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Abstract

Introduction End-stage ankle arthritis is a very painful and disabling pathology, associated with deformity. Infection, poor skin condition, chronic
smoking, Charcot arthropathy may not only affect selection of treatment method but also union, leading to unfortunate amputation. Ankle arthrodesis is
indicated in advanced ankle arthritis. A variety of fixation methods are available for arthrodesis ranging from internal to external fixation. The Ilizarov ring
fixator is a dynamic versatile fixation method. It is a biomechanically stable and minimally invasive method which promotes bone union and has
advantage of initiating early weight-bearing and simultaneous deformity correction. We describe our experience in Ilizarov ring fixator application for
ankle arthrodesis in 5 patients with severe ankle arthritis and their functional outcome. Materials and Methods This retrospective study was conducted
in 5 ankle arthrodesis cases using the Ilizarov ring fixator application from July 2021 to October 2022 in the department of orthopaedics, Jaipur national
university, India. Average age of patient was 52 years (range, 40-65). Among included patients one patient had chronic osteomyelitis of the distal
tibia and severe arthrosis of the ankle joint with a non-healing ulcer, two patients had post-traumatic arthrosis following talus and distal tibia plafond
fracture, Charcot ankle arthropathy and tuberculosis of the ankle joint was detected in two patients respectively. Postoperative pain relief, deformity
correction and radiological union at the fusion site were defined as success. Results Fusion was achieved in all patients (100%). Early post-operative
ambulation and full weight-bearing was initiated in every case. Pin-tract infection was the commonest complication. Shortening due to arthrodesis was
less than 2.5 ¢cm so limb lengthening was not done. Frame removal time was 12 to 14 weeks (average time, 13 weeks). Visual analogue scale was used
in all cases. It was in the range of 2 to 3 points preoperatively and 7 to 9 post-operatively after arthrodesis. Average follow-up period was 6 months
and it is still underway. AOFAS score was used for functional assessment. Conclusion Ilizarov ring fixator application can be considered as versatile,
biomechanically stable, minimally invasive method for ankle arthrodesis in severe ankle arthritis associated with poor soft tissue condition, post-
traumatic arthritis, infection, deformity, bone loss, Charcot arthropathy.
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AHHOMauus

BBenenne. TepmmHasibHasi CTaiMsl apTpo3a TOJEHOCTOITHOTO CyCTaBa SIBJSIeTCS] GOJIe3HEHHOW ¥ VHBAIMIOV3MPYIOLIEN MHaTOJIOTMeN, CBSI3aHHOM
¢ nedbopmarnmeit. MHbeKuus, MI0X0e COCTOSIHME KOXKM, XPOHMYECKOe KypeHue, aprporarus Lllapko MOryT He TOJIBKO MOBJIMSTH Ha BHIGOP MeTOna
JleyeHyst, HO ¥ NPUBECTY K HECPALeHUI0 ¥, K COXKaJIEHMIO, K aMIyTalyu. APTpozie3 ToKa3aH Mpy MPOrpeccUpyIOIleM apTpo3e IOJIEHOCTOITHOTO
cycrasa. [y popmmpoBaHus apTpozes3a BO3MOXKHO MCIOJIb30BaTh Pa3iM4yHble MeTO/IbI pMKcaly — OT BHYTPeHHel 1o BHelHeii. KosbieBoii ¢pukcatop
VnusapoBa sIB/ISETCS JUHAMMYECKUM YHMBEPCAIbHBIM YCTPOMCTBOM GUKcaumu. OTO GMOMEXaHUYECKM CTAOWM/IbHBIN M MUHMMAJIbHO VHBA3UBHbIN
MeTO/I, KOTOPbIN 0GeCIeunBaeT cpalieHne KOCTeN 1 MMeeT MPEMMYIIECTBO B IUIaHe BO3MOSKHOCTY OCYILECTBIEHMSI PAaHHEN Harpy3Ku M OGHOBPEMEHHOM
koppekumy nedopmaiyu. B pabore ommcaH OmbIT mpyuMeHeHus anmapara MmmsapoBa muist GopMupoBaHMsi apTpofesa y 5 MAlMeHTOB C TSKeTbIM
apTpPO30M T'OJIEHOCTOIHOIO CycTaBa M (hyHKIMOHAIbHbINA 1cxon. Marepuasbl M MEeTOAbI. PeTpocrieKTUBHOE MCC/Ie[oBaHKe MPOBEIEHO B 5 ciryyasx
apTpoziesa royieHOCTOITHOTO CyCTaBa C MCToIb30oBaHMeM arnnapara Mmsaposa ¢ mtosist 2021 1. mo oktsi6ps 2022 1. B otneneHuy opronenyy JIkaimypekoro
HALVIOHATbHOTO yHUBepcutera, Vumms. CpemHmii BO3pACT MaleHTOB coctaBmi 52 ropma (amamasoH ot 40 no 65 mer). Cpenyt BKITIOUEHHBIX B
MCCIIeOBaHMeE MALMEHTOB Y OHOTO GbII XPOHUYECKUI OCTEOMUENTUT IUCTATILHOTO OT/ies1a GOJIbIIIeOePIIOBOI KOCTH U TSKEJIbIN apTPO3 OJIEHOCTOITHOTO
CycTaBa C He3aKMBAIOILEH SI3BOM, Y JBYX MaLUMEHTOB GbLI MOCTTPaBMATMUECKMI apTpO3 IMOCJe IepesioMa TapaHHOM KOCTM M JUCTaJbHOTO OTHesia
6osb11e6epIioBoi KOCTU. ApTpomarys rojieHocTonHoro cycrasa Lllapko u TyGepKysie3 roleHOCTONHOTO CyCTaBa ObLT BBISBJIEH Y JIBYX IALMEHTOB.
[MoceonepalioHHOE MCYE3HOBEHME 6OJIN, KOPPeKLus fedopMaly M PEHTTeHOJIOrMYEeCKOe CpallieHye B 30He apTpofie3a PacleHNBAINCh KaK yCIex.
Pesynbrarbl. CpailieHne JOCTUTHYTO Yy Beex nauyeHToB (100%). B kaskIoM ciyvae MHMLIMMPOBAIACh PAHHSIS MOC/Ie0NepaloHHas Xonb0a 1 MoTHast
Harpyska. HanGomee gacTsiM OC/IOKHEHreM Gbuta MHGEKLNs CIULIEBOrO XO4a. YKOPOUEeHMe 3a CYeT apTporesa COCTaBmwIo MeHee 2,5 CM, MO3TOMy
yOJIMHEeHVe KOHEYHOCTM He npoBoamiaock. Cpok cHSTHS anmnapara coctaBui ot 12 no 14 Hepensb (B cpenHem 13 Hepenb). Bo Bcex cimyvasx [jist OLeHKU
MCIOIb30BAIaCh BU3yalbHas aHaoroBas 1ikasaa. Ee sHaueHust 6b11M B Ipefesiax oT 2 1o 3 6a/ioB A0 onepaiyn 1 ot 7 1o 9 6ayioB mocje ornepaunumn
aprpozesa. [Tepron HaGIONEHMS B CPEIHEM COCTaBIII 6 MeCSIIIeB U IpomonKaeTcst 1o cux nop. [lIkana AOFAS ncnonb3oBanach [jis QyHKIMOHAIBHOM
oneHky. 3akmouenue. Meron VmsapoBa MOXKHO pacCMarpuBaTh Kak YHMBEPCAJIbHBIN, OMOMEXaHNYECKM CTaOMIIbHbINA, MaTOMHBA3UBHbBI/ BapUaHT
dopmupoBaHMst apTponesa NMpM TSKEJIOM apTpo3e TOJIEHOCTOITHOTO CYCTaBa, CBS3aHHOM C HEYIOBJIETBOPUTETbHBIM COCTOSIHMEM MSITKMX TKaHel,
MMOCTTPaBMaTHyYeCKMMY M3MEHEHVSIMU B cycTaBe, MHbeKuuel, nedopmarmeii, ocreonoposom, aprponaruei Llapko.

KiroueBble cioBa: anmapar Mims3apoBa, roJIeHOCTOIHBI CyCTaB, apTPUT, apTpozes, aprponarust Llapko
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rofIEHOCTONHOrO cycTaBa. feHuli opmoneduu. 2023;29(4):362-367. doi: 10.18019/1028-4427-2023-29-4-362-367. EDN: FHZCES.

INTRODUCTION

Ankle arthrodesis is indicated in advanced ankle arthritis ~ salvage procedure and an alternative to below-knee amputation
[1, 2, 3]. It could be due to post-traumatic, congenital or  in patients with end-stage ankle arthritis [5, 6, 8 ]. End-stage
neuromuscular disorders, infection, avascular necrosis of the  ankle arthritis is a very painful and disabling pathology,
talus, Charcot arthropathy, bone tumours [4, 5, 6, 7]. It is a  associated with deformity [1, 9]. The procedure is successful
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in relieving pain, correcting mal-alignment, and provides
functional independence [8, 10]. Arthrodesis is also very
useful following failed ankle arthroplasty [10, 11]. It is very
important to understand the contributing factors like smoking,
diabetes, and chronic osteomyelitis as they would likely
influence the decision regarding whether to do limb salvage
or opt for an amputation [7, 12, 13, 14, 15] as reconstruction
efforts in these circumstances are associated with a high risk
of failure [2, 12, 16].

Sir John Charnley introduced compression arthrodesis of
the ankle in 1951 [17]; since then many modifications have
been described, having variable success rates [4, 5, 18].
There are various methods to achieve ankle arthrodesis
from internal fixation with the help of screws, plates,
intramedullary nails to external fixation [18, 19]. There is
no gold standard method. Controversy exists with respect
to the optimal technique for ankle arthrodesis to acquire

stable rigid fixation, which does not allow interfragmentary
motion and permits full weight-bearing [1, 18, 19, 20].

Internal fixation for ankle arthrodesis is sufficient in
most cases but situation becomes difficult in the presence
of poor skin condition, active infection, bone loss,
deformities around the joint, limb shortening [21]. Solid
fusion is difficult to obtain in these conditions. Failure of
arthrodesis with infection often ends up in disappointing
amputation [5, 22]

In the last few years, the Ilizarov ring fixator has
revolutionized the treatment of arthritis. In the conditions
with poor skin, infection, bone loss, deformity, the Ilizarov
fixator has advantage of being minimally invasive, versatile
and dynamic device, which provides circumferential rigid
fixation permitting axial loading. Weight-bearing promotes
high union rates and improves functional capacities
of patients [3, 5, 7, 13, 17, 23, 24].

MATERIAL AND METHODS

This study was conducted at the department
of orthopaedics of Jaipur national university medical
college from July 2021 to October 2022. Five cases
(4 males, 1 female) of advanced ankle joint arthritis were
retrospectively analysed. Patients whose records were
missing and lost to follow-up were excluded from the
study. Average age of patient was 52 years (range, 40-65).
All patients were subjected to ankle arthrodesis with the
Ilizarov external fixator.

The data collected were demographic profile of patients,
mechanism, side of injury, method of fixation if any,
skin condition, history of previous illness like diabetes,
tuberculosis, history of steroid consumption, history
of chronic smoking, indication for ankle arthrodesis, limb
length discrepancy, need for bone grafting, revision surgery
required, mean hospital stay.

Routine blood tests and standard radiographic images of
the ankle capturing the foot in AP, lateral and oblique views
were done preoperatively. Magnetic resonance imaging
(MRI) was used in case of chronic osteomyelitis with
severe ankle arthritis to determine the extent of infection
in bone and soft tissues.

All patients were operated by the principal author.
Descriptive statistics means were calculated for quantitative
variables like age of the patients, length of hospital stay.

VAS was calculated both pre- and postoperatively
to assess pain. AOFAS score was calculated to determine
functional recovery.

Aim of this study was to assess the results of Ilizarov
ring fixator application for ankle fusion in adults and also
to study complications of this method.

Operative procedure

The surgical intervention was performed under
spinal anaesthesia in supine position. The ankle joint
was approached through the anterolateral approach. Any
ulcer over the lateral aspect was excised. Dense fibrous
tissues and synovium were excised; aggressive surgical
debridement was done in infected cases. The articular
surfaces of the distal tibia and the dome of the talus were
excised with a 5-mm osteotome which facilitated good
opposition between the distal tibia and the talus. The talus
was aligned at 90 degrees to the tibia and was opposed

to the distal tibia by temporary Kirschner wires inserted
from the plantar aspect of the calcaneus to the tibia.

In the Ilizarov frame, 1.8-mm bayonet and olive wires
were used, which were fixed with 160 degree (here degree
of ring mention is very important) full ring for the distal
tibia, half-ring for the calcaneus, and the midfoot half-ring.
The midfoot half-ring was used for equines prevention.
The connections between the rings were threaded rods
and hinges. Compression between the tibia and talus was
done with the help of the threaded rod. The cancellous bone
of the lateral malleolus was excised, fragmented into small
pieces then placed between the distal tibia and the talus.
The midfoot half-ring was connected to the tibial ring.
Limb discrepancy following surgery was less than 2.5 cm
and limb lengthening was not needed. The foot was kept
in 5 degree external rotation. Compression was given at
fusion site at the rate of 1 mm per day from post-op day 5
and continued for the next 8 days.

Classification of patients was made as per new
classification of ankle arthrodesis with ring fixator,
4 patients were type 1 and one was type 2 [29].

Prophylactic antibiotics were given for 5 days. Regular
dressings were done at frequent intervals. Antitubercular
drugs were started in cases whose histopathology report was
suggestive of tuberculosis. As per pain tolerance, weight-
bearing with a walker was permitted from postoperative
day two or three.

Average hospital stay was 3 weeks; however in the case
with infected ulcer it was prolonged for 4 weeks.
The patients were followed-up at monthly interval
for 6 months and some continue follow-ups.

Wound healing, neurovascular status of the limb,
evidence of pin-tract infection, postoperative ambulation
status, need for walking aid, union time and eradication
of infection assessed by blood investigations were
evaluated at follow-ups. VAS and AOFAS score assessment
was done in all cases

X-rays were taken for assessment of bone healing and
alignment. Union was judged as complete cortical bridging
or bony trabeculae across the ankle joint and between
fusion surfaces. Clinically, fusion was assessed by absence
of pain and motion on stress application over the ankle joint

leHuii opmoneduu. 2023;29(4)



opMI'MHaanble CTaTbn

Bonpocsl opmoneduu

RESULTS

A total of 5 cases (4 males, 1 female) of ankle joint
arthritis were included. Average age of patients was
52 years (40 to 65 years). The Ilizarov ring fixator was
applied in them. Among the included patients, one patient
had chronic osteomyelitis of the distal tibia with severe
arthrosis of the ankle joint and a non-healing ulcer

(Fig. 1). The patient had undergone multiple surgeries
and was a chronic smoker. Two patients had post-
traumatic arthrosis following a talus fracture and a distal
tibia plafond fracture. Charcot ankle arthropathy and
tuberculosis of the ankle joint was pathology in another
two patients.

Fig. 1. A 51-year old male with severe infected ankle osteoarthritis who was subjected to ankle fusion with the Ilizarov ring fixator:
a-c - Preoperative clinical image, X-ray, and MRI scan; d-e - Postoperative X-ray and view of applied frame; f-i - Walking with frame on and

wound healing in the course of treatment

leHuii opmoneduu. 2023;29(4)
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Fig. 1 (continued). A 51-year old male with severe infected ankle osteoarthritis who was subjected to ankle fusion with the Ilizarov ring fixator:
j-1 - X-ray and view of the wound after frame removal and at 6-months follow-up; m-o - final functional results of treatment at 6-months follow-up

Anklearthrodesis was successful inall cases. Radiological
evidence of union was seen between 10 and 12 weeks, mean
time to union was 10 weeks. In one case of antituberculosis
therapy, union was achieved at 20 weeks. The most
important indication for arthrodesis was pain and deformity,
except the case of Charcot neuroarthropathy. The average
hospital stay was 3 weeks. It was prolonged in case of chronic
osteomyelitis with non-healing ulcer which needed regular
dressings. The patient with chronic osteomyelitis was
advised to completely stop smoking.

Immediate postoperative full weight-bearing was
initiated as per pain tolerance from post-op day 2 to 3. In the
initial post-op month, weight-bearing with a walker was
encouraged; walking without support was permitted later
depending upon clinical and radiological evidence of ankle
arthrodesis completeness. All wounds healed with regular
dressings; no plastic surgical intervention was needed.

Pin-tract infection was the commonest complication
which required antibiotics and regular dressing.

All patients tolerated the fixator well. All patients
have completed their 6-month follow-up which is still
underway. No patient required bone grafting, premature
frame removal due to infection and pain. No case required
revision to internal fixation or other treatment modality.
Shortening due to arthrodesis was less than 2.5 cm,
so limb lengthening was not done. Frame removal time
was 12 to 14 weeks (average time 13 weeks). Limb was
protected for 3 weeks following frame removal.

VAS was used in all cases. It was in between
2 and 3 points preoperatively while after arthrodesis
it was between 7 and 9. AOFAS score system was
used for functional assessment in all patients and will
be used at the next follow-up. Average AOFAS score
was 60.

DISCUSSION

Severe ankle arthritis is very painful and disabling
for patients [4]. It can be treated with internal or external
fixation, and even total ankle arthroplasty [1, 4, 5, 16,
19, 25]. Arthrodesis with the Ilizarov technique is a
minimally invasive method which causes less damage to
the periosteum and vascularity than internal fixation [5,
16]. Therefore, this method can be suitable for patients
with soft tissue compromise, peripheral vascular disease,
diabetes mellitus, and Charcot arthropathy [3]. In severe
cases, otherwise, amputation is considered [4-6, 10, 12]

Ilizarov ring fixator application has been regarded as
the last option for limb salvage in cases of severe ankle
arthritis [1, 5]. Higher union rates following Ilizarov ring
fixator application might be due to the stability of frame
and its ability to produce desired compression at the fusion
site thereby stimulating bone healing [5, 6, 15, 21, 23,
26]. The Ilizarov technique is a very stable and dynamic
fixation which promotes not only bony fusion but also
permits deformity correction [5, 8, 27]. One of its merits is
early weight-bearing promoting functional recovery [22].
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However, total ankle arthroplasty has certain theoretical
advantages over ankle arthrodesis as it has less negative
impact on gait and biomechanics of the adjacent joints [5,
11, 23, 28].

Charcot neuroarthropathy is one of the major
indications for arthrodesis [5,9, 26]. It is joint destructive
pathology leading to instability, deformity, infection with
ulcers, eventually ending in amputation [3, 9]. The aim of
treatment is to achieve a stable painless and plantigrade
foot. This aim can be gained by other arthrodesis methods
but there is high failure rate in Charcot neuroarthropathy
[2, 18]. The Ilizarov method has a very good union rate in
this condition as well [19, 26].

In cases with post-traumatic arthritis with bone loss,
severe deformity, poor skin conditions or failed internal
fixation Ilizarov ring fixator application is very useful
as it not only promotes ankle fusion but also provides
deformity correction and bone lengthening simultaneously
[4, 6,7, 8, 20, 27,]. Thus dynamic deformity correction is
possible throughout the process of treatment [1, 2, 5, 7,
13]. In all our cases, we could achieve stable painless ankle
with plantigrade foot and reasonable functional recovery
as per demands of patients. But there are disadvantages
associated with the method such as a heavy frame, longer
treatment span, pin-tract infection, and a high learning
curve for surgeons.

CONCLUSION
Thus, Ilizarov ring fixator application can be condition, post-traumatic arthritis, infection, deformity,
considered as versatile, biomechanically stable, bone loss, Charcot arthropathy. However, to strengthen
minimally invasive method for ankle arthrodesis our conclusion, a larger sample size and a longer follow-

in severe ankle arthritis associated with poor soft-tissue  up will be needed.

REFERENCES

1. Zarutsky E, Rush SM, Schuberth JM. The use of circular wire external fixation in the treatment of salvage ankle arthrodesis. | Foot Ankle Surg.
2005;44(1):22-31. doi: 10.1053/j.jfas.2004

2. Eylon S, Porat S, Bor N, Leibner ED. Outcome of Ilizarov ankle arthrodesis. Foot Ankle Int. 2007;28(8):873-9. doi: 10.3113/FAI.2007.0873

3. Cierny G 3rd, Cook WG, Mader ]JT. Ankle arthrodesis in the presence of ongoing sepsis. Indications, methods, and results. Orthop Clin North Am.
1989;20(4):709-21.

4. Morasiewicz P, Dejnek M, Orzechowski W, et al. Clinical evaluation of ankle arthrodesis with Ilizarov fixation and internal fixation. BMC Musculoskelet
Disord. 2019;20(1):167. doi: 10.1186/s12891-019-2524-1

5. Hasan O, Fahad S, Sattar S, et al. Ankle Arthrodesis using Ilizarov Ring Fixator: A Primary or Salvage Procedure? An Analysis of Twenty Cases.
Malays Orthop J. 2018;12(3):24-30. doi: 10.5704/M0].1811.006

6. Fabrin J, Larsen K, Holstein PE. Arthrodesis with external fixation in the unstable or misaligned Charcot ankle in patients with diabetes mellitus. Int
J Low Extrem Wounds. 2007;6(2):102-7. doi: 10.1177/1534734607302379

7. llizarov GA. The tension-stress effect on the genesis and growth of tissues. Part I. The influence of stability of fixation and soft-tissue preservation.
Clin Orthop Relat Res. 1989;(238):249-81.

8. Fragomen AT, Borst E, Schachter L, et al. Complex ankle arthrodesis using the Ilizarov method yields high rate of fusion. Clin Orthop Relat Res.
2012;470(10):2864-73. doi: 10.1007/s11999-012-2470-9

9. Kollig E, Esenwein SA, Muhr G, Kutscha-Lissberg F. Fusion of the septic ankle: experience with 15 cases using hybrid external fixation. | Trauma.
2003;55(4):685-91. doi: 10.1097/01.TA.0000051933.83342.E4

10. Haskell A, Pfeiff C, Mann R. Subtalar joint arthrodesis using a single lag screw. Foot Ankle Int. 2004;25(11):774-7. doi: 10.1177/107110070402501103

11. Grivas TB, Magnissalis EA. The use of twin-ring Ilizarov external fixator constructs: application and biomechanical proof-of principle with possible
clinical indications. J Orthop Surg Res. 2011;6:41. doi: 10.1186/1749-799X-6-41

12. Leite AM, Menezes HM, Aquino IEC, et al. Tibiocalcaneal arthrodesis using an Ilizarov fixator. Rev Bras Ortop. 2013;48(1):57-61. doi: 10.1016/j.
rboe.2013.04.005

13. Tellisi N, Fragomen AT, Ilizarov S, Rozbruch SR. Limb salvage reconstruction of the ankle with fusion and simultaneous tibial lengthening using
the Ilizarov/Taylor spatial frame. HSS J. 2008;4(1):32-42. doi: 10.1007/s11420-007-9073-0

14. Hawkins BJ, Langerman R], Anger DM, Calhoun JH. The Ilizarov technique in ankle fusion. Clin Orthop Relat Res. 1994;(303):217-25.

15. Kovoor CC, Padmanabhan V, Bhaskar D, et al. Ankle fusion for bone loss around the ankle joint using the Ilizarov technique. ] Bone Joint Surg Br.
2009;91(3):361-6. doi: 10.1302/0301-620X.91B3.20935. Erratum in: ] Bone Joint Surg Br. 2009;91(8):1120.

16. Morasiewicz P, Dejnek M, Urbariski W, et al. Radiological evaluation of ankle arthrodesis with Ilizarov fixation compared to internal fixation. Injury.
2017;48(7):1678-1683. doi: 10.1016/j.injury.2017.04.013

17. Charnley J. Compression arthrodesis of the ankle and shoulder. | Bone Joint Surg Br. 1951;33B(2):180-91.

18. Zwipp H, Rammelt S, Endres T, Heineck ]. High union rates and function scores at midterm followup with ankle arthrodesis using a four screw
technique. Clin Orthop Relat Res. 2010;468(4):958-68. doi: 10.1007/s11999-009-1074-5

19. Honnenahalli Chandrappa M, Hajibandeh S, Hajibandeh S. Ankle arthrodesis-Open versus arthroscopic: A systematic review and meta-analysis.
J Clin Orthop Trauma. 2017;8(Suppl 2):S71-S77. doi: 10.1016/j.jcot.2017.03.010

20. Katsenis D, Bhave A, Paley D, Herzenberg JE. Treatment of malunion and nonunion at the site of an ankle fusion with the Ilizarov apparatus. | Bone
Joint Surg Am. 2005;87(2):302-9. doi: 10.2106/JBJS.C.01421

21.Manke E, Yeo Eng Meng N, Rammelt S. Ankle Arthrodesis - a Review of Current Techniques and Results. Acta Chir Orthop Traumatol Cech.
2020;87(4):225-236.

22. Khanfour AA. Versatility of Ilizarov technique in difficult cases of ankle arthrodesis and review of literature. Foot Ankle Surg. 2013;19(1):42-7.
doi: 10.1016/j.fas.2012.10.001

23. Goldberg AJ, Zaidi R, Thomson C, et al. Total ankle replacement versus arthrodesis (TARVA): protocol for a multicentre randomised controlled trial.
BM] Open. 2016;6(9):e012716. doi: 10.1136/bmjopen-2016-012716

24. Salem KH, Kinzl L, Schmelz A. Ankle arthrodesis using Ilizarov ring fixators: a review of 22 cases. Foot Ankle Int. 2006;27(10):764-70.
doi: 10.1177/107110070602701002

25.Houdek MT, Wilke BK, Ryssman DB, Turner NS. Radiographic and functional outcomes following bilateral ankle fusions. Foot Ankle Int.
2014;35(12):1250-4. doi: 10.1177/1071100714551947

leHuii opmoneduu. 2023;29(4) 366



Bonpocsl opmoneduu OpuruHanbHble CTaTbk

26.Illgner U, Budny T, Frohne I, et al. Clinical benefit and improvement of activity level after reconstruction surgery of Charcot feet using external
fixation: 24-months results of 292 feet. BMC Musculoskelet Disord. 2014;15:392. doi: 10.1186/1471-2474-15-392

27. Sakurakichi K, Tsuchiya H, Uehara K, et al. Ankle arthrodesis combined with tibial lengthening using the Ilizarov apparatus. J Orthop Sci.
2003;8(1):20-5. doi: 10.1007/s007760300003

28. Anazor F, Sibanda V, Abubakar A, Dhinsa BS. Computed Tomography Scan Architectural Measurements in Adult Foot and Ankle Surgery:
A Narrative Review for Orthopaedic Trainees. Cureus. 2022;14(11):e32039. doi: 10.7759/cureus.32039

29. Matsubara H, Watanabe K, Takata M, et al. A New Classification for Ankle Arthrodesis When Using an External Fixator. Strategies Trauma Limb
Reconstr. 2019;14(3):148-154. doi: 10.5005/jp-journals-10080-1436

The article was submitted 20.02.2023; approved after reviewing 14.04.2023; accepted for publication 20.06.2023.
Crarbst nocrymwia B pegakimio 20.02.2023; ogobpena nocie periersuposanust 14.04.2023; npunsita k nyoamkammm 20.06.2023.

Information about the authors:

1. Shriniwas Vishnu Yadkikar - Professor of Department, Orthopaedic Surgeon, shriaks27@yahoo.com;
2. Vishnu Yadkikar - traumatologist-orthopedist;

3. Raj Kumar Prasad - Assistant Professor;

4. Raman Grover - Assistant Professor;

5. Akanksha Ojha - Traumatologist-orthopedist.

367 leHuii opmoneduu. 2023;29(4)



