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Abstract

Background. Involvement of the hindfoot and ankle in diabetic Charcot neuroarthropathy is often associated
with subtotal or total defects of the talus, leading to unstable multiplanar deformities and a significant loss of
weight-bearing capacity in the affected limb. Numerous arthrodesis techniques and fixation methods have been
developed; however, in most cases, the final choice of surgical treatment depends on the surgeon’s preference.
The aim of the study - to evaluate the outcomes of the surgical treatment of patients with hindfoot and ankle
deformities due to Charcot neuroarthropathy who underwent arthrodesis using various fixation methods.
Methods. A retrospective analysis was conducted on 96 patients (97 feet) with Charcot neuroarthropathy
affecting the hindfoot. Of these, 28 patients had type 1 diabetes, and 53 had type 2 diabetes. The average follow-
up period was 21.0+1.0 months. Arthrodesis with the Ilizarov external fixator was performed in 86 (88.7%) cases,
and internal fixation using screws, plates, or intramedullary nails was used in 11 (11.3%) cases.

Results. Bony ankylosis and fusion were achieved in 95 (98.0%) cases, including 85 (98.8%) out of 86 cases with
external fixation and 10 (90.9%) out of 11 cases with internal fixation. Due to noncompliance with weight-
bearing protocols, revision arthrodesis was required in 9 (9.3%) cases at different stages of treatment and
rehabilitation. Septic complications occurred in 20 (20.6%) cases at various treatment stages.

Conclusions. High rates of bony ankylosis formation were achieved with both external and internal fixation
methods. However, external fixation proved to be a more reliable treatment option for patients with Charcot
neuroarthropathy, given the typical characteristics of this cohort of patients, including poor skin condition,
high BMI, reduced compliance, and challenges in adhering to fixation and weight-bearing regimens.

Keywords: Charcot neuroarthropathy, hindfoot arthrodesis, ankle arthrodesis, bone defect reconstruction,
bone grafting.
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Pedepar

AxmyanvHocme. [lopakeHne 3aJHEro OTAeIa CTOIbI M FOJIEHOCTOITHOTO CYCTaBa Mpy AMabeTu4eckoil Heipo-
octeoaprpomnaTtuu lllapko Hepenko compoBokaaeTcs: GopMUpPOBaHMEM CYOTOTATbHBIX U TOTANTbHBIX Te(deKTOB
TapaHHO KOCTH, UTO MPUBOIUT K PA3BUTUIO HECTAOMIbHBIX MHOTOIVIOCKOCTHBIX leopMalinii, a Takke pe3Ko-
MYy HapyIIeHMIO OIOPOCIIOCOOHOCTY KOHeUHOCTH. Ha ceromHsIuIHmii [eHb pa3paboTaHo MHOKECTBO Pa3/IMUHbIX
TEXHMK BBIITOJIHEHUS apTPoAe3a U CIoco60B pUKCcalyM, OMHAKO B OONMBIIMHCTBE CTy4yaeB OKOHYATETbHOE pe-
IIeHne o0 NpyMMeHeHMM TOTr0O I MHOT'O MeTOoda 3aBMCUT OT Hpe,ELHO‘{TEHI/II‘/J[ Xupypra.

ILlenv uccnedosanHuss — OLIEHUTDb Pe3YIbTATHI ONEPATUBHOIO JeueH!s MalMeHToB ¢ JedopManusamm 3agHero
OTZea CTOIbI U TOJIEHOCTOITHOTO CyCTaBa Ipu HeltpoocTeoaprponaTtuu Illapko, KOTOPBIM GBI BBHIITOIHEH ap-
TpOJie3 MOPasKEHHBIX CYCTABOB € MKcalyeil pa3JIMyHbIMU CITOCOOAMNA.

Mamepuan u memodst. TIpoBefieH aHa/IN3 Pe3yJbTATOB JieueHUs 96 manmeHToB (97 CTOIT) ¢ HeifpoocTeoap-
Tponatueit lllapko, COMpoOBOKAAIOIIENICS TOPasKeHeM 3aJHEr0 OT/esa CTOIIbI, M3 HUX C CaXapHbIM I1abeToM
1-ro Tnma — 28 manyueHTOB; 2-r0 THITa — 53 manyuenTa. CpegHNUi CPOK HAOTIOAEHMS TTOC/Ie OTlepaIii COCTaBMUIT
21,0+1,0 mec. ApTpofie3 ¢ IIpMMeHeHMeM YPECKOCTHOTO OCTEOCHHTE3a amnrapatom Mnm3apoBa BBIIOMHSIN B
86 (88,7%) cimyuasx; ¢GUKCAIUIO MOTPYKHBIMM KOHCTPYKUIMSIMM (BMHTaMM, CKOOAMM, MHTPAMEY/ISIPHBIM
mtudrom) — B 11 (11,3%).

Pezynsmameoi. DopMupoBaHye KOCTHOTO aHKMUJI03a M CpallleHMe JOCTUTHYTO B 95 (98,0%) ciyuasix, U3 HUX I10-
CJie apTpoaesa MeTOIOM UpeCKOCTHOrO ocTeocuHTe3a B 85 (98,8%) 13 86 ciydyaeB, a Ipy BBITIOJTHEHUM apTPoO-
nesa BHyTpeHHUMMU ¢ukcatopamu — B 10 (90,9%) u3 11 crydaeB. B cBsI3u ¢ HapylleHUEM peKMMa pasrpy3Ku
OIlepUPOBAHHOM KOHEUHOCTHM BBIINOJTHEHE TOBTOPHOTO apTpojesa morpeboBanock B 9 cryvasx (9,3%) Ha pas-
JIMYHBIX 3TArax MPOBOAMMOro jgedeHust u peabmmmranyu. B 20 (20,6%) caydyasx MpOMU3OIUIM THOHbIE OCTOX-
HeHMS Ha Pa3/IMYHBIX CPOKaX U 3Tanax MpoBOAVMOTO JeUeHUS.

3akaiouenue. Beicokue rokasarenu GopmMmUpoBaHMS KOCTHOTO aHKMI03a JOCTUTHYTHI Kak MPU BBITIOTHEHUN
apTpone3a MeTOJJOM UpPeCKOCTHOTO OCTEOCMHTE3a, TaK U IOC/Ie UCIO0Ab30BaHMS BHYTPEHHUX (UKCATOPOB.
MeToz, YpeCcKOCTHOTO OCTEOCHHTEe3a SABSIeTCS 60Iee HaAEXKHBIM CIIOCO60M JleueHMsI MaIMeHTOB C Heipooc-
TeoapTporaTtueii lllapko ¢ yueToM 0co6eHHOCTEN JaHHOJ KOTOPTHI MAIMEHTOB: IJIOXOT'0 COCTOSTHUSI KOXKHBIX
ITOKPOBOB, BbICOKOT0 UMT, CHMsKeHMSI KOMIUIA@HTHOCTH ITAIllEHTOB ¥ aIeKBATHOCTM COOIIONEHMS UMM TTPe/I-
MMCaHHBIX PEXXMMOB (];)chauvm " pa3rpy3kM KOHEYHOCTN.

KiroueBsie c1oBa: HEﬁpOOCTeoaprOHaTMH HlapKo, apTpoge3 3agHero oTaeaa CTOIIbI, apTPpOoae3 roJieHOCTOII-
HOTO CyCTaBa, 3aMellleHMe KOCTHbBIX ,Z[ed)EKTOB, KOCTHAas IJ1IaCTUKaA.
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INTRODUCTION

Charcot neuroarthropathy is characterized by
progressive bone destruction in the context of
neuropathy of various origins (such as diabetes
mellitus, syphilis, spina bifida, etc.). Currently,
the most common cause is diabetes mellitus,
which leads to impaired weight-bearing function
of the limb and is often associated with septic
and necrotic complications [1, 2]. In diabetic
Charcot neuroarthropathy (DCN), the hindfoot is
affected in up to 10% of cases, with the midfoot
- particularly the Lisfranc joint — being most
frequently involved, resulting in the typical
rocker bottom foot deformity seen in this
condition [3]. However, hindfoot involvement
with irreversible bone destruction presents
a much more severe clinical course. The instabi-
lity and multiplanar nature of the deformity
in this area are often associated with subtotal
or total defects of the talus, which significantly
compromise the weight-bearing function of the
limb, as this region initially bears the entire
body weight before transmitting it to the
forefoot [4]. According to the recommendations
of the International Working Group on the
Diabetic Foot (2023), primary arthrodesis is
indicated in cases of DCN involving the hindfoot
and ankle joint [5].

To stabilize the hindfoot and ankle joint
in deformities caused by DCN, arthrodesis of
one or more affected joints is performed [6, 7].
Proponents of external fixation emphasize the
many advantages of this method in the treatment
of patients with Charcot neuroarthropathy
[8, 9, 10, 11, 12]. Others prefer internal
fixation techniques, particularly using locking
intramedullary nails, to stabilize the fusion [13,
14,15, 16, 17].

There are many different classification systems
for describing diabetic Charcot neuroarthropathy,
though none individually provide a complete
clinical picture. For localizing the pathological
process, the most widely used is the anatomical
classification by L. Sanders and R. Frykberg [18].
To assess the depth and extent of the condition
in the presence of ulcerations, the F.W. Wagner
Jr. [19] and WIfI [20] classifications have been
developed, with the latter also taking into account
the degree of ischemia. The pathophysiological
classification by S.N. Eichenholtz [21] based

on radiographic findings, and the MRI-based
classification by E.A. Chantelau and G. Griitzner
[22] are used to determine the stage of DCN.

Reconstructive surgery is one of the most
promising treatment options, as it can halt
the progression of the disease, restore the
limb’s weight-bearing function, and help avoid
amputation [23, 24]. The literature presents
conflicting information regarding the optimal
method of fixation in DCN patients with hindfoot
and ankle involvement. Numerous surgical
techniques and fixation methods for arthrodesis
have been developed; however, in most cases, the
final choice depends on the surgeon’s individual
preference [25, 26].

The aim of the study - to evaluate the outcomes
of the surgical treatment of patients with
hindfoot and ankle deformities due to Charcot
neuroarthropathy who underwent arthrodesis
using various fixation methods.

METHODS

An analysis was conducted on the treatment
outcomes of 96 patients (97 feet) with Charcot
neuroarthropathy involving the hindfoot,
including 37 men and 59 women. The patients
received treatment at the Center for Foot and
Diabetic Foot Surgery of the Yudin City Clinical
Hospital and Branch No. 1 of Demikhov City
Clinical Hospital (formerly City Clinical Hospital
No. 13) from 2020 to 2024. The median age of the
patients was 52 years [44-61] (min - 21, max - 79).
The median body mass index (BMI) was 29 kg/m?
[25-35] (min - 17, max - 46). The characteristics
of the study group are presented in Table 1.

Table 1
Characteristics of patients with Charcot
neuroarthropathy
Parameter Num_ber of %
patients

Type 1 diabetes mellitus 28 29.2
Type 2 diabetes mellitus 53 55.2
No diabetes mellitus 15 15.6
Mean age, years 52.0+1.3
Mean BMI, kg/m? 30.0+0.7
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In 33 (34.0%) cases, there was combined
involvement of the hindfoot and midfoot. In 11
(11.3%) cases, patients had previously undergone
surgical treatment of the hindfoot (arthrodesis
using various techniques) at their local healthcare
facilities for foot deformities associated with
Charcot neuroarthropathy.

To describe the localization of the pathological
process in the hindfoot, we used the anatomical
classification by L. Sanders and R. Frykberg.
To describe the depth and extent of ulcerative
lesions, we applied the classification by
F.W. Wagner Jr. The staging of the pathological
process was assessed according to the classifi-
cation by S.N. Eichenholtz. The characteristics
of hindfoot and ankle involvement in the patient
cohort are presented in Table 2.

Table 2
Characteristics of hindfoot and ankle joint
lesions
Number of feet (n = 97)
Classification Stage
n %
Sanders and v 74 76.3
Frykberg
IV-v 16 16.5
\Y 7 7.2
Wagner 0 66 68.0
1 3 3.1
2 19 19.6
3 9 9.3
Eichenholtz 1 5 5.2
2 58 59.8
3 34 35.0

i

Indications for orthopedic reconstruction
were determined based on the physical
examination and radiographic assessment of
the affected limb segment. Reconstruction
was performed to restore the weight-bearing
function of the limb, halt disease progression,
and prevent amputation. An example of ankle
joint involvement in Charcot neuroarthropathy
is shown in Figure 1.

The choice of arthrodesis technique and
fixation method was based on the following
factors:

- patient’s compliance, living conditions, and
availability or absence of external assistance;

- presence or absence of an acute septic
process with bone involvement, requiring a two-
stage arthrodesis;

- condition of the skin and presence or
absence of ulcerative lesions at the intended
surgical site;

- stage of the pathological process in
accordance with the Eichenholtz patho-
physiological classification.

In this case series, preference for fixation
following arthrodesis was given to the Ilizarov
external fixator, considering its ability to provide
continuous compression at the fusion site
throughout the whole treatment period. In cases
requiring closure of soft tissue defects resulting
from debridement of ulcers or septic wounds,
skin flaps were used, which was necessary in
7 (7.2%) cases. Arthrodesis using the Ilizarov
external fixator was performed in 86 (88.7%)
cases, while internal fixation with screws, plates,
or intramedullary nails was used in 11 (11.3%)
cases. Examples of surgical interventions are
shown in Figure 2.

Figure 1. X-rays of the ankle
in a patient with Charcot
neuroarthropathy
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Figure 2. X-rays after ankle arthrodesis using external fixation in the AP (a) and lateral (b) views;
tibiocalcaneal arthrodesis with internal fixation in the lateral view (c)

All patients underwent preoperative ultrasound
examination of the arteries and veins of the lower
limbs to rule out thrombosis or hemodynamically
significant vascular impairment.

During operation, affected bone fragments
were excised, articular surfaces were resected,
and synovectomy was performed. In the presence
of large bone defects, arthrodesis was performed
using auto- and/or allogeneic bone grafting
material, which was required in 44 (45.4%) cases.

In 7 (7.2%) cases with active septic infection,
debridement of affected bones and surrounding
tissues was performed, followed by the
placement of an antibiotic cement spacer to
fill the resulting bone defect, with subsequent
external fixation using the Ilizarov apparatus.
After resolution of the septic and inflammatory
process, the spacer was removed, arthrodesis
was performed, and the external fixator was
reassembled.

The median follow-up period after operation
was 21 months [14-28] (min - 3, max — 46), and the
average follow-up duration was 21.0+1.0 months.
This study assessed the presence or absence of
fusion, restoration of the limb’s weight-bearing
capacity, arrest of the pathological process,
frequency and causes of septic complications,
and overall mortality in the patient group.

Postoperative period

In the postoperative period, all patients ambu-
lated using additional support (crutches, walkers,
or knee crutches) without weight-bearing on the
operated limb. Stepwise radiographic and MSCT
evaluations of the hindfoot were performed, along

with glycemic control and antibiotic therapy
based on culture results. Upon radiological
signs of union and successful clinical testing,
the Ilizarov apparatus was removed, followed by
stabilization with a posterior plaster splint until
the wounds at the pin sites had healed.

After 2-3 weeks, the posterior plaster splint
was replaced with a total contact cast (TCC), and
gradual ambulation with additional support in the
TCC was initiated, with progressive loading of the
operated limb. Monthly radiographic monitoring
of the operated segment was performed. Walking
in custom-made orthopedic footwear was allowed
once full weight-bearing on the foot without
additional support was achieved.

Statistical analysis

Data collection, correction, and systematization,
as well as obtained results’ visualization, were
carried out using Microsoft Office Excel 2021
spreadsheets. Using the descriptive statistics
tool in Microsoft Excel, the median (Me) with
interquartile range [Q,-Q,], as well as minimum
and maximum values and the arithmetic mean
with standard error (M+SE), were calculated for
age, BMI, and postoperative follow-up duration.
Relative values were expressed as percentages.

RESULTS

In all patients included in this study, ultrasound
examination revealed changes in the walls of
the lower limb arteries in the form of thickening
and increased echogenicity. In 95 (97.9%) cases,
there were hemodynamically insignificant blood
flow disturbances, manifested as mild arterial
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stenosis with preserved main or altered-main
blood flow. In 2 (2.1%) patients with diabetes
mellitus, hemodynamically significant blood flow
disturbances were identified in several lower
limb arteries: pronounced stenosis with a marked
decrease of blood flow, up to complete occlusion.
Therefore, these patients underwent CT
angiography with bolus contrast enhancement
of the vessels, followed by transluminal balloon
angioplasty and recanalization of the affected
arteries. The advanced examinations of the
degree of ischemia, such as segmental pressure
measurement or transcutaneous oxygen tension
measurement, were not performed in this study.
Surgical interventions in the hindfoot
region were performed on 97 feet — one patient
underwent staged operations on both feet.
In 7 (7.2%) cases, isolated involvement of the
calcaneus was identified (type V according to the
Sanders and Frykberg classification). Of these,
in 6 (6.2%) cases, corrective osteotomy with
subtalar arthrodesis was performed: internal
fixation in 5 (5.2%) cases, and in one (1.0%)
case, in a patient with active stage 1 pathological
process according to the Eichenholtz
classification, fixation was achieved using the
Ilizarov external fixator. In one (1.0%) case,
with isolated localization of the pathological
process in the area of the calcaneal tuberosity,
a corrective calcaneal osteotomy with Achilles
tendon reinsertion was performed (Table 3).
Bony ankylosis and fusion were achieved
in 95 (98.0%) cases, a weight-bearing neoarthro-
sis in 1 (1.0%) case, and a weight-bearing fibrous
ankylosis also in 1 (1.0%) case. Specifically,
in cases where arthrodesis was performed using

internal fixation, bony ankylosis and fusion were
achieved in 10 (90.9%) out of 11 cases, while
in cases with external transosseous osteo-
synthesis, this outcome was achieved in 85
(98.8%) out of 86 cases. Due to noncompliance
with the weight-bearing regimen, revision
arthrodesis was required in 9 (9.3%) cases at
various stages of treatment and rehabilitation.
The outcomes of treatment following arthro-
desis using internal fixation and transosseous
osteosynthesis are presented in Table 4.

Complications

In patients who underwent arthrodesis with
internal fixation, peri-implant infection was
observed in 2 (18.2%) cases: at 2.5 weeks and
2.5 months postoperatively. In the first case,
removal of the hardware was required, followed
by the placement of antibiotic cement beads and,
at the second stage (after 2 months), resection
arthrodesis using the Ilizarov external fixator
with bone defect reconstruction using a bone
autograft. In the second case, a long-lasting
non-healing postoperative wound was noted.
After the removal of one staple, signs of acute
inflammation were resolved.

In one (1.2%) case, a week after arthrodesis
performed using the Ilizarov apparatus, signs
of pin track infection and postoperative wound
infection developed, which required replacement
of the compromised wires, surgical wound
debridement, and placement of an antibiotic
cement spacer. After resolution of the acute
inflammation, the cement spacer was removed
2.5 months later, and revision arthrodesis was
performed.

Table 3
Surgical interventions performed on the hindfoot
Number of feet (n = 97)
Surgical intervention

Absolute count %
Ankle joint arthrodesis 22 22.7
Ankle and subtalar joint arthrodesis 12 12.4
Panarthrodesis 33 34.0
Tibiocalcaneal arthrodesis 13 134
Two-stage arthrodesis with cement spacer 9 9.3
Corrective osteotomy of the calcaneus with subtalar joint arthrodesis 6 6.2
Corrective osteotomy of the calcaneus with the Achilles tendon 1 1.0
reinsertion
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Table 4
Characteristics of treatment outcomes in patients undergoing arthrodesis
Parameter Number of cases %

Arthrodesis with internal fixators
Total 11 100% (11.3% of the total number)
Bony ankylosis 10 90.9%
Fibrous ankylosis 1 9.1%

Arthrodesis using external fixation
Total 86 100% (88.7% of the total number)
Bony ankylosis 85 98.8%
Weight-bearing neoarthrosis 1 1.2%

In 8 (9.3%) cases, due to patients’ non-
compliance with the weight-bearing regimen,
signs of pin track infection were observed within
5 months after arthrodesis. In 7 of these cases,
replacement of the wires was required. In one
case, the external fixator was removed, and the
arthrodesis was stabilized with crossing wires
and immobilized using a plaster splint.

Due to noncompliance with the weight-
bearing regimen and improper care of the
external fixator, abscess drainage was required in
3(3.5%) cases at 2 to 3.5 months after arthrodesis
using the Ilizarov apparatus. In another 3 cases
(3.5%), improperly fitted orthoses led to the
development of pressure sores. In 2 of these
cases, occurring at 1 and 2.5 months after Ilizarov
external fixator removal, abscesses developed
due to the secondary infection, requiring surgical
drainage. In one case, conservative treatment
was sufficient and consisted of regular dressing
changes. In 3 (3.5%) cases, abscesses formed
between 2 and 5.5 months after external fixator
removal due to inadequate postoperative wound
care and non-adherence to weight-bearing
restrictions. These complications required
surgical debridement of the wound and abscess
drainage. In total, septic complications following
arthrodesis with transosseous osteosynthesis
occurred in 18 (20.9%) cases at various time
points and treatment stages.

The characteristics of complication types
following  arthrodesis with  transosseous
osteosynthesis at various treatment stages are
presented in Table 5.

During 4 years of patient follow-up, there
were 9 (9.3%) fatal cases. Two (2.1%) patients

died from cardiovascular diseases (stroke, heart
attack, acute heart failure), and 4 (4.1%) patients
died from lung diseases (pneumonia, pulmonary
edema). One (1.0%) patient died 1.5 years after
surgery due to the progression of chronic venous
insufficiency and the formation of multiple
infected trophic ulcers on both lower legs and feet,
which led to the generalization of the infectious
process, development of multiple organ failure,
septic shock, and pulmonary embolism, resulting
in death. One (1.0%) patient died 1.5 years
postoperatively due to the progression of chronic
cerebral ischemia and widespread pressure sores
formation, which led to terminal cerebral and
pulmonary edema. One (1.0%) patient died 2.5
months after the start of weight-bearing on the
operated limb due to the development of sepsis
and multiple organ failure as a complication
of foot phlegmon and multiple abdominal and
retroperitoneal abscesses.

DISCUSSION

The choice of the optimal surgical treatment
method and arthrodesis fixation technique
remains a subject of debate. The surgical
intervention itself in this patient cohort is
associated with numerous risks, including
postoperative septic complications, thrombosis
due to prolonged immobilization, recurrence of
deformity or failure of the performed arthrodesis,
and, consequently, the need for revision surgery.

In 2022, M.Y. Bajuri et al. conducted a meta-
analysis that reviewed published data on the
treatment outcomes of patients with Charcot
neuroarthropathy [27]. The average fusion rate
following arthrodesis of the hindfoot and ankle
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Table 5
Causes of septic complications and methods of treatment in the postoperative
period after arthrodesis using external fixation
Cause Methods of managing Numbez of cases %*
n=18)
During fixation Removal of the Ilizarov 1 1.2
with the Ilizarov apparatus, fixation with crossing
apparatus Pin track infection wires 8 9.3
Reassembly of the Ilizarov
apparatus
Foot or ankle joint abscess / | Abscess drainage 3 3.5
phlegmon
ﬁlf;f; ;\e;r:g;gi ;1{1 tshe Development of pressure Abscess drainage 2 2.3
sore / abscess due to Conservative treatment: dressing 1 1.2
improper orthosis use changes
Development of abscess Surgical wound debridement, 3 3.5
due to noncompliance with | abscess drainage
postoperative wound care
and weight-bearing protocol

* The percentage is based on the number of patients who underwent arthrodesis via external fixation.

using a retrograde intramedullary nail was
83.1%, while with the use of the Ilizarov appara-
tus it was 78%. The amputation rate among
patients who underwent arthrodesis with internal
fixation was 7.17%, compared to 9.7% for those
treated with circular external fixator. The authors
concluded that arthrodesis with retrograde
intramedullary nailing is the preferred method
of reconstruction in the absence of ulcers.

In contrast, B. El-Alfy et al., in their assessment
of treatment outcomes in 27 patients with Charcot
neuroarthropathy of the ankle joint, reported
a higher rate of successful arthrodesis using
the Ilizarov external fixator: 86% compared to
77% in patients treated with intramedullary nail.
However, the authors also noted that pin track in-
fection occurred in more than half of the cases [28].

In our study, bony ankylosis was achieved
in 98.0% of cases: in 85 (98.8%) cases following
arthrodesis using the external fixation, and in
10 (90.9%) cases after arthrodesis with internal
fixation. These results exceed the previously
reported outcomes in international studies
for both techniques. However, in our study, the
group of patients who underwent arthrodesis
with internal fixation was relatively small.
Therefore, further research involving a larger
number of patients is needed for a more objective
assessment. No amputations were performed in

the study group during the follow-up period,
which also surpasses the results reported
in international sources [27, 28].

Septic complications occurred in 20 (20.6%)
cases: in 20.9% of patients who underwent
arthrodesis using the external fixation method
and in 18.2% of those managed with internal
fixation. These figures, when compared to data
reported in the literature, are still considered
satisfactory [27, 28]. Furthermore, in our study,
85.0% of septic complications in patients
treated with transosseous osteosynthesis were
associated with noncompliance with external
fixation care protocols, weight-bearing regimens,
and/or the use of inappropriate orthoses, casts, or
footwear. This once again highlights the critical
importance of patient adherence to treatment,
preserved cognitive function, and the ability to
follow prescribed fixation and weight-bearing
protocols, followed by gradual mobilization and
rehabilitation.

At the same time, several authors have
reported favorable outcomes with the use of
hybrid fixation [29]. This technique may be
recommended for reconstruction of the hindfoot
and ankle joint in the presence of ulcerative
defects and complex deformities, as it provides
a higher limb salvage rate (up to 100% of cases)
while causing less soft tissue trauma.
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Study limitations

A limitation of this retrospective study is the
unequal distribution of patients across groups
depending on the arthrodesis technique used,
which prevents direct comparison due to the
significant difference in group sizes.Nevertheless,
the overall sample size and average follow-up
duration are sufficiently large, considering the
relative rarity of this pathology in the hindfoot
and ankle area.

Further studies are needed to evaluate the
outcomes of different types of arthrodesis for
hindfoot and ankle deformities in Charcot
neuroarthropathy. This will also contribute to
the development of algorithms for selecting
appropriate techniques and fixation methods,
thereby helping to define more precise treatment
guidelines for patients with this condition.

CONCLUSIONS

This study demonstrated high rates of bony
ankylosis formation both in cases where
arthrodesis was performed using the external
fixation method and when internal fixation was
used. The external fixation technique proves to
be a reliable treatment option for patients with
Charcot neuroarthropathy, taking into account
the specific characteristics of this patient cohort:
poor skin condition, high BMI, reduced patient
compliance, and limited adherence to prescribed
fixation and weight-bearing protocols.
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