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Background: Charcot neuroarthropathy (CN) is a progressive, non-infectious disorder characterized by bone and joint
destruction, most commonly seen in patients with diabetes and peripheral neuropathy, and can lead to joint instability,
ulceration, osteomyelitis, and increased risk of amputation. The purpose of the study is to evaluate the effectiveness of
Ilizarov-assisted ankle arthrodesis in achieving stable fusion and functional outcomes in patients with Charcot
neuroarthropathy. Methods: This prospective observational study was conducted at the Department of Orthopaedics,
National Institute of Traumatology and Orthopaedic Rehabilitation (NITOR) along with selected private hospitals, Dhaka,
Bangladesh, from January 2020 to December 2024, and included 15 patients with Charcot neuroarthropathy of the ankle.
All patients underwent Ilizarov-assisted ankle arthrodesis, and outcomes including fusion, limb salvage, complications,
and functional recovery (AOFAS score) were assessed over a mean follow-up of 24.5 + 6.3 months. Results: Fifteen
patients with Charcot neuroarthropathy underwent Ilizarov-assisted ankle arthrodesis. Ankle fusion was achieved in 80.0%,
limb salvage in 86.7%, and limb shortening occurred in 73.3%. The most common complication was pin-tract infection
(40.0%). Among surviving patients (n = 13), mean follow-up was 24.5 months, AOFAS scores improved from 36.8 to
68.9, and 69.2% achieved full weight-bearing. Conclusion: Ilizarov-assisted ankle arthrodesis provides reliable fusion,
effective limb salvage, and meaningful functional improvement in patients with Charcot neuroarthropathy despite
procedure-related complications.
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mellitus is currently recognized as the most common
INTRODUCTION underlying cause [1,2]. The collapse of the talar body and
associated joint instability in CN predispose patients to
ulcer formation around the ankle, and without timely
intervention, these ulcers may progress to osteomyelitis.
When osteomyelitis is present, the likelihood of eventual
amputation significantly increases [3]. To restore a

Charcot  neuroarthropathy (CN) is a
progressive, non-infectious disorder characterized by
bone and joint destruction caused by osteolysis, with
patients who have peripheral neuropathy following long
period DM being particularly susceptible. Multiple
neuropathic conditions can lead to CN, but diabetes
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stable, weight-bearing limb and reduce the risk of future
amputations, arthrodesis of the ankle joint is indicated in
CN, as it can correct alignment, promote healing of
existing ulcers, prevent new ulceration, and enable
patients to achieve a plantigrade, functional extremity

[4].

Patients with comorbidities such as diabetes,
CKD, osteomyelitis, bone defects, deformity, peripheral
vascular disease, rheumatism, or a history of smoking
often demonstrate impaired bone healing and are
frequently managed nonoperatively or by amputation
[5]. While there is no universally accepted standard for
fixation during reconstructive procedures, both internal
fixation (IF) and external fixation (EF) are employed to
achieve a stable, ulcer-free, and plantigrade limb [4].
Internal fixation is generally sufficient for ankle
arthrodesis in many cases; however, situations involving
chronic infections (e.g., osteomyelitis, tuberculosis),
severe ankle deformity or limb length discrepancy,
compromised soft tissue, deficient bone stock, or
neurological impairment can render internal fixation
suboptimal. In these complex cases, the Ilizarov fixator
is preferred [6-8].

Various techniques have been described for
ankle arthrodesis, including crossed screws (two screws
inserted from the distal tibia into the talus),
intramedullary nails, plates, and external fixation frames.
Despite this range of options, the optimal approach for
achieving rigid, stable fixation while allowing
compression under functional weight bearing and
restoring a plantigrade foot remains debated [9-12]. Each
technique carries potential complications, including
malalignment, infection, nonunion, and osteoarthritis of
adjacent joints [6].

The Ilizarov fixator is a versatile external
fixation system, providing circumferential rigidity
combined with dynamic axial compression, which
allows surgeons to correct intraoperative errors or
postoperative positional loss. It is a minimally invasive,
reliable method for addressing complex ankle
arthrodesis cases, permitting early weight bearing. The
Ilizarov technique has demonstrated high union rates in
ankle arthrodesis, and various weight-bearing protocols
do not appear to significantly affect outcomes [13,14].
The Ilizarov ring fixator (IRF) offers additional benefits,
such as early and safe weight bearing, promotion of soft
tissue regeneration, and the ability to adjust the frame
postoperatively to maintain proper foot alignment [15-
17]. It has been reported as an effective and minimally
invasive method for complex ankle arthrodesis,
providing immediate weight-bearing capability.
Moreover, tension-stress applied by the Ilizarov
apparatus can have bactericidal effects by stimulating
biosynthetic processes, which aids in managing
osteomyelitis and may reduce the need for systemic
antibiotics [18,19].

Despite the reported advantages of Ilizarov-
assisted ankle arthrodesis, the existing literature is
limited by small sample sizes, heterogeneous patient
populations, and variations in surgical techniques and
follow-up protocols. Most studies focus on midfoot or
hindfoot Charcot deformities, with fewer specifically
evaluating outcomes in ankle CN. Furthermore, there is
a lack of comprehensive data assessing both
radiographic fusion and functional outcomes, including
weight-bearing ability, ambulation status, and limb
salvage, in patients undergoing Ilizarov-assisted ankle
arthrodesis. Consequently, there remains uncertainty
regarding the reproducibility of outcomes, the optimal
management of complications, and the long-term
functional benefits of this technique in diabetic patients
with complex ankle deformities. The purpose of the
study is to evaluate the effectiveness of Ilizarov-assisted
ankle arthrodesis in achieving stable fusion and
functional outcomes in patients with Charcot
neuroarthropathy.

Objective

To evaluate the effectiveness of Ilizarov-
assisted ankle arthrodesis in achieving stable fusion and
functional outcomes in patients with Charcot
neuroarthropathy.

METHODOLOGY & MATERIALS

This prospective observational study was
conducted at the Department of Orthopaedics, National
Institute  of  Traumatology and  Orthopaedic
Rehabilitation (NITOR), along with selected private
hospitals, Dhaka, Bangladesh, from January 2020 to
December 2024. A total of 20 patients with Charcot
neuroarthropathy of the ankle were initially assessed for
eligibility. Among them, 5 patients were excluded due to
incomplete medical records or loss to follow-up, leaving
15 patients who fulfilled the predefined inclusion and
exclusion criteria and were included in the final analysis.
Data were collected on demographic, clinical, and
radiological parameters to evaluate the outcomes of
Ilizarov-assisted ankle arthrodesis, including fusion
rates, functional recovery, and postoperative
complications.

Inclusion Criteria

e Patients diagnosed as unstable ankle due to diabetic
Charcot neuroarthropathy of the ankle following
prolong Diabetes.

e Patients planned for Ilizarov-assisted ankle
arthrodesis due to deformed ankle with varus or
valgus deformity of ankle

o Age >28 and <70 years

e Patients willing and able to comply with follow-up
and postoperative care.

Exclusion Criteria

e Severe comorbidities rendering the patient unfit for
anesthesia or surgical intervention.

e Incomplete medical records or loss to follow-up.
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e Patients refusing consent or unwilling to comply
with postoperative protocol.

Preoperative Assessment

Demographic and clinical data were recorded,
including age, sex, duration of disease, presence of
diabetes mellitus, and peripheral neuropathy. The
Eichenholtz stage was determined for all patients based
on standard preoperative radiographs (RTG), alongside
the assessment of preoperative deformity type (varus,
valgus, or neutral). Clinical evaluation was also
performed to assess ankle stability and soft tissue
condition.

Surgical Technique

All patients underwent ankle arthrodesis using
a circular Ilizarov external fixator under spinal or general
anesthesia. Bone resection and deformity correction
were performed as indicated. Operative time and
intraoperative complications were recorded.
Postoperative frame management followed standard
Ilizarov protocols, with gradual weight-bearing as
tolerated.

Postoperative Care and Follow-Up

Patients were followed at regular intervals for
clinical and radiological assessment of fusion, limb
length, and deformity correction. Functional outcomes
were evaluated using the American Orthopaedic Foot &
Ankle Society (AOFAS) ankle-hindfoot score.
Complications, including pin-tract infection, wound
infection, refracture, frame loosening, deep infection,
amputation, and mortality, were documented. Limb
salvage, limb shortening, and need for shoe raise were
recorded. The mean follow-up duration for surviving
patients was 24.5 + 6.3 months.

Duration of diabetes mellitus (years since
diagnosis) was recorded for all patients to assess chronic
disease burden. Renal function was evaluated using renal
function tests (RFT), including serum creatinine and urea
levels, and was considered as part of preoperative and
follow-up medical assessment.

Outcome Measures

The primary outcome was successful ankle
fusion, defined radiographically and clinically.
Secondary outcomes included limb salvage, functional
improvement (AOFAS scores), complications, limb
shortening, and ambulation status. Data were
summarized using frequencies, percentages, and means
with standard deviations.

Figure 1: Preoperative anteroposterior and lateral
weight-bearing radiographs (RTG) demonstrating
advanced Charcot neuroarthropathy (Eichenholtz
Stage II/III) with significant talar collapse and ankle
joint architectural distortion

-

Figure 2: Preoperative clinical photograph
demonstrating severe ankle deformity and soft tissue
swelling in a patient with Charcot neuroarthropathy

L i
[ 7
Figure 3: Immediate postoperative clinical
photograph showing the application of the multi-
ring Ilizarov external fixator and the surgical
incision site following ankle arthrodesis
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£ Figure 6: Final follow-up radiographs (RTG)
Figure 4: Postoperative view showing the Ilizarov demonstrating successful ankle arthrodesis with stable
external fixator in situ with protective dressings bone fusion and maintained plantigrade alignment

applied to the surgical incision and pin sites

Figure 5: Postoperative clinical photograph
demonstrating the stabilization of the Charcot ankle
with the Ilizarov circular external fixator,
maintaining neutral plantigrade alignment during

Figure 7: Final clinical photograph following the
removal of the Ilizarov external fixator,
demonstrating a stable, plantigrade, and functional
foot with well-healed surgical and pin-site scars

the healing phase
RESULTS
Table 1: Demographic and Preoperative Characteristics of the Study Participants (n = 15)
Variable Frequency (n) | Percentage (%)
<50 3 20.0
51-60 7 46.7
Age (years) > 60 5 333
Mean = SD 57.6£5.6
Sex Male 11 733
Female 4 26.7
Diabetes mellitus Present 15 100.0
Peripheral neuropathy Present 15 100.0
Chronic Kidney Disease (CKD) Present 13 86.7
< 12 months 6 40.0
Duration of Charcot disease (months) | > 12 months 9 60.0
Mean + SD 192+5.9
Varus 5 333
Preoperative deformity Valgus 8 533
Neutral 2 13.3
The majority of patients were aged 51-60 years younger (3 patients, 20.0%), with a mean age of 57.6 +
(7 patients, 46.7%), followed by those older than 60 5.6 years. Male patients predominated (11 patients,
years (5 patients, 33.3%) and those aged 50 years or 73.3%). All patients had diabetes mellitus and peripheral
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neuropathy (15 patients each, 100.0%). Chronic kidney
disecase was present in 13 patients (86.7%). Disease
duration exceeded 12 months in 9 patients (60.0%), with
a mean duration of 19.2 £ 5.9 months. Regarding

preoperative deformity, valgus was the most common
pattern (8 patients, 53.3%), followed by varus deformity
(5 patients, 33.3%) and neutral alignment (2 patients,
13.3%).

Eichenholtz stage

W Stage |l

| Stage Il

Figure 8: Distribution of Patients According to Eichenholtz Stage of Charcot Neuroarthropathy (n = 15)

According to the Eichenholtz classification, 10 patients (66.7%) were in Stage III and 5 patients (33.3%) were in

Stage II.

Table 2: Operative and External Fixator—Related Parameters (n = 15)

Parameter Frequency (n) | Percentage (%)
Fixation method (Circular Ilizarov external fixator) 15 100
Mean operative time (minutes) 135+£20
Bone resection performed 11 73.3
Deformity correction 14 933
Limb shortening correction 13 86.7
Mean frame duration (weeks) 24.8+4.2

All patients were treated with a circular [lizarov
external fixator (15 patients, 100.0%). Bone resection
was required in 11 patients (73.3%), while deformity
correction was achieved in 14 patients (93.3%) and limb

shortening correction in 13 patients (86.7%). The mean
operative time was 135 + 20 minutes. The mean duration
of frame application was 24.8 = 4.2 weeks.

Table 3: Fusion Outcomes and Limb Length Changes Following Ilizarov-Assisted Ankle Arthrodesis (n = 15)

QOutcome Frequency (n) | Percentage (%)
Successful ankle fusion 12 80.0
Delayed union 2 13.3
Non-union 1 6.7
Mean time to fusion 22.6 £ 4.5 weeks
Limb salvage 13 86.7
Limb shortening 11 73.3
Mean limb shortening 2.1+£0.6cm
Patients requiring shoe raise 12 | 80.0

Successful ankle fusion was achieved in 12
patients (80.0%). Delayed union occurred in 2 patients
(13.3%), while non-union was observed in 1 patient
(6.7%). The mean time to fusion was 22.6 + 4.5 weeks.
Limb salvage was accomplished in 13 patients (86.7%).
Postoperative limb shortening was noted in 11 patients

(73.3%), with a mean shortening of 2.1 + 0.6 cm. Shoe
raise was required in 12 patients (80.0%) to address limb
length discrepancy. Most patients with postoperative
limb shortening reported satisfactory ambulation with
the use of a shoe raise or customized sole modification.
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Complication

40.0

Figure 9: Postoperative Complications and Mortality Following Ilizarov-Assisted Ankle Arthrodesis (n = 15)

Pin-tract infection was the most common
complication, occurring in 6 patients (40.0%).
Superficial wound infection was observed in 3 patients
(20.0%). Refracture following frame removal and frame

loosening occurred in 2 patients each (13.3%). Deep
infection and amputation were noted in 1 patient each
(6.7%). Mortality unrelated to the surgical procedure
was recorded in 2 patients (13.3%).

Table 4: Functional Outcomes and Follow-Up Assessment Among Surviving Patients (n = 13)

Parameter

Value

Mean follow-up duration (months)

245+6.3

Mean AOFAS score (preoperative)

36.8+£7.1

Mean AOFAS score (final follow-up) | 68.9 + 8.6

Full weight-bearing

9 (69.2%)

Ambulation with assistive device

4 (30.8%)

Among the 13 surviving patients, the mean
follow-up duration was 24.5 = 6.3months. The mean
AOFAS score improved from 36.8 + 7.1 preoperatively
to 68.9 + 8.6 at final follow-up. Full weight-bearing
ambulation was achieved in 9 patients (69.2%), while 4
patients (30.8%) required assistive devices for
ambulation.

DISCUSSION

Charcot neuroarthropathy of the ankle is a
progressive and destructive musculoskeletal condition
that can result in severe joint deformity, instability, and
ulceration if not appropriately managed. Ankle
involvement, particularly in patients with diabetes and
peripheral neuropathy, poses a high risk for
complications such as osteomyelitis, limb shortening,
and eventual amputation. The findings of this study
demonstrate that Ilizarov-assisted ankle arthrodesis can
achieve stable fusion, correct deformity, and improve
functional outcomes, as evidenced by limb salvage rates,
radiographic union, and increased AOFAS scores in the
majority of patients. These results highlight the clinical
value of Ilizarov-assisted arthrodesis in managing
complex Charcot ankle deformities and restoring a
functional, plantigrade, weight-bearing extremity.

The demographic and preoperative
characteristics of our cohort are consistent with

previously reported findings in Charcot
neuroarthropathy. The mean age of patients in this study
was 57.6 + 5.6 years, with the majority falling within the
51-60-year age group (46.7%) and a clear male
predominance (73.3%), findings that closely align with
Galhoum et al. [20], who reported a similar mean age of
approximately 55 years and male predominance in a
large cohort of 405 cases. All patients in the present
study had diabetes mellitus and peripheral neuropathy
(100.0%), underscoring the well-established association
of these comorbidities with Charcot arthropathy, as also
demonstrated by Vinogradov ef al. [21], who observed a
high prevalence of both conditions in their series of 96
patients. Chronic kidney disease was also frequently
observed in our cohort (86.7%), further reflecting the
burden of systemic comorbidities in advanced diabetic
foot disease. The duration of Charcot disease exceeded
12 months in the majority of patients (60.0%), indicating
late presentation in most cases. Preoperative deformity
patterns were predominantly valgus (53.3%), followed
by varus (33.3%) and neutral alignment (13.3%),
highlighting the heterogeneous yet characteristic
structural ~ deformities associated with  Charcot
neuroarthropathy. Overall, these findings corroborate
previously reported demographic trends, comorbidity
profiles, and disease characteristics, supporting the
representativeness of our study population.
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Regarding disease severity, 66.7% of our
patients presented in Eichenholtz Stage III, comparable
to the distribution patterns reported by Vinogradov et
al.[21] and Galhoum et al.[20], demonstrating that
advanced-stage disease is frequently encountered at
presentation.

In the present study, all 15 patients (100.0%)
underwent ankle arthrodesis using a circular Ilizarov
external fixator, with a mean operative time of 135 + 20
minutes. Bone resection was required in 11 patients
(73.3%), while deformity correction was achieved in 14
patients (93.3%) and limb shortening correction in 13
patients (86.7%). The mean duration of frame
application was 24.8 + 4.2 weeks. These findings are
consistent with previous reports, such as Yontar et al.
[22], who demonstrated that external fixation is a widely
accepted approach in Charcot ankle arthrodesis,
providing satisfactory limb salvage and union outcomes
with long-term follow-up. Similarly, Chen et al. [23]
reported fusion times averaging 16.8 weeks using the
Ilizarov technique, highlighting the effectiveness of
circular external fixation in correcting complex
deformities, addressing limb length discrepancies, and
maintaining stability. This closely aligns with the
operative parameters and frame duration observed in our
cohort. Overall, these results support the efficacy and
reliability of Ilizarov-assisted ankle arthrodesis in
achieving stable correction and functional reconstruction
in patients with Charcot neuroarthropathy.

Successful ankle fusion was achieved in 12 of
15 patients (80.0%), with a mean time to fusion of
22.6+4.5 weeks, while delayed union occurred in 2
patients (13.3%) and non-union in 1 patient (6.7%).
Limb salvage was accomplished in 13 patients (86.7%),
with postoperative limb shortening observed in 11
patients (73.3%) and a mean shortening of 2.1 £ 0.6 cm;
shoe raise was required in 12 patients (80.0%) to address
leg length discrepancy. These outcomes are comparable
to those reported by Siddiqui et al.[24], who achieved a
93.3% arthrodesis rate in 15 Charcot patients with a
mean fusion time of approximately 20.5 weeks, and
ElAlfy et al.[25], where 12 of 14 patients (=86%) in the
[lizarov group achieved union. The similarity in fusion
rates and limb salvage between our study and these
cohorts supports the effectiveness of Ilizarov-assisted
ankle arthrodesis in achieving stable fusion and
functional restoration in patients with Charcot
neuroarthropathy.

Postoperative complications following
[lizarov-assisted ankle arthrodesis were observed in 15
patients, with pin tract infection being the most common
(6 patients, 40.0%), followed by superficial wound
infection in 3 patients (20.0%). Refracture after frame
removal and frame loosening each occurred in 2 patients
(13.3%), while deep infection and amputation were
noted in 1 patient each (6.7%). Mortality unrelated to
surgery was recorded in 2 patients (13.3%). These

findings are consistent with previous literature reporting
notable complication rates associated with external
fixation in Charcot neuroarthropathy. ElAlfy et al.[25]
reported pin tract infections in 57%, pin loosening in
21%, and wound infections in 21% of patients treated
with Ilizarov external fixation, while limb salvage and
union rates remained favorable. Similarly, Cianni et
al.[26] demonstrated that external fixation techniques
are frequently associated with hardware- and wound-
related complications, including pin site infections and
wound breakdown, with a higher overall complication
prevalence compared to internal fixation methods.
Overall, despite the incidence of these manageable
complications, limb salvage and functional outcomes
remain satisfactory, supporting the continued use of
Ilizarov-assisted arthrodesis in this high-risk patient
population.

The functional outcomes observed in this study
demonstrate a marked improvement following Ilizarov-
assisted ankle arthrodesis. Among the 13 surviving
patients, the mean AOFAS score increased from
36.8 7.1 preoperatively to 68.9 £ 8.6 at a mean follow-
up of 24.5+6.3 months, with 9 patients (69.2%)
achieving full weight-bearing and 4 patients (30.8%)
ambulating with assistive devices. These results are
consistent with Osman et al.[27], who reported a mean
postoperative AOFAS score of 72.4+ 10.41 at35.7+£9.5
months follow-up, and Chen ef a/.[23], who documented
scores of 72.5+ 6.4 at 23.3 months in 12 patients treated
with the Ilizarov technique. Collectively, these findings
reinforce that Ilizarov-assisted ankle arthrodesis
provides significant mid-term improvement in functional
outcomes, enabling most patients to regain weight-
bearing ability and enhanced ambulation.

Limitations of the study

The study had a few limitations:

o The sample size was relatively small, which limits
the generalizability of the findings and the ability to
detect fewer common complications.

e The study was conducted at a single center, which
may limit the applicability of results to other settings
or populations.

CONCLUSION

llizarov-assisted ankle arthrodesis is an
effective limb-salvage procedure for patients with
Charcot neuroarthropathy, providing reliable ankle
fusion and meaningful functional improvement in a
complex high-risk population. In this study, the
technique achieved a high rate of stable fusion along with
satisfactory limb  salvage, with most patients
demonstrating significant improvement in AOFAS
scores at mid-term follow-up. Although postoperative
complications such as pin-tract infection, wound-related
issues, and limb shortening were frequent, they were
generally manageable and did not preclude functional
recovery. A substantial proportion of patients required
shoe raise or sole modification; however, most were able
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to achieve full or assisted weight-bearing ambulation
with acceptable functional adaptation. Overall, despite a
notable comorbidity burden including a high prevalence
of chronic kidney disease, the Ilizarov method proved to
be a reliable and effective option for managing complex
Charcot ankle deformities, particularly in advanced
disease stages where internal fixation is often unsuitable.
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