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Abstract
Background Management of patients with sequelae of intra-articular fractures of the distal tibia continues to be a substantial clinical 
challenge in orthopaedic trauma due to the high incidence, poor outcomes and high disability rate. The objective was to review Russian 
and international experience in repair of intra-articular ankle fractures and explore contemporary trends in treatment strategies. Material 
and methods The literature search was produced using medical electronic databases of eLibrary, PubMed, Medline, SpringerLink 
between 2000 and 2020 and keywords: cruzarthrosis, arthrodesis, total ankle arthroplasty, arthroscopy, distal tibia, ankle joint, joint 
replacement, intra-articular fractures of distal tibial. Results The article presents an insight into the problem of malunited and nonunited 
ankle fractures, ankle contractures and deformities, post-traumatic ankle arthritis. Major surgical techniques used to address sequelae 
of ankle fractures include correcting osteotomy, arthroscopy, distraction arthroplasty, arthrodesis, total ankle arthroplasty with the 
advantages and disadvantages with each of the practices. Discussion The surgical option would depend on the time of injury, condition 
of soft and bone tissue, malalignment and severity of ankle arthritis. Joint saving procedures of correcting osteotomy, arthroscopy or 
distraction arthroplasty can be applied at early stages of the disease, and arthrodesis or total ankle arthroplasty are secured for terminal 
stages of ankle arthritis. Benefits of total ankle arthroplasty include preservation and improvement of ankle mobility, a short inpatient 
period. Ankle fusion is associated with less complication rate and low costs. Conclusion There is an obvious need for a uniform 
treatment algorithm with specific indications and contraindications to each surgical option.
Keywords: ankle joint, ankle arthrosis, arthrodesis, total arthroplasty, joint replacement, arthroscopy, distal tibia, correcting osteotomy, 
nonunited fracture, sequelae of injury
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INTRODUCTION

Management of patients with sequelae of intra-
articular fractures of the distal tibia continues to 
be a substantial clinical challenge in orthopaedic 
trauma due to the high incidence (medial and lateral 
malleolar fractures, broken anterior and posterior 
aspects of the tibia) that ranges 71 to 187 cases per 
100,000 population [1–3]. Ankle fractures account 
for 9–20 % of all musculoskeletal injuries; tibia is the 
most frequent location for musculoskeletal injuries 
that constitute 60 % [4]. About 70 % of patients with 
ankle fractures are persons of working age from 25 to 
60 years, and consequences of intra-articular fractures 
of the distal tibia remain one of the main causes of long-
term disability in 8.8 – 46 % of cases [5–8].

The complexity of surgical treatment of the 
consequences of intra-articular injuries of the distal 
tibia is associated with concomitant alteration of the 
articular surfaces that make up the ankle joint, and 
chronic instability of the joint, developing as a result 
of injury to the capsular ligamentous apparatus. The 
ankle anatomy determines a greater load per square 
centimeter of the articular surface than in other joints 

of the lower limb. Ostearthritis of the ankle joint 
is observed to develop in 10–60 % of cases due to 
injury to the articular cartilage and incongruence of 
the articular surfaces that may result from incomplete 
reduction and instability of the joint. The talus 
dislocated laterally by 1 mm leads to incongruence in 
the ankle joint in 42 % and a significantly increased 
load on the joint [9–13]. Contracture and osteoarthritis 
of the ankle joint is associated with disengaged 
function of the joint due to unreasonably prolonged 
immobilization during conservative treatment or after 
osteosynthesis. The above factors cause a significant 
rate of adverse events affecting the final outcomes of 
intra-articular fractures of the distal tibia, despite the 
use of modern methods of surgical and conservative 
treatment (persistent pain and post-traumatic edema, 
malunited ankle fractures or nonunions, ankle 
contractures and deformities, post-traumatic ankle 
arthritis). The reported complication rate ranges 
between 7 and 68 % with conservative treatment; 
47 % after surgical treatments that is apparently 
recorded for different severity of injury [7, 14–20].
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MATERIAL AND METHODS

The original literature search was conducted on 
key resources including electronic medical databases 
of eLibrary, PubMed, Medline and SpringerLink using 
keywords: ankle joint, ankle arthrosis, arthrodesis, total 
joint arthroplasty, joint replacemrent, arthroscopy of 
the ankle joint, distal tibia, ankle joint, ankle arthrosis, 
total arthroplasty, joint replacement, intra-articular 
ankle fractures. Preference was given to the articles and 

dissertation materials published over the past 15 years. 
Full-text versions of articles, dissertations and abstracts 
of dissertations were analyzed. Scientific papers found 
in the literature lists of reviewed contributions were 
analyzed to obtain additional information about the 
results of surgical treatment and rehabilitation of 
patients with the consequences of intra-articular injuries 
to the distal tibia.

RESULTS

Despite the variety of surgical techniques and 
metal constructs offered (both commercially available 
and author's devices), the rate of poor outcomes is 
still high, and their treatment is not an easy task for 
many surgeons. Post-traumatic ankle arthritis is the 
first common condition among the consequences of 
ankle fractures (up to 60 %). Surgical interventions 
used in the treatment of the condition can be divided 
into joint-preserving (correction osteotomies of the 
distal fibula and tibia with subsequent osteosynthesis, 
arthroscopic interventions, distraction arthroplasty) and 
non-preserving joint procedures (fusion and total ankle 
arthroplasty) [17, 21–24].

Correction osteotomy is most common among 
joint-preserving surgeries and indicated for malunited 
fractures, nonunions of the distal tibia or fibula with 
impaired congruence in the ankle joint, mechanical axis 
of the lower limb with resultant inadequate distribution 
and increased loading on the ankle joint, degradation 
of the articular cartilage and ankle arthritis. Correction 
osteotomy is used to restore the biomechanical axis of 
the limb, anatomical relationships in the ankle joint and 
provide unloading for the articular cartilage. Different 
types of osteotomies (wedge-shaped, oblique, angular, 
along the fracture line, etc.) and fixation modalities and 
bone graft options for defect repair are widely discussed 
in the literature. The use of correction osteotomies is 
reported to be effective in 75–92.5 % of cases [25–28].

In 2013, I.O. Pankov et al. analyzed outcomes of 38 
patients with malunited pronation-eversion fractures 
of the distal tibia. All patients underwent corrective 
osteotomy along the fracture line, bone reduction to 
restore the limb axis and anatomical relationships in the 
joint followed by external fixation for 8 weeks. Treatment 
outcomes were rated as excellent in 4 cases (10.5 %), as 
good in 22 cases (57.9 %), as fair in 12 cases (31.6 %) 
and no poor results were reported [29]. In 2011, the 
main databases were searched by R.J.A. Van Wensen et 
al. from 1960 to 2007 to identify studies reporting with 
osteotomy produced for malunited ankle. They analyzed 
15 studies involving 177 patients. One hundred and 

thirty-seven patients (77.4 %) had a good or excellent 
result after osteotomy. The authors concluded that 
osteotomy was needed to prevent post-traumatic 
osteoarthritis and pointed to the low effectiveness of the 
treatment in case of baseline early osteoarthritis, and the 
need to analyze larger groups of patients with a high 
level of evidence [19].

Endoscopic surgery introduced into clinical practice 
allowed for arthroscopy of the ankle joint to be used 
in the treatment of patients with post-traumatic ankle 
arthritis and facilitated identification of articular 
cartilage defects. Intra-articular fractures of the distal 
tibia are mostly accompanied by involvement of the 
tibial cartilage in the majority of cases and the articular 
surface of the talus at the time of injury and secondarily 
with the impingement syndrome. Ankle arthritis is 
likely to develop due to cartilage injury even with the 
biomechanical axis of the limb and congruence in the 
ankle joint completely restored in the treatment of the 
consequences of injuries. Arthroscopy is used to treat 
delayed ankle injuries as a standalone technique and in 
combination with other surgical procedures [30–32].

Minimally invasive arthroscopy assisted treatment 
can be used to address causes of chronic pain, adhesions 
and impingement syndrome, bone-cartilaginous 
exostoses, osteophytes, chondromic bodies, impaired 
cartilage, remove bumps, abrasions, smooth down 
the articular surfaces with a shaver after preliminary 
stretching of the ankle joint manually or with distraction 
devices. The regenerative process can be arthroscopically 
initiated in the cartilage tissue through subchondral bone 
drilling to repair deep cartilage defects, and specially 
created cellular implants and collagen matrices induced 
by autologous chondrocytes can be employed to fill in 
the defects. The strategy of treating cartilage defects 
would depend on the defect size. Debridement and 
drilling of the underlying subchondral bone can be 
efficient for a articular cartilage defect sized less than 
15 mm. With a larger size involvement a cartilage defect 
can be additionally covered with a bone-cartilage graft 
or matrix induced by autologous chondrocytes [33–39].
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In 2015, A.I. Gorodnichenko and co-authors explored 
the role of arthroscopy in the diagnosis and treatment 
of ankle injuries in 44 patients who were divided into 
2 groups: the main (n = 27) and control (n = 17). Signs 
of ankle arthritis were seen in 27 patients of the main 
group after surgical interventions for intraarticular 
fractures. 17 controls with ankle injuries had a history 
of chronic ankle pain. Arthroscopic procedure in the 
main group was performed in 2 stages: diagnostic and 
therapeutic. No arthroscopy was produced for patients of 
the second group that was treated with nonsteroidal anti-
inflammatory drugs, physiotherapy and intra-articular 
use of glucocorticosteroid hormones. Patients of the 
main group could experience pain free everyday activity 
in 100 % of cases with complete restoration of the ankle 
function noted in 74 % (20) at a long term. Controls 
could return to pain free everyday activity in 17.6 % (3) 
of patients without complete restoration of joint function. 
The authors concluded that arthroscopy was very 
informative for post-traumatic ankle injuries and effecient 
for the entire spectrum of intra-articular conditions 
improving the quality of life of the patients [40]. Other 
researchers report a high percentage of good results (up 
to 96 %) in arthroscopic treatment of the ankle arthritis in 
patients with initial stages of the condition (grades I and 
II) to completely regain anatomical relationships and well 
realigned axis of the lower limb [41–42].

Distraction arthroplasty (arthrodiastasis) is one of 
the joint-preserving techniques improving reparative 
activity to restore the articular cartilage. This can be 
achieved by prolonged (from 6 weeks to 3–4 months) 
unloading of the cartilage of the ankle joint through 
distraction with the external fixation device. The Ilizarov 
frame is most useful for gradual distraction if compared 
to monolateral external fixation devices facilitating 
normal biomechanical relationships in the joint. The 
effectiveness of the method ranges from 55 to 91 %, and 
its use can help postpone or avoid arthrodesis of the joint 
in osteoarthritis grades 1–2 [43–45]. The combined use 
of distraction arthroplasty with the Ilizarov frame and 
treatment and diagnosis arthroscopy is reported [46].

Ankle fusion has been recognized as the "gold 
standard" procedure that does not preserve the ankle joint 
in intra-articular injuries to the distal tibia. In addition to 
a late stage of ankle arthritis fusion can be indicated for 
malunited fractures and nonunions resulting from intra-
articular injuries, pronounced combined contracture 
in the ankle joint, impaired support to the foot due to 
neglected injury to the ligamentous apparatus. The 
procedure is aimed at creating bone ankylosis in a 
functionally adequate position to provide support to 
the foot, relieve chronic pain and improve the quality 

of life for the patients. There are many methods used to 
achieve arthrodesis, but none of them can be completely 
satisfactory.

Arthrodeses are divided into compression and 
non-compression procedures. Bone ankylosis can 
be achieved with compression arthrodesis through 
transosseous fixation using frames developed by Ilizarov, 
Volkov-Oganesyan, Grishin to maintain the amount of 
compression needed [47–49]. In 2012, Yu.A. Plakseychuk 
et al. analyzed outcomes of arthrodesis using the Ilizarov 
frame and bone graft in a large cohort of patients 
(n = 286) who suffered arthritis of the ankle and subtalar 
joints grades III–IV. Arthrodesis was performed for 36 
patients using the author's method (main group). Fusion 
was achieved in all patients of the main group and in 
97.2 % of controls, and compression arthrodesis with an 
external fixation device is reported to be effective in the 
treatment of osteoarthritis relieving pain and restoring 
support to the limb [47]. Ankle arthrodesis can be 
achieved in a closed way using the Ilizarov frame in the 
presence of osteoarthritis and infectious changes in the 
joint [50]. Bone plating, intramedullary nailing, screws, 
author's constructs can be employed for non-compression 
arthrodesis after processing the articular surfaces and 
bone realignment [51–53].

In 2015, D.V. Pavlov et al. reviewed outcomes of 
53 patients treated with ankle fusion using different 
methods: cannulated screws (n = 22), retrograde 
intramedullary rods HAN (n = 24), transarticular fixation 
with three wires (n = 4), Ilizarov external fixation 
(n = 6). The operations performed included resection 
of articular surfaces and the use of osteotomies. The 
best results were achieved with screws (bone ankylosis 
was achieved in 68 % of cases) and an external fixation 
device (67 %); worse outcomes were seen with the 
use of wires (25 %). Although fusion was achieved in 
62 % of patients with use of IM nails, the complications 
rate (fibrous ankylosis, infection and amputation) was 
higher and amounted to 38 % and could be caused 
by insufficient primary compression and impaired 
circulation of the talus due to large rod placed in the 
bone [54]. Some authors prefer bone plates as a fixation 
device due to greater reliability in the formation of bone 
ankylosis, ease of use and inexpensiveness [55].

IM nailing can be the best option for ankle fusion with 
degenerative subtalar joint. In 2016, K.S. Mikhailov et 
al. reviewed outcomes of 63 patients treated with double-
articular arthrodesis using retrograde blocking nail. 
Fusion was achieved in 94 % of patients with significant 
(p < 0.01) improvement of all clinical and functional 
parameters measured with the visual analog scale, AOFAS 
(the American Orthopaedic Foot and Ankle Society) 
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score, and biomechanics of the feet at the gait [56]. Post-
traumatic ankle arthritis grades III–IV can be treated 
with arthroscopic technique. In 2017, L.K. Brizhan et al. 
reported results of treatment of ankle arthritis grades III–
IV using minimally invasive arthroscopic fusion of the 
ankle joint. Arthroscopic arthrodesis is considered as 
an alternative to classical arthrodesis due to the high 
risk of infectious complications. Post-traumatic ankle 
arthritis grades III–IV (group I, n = 102) was treated 
with arthrodesis of the ankle joint using a retrograde 
intramedullary rod HAN (46 of them were produced with 
classical open technique). Patients of group II (n = 56) 
underwent arthroscopic debridement of the articular 
cartilage of the tibia and the talus with a shaver after 
distraction with hardware until bleeding appeared, and 
synovial excrescence, intra-articular bodies, etc. were 
removed and malleolus intersected if needed. Then 
fixation was performed with an IM nail as in group I. 
Postoperative complication rate was shown to reduce by 
26 %, the length of hospital stay by 40 % and the period 
of disability by 20 % with fusion achieved in 100 % of 
cases [57]. Successful use of arthroscopic arthrodesis is 
reported in ankle arthritis grades III-IV with length of 
fusion of 8.5 weeks [58, 59].

 There is no consensus among surgeons regarding 
treatment of the articular surfaces of the ankle joint 
with arthrodesis and bone grafts. Some surgeons 
choose to completely remove the cartilage before the 
bleeding, others consider rigid fixation of the joint 
having an important role. There is no consensus on the 
methods of fixation. A number of authors consider the 
use of several cannulated screws being practical, others 
recognize bone plating and screws as the most effective 
fixation. Ther are also options with intramedullary 
nailing, and the Ilizarov external fixation [60]. The 
relative ease of performing surgical intervention is 
an apparent advantage of the arthrodesis technique. 
However, there is a tendency in gradual decline of 
arthrodeses procedures that can be associated with 
a high complications rate that is reported to occur in 
60 % of cases. In addition to that, arthrodesis is known 
to have a negative impact on the biomechanics of the 
foot leading to the development of osteoarthritis of 
other joints and pain and resulting in greater role of 
total ankle arthroplasty and arthroscopy of the ankle 
joint in the treatment of ankle arthritis [61, 62].

 Total ankle arthroplasty of the joint is a high-tech 
and time-consuming surgical intervention, but there are 
still many controversies in the use of the method. There 
are strict indications for arthroplasty considering the 
age and body mass index of the patient, severity of pain, 
the need for at least 70 % of the ROM in the joint and 

absence of deformity of the hindfoot. No more than 20 % 
of patients with ankle injuries meet these criteria. The 
optimal age of candidates for total ankle replacement 
has changed over time, being appropriate for younger 
and elderly patients [63, 64]. Unconstrained implants 
allow for reduced and more uniform distribution of 
the load on the bone at the implant fixation sites to 
improve stability and the survival period. Total ankle 
replacement is also divided into cement and cement–
free fixation, two-component and three-component 
implants. Implant designs, navigation and tools for 
their implantation are being improved with use of CT 
modeling and 3D printing of implants and resector 
blocks. Cementless implantation consisting of three 
components is thought to provide the best results with 
the five–year survival rate of 72.7–98 %, and ten-year 
survival rate of 80 % [56, 66].

Evaluation of the outcomes of total ankle 
arthroplasty is based on the results of physical and 
radiological examination of patients, biomechanical 
static-dynamic parameters of the lower extremities 
using different grading systems [67-69]. In 2012, 
D.V. Pavlov et al. evaluated the static-dynamic function 
of the lower extremities in 18 patients after total ankle 
arthroplasty. Six-month follow-up showed the lower 
limb being adapted to loads with an increase in the 
maximum push-off force, the rhythm coefficient and 
the redistribution of support on the operated limb. At 
12 months, biomechanical parameters continued to 
improve with the alignment between the healthy and 
operated limb reaching the norm after 24 months [67]. 
In 2018, K.S. Mikhailov et al. reviewed outcomes of 
total ankle arthroplasty in 71 patients, and concluded 
that total arthroplasty of the ankle joint provides good 
or satisfactory results in the majority of patients: 100 % 
on a visual-analog scale and 96 % on AOFAS scale 
at 2 years; 100 % on both scales at 3 years; 92.3 % at 
5 years and 85.7 % at 7 years [68].

Despite the advantages of normal biomechanics 
restored in the segment and a limited ROM (about 25°) 
maintained in the ankle joint at a short term, total 
arthroplasty has shortcomings that are seen at a long term. 
Instability of implant components, tibial, in particular, 
stress ankle fracture that can occur in almost 20 % and 
infection are most common complications. Ossifications, 
ankle exostoses interfering with the gait and local 
osteoporosis are less common [68, 70]. Reoperation rate 
reaches 24 % [71]. An "ideal" implant for arthroplasty 
can be designed with maximum consideration of 
anatomical, biomechanical and functional aspects of 
the ankle joint, the variety of functions, huge static and 
dynamic loads the joint sustains.
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DISCUSSION

 Surgical rehabilitation of patients with intra-articular 
fractures of the distal tibia is aimed at relieving pain, 
restoring the limb's ability to support and preserving 
the ankle function, if possible. The choice of the 
surgical modality would depend on the time of injury, 
condition of soft and bone tissues, the presence of a 
joint deformity and severity of ankle arthritis. A joint-
preserving surgery can be a good option at the initial 
stage of treatment of intra-articular fractures. Corrective 
osteotomy can be used to correct post-traumatic 
deformity or nonunion to restore the relationship in 
the joint, biomechanical axis of the limb and achieve 
a good treatment result [72, 73]. The treatment may 
fail with injury to the articular cartilage and can 
lead to the development of post-traumatic arthritis. 
Arthroscopic interventions can help to avoid adverse 
events [40, 41]. Distraction arthroplasty is reported to 
be a more effective method of treatment preventing 
the development of arthritis with the possibility of 
cartilage regeneration through the mechanical impact 
to be avoided for a certain time [46]. Post-traumatic 
ankle arthritis grades III–IV can be addressed with 
fusion and total ankle arthroplasty. In addition to pain 
relief, total ankle arthroplasty can maintain and improve 
mobility in the ankle joint to facilitate a physiological 

gait using rough surfaces, stairs, slopes and a shorter 
period of hospitalization [74, 75]. Ankle fusion can be 
considered a better option with fewer complications, 
less costs, less blood transfusion as compared to 
arthroplasty procedure, and be used for failures of total 
ankle arthroplasty [76, 77]. No significant differences is 
seen between the methods at a short term. An individual 
approach can be recommended considering different 
surgical options for a specific clinical scenario [78].

Despite the technological advances in orthopaedic 
surgery management of patients with sequelae of intra-
articular fractures of the distal tibia continues to be a 
substantial clinical challenge in orthopaedic trauma due 
to the high incidence, poor outcomes and high disability 
rate. Orthopaedic and trauma surgeons do not have an 
unambiguous solution to the question of the optimal 
method of treating the consequences of ankle injuries 
with indications and contraindications to be clarified 
and specified. There is a paucity of literature on such 
important aspects as the choice of treatment strategy 
with consideration of bone mineral density of the distal 
tibia and the talus due to a long-standing pathological 
process, lack of support on the limb and impaired 
reparative osteogenesis, biomechanical aspects to 
correct deformities of the lower limb.

CONCLUSION

Treatment of patients with sequelae of intra-
articular fractures of the distal tibia continues to 
be a substantial clinical challenge in orthopaedic 
trauma due to the high incidence, poor outcomes 

and high disability rate. There is an obvious need 
for a uniform treatment algorithm with specific 
indications and contraindications to each surgical 
option.

REFERENCES

1. Elsoe R., Ostgaard S.E., Larsen P. Population-based epidemiology of 9767 ankle fractures. Foot Ankle Surg., 2018, vol. 24, no. 1, pp. 34-39. 
DOI: 10.1016/j.fas.2016.11.002.

2. Thur C., Edgren G., Jansson K., Wretenberg P. Epidemiology of adult ankle fractures in Sweden between 1987 and 2004: a population-based study 
of 91,410 Swedish inpatients. Acta Orthop., 2012, no. 83, pp. 276-281. DOI: 10.3109 / 17453674.2012.672091.

3. Daly P.J., Fitzgerald R.H., Melton L.J. Jr., Ilstrup D.M. Epidemiology of ankle fractures in Rochester, Minnesota. Foot and Ankle Surgery, 2017. 
Vol. 24, No 1. P. 34-39. DOI: 10.1016/j.fas.2016.11.002.

4. Oganesyan O.V., Ivannikov S.V., Korshunov A.V. Vosstanovlenie formy i funkcii golenostopnogo sustava [Restoration of the ankle joint shape and 
function]. Moscow: BINOM: Laboratoriys znaniy, Meditsina, 2003, 120 p. (in Russian).

5. Kouvin M.S. Ehffektivnost lecheniya perelomov kostej golenostopnogo sustava pri razlichnyh vidah otkrytoj fiksacii [The efficiency of treatment of 
ankle bones fractures with various types of external fixation]: PhD abstract. Irkutsk, 2002. 22 p. (in Russian).

6. Kurov M.A., Golubev V.G. Sovremennye predstavleniya o patogeneze hronicheskoj nestabilnosti golenostopnogo sustava. Obzor literatury [Modern 
ideas about the pathogenesis chronic instability ankle joint. Literature review]. Kremlevskaya medicina. Klinicheskij vestnik, 2018, no. 4, pp. 98-106. 
(in Russian).

7. Omelchenko T.M., Liabakh A.P., Burianov O.A., Khomych S.V., Lazarev I.A. Reconstructive ankle arthrodesis in the treatment of patients with 
consequences of injuries [Artrodez v sisteme rekonstruktivnogo lecheniya pacientov s posledstviyami povrezhdenij golenostopnogo sustava]. 
Vestnik ortopedii travmatologii i protezirovaniya, 2016, no. 1 (88), pp. 48-53. (in Russian).

8. Juto H., Nilsson H., Morberg P. Epidemiology of Adult Ankle Fractures: 1756 cases identified in Norrbotten County during 2009-2013 and classified 
according to AO/OTA. BMC Musculoskelet Disord., 2018, no. 19, art. no. 441. DOI: 10.1186/s12891-018-2326-x.

9. Gajko G.V., Brusko A.T., Limar Eh.V. Osteoartroz novij pidhid do jogo profilaktiki [Osteoporosis – a new approach to its prevention]. Visnik 
ortopedii travmatologii ta protezuvaniya, 2005, no. 2, pp. 5-11. (in Ukranian).

10. Kim L.I., D'iachkova G.V. Kompleksnaya diagnostika povrezhdenij golenostopnogo sustava [Complex diagnostics of the ankle injury]. Genij 
Ortopedii, 2013, no. 4, pp. 20-24. (in Russian).

11. Leontaritis N., Hinojosa L., Panchbhavi V.K. Complex diagnostics of the ankle injury. J. Bone Joint Surg Am., 2009, vol. 91, no. 2, pp. 333-339. 



Genij ortopedii. 2022. Vol. 28, no. 1 138

Literature review

DOI: 10.2106/JBJS.H.00584.
12. Isakova T.M., Diachkova G.V., Giulnazarova S.V., Nalesnick M.V., Diachkov К.А. Magnitno rezonansnaya tomografiya v ocenke povrezhdeniya 

svyazok golenostopnogo sustava pri zastarelyh ego povrezhdeniyah [Magnetic resonance tomography in the assessment of the ankle ligament 
damage for the ankle advanced injuries]. Genij Ortopedii, 2009, no. 1, pp. 65-69. (in Russian).

13. Goost H., Wimmer M.D., Barg A., Kabir K., Valderrabano V., Burger C. Fractures of the Ankle Joint Investigation and Treatment Options. 
Dtsch Arztebl Int., 2014, vol. 111, no. 21, pp. 377-88. DOI: 10.3238/arztebl.2014.0377.

14. Slobodskoy A.B., Balayan V.D., Hussein Y.M., Yamshchikov O.N. Sovremennoe predstavlenie voprosa lecheniya bolnyh s povrezhdeniem 
golenostopnogo sustava obzor literatury [Modern presentation of patients’ treatment with injury of the ankle joint question (literary review)]. Vestnik 
Tambovskogo universiteta Seriya Estestvennye i tekhnicheskie nauki, 2016, vol. 21, no. 1, pp. 176-181. (in Russian).

15. Horoshkov S.N. Lechenie povrezhdenij golenostopnogo sustava i ih posledstvij kliniko ehksperimentalnoe issledovanie [Treatment of injuries of the 
ankle joint and their consequences (clinical and experimental study]: DSc abstract. Moscow, 2006, 48 p. (in Russian).

16. Khominets V.V., Kudyashev A.L., Pechkurov A.L., Fedotov A.O., Naniev S.O. Sravnitelnyj analiz rezultatov lecheniya postradavshih s perelomami 
distalnogo metaehpifiza bolshebercovoj kosti tipov V i S [Comparative Analysis of Treatment Outcomes in Patients with Types B and C Pylon 
Fractures]. Travmatologiya i ortopediya Rossii, 2017, vol. 23, no. 3, pp. 69-79. (in Russian). DOI: 10.21823/2311-2905-2017-23-3-69-79.

17. Cherevatiy N.I., Solomin L.N. Lechenie pacientov s posledstviyami perelomov lodyzhek (obzor mirovoj literatury) [Treatment of patients with 
consequences of ankle fractures (review of the world literature)]. Acta Biomedica Scientifica, 2019, vol. 4, no. 6, pp. С. 77-88. (in Russian).

18. Sysenko Y.M., Bounov D.V. Lechenie bolnyh so slozhnymi perelomami golenostopnogo sustava metodom chreskostnogo osteosinteza po Ilizarovu 
[Treatment of patients with compound fractures of the ankle by the transosseous osteosynthesis method according to Ilizarov]. Genij Ortopedii, 
2003, no. 3, pp. 29-32. (in Russian).

19. Van Wensen R.J.A., van den Bekerom M.P.J., Marti R.K., van Heerwaarde R.J. Reconstructive osteotomy of fibular malunion: review of the 
literature. Strat Traum Limb Recon. 2011, no. 6, pp. 51-57. DOI: 10.1007/s11751-011-0107-2.

20. Stufkens S.A.S., van den Bekerom M.P.J., Kerkhoffs G.M.M.J., Hintermann B., van Dijk C.N. Long-term outcome after 1822 operatively treated 
ankle fractures: A systematic review of the literature. Injury, 2011, vol. 42, no. 2, pp. 119-127. DOI: 10.1016/j.injury.2010.04.006.

21. Mihajlov K.S. Sovershenstvovanie hirurgicheskogo lecheniya bolnyh s deformiruyushchim artrozom golenostopnogo sustava [Improving the 
surgical treatment of patients with deforming arthrosis of the ankle joint]: PhD abstract. Saint-Petersburg, 2016, 24 p. (in Russian).

22. Gorbatov R.O. Personificirovannyj artrodez pri posttravmaticheskom kruzartroze III-IV stadia [Personalized arthrodesis in stage III-IV post-
traumatic crusarthrosis]: PhD abstract. Nizhniy Novgorod, 2018, 26 p. (in Russian).

23. Morash J., Walton D. M., Glazebrook M. Ankle Arthrodesis Versus Total Ankle Arthroplasty. Foot Ankle Clin., 2017, vol. 22, no. 2, pp. 251-266. 
DOI: 10.1016/j.fcl.2017.01.013.

24. Reutov A.I., Davydov O.D., Ustiuzhaninova E.V. Osobennosti ortogradnogo stoyaniya u bolnyh s posttravmaticheskim osteoartrozom 
golenostopnogo i taranno pyatochnogo sustavov [Peculiar properties of orthograde standing in patients with posttraumatic osteoarthrosis of the 
ankle and talocalcaneal joints]. Genij Ortopedii, 2013, no. 4, pp. 48-52. (in Russian).

25. Wynes J., Kaikis A.C. Current advancements in ankle arthrodiastasis. Clin Podiatr Med Surg., 2018, vol. 35, no. 4, pp. 467-479. DOI: 10.1016/j. 
cpm.2018.05.006.

26. Malyshev E.E., Varvarin O.P., Korolev S.B., Vaganov B.V. Sposob plastiki kostnogo defekta ehpimetafiza bolshebercovoj kosti [Method of plasty 
for a tibial epimetaphysis defect]: patent RU 2309691 С1. A61B 17/56; patentee Federal State Institution ‘Nizhny Novgorod Research Institute of 
Traumatology and Orthopedics of the Federal Agency for Healthcare and Social Development’. No. 2006104086/14; application Feb. 10, 2006; 
published Nov. 10, 2007, Bulletin no. 31. (in Russian).

27. Rammelt S., Marti R.K., Zwipp H. Joint-preserving osteotomy of malunited ankle and pilon fractures. Der Unfallchirurg, 2013, vol. 116, no. 9, 
pp. 789-796. DOI: 10.1007/s00113-013-2385-2.

28. Barg A., Pagenstert G., Leumann A., Valderrabano V. Malleolar osteotomy – osteotomy as approach. Der Orthopäde, 2013, vol. 42, no. 5, pp. 309-
321. DOI: 10.1007/s00132-012-2007-7.

29. Pankov I.O., Salikhov R.Z., Nagmatullin V.R., Emelin A.L., Valitov I.A. Hirurgicheskoe lechenie nepravilno srosshihsya pronacionno ehversionnyh 
perelomov distalnogo otdela kostej goleni [Surgical treatment malunited pronation-eversion fractures of distal leg bones]. Scientific Journal Modern 
problems of science and education, 2013, no. 2, art. no. 58. (in Russian).

30. Kryukov E.V., Brizhan L.K., Davydov D.V., Yurmina N.S., Kerimov A.A., Slivkov K.A., Sheyanova E.Yu. Hirurgicheskaya profilaktika 
posttravmaticheskogo kruzartroza I II stadij u pacientov posle perelomov lodyzhek [Surgical prophylaxis of posttraumatic ankle arthritis of II and 
I stages in patients after fractures of ankles]. Voenno-medicinskij zhurnal, 2017, vol. 338, no. 10, pp. 37-42. (in Russian).

31. Gilfanov S.I., Semenov A., Stepanova A.I. Rol artroskopii v lechenii posttravmaticheskogo impidzhment sindroma golenostopnogo sustava [The 
role of arthroscopy in the treatment of posttraumatic impingement ankle joint syndrome]. Kremlevskaya medicina. Klinicheskij vestnik, 2017, 
no. 4-2, pp. 91-95. (in Russian).

32. Schoettle P.B., Imhoff A.B. Die osteochondrale Autograft-Transplantation (OATS). Am. Talus. Operat. Orthop. Traumatol., 2000, no. 10, pp. 113-
129.

33. Ochkurenko A.A., Matsakyan A.M., Shirmazanyan A.G., Gorochovodatsky A.V. Maloinvazivnaya artroskopicheskaya stabilizaciya zastarelyh 
povrezhdenij svyazok golenostopnogo sustava [Miniinvaziv arthroscopic stabilization of old ankle joint ligament injuries]. Vestnik Smolenskoj 
gosudarstvennoj medicinskoj akademii, 2017, vol. 16, no. 4, pp. 185-161. (in Russian).

34. Shtrobel M. Rukovodstvo po artroskopicheskoj hirurgii [Arthroscopic Surgery Guide]. In 2 vol. Moscow: Izdatelstvo Panfilova, 2011. 344 p. (in 
Russian).

35. Giza E., Sullivan M., Ocel D., Lundeen G., Mitchell M.E., Veris L., Walton J. Matrix-induced autologous chondrocyte implantation of talus articular 
defects. Foot Ankle Int., 2010, vol. 31, no. 9, pp. 747-753. DOI: 10.3113/FAI.2010.0747.

36. Thomas B., Yeo J.M., Slater G.L. Chronic pain after ankle fracture: an arthroscopic assessment case series. Foot Ankle Int., 2005, vol. 26, no. 12, 
pp. 1012-1016. DOI: 10.1177/107110070502601202

37. Merian M., Easley M. Diagnosis and treatment of osteochondral lesions of the talus. Der Orthopäde, 2008, vol. 37, no. 3, pp. 204-211. DOI: 
10.1007/s00132-008-1219-3.

38. Hepple S., Guha A. The role of ankle arthroscopy in acute ankle injuries of the athlete. Foot Ankle Clin., 2013, vol. 18, no. 2, pp. 185-194. 
DOI: 10.1016/j.fcl.2013.02.001.

39. Murawski C.D., Kennedy J.G. Operative treatment of osteochondral lesions of the talus. J Bone Joint Surg Am., 2013, vol. 95, no. 11, pp. 1045-1054. 
DOI: 10.2106/JBJS.L.00773.

40. Gorodnichenko A.I., Semenov A.I., Minajev A.N. Artroskopiya v diagnostike i lechenii posttravmaticheskogo deformiruyushchego artroza 
golenostopnogo sustava [Arthroscopy in the diagnostics and treatment of post-traumatic deforming arthrosis of the ankle joint]. Kremlevskaya 



Genij ortopedii. 2022. Vol. 28, no. 1139

Literature review

medicina. Klinicheskij vestnik, 2015, no. 3, pp. 71-74. (in Russian).
41. Omelchenko T.M., Burianov O.A., Khomych S.V. Artroskopiya v sisteme rekonstruktivno vosstanovitelnogo lecheniya bolnyh s porazheniyami 

golenostopnogo sustava informacionno analiticheskoe issledovanie [Arthroscopy in reconstructive and restorative treatment of patients with lesions 
of the ankle joint (information and analytical research)]. Vesnik ortopedii, travmatologii ta protezuvannya, 2015, no. 2 (85), pp. 69-75. (in Russian)

42. Giannini S., Buda R., Faldini C., Vannini F., Romagnoli M., Grandi G., Bevoni R. The treatment of severe posttraumatic arthritis of the ankle joint. 
J. Bone Joint Surg Am., 2007, 89 (Suppl 3), pp. 15-28. DOI: 10.2106/JBJS.G.00544.

43. Plakseychuk Y.A., Salikhov R.Z., Soloviev V.V. Hirurgicheskoe lechenie bolnyh s artrozom golenostopnogo sustava [Surgical treatment of patients 
with osteoarthritis of the ankle joint]. Kazan Medical Journal, 2012, vol. 93, no. 1, pp. 38-43. DOI: 10.17816/KMJ2142. (in Russian).

44. Zhao H., Qu W., Li Y., Liang X., Ning N., Zhang Y., Hu D. Functional analysis of distraction arthroplasty in the treatment of ankle osteoarthritis. 
J. Orthop. Surg. Res., 2017, vol. 12, no. 1, art. no. 18. DOI: 10.1186/s13018-017-0519-x.

45. Nguyen M.P., Pedersen D.R., Gao Y., Saltzman C.L., Amendola A. Intermediate-term follow-up after ankle distraction for treatment of end-stage 
osteoarthritis. J. Bone Joint Surg Am., 2015, vol. 97, no. 7, pp. 590-596. DOI: 10.2106/jbjs.n.00901.

46. Leonchuk S.S., Ostrovskikh L.A., Sazonova N.V. Distrakcionnaya artroplastika golenostopnogo sustava s ispolzovaniem apparata Ilizarova i 
artroskopicheskoj tekhniki pervyj klinicheskij opyt [Ankle distraction arthroplasty using the Ilizarov external fixation and arthroscopy: first clinical 
experience]. Genij Ortopedii, 2021, vol. 27, no. 1, pp. 92-96. DOI: 10.18019/1028-4427-2021-27-1-92-96.

47. Plakseychuk Yu.A., Salikhov R.Z., Soloviev V.V. Surgical treatment of patients with osteoarthritis of the ankle joint. [Hirurgicheskoe lechenie 
bolnyh s artrozom golenostopnogo sustava]. Kazanskij medicinskij zhurnal, 2012, vol. 93, no. 1, pp. 38-43. DOI: 10.17816/KMJ2142.

48. Onodera T., Majima T., Kasahara Y., Takahashi D., Yamazaki S., Ando R., Minami A. Оutcome of transfibular ankle arthrodesis with Ilizarov 
apparatus. Foot Ankle Int., 2012, vol. 33, no. 11, pp. 964-968. DOI: 10.3113/fai.2012.0964.

49. Khanfour A.A. Versatility of Ilizarov technique in difficult cases of ankle arthrodesis and review of literature. Foot Ankle Surg., 2013, vol. 19, no. 
1, pp. 42-47. DOI: 10.1016/ j.fas.2012.10.001.

50. Alammar Y., Sudnitsyn A., Neretin A., Leonchuk S., Kliushin N.M. Closed arthrodesis in infected neuropathic ankles using ilizarov ring fixation. 
Bone Joint, 2020, vol. 102-B, no. 4, pp. 470-477. DOI: 10.1302/0301-620X.102B4.BJJ-2019-1158.R1.

51. Khominets V.V., Mikhailov S.V., Shakun D.A., Shumagaziev S.E., Komarov A.V. Artrodezirovanie golenostopnogo sustava s ispolzovaniem 
trekh spongioznyh vintov [Ankle arthrodesis with three cancellous screws]. Travmatologiya i ortopediya Rossii, 2018, vol. 24, no. 2, pp. 117-126. 
DOI: 10.21823/2311-2905-2018-24-2-117-126. (in Russian).

52. Matsakyan A.M., Protsko V.G., Shirmazanyan A.G. Artrodez golenostopnogo sustava shtiftom s blokirovaniem pri vyrazhennoj varusnoj deformacii 
stopy [Arthrodesis of the ankle joint pin with blocking in severe varus deformity of the foot]. Sovremennaya nauka aktualnye problemy teorii i 
praktiki. Seriya Estestvennye i tekhnicheskie nauki, 2017, no. 9, pp. 65-71. (in Russian).

53. Omelchenko T.M., Buryanov O.A., Lyabakh A.P. Arthrodesis of ankle joint. Biomechanical aspects and algorithm of choice of methods of fixation. 
Ortopediya travmatologiya i protezirovanie, 2018, vol. 613, no. 4, pp. 64-70.

54. Gorbatov R.O., Pavlov D.V., Motyakina O.P., Rukina N.N., Kuznetsov A.N., Borzikov V.V. Personificirovannaya reabilitaciya bolnyh posle 
artrodeza golenostopnogo sustava [Personalized rehabilitation of patients after ankle arthrodesis]. Kafedra travmatologii i ortopedii, 2016, no. 4 
(20), pp. 44-47.

55. Clifford C., Berg S., McCann K., Hutchinson B. A Biomechanical Comparison of Internal Fixation Techniques for Ankle Arthrodesis. J. Foot 
Ankle Surg., 2015, vol. 54, no. 2, pp. 188-191. DOI: 10.1053/j.jfas.2014.06.002.

56. Mihajlov K.S., Emelyanov V.G., Tihilov R.M., Kochish A.Yu., Sorokin E.P. Dinamika izmenenij kliniko funkcionalnyh pokazatelej u pacientov 
posle artrodezirovaniya golenostopnogo i podtarannogo sustavov intramedullyarnym blokiruemym sterzhnem [Dynamics of changes in clinical and 
functional parameters in patients after ankle and subtalar joints arthrodesis with an intramedullary lockable nail]. Actual problems of traumatology 
and orthopedics. Collection of works on the 110th anniversary of the Russian Scientific Research institute of Traumatology and Orthopedics n.a. 
R.R. Vreden. Saint-Petersburg, 2016, pp. 196-202. (in Russian).

57. Brizhan L.K., Hominec V.V., Davydov D.V., Stojko Yu.M., Yurmina N.S., Slivkov K.A., Kerimov A.A., Kuzmin P.D. Sovremennyj podhod k 
profilaktike infekcionnyh oslozhnenij pri artrodeze golenostopnogo sustava [Modern approach to the prevention of infectious complications in the 
arthrodesis of the talocrural joint]. Vestnik Nacionalnogo mediko hirurgicheskogo Centra im N.I. Pirogova, 2017, vol. 12, no. 4, part 2, pp. 67-71. 
(in Russian).

58. Kavalerskij G.M., Arhipov S.V., Drogni A.R., Lychagin A.V. Malotravmatichnyj metod artrodezirovaniya golenostopnogo sustava [Low-traumatic 
method of ankle joint arthrodesis]. Pirogov scientific practical conference. Bulletin of RSMU, 2005, no. 3, p. 42. (in Russian).

59. Matsakyan A.M., Bhutaev B. G., Protsko V.G. Artroskopicheskij artrodez golenostopnogo sustava [Arthroscopic ankle arthrodesis]. Modern 
Science: actual problems of theory and practice. Series Natural and Technical Sciences, 2016, no. 8, p. 99-102. (in Russian).

60. Morasiewicz P., Dejnek M., Kulej M., Dragan S.Ł., Konieczny G., Krawczyk A., Urbański W., Orzechowski W., Dragan S.F., Pawik Ł. Sport 
and physical activity after ankle arthrodesis with Ilizarov fixation and internal fixation. Adv Clin Exp Med., 2019, vol. 28, no. 5, p. 609-614. 
DOI:10.17219/acem/80258.

61. Thomas R., Daniels T.R., Parker K. Gait analysis and functional outcomes following ankle arthrodesis for isolated ankle arthritis. 
J. Bone Joint Surg Am., 2006, vol. 88, no. 3, pp. 526-535. DOI: 10.2106/JBJS.E.00521.

62. Chopra S., Rouhani H., Assal M., Aminian K., Crevoisier X. Outcome of unilateral ankle arthrodesis and total anklereplacement in terms of bilateral 
gait mechanics. J. Orthop Res., 2014, vol. 32, no. 3, pp. 377-384. DOI: 10.1002/jor.22520.

63. Werner B.C., Burrus M.T., Looney A.M., Park J.S., Perumal V., Cooper M.T. Obesity is associated with increased complications after operative 
management of end-stage ankle arthritis. Foot Ankle Int., 2015, vol. 36, no. 8, pp. 863-870. DOI: 10.1177/1071100715576569.

64. Emelyanov V.G., Kochish A.Yu., Bulatov A.A., Mikhailov K.S. Choice of surgical treatment for patients with arthrosis of the ankle joint. Foot and 
Ankle Online Journal, 2018, vol. 11, no. 1, art, no. 3. DOI: 10.3827/faoj.2018.1101.0003

65. Schipper O.N., Haddad S.L., Pytel P., Zhou Y. Histological Analysis of Early Osteolysis in Total Ankle Arthroplasty. Foot Ankle Int., 2017, vol. 38, 
no. 4, pp. 351-359. DOI: 10.1177/1071100716682333.

66. Kim H.J., Suh D.H., Yang J.H., Lee J.W., Kim H.J., Ahn H.S., Han S.W., Choi G.W. Total ankle arthroplasty versus ankle arthrodesis for the 
treatment of end-stage ankle arthritis: a meta-analysis of comparative studies. Int Orthop., 2017, vol. 41, no. 1, pp. 101-109. DOI: 10.1007/s00264-
016-3303-3.

67. Lachman J.R., Ramos J.A., Adams S.B., Nunley J.A. 2nd, Easley M.E., DeOrio J.K. Patient-Reported Outcomes Before and After Primary and 
Revision Total Ankle Arthroplasty. Foot Ankle Int., 2019, vol. 40, no. 1, pp. 34-41. DOI: 10.1177/1071100718794956.

68. Mikhaylov K.S., Bulatov A.A., Pliev D.G., Sorokin E.P., Guatsaev M.S. Rezultaty ehndoprotezirovaniya golenostopnogo sustava tretim pokoleniem 
modelej ehndoprotezov [The results of ankle joint arthroplasty with third generation models prothesis]. Department of Traumatology and 
Orthopedics, 2018, vol. 31, no. 1, pp. 40-45. DOI: 10.17238/issn2226-2016.2018.1.40-45. (in Russian).



Genij ortopedii. 2022. Vol. 28, no. 1 140

Literature review

69. Miroshnikov D.L., Sabodashevskiy O.V., Afaunov A.A., Zamyatin I.I., Matar H.H., Napakh Y.V. Ehndoprotezirovanie i artrodez golenostopnogo 
sustava. Sravnenie rezultatov lecheniya [Endoprosthesis and arthrodesis of the ankle joint. Comparison of treatment outcomes]. Innovacionnaya 
medicina Kubani, 2018, no. 2, pp. 29-36. (In Russ.)

70. Gross C.E., Lewis J.S., Adams S.B., Easley M., DeOrio J.K., Nunley J.A. 2nd. Secondary arthrodesis after total ankle arthroplasty. Foot Ankle Int., 
2016, vol. 37, no. 7, pp. 709-14. DOI: 10.1177/1071100716641729.

71. Kliushin N.M., Ermakov A.M. Dvuhehtapnoe artrodezirovanie golenostopnogo sustava pri lechenii periproteznoj infekcii [Two-stage arthrodesis 
of the ankle joint in the treatment of periprosthetic infection]. Genij Ortopedii, 2020, vol. 26, no. 1, pp. 99-102. DOI: 10.18019/1028-4427-2020-
26-1-99-102. 

72. Weber D., Weber M. Corrective osteotomies for malunited malleolar fractures. Foot Ankle Clinics, 2016, vol. 21, no. 1, pp. 37-48. DOI: 10.1016/j.
fcl.2015.09.003.

73. Liu G.T. Ankle Fractures. In Complications in Foot and Ankle Surgery: Management Strategies. New York, J. Springer, 2017. P. 385-407.
74. Jastifer J., Coughlin M.J., Hirose C. Performance of total ankle arthroplasty and ankle arthrodesis on uneven surfaces, stairs, and inclines: a 

prospective study. Foot Ankle Int., 2015, vol. 36, no. 1, pp. 11-17. DOI: 10.1177/1071100714549190.
75. Pedowitz D.I., Kane J.M., Smith G.M., Saffel H.L., Comer C., Raikin S.M. Total ankle arthroplasty versus ankle arthrodesis: a comparative analysis 

of arc of movement and functional outcomes. Bone Joint J., 2016, vol. 98-B, no. 5, pp. 634-640. DOI: 10.1302/0301-620X.98B5.36887.
76. Matsumoto T., Yasunaga H., Matsui H., Fushimi K., Izawa N., Yasui T., Kadono Y., Tanaka S. Time trends and risk factors for perioperative 

complications in total ankle arthroplasty: retrospective analysis using a national database in Japan. BMC Musculoskelet Disord., 2016, vol. 17, no. 1, 
art. no. 450. DOI: 10.1186/s12891-016-1299-x.

77. Egrise F., Parot J., Bauer C., Galliot F., Kirsch M., Mainard D. Complications and results of the arthrodesis after total ankle arthroplasty failure: a 
retrospective monocentric study of 12 cases. Eur J Orthop Surg Traumatol., 2020, vol. 30, no. 2, pp. 373-381. DOI: 10.1007/s00590-019-02561.

78. Lawton C.D., Butler B.A., Dekker R.G. 2nd, Prescott A., Kadakia A.R. Total ankle arthroplasty versus ankle arthrodesis-a comparison of outcomes 
over the last decade. J Orthop Surg Res., 2017, vol. 12, no. 1, art. no. 76. DOI: 10.1186/s13018-017-0576-1.

The article was submitted 02.02.2021; approved after reviewing 14.04.2021; accepted for publication 23.12.2021.

Information about the authors:

1. Oleg А. Kauts – Candidate of Medical Sciences;
2. Yuri A. Barabash – Doctor of Medical Sciences, Professor, yubarabash@yandex.ru;
3. Sergey I. Kireev – Doctor of Medical Sciences;
4. Konstantin А. Grazhdanov – Candidate of Medical Sciences;
5. Pavel P. Zuev – Candidate of Medical Sciences;
6. Andrey L. Kesov – M.D.;
7. Igor А. Norkin – Doctor of Medical Sciences, Professor.

Conflict of interests The publication is a part of a governmental project on the topic "Development of a personalized approach to 
surgical rehabilitation of patients with consequences of intra-articular injuries to the distal tibia"; scientific supervisor, Head of the 
Department of Innovative projects in Traumatology and Orthopaedics of NIITON SSMU Professor I.A. Norkin, M.D.


