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Abstract
Background  Infection around the ankle joint after fracture fixation, or septic arthritis with active discharging sinuses is 
often challenging to manage with conventional procedures of arthrodesis. The Ilizarov method of arthrodesis gives a better 
alternative for salvage in such cases.
Methods  This was a retrospective study including 20 patients who were subjected to tibiotalar arthrodesis with Ilizarov 
method. The major pathologies included internal fixation of ankle fractures complicated by infection, posttraumatic infected 
ankle arthritis, and osteomyelitis. The patients were evaluated on the basis of Association for the Study and Application of 
the Method of Ilizarov (ASAMI) criteria. The aim of the surgery was to achieve plantigrade, stable, and painless foot with 
no signs of infection.
Results  A total of 20 patients were operated and reviewed at our institute. The study comprised of 15 male and 5 female 
patients with a mean age of 43.9 years (range 33–55 years). Out of 20 patients, 4 patients had complications of pin-tract 
infection and one had wire breakage of the forefoot ring. According to the ASAMI criteria, 17 patients had excellent bone 
scores and 18 patients had good functional scores. Union was achieved in all patients with resolution of infection and the 
mean limb length discrepancy was 1.92 cm (range 1–2.5 cm).
Conclusions  The Ilizarov fixator for ankle arthrodesis provides an excellent way for strong bone fusion, infection eradication, 
early weight-bearing, and the added benefits of compression at the arthrodesis site post-operatively.
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Introduction

Ankle fractures with infection following fracture fixation are 
difficult to manage due to the superficial nature of the joint, 
poor soft-tissue cover around the ankle joint, and skin 
defects following debridement. Additionally, subluxation of 
the joint after implant removal further complicates the treat-
ment in patients with previous fixation of ankle fractures. 
Patients with advanced age and associated comorbidities 
also have wound healing complications.

Ankle arthrodesis has been recognized as one of the 
standard procedures for salvaging ankle joints in advanced 
cases of degeneration with associated comorbidities [1–5]. 
Conventional methods of internal fixation for ankle arthro-
desis are often difficult to use in the presence of infection 
and the Ilizarov method serves as a good modality of treat-
ment [6].

Tibiotalar arthrodesis serves as one of the most com-
monly performed arthrodesis around the ankle joint [7–10]. 
Though we have made significant advances in the form of 
arthroscopy, arthroplasty, and arthrodiastasis, ankle arthro-
desis still acts as the gold standard for end-stage disease 
[11]. There are various indications for arthrodesis, including 
post-traumatic degeneration, infection, rheumatoid arthritis, 
tumors, and neuromuscular conditions [11, 12].

Ankle joint presents with numerous difficulties as the 
amount of cases with joint destruction after complicated 
fractures are on the rise [10, 13, 14]. Incidence of chronic 
infections, bone defects, limb length discrepancy, soft-tissue 
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loss, and joint abnormalities are quite challenging and dif-
ficult to treat [13, 14]. Amputation may present as the last 
resort for patients with failed arthrodesis, and therefore, 
fusion procedures should be thoroughly evaluated to prevent 
inadequate results.

The Ilizarov device is a flexible external fixator that per-
mits dynamic and multidirectional stresses to be applied. 
The ability to alter the alignment of the hindfoot and forefoot 
after the surgery by repositioning the frame as required is 
a distinct benefit of the Ilizarov technique, allowing for the 
rectification of intraoperative errors or early postoperative 
loss of position. These advantages significantly improve the 
outcome of the surgery and are quite helpful in the correc-
tion of malalignment, providing an improved level of activ-
ity, and pain management.

The aim of this study was to evaluate the outcomes of 
arthrodesis of the tibiotalar joint using a relatively simple 
Ilizarov ring fixator frame.

Materials and Methods

Twenty ankle (tibiotalar) arthrodesis performed at our insti-
tute between May 2017 and May 2019, and followed up on 
until October 2021 utilizing the Ilizarov external fixator 
were evaluated retrospectively. The study comprised 15 
men and 5 women ranging in age from 33 to 55 years at 
the time of arthrodesis. Fourteen individuals had their right 
ankle arthrodesed, whereas 6 had their left ankle arthrodesed 
(Table 1).

All patients had a history of trauma. The causal pathol-
ogy in most of the patients was post-traumatic infection with 
active discharging sinus. Eighteen patients had a history of 
open reduction and internal fixation for bimalleolar ankle 
fractures and osteoarthritis, and the remaining two patients 
took conservative treatment for bimalleolar fractures. Most 
of the patients were previously operated on an average of 1.3 
(range 0–4) times. The previous surgical procedures were 

in the form of external fixation, open reduction and internal 
fixation with implant in situ, bone grafting, revision surgery 
for wound management, implant removal, and soft-tissue 
defect. The primary aim of Ilizarov frame arthrodesis was to 
obtain a painless and solid plantigrade foot and to eradicate 
existing infection.

Operative Procedure

The medial and lateral approaches were used to open the 
ankle joint. In instances where prior incision scars and dis-
charging sinuses were evident, the incision was modified. 
To minimize wound problems, full-thickness subperiosteal 
skin flaps were raised. If implants were present, they were 
removed. Debridement was performed and joint synovium 
was excised.

The distal 5 cm of the fibula was removed, exposing the 
articular surface of the ankle joint. The medial malleolus 
was removed at the tibial plafond level. The articular surface 
of the tibia was cut perpendicular to the long axis of the tibia 
with an oscillating saw. Talar dome articular cartilage was 
sliced parallel to the tibial cut. In neutral flexion and 10°–15° 
of external rotation, the cancellous surfaces of the tibia and 
talus were opposed to each other with no varus or valgus 
angulation. The opposing ends were secured in position and 
two 3 mm K-wires  were passed across the ankle joint.

A simple preconstructed Ilizarov frame design with two 
full and one 5/8th ring connected with 4 rods between each 
other was slid over the leg (Fig. 1). The desired position of 
the frame over leg was maintained by keeping folded towels 
between leg and ring. 2 full rings were fixed to the tibia 
perpendicular to its axis using Schanz screws and wires. 
The level of the 5/8th ring was adjusted at the level of the 
calcaneum. Two crossing olive wires were passed in the cal-
caneum opposing each other and were tensioned up to 60 kg. 
A Schanz screw was passed using a one-hole Rancho cube 
from the posterior aspect of the heel into the calcaneum 
pointing towards the cuboid under IITV (Image intensifying 
TV system) guidance. One drop wire was passed through the 
talus and connected to the calcaneal ring using male posts.

One 5/8th ring was put in the forefoot at the level of 
the metatarsal neck using two olive wires. One wire from 
the inferomedial aspect of the 1st metatarsal neck and the 
another olive wire from the posterolateral aspect of the 5th 
metatarsal neck incorporating the 3rd and 4th metatarsal.

The forefoot ring was connected to the calcaneal ring 
using simple hinges and coupled washers with two rods over 
medial and lateral aspect. The forefoot ring was also con-
nected to the distal tibial ring using hinges and coupled 
washers with one connecting rod (Figs. 2, 3, 4).

After all the connections were put in, the K-wires which 
were used to hold the arthrodesis in position were removed.

Table 1   Patient demographics

Total patients 20

Mean age (range) 44.75 (33–68) years
Gender (male:female) 15:5
No. of previous surgeries
Mean (range)

1.3 (0–4)

Duration of Ilizarov frame application 
(months)

Mean (range)

22.9 (18–34) weeks

Duration of follow-up
Mean (range)

39.4 (26–52) months

Postoperative limb length discrepancy
Mean (range)

1.9 (1–2.5) cm
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Fig. 1   Schematic diagram of 
a ankle and hindfoot Ilizarov 
frame with forefoot rings for 
ankle arthrodesis. The arrows 
show the direction of compres-
sion. b Hindfoot component of 
the ankle frame. c Location and 
direction of wires in the meta-
tarsals for forefoot extension of 
the frame

Fig. 2   Case 1 Illustration. 68 Year female with history of bimalleolar fracture and four revision surgeries. a Preoperative X-rays of ankle joint. b 
Preoperative clinical pictures of ankle (lateral view). c Preoperative clinical pictures of ankle (medial view)
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Corticotomy for lengthening was not done in any patient 
undergoing surgery as all of them were counseled preopera-
tively about shortening up to 1 inch. The goals of the surgery 
were to get a plantigrade, stable, and painless foot without 
any infection.

Postoperative Protocol

All patients are permitted to walk with a walker and modi-
fied footwear with weight-bearing as tolerated. The patient 
and a relative were both educated on pin-tract care and 
compression techniques. The fixator was used to compress 

the arthrodesis site for 10  days at a pace of 1  mm/day 
divided into four times. The arcing of wires in the talus 
and calcaneum was used to ensure that the arthrodesis site 
was adequately compressed. CRP levels were measured 
every 2 weeks until the wound healed and normal values 
were reached. Patients were seen as outpatients once a 
month. After radiological healing was confirmed, fixators 
were dynamized and patients were permitted to walk for 
another 3–4 weeks. After the fixator was removed, a plaster 
slab was applied for 2 weeks. After the pin tracts and skin 
wounds healed, a below-knee cast was applied for 6 weeks. 
Following that, a shoe raise with a rocker bottom sole was 
given.

Fig. 3   Case 1 Illustration. a Immediate postoperative X-rays. b Immediate postoperative clinical picture. c Clinical picture after complete heal-
ing of wounds

Fig. 4   Case 1 Illustration. a Postoperative X-rays (1-year follow-up). b Clinical pictures after frame removal
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Results

In our study, 20 patients were operated for ankle arthrode-
sis with the Ilizarov fixator frame. Patient age ranged from 
33 to 68 years with an average of 44.75 years. 14 patients 
out of 20 had active osteomyelitis and the average number 
of previous surgeries done were 1.3 ranging from 0 to 4. 
The external fixation time averaged 22.9 (range 18–34) 
weeks. The average postoperative limb length discrepancy 
(LLD) was 1.9 cm (range 1–2.5 cm) and all the patients 
were given an appropriately sized shoe raise as none of the 
patients opted for bone lengthening. The average period 
of follow-up for all patients was 39.4 (26–50) months. 
Bony union was achieved in all patients (100%) at the 
end of the study (Fig. 5). After fusion, patients reported 
either no pain or mild discomfort, all could walk indepen-
dently without assistance, and all were satisfied with the 
procedure.

On the basis of ASAMI (Association for the Study and 
Application of the Methods of Ilizarov) criteria, 17 patients 
had excellent bone scores, 2 as good and 1 as fair. (Table 2). 
18 patients had good ASAMI functional scores with 
the remaining two as fair (Table 3). Because the ASAMI 
functional score included ankle range of motion, the maxi-
mum attainable function score for the fusion group was 
“good”.

Complications occurred in six patients, with four devel-
oping pin-tract infections which healed after oral antibiotics, 
repeated dressing, and wound care, and one patient had wire 
breakage of the forefoot ring.

Discussion

Ankle arthrodesis can be performed utilizing a variety 
of techniques, including external fixator compression 
[15, 16], internal fixation with plates or screws [17–19], 

Fig. 5   Case 2 Illustration. 60 Year male with history of trauma to ankle joint 1 year back. a Preoperative X-rays of ankle joint. b Immediate post-
operative X-rays ankle joint. c Postoperative X-rays after 1-year follow-up. d Clinical pictures after 1-year follow-up

Table 2   ASAMI criteria (bone result)

LLD limb length discrepancy

Bone result Number of patients Criteria

Excellent 17 (85%) Union, no infection, deformity < 7°, LLD < 2.5 cm
Good 2 (10%) Union plus any two of the following: absence of infection, deformity < 7°, LLD < 2.5 cm
Fair 1 (5%) Union plus any one of the following: absence of infection, deformity < 7°, LLD < 2.5 cm
Poor 0 Nonunion/refracture/union plus infection plus deformity > 7° plus LLD > 2.5 cm
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intramedullary fixation [20], and arthroscopic ankle fusion 
[21]. Charnley was the first to describe the use of exter-
nal fixation for ankle fusion [22]. The fixators employed 
were monopolar, and there were numerous difficulties such 
as motion at the fusion site, malunion, and delayed union. 
This led to the development of triangular frames to improve 
fixation and provide multiplanar compression [15, 23].

The Ilizarov ring fixator has distinct benefits over conven-
tional fusion methods, making it an excellent fixing tool in 
patients with severe ankle pathologies [10, 16, 24]. These 
include dynamic axial fixation, which keeps bone contact 
without the need for additional bone grafting, excellent 
bending, shear, and torsional stability, which allows for 
early weight-bearing and reduces pin-tract infection, and 
great modularity with circumferential mechanical control, 
which allows for postoperative adjustments that are impos-
sible with nails, screws, or plates. Ilizarov wires applied per-
cutaneously can offer stable fixation in osteoporotic bones. 
Furthermore, arthrodesis can be performed as a one-stage 
procedure in the presence of active infection. Bony fusion 
can also be improved by gradually compressing the fusion 
site.

Hammerschlag achieved substantial fusion in all ten 
of his patients, including two who had previously failed 
arthrodesis, utilizing a basic two-ring circular frame [16]. 
Yanuka et al. conducted Ilizarov arthrodesis on six patients 
suffering from posttraumatic arthrosis both with and without 
infection. All patients had a painless fusion between 7 and 
15 weeks [25].

In our study, we have fixed the arthrodesis provisionally 
with thick K-wires and used a simple preconstructed frame 
that was slid over the leg. The fixator rings were used as a 
reference guide to put the fixation elements. The elements 
were fixed to the rings without any stress on the components. 
The removal of malleoli allowed us to close the skin flaps 
without much tension as we got redundant skin post-removal 
of malleoli. We were able to achieve gradual compression 
over the fixator postoperatively till we saw arcing of talar or 
calcaneal wire.

Complications are a part of every procedure and ankle 
arthrodesis with  an Ilizarov fixator also presents some. 
Pin-tract infections and non-union are  the most frequent 

complications which can be reduced with proper care of pin-
tract, weight-bearing, and sufficient compression at the fusion 
site. Joint infection and necrosis of the talus have been cited as 
the main causes of non-union [15]. Other risk factors include 
smoking, medical comorbidities, and insufficient compression 
[15, 26].

Ilizarov ring fixation provides the advantage of permitting 
early weight-bearing and has been indicated in situations with 
severe ankle joint disease and when bone quality is impaired 
to the point where adequate screw thread purchase is doubtful. 
Furthermore, external ring fixation allows for post-operative 
correction of bone alignment and joint compression.

Conclusion

Ilizarov fixator should be considered as an important tool for 
arthrodesis in failed ankle fractures, Charcot joint, and arthri-
tis of ankle joint especially in presence of infection when the 
other methods of internal fixation are difficult to consider. 
Ilizarov ring fixator has an advantage over the other external 
fixators for better control of axial and torsional forces, better 
hold in osteoporotic bones, and hence providing stable fixation 
which would aid in early healing of fusion site.
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