AOFAS score at an average follow-up of 24.48 months. The 
average total score increased from 63.19 preoperatively to 77.88 postoperatively. 
We obtained 43.8% very good and good outcomes. These results are better than 
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those of Freedman et al. [4] who obtained 38.1% very good and good outcomes 
after treating 21 feet with a population similar to ours. On the other hand, they 
were lower than the results obtained by Bradish et al. [14] who managed 17 recur-
rent idiopathic clubfeet with 76.4% satisfactory corrections. The data in the liter-
ature vary according to the characteristics of the population, more precisely ac-
cording to age and etiology but also according to the adjuvant procedures associ-
ated with distraction by Ilizarov [2]. As a matter of fact, results are better for idi-
opathic clubfeet and younger patients. Function is the component of the AOFAS 
score that was least improved postoperatively. This contributed to the significant 
number of fair results obtained with several cases of stiffness observed postoper-
atively. On the other hand, we had a good score as far as alignment (on the AOFAS 
score) is concerned with an average post-operative score of 7.19 compared to 0.31 
pre-operatively. Plantigrade weight bearing was total in 7 patients (43.8%) and 
partial in 9 patients (56.2%). There was no correlation between etiology and de-
gree of alignment.  

Compared to other management techniques for relapsed clubfoot, distraction 
by Ilizarov often does not provide the best results. Its effectiveness lies in the 
choice of indications. Indeed, many authors [13] [15] agree that for correction, 
distraction by the Ilizarov fixator must be associated with a midfoot osteotomy. 

In this series, 68.8% (11/16) of patients were satisfied or very satisfied with the 
surgical intervention. El-Mowafi [5] obtained 25% satisfaction rate (7/28). Wal-
lander [3], on his part, obtained an 85.7% satisfaction rate (6/7) with a series of 7 
patients. The clear improvement in weight bearing is the main source of satisfac-
tion for our patients with the foot regaining anatomy closer to the norms. Aes-
thetics was the second aspect influencing the satisfaction rate of patients and par-
ents. Five patients were disappointed with the final result. The persistence of re-
sidual deformities was the reason for dissatisfaction in three cases. In fact, in these 
patients, at least two deformities persisted. For the two other cases, it was however 
a patient with bilateral clubfoot secondary to cerebral palsy for whom the hoped-
for gain in autonomy was not obtained postoperatively.  

One of the advantages that the Ilizarov correction offers for foot deformities 
compared to other techniques is that it is the least invasive. As a result, it has fewer 
complications. The most frequent short-term complications reported in the liter-
ature [1] [2] [16] are infection at the pin orifices, soft tissue strain causing pain on 
the fixator, and pin mispositioning, particularly metatarsal pins. In our series, two 
revisions of the fixator were recorded and one case of pain on the fixator due to 
tension in the soft tissues during distraction. These revisions are generally driven 
by the complexity of the assembling in large deformations. Thus, in a logic of sim-
plicity, Joshi, based on the principles of Ilizarov, developed a fixator that is less 
bulky and simpler to use with very good results [17]. 

5. Conclusion 

Relapsed clubfoot represents a challenge for any surgeon, as its management is 
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complex. Distraction by Ilizarov is one of the alternatives and occupies a place of 
choice in the available therapeutic arsenal. It helps restore good anatomy to the 
foot for plantigrade and painless weight bearing. A good mastery of the technique 
and the right choice of patients make it possible to obtain good functional out-
comes. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Ganger, R., Radler, C., Handlbauer, A. and Grill, F. (2012) External Fixation in Club-

foot Treatment—A Review of the Literature. Journal of Pediatric Orthopaedics B, 21, 
52-58. https://doi.org/10.1097/bpb.0b013e32834adba7 

[2] Dwyer, F.C. (1963) The Treatment of Relapsed Clubfoot by the Insertion of a Wedge 
into the Calcaneum. The Journal of Bone and Joint Surgery. British Volume, 45, 67-
75. https://doi.org/10.1302/0301-620x.45b1.67 

[3] Wallander, H., Hansson, G. and Tjernstrom, B. (1996) Correction of Persistent Club-
foot Deformities with the Ilizarov External Fixator Experience in 10 Previously Op-
erated Feet Followed for 2-5 Years. Acta Orthopaedica Scandinavica, 67, 283-287. 

[4] Freedman, J.A., Watts, H. and Otsuka, N.Y. (2006) The Ilizarov Method for the Treat-
ment of Resistant Clubfoot: Is It an Effective Solution? Journal of Pediatric Ortho-
paedics, 26, 432-437. https://doi.org/10.1097/01.bpo.0000226276.70706.0e 

[5] El-Mowafi, H., El-Alfy, B. and Refai, M. (2009) Functional Outcome of Salvage of 
Residual and Recurrent Deformities of Clubfoot with Ilizarov Technique. Foot and 
Ankle Surgery, 15, 3-6. https://doi.org/10.1016/j.fas.2008.04.007 

[6] Atarraf, K., Arroud, M., Chater, L. and Abderrahmane, M. (2014) La place de la 
double arthrodèse dans la prise en charge du pied bot varus équin invétéré. Pan Af-
rican Medical Journal, 19, Article No. 212.  
https://doi.org/10.11604/pamj.2014.19.212.4508 

[7] Paley, D. (1993) The Correction of Complex Foot Deformities Using Ilizarov’s Dis-
traction Osteotomies. Clinical Orthopaedics and Related Research, 293, 97-111.  
https://doi.org/10.1097/00003086-199308000-00014 

[8] Alleyo, A. (2019) Résultats thérapeutiques de la prise en charge des déformations en 
varus de l’arrière pied par arthrodèse sous talienne isolée après avivement sans greffe. 
Mémoire Médecine UCAD, n° 209. 

[9] Koutsogiannis, E. (1971) Treatment of Mobile Flat Foot by Displacement Osteotomy 
of the Calcaneus. The Journal of Bone and Joint Surgery. British Volume, 53, 96-100.  
https://doi.org/10.1302/0301-620x.53b1.96 

[10] Lichtblau, S. (1973) A Medial and Lateral Release Operation for Club Foot: A Prelim-
inary Report. The Journal of Bone & Joint Surgery, 55, 1377-1384.  
https://doi.org/10.2106/00004623-197355070-00004 

[11] Ferreira, R.C. and Costa, M.T. (2009) Recurrent Clubfoot—Approach and Treatment 
with External Fixation. Foot and Ankle Clinics, 14, 435-445.  
https://doi.org/10.1016/j.fcl.2009.03.009 

[12] Diméglio, A., Bensahel, H., Souchet, P., Mazeau, P. and Bonnet, F. (1995) Classifica-
tion of Clubfoot. Journal of Pediatric Orthopaedics B, 4, 129-136.  
https://doi.org/10.1097/01202412-199504020-00002 

https://doi.org/10.4236/ojo.2024.1411044
https://doi.org/10.1097/bpb.0b013e32834adba7
https://doi.org/10.1302/0301-620x.45b1.67
https://doi.org/10.1097/01.bpo.0000226276.70706.0e
https://doi.org/10.1016/j.fas.2008.04.007
https://doi.org/10.11604/pamj.2014.19.212.4508
https://doi.org/10.1097/00003086-199308000-00014
https://doi.org/10.1302/0301-620x.53b1.96
https://doi.org/10.2106/00004623-197355070-00004
https://doi.org/10.1016/j.fcl.2009.03.009
https://doi.org/10.1097/01202412-199504020-00002


K. A. Faye et al. 
 

 

DOI: 10.4236/ojo.2024.1411044 488 Open Journal of Orthopedics 
 

[13] Penny, J.N. (2005) The Neglected Clubfoot. Techniques in Orthopaedics, 20, 153-
166. https://doi.org/10.1097/01.bto.0000162987.08300.5e 

[14] Bradish, C.F. and Noor, S. (2000) The Ilizarov Method in the Management of Re-
lapsed Club Feet. The Journal of Bone and Joint Surgery. British Volume, 82, 387-
391. https://doi.org/10.1302/0301-620x.82b3.0820387 

[15] Carey, M., Bower, C., Mylvaganam, A. and Rouse, I. (2003) Talipes Equinovarus in 
Western Australia. Paediatric and Perinatal Epidemiology, 17, 187-194.  
https://doi.org/10.1046/j.1365-3016.2003.00477.x 

[16] Flynn, J.M., Donohoe, M. and Mackenzie, W.G. (1998) An Independent Assessment 
of Two Clubfoot-Classification Systems. Journal of Pediatric Orthopaedics, 18, 323-
327. https://doi.org/10.1097/01241398-199805000-00010 

[17] Suresh, S., Ahmed, A. and Sharma, V. (2003) Role of Joshi’s External Stabilisation 
System Fixator in the Management of Idiopathic Clubfoot. Journal of Orthopaedic 
Surgery, 11, 194-201. https://doi.org/10.1177/230949900301100216 

 
 
 
 
 
 
 

https://doi.org/10.4236/ojo.2024.1411044
https://doi.org/10.1097/01.bto.0000162987.08300.5e
https://doi.org/10.1302/0301-620x.82b3.0820387
https://doi.org/10.1046/j.1365-3016.2003.00477.x
https://doi.org/10.1097/01241398-199805000-00010
https://doi.org/10.1177/230949900301100216

	Surgical Treatment of Relapsed Clubfoot Using the Ilizarov Method: Anatomical and Functional Outcomes—A Report of 16 Cases at the Order of Malta’s Hospital Center
	Abstract
	Keywords
	1. Introduction
	2. Patients and Method
	2.1. Patients
	2.2. Operative Technique
	2.3. Post-Operative Care
	2.4. Outcome Assessment Tools

	3. Results
	3.1. Anatomical Assessment
	3.1.1. Diméglio Score
	3.1.2. Residual Deformities (Figure 4)

	3.2. Functional Outcomes according to the AOFAS Scale
	3.3. Subjective Patient Satisfaction
	3.4. Complications

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

