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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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ANKLE DISTRACTION ARTHROPLASTY: A SYSTEMATIC REVIEW

Artyom Mikhailovich Lutsenko, Danila Alexievich Ananin, Alexy Petrovitch Prizov, Fedor Leonidovich Lazko.

Department of Traumatology and Orthopedics, Peoples' Friendship University of Russia, Moscow.

Abstract.

Background: Epidemiological data suggest 9%-15% of
ankle joint osteoarthritis (AOA) in the general population. One
of the methods of delaying radical intervention is ankle joint
distraction arthroplasty of the ankle joint (ADA), including a
combination of various techniques. The lack of publications
summarizing the maximum possible clinical data on ADA for
more than 50 years of the method's history justifies the need for
areview.

Methods: A systematic review of ankle distraction arthroplasty
followed the 2020 PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-analyses) protocol guidelines.
The inclusion criteria were articles with clinical data in full text
in English, available on the Internet for the maximum possible
period, including the treatment of diseases of the ankle joint
using distraction arthroplasty.

Results: At the search stage, 4640 publications from 3 sources
were identified. 33 articles were selected for analysis of the
full texts of the articles. Additionally, 1 article was excluded,
as it contains duplicate information from an identical study.
The analysis of the full texts of 32 publications was made,
according to the parameters indicated earlier. A total of 927
patients underwent ADA. The mean age of the patients was
449 + 12.7 years. Among the causes, post-traumatic AOA was
indicated in 26 (81.3%) publications, osteochondral defects
(n=2, 6.3%), consequences of poliomyelitis (n=4, 12.5%),
congenital deformities (n=4, 12.5%), hemophilia (n= 2, 6.25%),
idiopathic juvenile osteoarthritis (n=1, 3.1%), rheumatoid OA
(n=1, 3.1%).

Conclusions: Despite the more than 50-year history of ADA,
there is still no sufficient understanding of this methodology.
The goal of future research is to understand the exact indications
for ADA depending on the stage, etiology, and type of AOA.
ADA is a promising effective method of treatment that allows
achieving an improvement in function and a reduction in pain in
the medium and long term while preserving the patient's joint.

Key words. Ankle joint, osteoarthritis, external fixators,
arthroplasty, systematic review.

Introduction.

Epidemiological data suggest 9%-15% of ankle joint
osteoarthritis (AOA) in the general population [1]. Among
the causes of AOA are post-traumatic 70%-78% osteoarthritis
(OA), 12%-13% rheumatoid OA, 7%-9% idiopathic [1-3]. Post-
traumatic osteoarthritis has the following etiological structure:
ankle fractures 37%, pilon fractures 9%, chronic instability
14.6%, talus fracture 8.3% [2].

For many years, arthrodesis was considered the gold standard
for the treatment of terminal stages of AOA. The modern
view of the problem allows a paradigm shift towards the
equivalence of total arthroplasty and arthrodesis, including
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arthroscopic arthrodesis [4-6]. Ankle arthroplasty has a similar
complication rate to arthrodesis, about 9%, leading to either
revision arthroplasty or arthrodesis [7,8]. In the long term,
arthrodesis has a negative impact on adjacent joints [9,10]. One
of the methods of delaying radical intervention is ankle joint
distraction arthroplasty of the ankle joint (ADA), including a
combination of various techniques [11].

The main task in ADA is the creation of a significant
separation of the articular surfaces and the maintenance of
negative pressure in the joint cavity to create conditions for the
restoration of cartilage tissue. Technically, arthrodiastasis is
achieved using an external fixator (EF) [11].

There are various variations of models of external fixation
devices, with or without the possibility of movement in the
joint. Volkov-Oganiesian's device can be considered one of
the first articulated ankle devices described, but it was used to
treat chronic ankle fractures in combination with the creation of
arthrodiastasis [12]. The first description of EF for the treatment
of AOA belongs to Judet R. & Judet T. [13]. Unfortunately, there
are no photos of their EF models. We tried to trace the evolution
of the main EF models for ADA, except for combinations with
supramalleolar osteotomy, according to the earliest sketches or
photographs of the authors (Figure 1), but many other proposed
models are not shown in our article. There are data on the use of
industrial distractors or analogs of ExFix systems [14,15].

To date, there are many literature reviews devoted to ADA,
each of which has made an invaluable contribution to the
development of the method. Most of them are reviews that
don’t explicitly indicate adherence to the generally accepted
evidence methodology, or simple reviews of the literature [20-
33]. There is a systematic review comparing ADA with other
cartilage preservation methods Rivera & Beachler 2018 [34].
A systematic review on the treatment of AOA against the
background of hemophilia, including the use of ADA Barg et
al. 2016 [35].

The lack of publications summarizing the maximum possible
clinical data on ADA for more than 50 years of the method's
history justifies the need for a review.

The purpose of a systematic review of the literature is to
determine the indications, clinical efficacy, results, and analysis
of the methodology for treating patients with AOA using ADA
in any combination.

Materials and methods.

A systematic review of ankle distraction arthroplasty followed
the 2020 PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) protocol guidelines [36]. The
inclusion criteria were articles with clinical data in full text in
English, available on the Internet for the maximum possible
period, including the treatment of diseases of the ankle joint
using distraction arthroplasty.
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Figure.1. Evolution of external fixator designs.

Volkov-Oganiesian, 1975 [12]

Roermund & Valburg, 1995 [16]

Paley, 2008 [17]

Saltzman, 2012 [18]

Fragomen, 2014 [19]

Searching.

Information was searched using PubMed, Scopus, Scholar
Google databases from December 1 to December 15, 2021.
The authors of the study were not contacted to obtain
additional data. An advanced search query was performed to
collect data from PubMed (https://pubmed.ncbi.nlm.nih.gov/
advanced/) and Scopus (https://www.scopus.com/search/form.
uri?display=advanced) databases. Harzing's Publish or Perish

13

(macOS GUI edition) 8.1 (Publish or Perish) was used to obtain
data from Scholar Google (https://scholar.google.com/) [37].
The keywords for searching publications were: ankle distraction
arthroplasty, Ilizarov method articulation joint, distraction joint,
arthrodiastasis ankle (Table 1). The broad search strategy is
deliberately chosen, given the different names of the procedure
in the 20th century, since the goal of a systematic review is to
collect as much information about the procedure as possible.
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Table 1. Search query structure.

Number of

Database publications

Search query

"ankle distraction arthroplasty" OR
"ilizarov method articulat* joint*" OR
"distract* joint*" OR "arthrodiastas*
ankle" OR "ankle distract*"

"ankle distraction arthroplasty" OR
"ilizarov method articulat* joint*" OR
"distract* joint*" OR "arthrodiastas*
ankle" OR "ankle distract*"

"ankle distraction arthroplasty”" OR
"ilizarov method articulat* joint*" OR
"distract* joint*" OR "arthrodiastas*
ankle" OR "ankle distract*"

PubMed 3402

Scopus 274

Scholar

Google 963

Search query data was exported using the built-in database
functionality of PubMed and Scopus. Scholar Google search
data was exported using the Publish or Perish application.
Literature lists were also extracted from literature reviews found
in the search process and, in the absence of these works in the
final stage of the analysis, they were added (works from other
sources).

Remove duplicates.

The collected data, including titles and annotations, were
imported into a specialized Rayyan web application [38] for a
systematic review by the research team. Using the de-duplication
function of the Rayyan web application, followed by manual
control, the final removal of duplicates by one researcher is
performed.

Screening.

After that, the titles and abstracts of all publications were
analyzed independently by two researchers [AL] and [DA]. Each
work was assigned the value “include”, “exclude”, “maybe”. In
controversial situations, a third researcher [AP] was involved
to resolve conflicts. According to the compliance with the
inclusion criteria, based on the title and abstracts of the articles,
the selection of works was carried out for the analysis of full
texts (2 stages of screening). From the remaining publications,
the corresponding works were selected based on the analysis of
the full text of the publication according to the inclusion criteria,
using a similar methodology.

Analysis.

Allselected publications are entered into a table in the Microsoft
Excel spreadsheet. An assessment was made for the level of
reliability. Based on the full texts of the articles, the following
parameters were entered into the table: number of patients,
average age, gender, classification of AOA, stage of AOA, cause
of AOA, presence of deformities, type of device layout (hinged
or fixed), presence of contracture, additional interventions
(open/ arthroscopic debridement, use of cellular technologies,
microfracturing, supramalleolar osteotomies, gastrocnemius
lengthening, osteochondral autotransplantation, use of other
technologies to restore cartilage, subtalar arthroeresis, calcaneal
osteotomy, subtalar arthrodesis), pain before and after surgery,
presence of pin site inflammation, the difference in range of
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motion before and after surgery, complications, number of
patients with unsuccessful results (arthrodesis or arthroplasty
in the observation period), size of arthrodiastasis, duration of
treatment in EF, research results.

The data were entered by one researcher [AL], two other
researchers independently checked the accuracy of the entered
data [DA] and [AP]. In case of incorrectness of the filled
information, their correction was carried out. If the interpretation
of the data from the publication was ambiguous, the decision to
enter the information was made collectively after discussion.

Statistics.

At each stage of the screening, a statistical test of agreement
was performed Cohen's kappa coefficient.

Assessment of methodological quality and risk of bias.

The Joanna Briggs Institute Critical Appraisal tools for use in
JBI Systematic Reviews was used to assess the methodological
quality, internal and external validity of all included studies
[39]. Checklists were used depending on the design of the study.
The checklists include 8 to 13 questions that each item scored
as one of “yes”, “no”, “unclear” or “not reported”. All quality
assessment was performed by one primary and one secondary
reviewers.

Results.

At the search stage, 4640 publications from 3 sources were
identified. After removing 400 duplicates, 4240 papers were
received, which were included in the first stage of screening.
135 publications were selected, Cohen's kappa conformity 0.94.
135 publications were included in the 2nd stage of screening of
full texts of materials. 32 articles were selected for analysis of
the full texts of the articles, Cohen's kappa conformity 0.98. The
algorithm for selecting articles is shown in Figure 2. No papers
were added from other sources.

The analysis of the full texts of 32 publications was made,
according to the parameters indicated earlier. Most of the studies
in the study had a low level of evidence - IV (n=21, 65.6%).
A total of 3 (9.38%) randomized clinical trials were included.
From selected publications case report (n=12, 37.5%), case
series (n=10, 31.25%), cohort studies (n=5, 15.63%), 2 (6.25%)
cross-sectional and 2 prospective studies (Table 2).

Table 3 displays the scores from the risk of bias and
methodological quality assessment for included studies. The 32
studies received a median the Joanna Briggs institute checklist
score for RCT10/13 (range 6-10), cohort 6/11 (range 6-8), case
series 5/10 (range 3-9), cross sectional 5/8 (range 4-6), case
report 4/8 (range 2-6).

A total of 927 patients underwent ADA. The mean age of the
patients was 44.9 + 12.7 years. Among them, 230 (24.8%) left
and 265 (28.6%) right ankle joints are among those studies in
which this was indicated. Men 435 (46.9%) and women 463
(49.9%). Among the causes, post-traumatic AOA was indicated
in 26 (81.3%) publications, osteochondral defects (n=2, 6.3%),
consequences of poliomyelitis (n=4, 12.5%), congenital
deformities (n=4, 12.5%), hemophilia (n= 2, 6.25%), idiopathic
juvenile osteoarthritis (n=1, 3.1%), rheumatoid OA (n=1,
3.1%). Data on the ADA classification used were missing in 17
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Table 2. Accepted studies for analysis.

Authors Year
Dabash et al. [40] 2020
Greenfield et al. 2019

[41]

Belczyk et al. [42] 2009

D'Angelantonio &

Schick [43] 2013

Liuetal. [44] 2020

Leonchuk et al.
[45]
Xu et al. [46] 2017

2021

Choi & Lui [47] 2013

Kaul & Prasad
[48]

Paley etal. [17] 2008

2018

Li et al. [49] 2021

Cleary et al. [50] 2019

Sehmeher [51] 207
[}?;lewijn et al. 2021
E%Tanujam et al. 2010
e
Marijnissen et al. 2002

(53]

Zhao et al. [S6] 2017

Nakasa et al. [14] 2015

Intema et al. [57] 2011

Zhang et al. [58] 2017

van Valburg et al.

[59] 1999

Nozaka et al. [60] 2020
Tellisi et al. [61] 2009

Gianakos et al.

[62] 2020
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Title

Distraction arthroplasty in osteoarthritis of the foot and ankle
Ankle Distraction Arthroplasty for Ankle Osteoarthritis: A
Survival Analysis

A Case Report of a Simultaneous Local Osteochondral
Autografting and Ankle Arthrodiastasis for the Treatment of a
Talar Dome Defect

Ankle distraction arthroplasty combined with joint resurfacing
for management of an osteochondral defect of the talus and
concomitant osteoarthritis: a case report

Evidence
4

4

Ankle distraction arthroplasty for the treatment of severe ankle 4

arthritis: Case report, technical note, and literature review
Ankle distraction arthroplasty using the Ilizarov external
fixation and arthroscopy: first clinical experience

Ankle joint distraction arthroplasty for severe ankle arthritis
Chondrolysis of the Ankle Joint following Ankle Arthroscopy
and Microfracture of the Osteochondral Lesion of the Talar
Dome

Distraction arthroplasty for post traumatic osteoarthritis of the
ankle joint: A case report

Distraction arthroplasty of the ankle--how far can you stretch
the indication?

The effect of joint distraction osteogenesis combined with
platelet-rich plasma injections on traumatic ankle arthritis
Short-term outcome of surgical arthrodiastasis of the ankle
with Ilizarov frame in a cohort of children and young people
with juvenile idiopathic arthritis

Five-year follow-up of ankle joint distraction for post-
traumatic chondrolysis in an adolescent: a case report

Clinical and Biomechanical Progression after Ankle Joint
Distraction in a Young Adolescent Patient with Haemophilia
Subtalar joint arthrodesis, ankle arthrodiastasis, and talar dome
resurfacing with the use of a collagen-glycosaminoglycan
monolayer

Prolonged clinical benefit from joint distraction in the
treatment of ankle osteoarthritis

Clinical benefit of joint distraction in the treatment of severe
osteoarthritis of the ankle: proof of concept in an open
prospective study and in a randomized controlled study
Supramalleolar Osteotomy with Distraction Arthroplasty in
Treatment of Varus Ankle Osteoarthritis With Large Talar Tilt
Angle: A Case Report and Literature Review

Distraction arthroplasty with arthroscopic microfracture in a
patient with rheumatoid arthritis of the ankle joint.
Subchondral bone remodeling is related to clinical
improvement after joint distraction in the treatment of ankle
osteoarthritis

Comparison of distraction arthroplasty alone versus combined
with arthroscopic microfracture in treatment of post-traumatic
ankle arthritis

Joint distraction in treatment of osteoarthritis: a two-year
follow-up of the ankle

Effectiveness of distal tibial osteotomy with distraction
arthroplasty in varus ankle osteoarthritis

Joint preservation of the osteoarthritic ankle using distraction
arthroplasty

Effect of Microfracture on Functional Outcomes and
Subchondral Sclerosis Following Distraction Arthroplasty of
the Ankle Joint

N

N

2,3

N

Design
case report

cohort

case report

case report

case report

case report

case series

case report

case report
case series

cohort

case series

case report

case report

case report

case series

RCT,
prospective

case report

case report

case series

cohort

case series
case series

case series

cohort

Patients
2

144

23

106

22

66

26

96

17

21

23

78



GEORGIAN MEDICAL NEWS

No 10 (331) 2022

Marijnissen et al. 2014 Patient characteristics as predictors of clinical outcome of 3 Cross- 11
[63] distraction in treatment of severe ankle osteoarthritis sectional
Intermediate-term follow-up after ankle distraction for Cross-
Nguyen et al. [64] 2015 treatment of end-stage osteoarthritis 4 sectional 2
Herrera-Pérez ot Debridement and hinged motion distraction is superior
al, [65] 2019 to debridement alone in patients with ankle osteoarthritis: 1 RCT 25
’ a prospective randomized controlled trial
Saltzman et al. 2012 Motion versus fixed distraction of the joint in the treatment of 1 RCT 36
[18] ankle osteoarthritis: A prospective randomized controlled trial
Van Meegeren et 2012 Joint distraction results in clinical and structural improvement 4 case series 3
al. [66] of haemophilic ankle arthropathy: A series of three cases
Zhao etal. [15] 2017 Functional analys1§ Qf distraction arthroplasty in the treatment 3 case series 46
of ankle osteoarthritis
Supramalleolar osteotomy with medial distraction arthroplasty
Zhaoeetal. [67] 2019 for ankle osteoarthritis with talar tilt 3 cohort 18

Table 3. Risk of bias and quality of evidence assessment of included studies. Numbers 1-13 in the first row refer to the equivalent items in the
Joanna Briggs Institute checklist. T: total.

Study Design 1 2 3 4 5 6 7 8 9 10 11 12 13 T
Dabash, 2020 case report Y N Y N N Y N N - - - - - 3/8
Greenfield, 2019 cohort Y Y Y N N N N Y Y Y Y - - 7/11
Belczyk, 2009 case report N N N Y Y N N Y - - - - - 3/8
D'Angelantonio, 2013 case report Y N N Y Y N N N - - - - - 3/8
Liu, 2020 case report Y N N N Y Y Y N - - - - - 4/8
Leonchuk, 2021 case report Y N N N Y N Y N - - - - - 3/8
Xu, 2017 case series Y Y Y Y N Y Y Y Y Y - - - 9/10
Choi, 2013 case report Y Y N N N N N N - - - - - 2/8
Kaul, 2018 case report Y N Y Y Y Y Y N - - - - - 6/8
Paley, 2008 case series N N Y N N N N Y N Y - - - 3/10
Li, 2021 cohort Y Y Y N N Y Y Y Y N Y - - 8/11
Cleary, 2019 case series N Y N N N N N Y Y Y - - - 4/10
Sabharwal, 2007 case report Y Y N Y Y Y N Y - - - - - 6/8
Haelewijn, 2021 case report Y Y Y Y Y N N N - - - - - 5/8
Ramanujam, 2010 case report Y N Y N Y N N Y - - - - - 4/8
Ploegmakers, 2005 case series N Y Y N N Y Y Y N Y - - - 6/10
Marijnissen, 2002 RCT Y N N N N N Y Y N Y Y Y N 6/13
Zhao, 2017 case report Y N Y Y Y Y N Y - - - - - 6/8
Nakasa, 2015 case report Y N Y Y Y Y N Y - - - - - 6/8
Intema, 2011 case series Y N N N N N N Y N Y - - - 3/10
Zhang, 2017 cohort Y Y Y N N N Y Y N N Y - - 6/11
van Valburg, 1999 case series Y Y Y N N Y Y Y N N - - - 6/10
Nozaka, 2020 case series N Y Y N N Y Y Y N Y - - - 6/10
Tellisi, 2009 case series Y Y Y N N N N Y N N - - - 4/10
Gianakos, 2020 cohort Y Y Y N N N Y Y N N Y - - 6/11
Marijnissen, 2014 cross-sectional N Y N Y N N Y Y - - - - - 4/8
Nguyen, 2015 cross-sectional Y Y Y Y N N Y Y - - - - - 6/8
Herrera-Pérez, 2019 RCT Y Y Y N N N Y Y Y Y Y Y Y 10/13
Saltzman, 2012 RCT Y Y Y N N N Y Y Y Y Y Y Y 10/13
Van Meegeren, 2012 case series N N Y N N N N Y N Y - - - 3/10
Zhao, 2017 case series N Y Y N N Y Y Y N Y - - - 6/10
Zhao, 2019 cohort Y Y Y N N N Y N Y N Y - - 6/11
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Table 4. Additional interventions.

(Hoke, Gastrocnemicus soleus release, Strayer)

Manipulations Number of procedures Publications

Open arthrotomy 151 (16.3%) [17,18,40,41,42,43,44,46,53,56,61]

Ankle arthroscopy 361 (38.9%) [14,18,26,45,47,49,55,57,58,59,61,62]
Debridment 509 (54.9%) [14,15,17,18,26,40-49,53,55,57-59,61,62,67]
Microfracture 143 (15.4%) [14,15,17,40,41,44,45,47,53,58,62]
Supramalleolar osteotomy 93 (10.03%) [17,41,56,60,61,63,67]

Achilles lengthening 58 (6.2%) [17,26,40,41,46,61]

Intraarticular injection
(BMAC, PRP, Growth hormone)

128 (13.8%)

[17,40,41,49,62]

Other manipulations:
Brostrom — 5 [67]
Calcaneal osteotomy — 3 [46,67]

Arthroeresis — 1 [40]
Subtalus arthrodesis — 1 [53]

Osteochondral autotransplantation — 1 [42]
Using collagen-glycosaminoglycan monolayer — 1 [53]

BMAC — Bone Marrow Aspirate Concentrate, PRP - Platelet-Rich Plasma

Identification of new studies via databases and registers

=
-_.% Records identified from: _ Records removed before screening:
E Databases (n = 4,640) o Duplicate records (n = 400)
5
=
Y
Records screened | Records excluded
(n =4,240) = (n =4,105)
Y
Reports sought for retrieval Reports not retrieved
(n=135) = | (n=0)
E
i
8
@
Reports excluded:
Preprint(n = 1)
Selfrepettion (n= 1)
Fracture (n = 7)
Septic osteoarthritis (n = 1)
Y Review (n= 40)
Reports assessed for eligibility Mo primary outcomes (n = 27)
{n =135) = Cadaver study (n = 2)
Arthroscopy distraction systems (n = 3)
Tibial aplasia (n= 2)
Book (n= 4)
Technical notes (n = 5)
Motankle joint(n = 8)
Animal study (n = 2)
Y
§ New studies included in review
% (n=232)
=
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Figure.2. PRISMA flow diagram.
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(53.1%) articles, but all of them stated terminal or final stages.
Other authors used the following classifications: Takakura
(n=6, 18.8%), Kellgren-Lawrence (n=2, 6.2%), Outerbridge
(n=2, 6.2%), Berndt-Harty (n=2, 6.2%), Giannini AO (n=I,
3.1%), Grade (n=1, 3.1%), Larsen (n=1, 3.1%), Petterson score
(n=1, 3.1%), van Dijk (n=1, 3.1%). Accurate information about
the number of patients with a specific stage of AOA, according
to the described classifications, the presence of deformities,
the presence of contracture of the ankle joint, is contained in
a small number of works and represents an extremely variable
description, so a correct generalization of the data is impossible.

The hinged modification was used in 22 (68.8%) studies,
fixed in 13 (40.6%), it was not possible to establish the type of
EF in 1 (3.1%) study (studies, where both modifications were
used, are included in each of the groups). 646 patients (69.7%)
were treated in hinged modifications and 171 (18.4%) in fixed
modifications.

The mean evaluation period was 2.6 + 2 years in all studies. All
investigators report improvements in function and reductions in
pain on various scales or as described by patients' overall well-
being after the procedure. Given the extremely high diversity
of data presentation, an unambiguous generalization in terms of
results and pain reduction is not possible. An increase in range
of motion (ROM) was reported in 16 (50%) papers. No data
on ROM (n=10, 31.3%), no change in ROM (n=6, 18.8%). 1
(3.1%) study claims a reduction in ROM.

In total, 98 (10.5%) cases of conversion to arthroplasty or
arthrodesis were indicated. Pin site infection was reported in
153 (16.4%) patients, but the majority of reports state that
there are no serious complications without directly reporting it.
Other complications included: breakage or need for new wires
(n=21, 2.26%), complex regional pain syndrome (n=5, 0.5%),
neuropathy (n=2, 0.21%), calf vein thrombosis (n=1, 0.1%).
Additional surgical interventions are listed in Table 4.

The size of the achieved arthrodiastasis was not indicated in 5
(15.6%) studies. Arthrodiastasis 5 mm was used in 19 (59.4%)
studies, 7 mm (n=2, 6.3%), 6-8 mm (n=1, 3.1%), 5-6 mm (n=1,
3.1%), 8 -10mm (n=1, 3.1%), 5.5mm (n=1, 3.1%), 6.2mm (n=1,
3.1%), 8-10mm (n=1, 3.1%), 10mm (n=1, 3.1%), 5.8 mm (n=1,
3.1%). The treatment period in the ANF was not specified in 5
(15.6%) studies. Treatment for a period of 12 weeks was used
in 21 (65.6%) studies. Treatment period 10—12 weeks (n=4,
12.5%), 8 weeks (n=2, 6.3%), 15 weeks (n=1, 3.1%), 17 weeks
(n=1, 3.1%).

Among the works that indicate the method of achieving
arthrodiastasis, it can be divided into 3 types: one-stage
intraoperative arthrodiastasis before reaching the planned
interval (n=7, 21.9%), partial arthrodiastasis up to 3-4 mm,
with the subsequent achievement of the planned up to 2 weeks
after surgery (n=3, 9.4%), gradual creation of arthrodiastasis in
the postoperative period by 0.5-1 mm per day (n=10, 31.3%).
Regardless of the method of creating a planned arthrodiastasis,
no serious complications were reported.

Among the analyzed 32 publications, the results of researchers
differ significantly on the indications for ADA, the classifications
used to assess AOA, the type of device (hinged or fixed), the
rate of achievement and size of arthrodiastasis, the frequency
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of complications and conversions after ADA, postoperative
management and rehabilitation, treatment outcomes, including
their objective evaluation.

Discussion.

The main limiting factor of our study is the low level of
evidence of the work, the small number of samples, the lack
of a detailed description of the patients with AOA included in
the study, short-term and medium-term follow-up periods. Most
of the articles contain a description of 1 patient, only 3 works
describe groups of more than 100 patients. Many works do not
contain objective evaluation criteria for outcomes of treatment
outcomes, such as questionnaires, scales, and the like.

Indications for ADA.

In most studies, the indications for ADA are AOA of the
terminal or final stage, where patients were candidates for
arthrodesis or total ankle replacement. The most commonly
described use is in post-traumatic conditions but use in any
etiology of AOA is acceptable. The presence of deformities,
contractures, avascular necrosis, and talus collapse is not a
direct contraindication but affects the effectiveness of the
method [15,41,61,64]. The effect of age as a significant limiting
factor was not found in the works. The presence of subchondral
sclerosis does not affect the level of pain. The role of the pain
syndrome is associated with subchondral cysts, which regress
and thicken after the use of ADA. [57].

External fixators designs and additional interventions.
There have been reports of broken pins when using EF
arrangements that use pins passed through the bones of the
tarsus or metatarsus [55,59].

Fixed EF design has a medium-term positive effect on survival
(preservation of the native joint) [64]. Research claims better early
functional outcomes and greater survival of hinged EF models,
including those with randomized clinical trials [18,63,64].

Micro fracturing of cartilage defects has a positive effect but
increases the time to return to previous activity [14,58,60,62].
It is worth noting the lack of randomization of patients in the
studies. The need to perform micro fracturing indicates greater
severity of the damage. One paper argues that there are no
benefits to performing microfracture [62].

Additional intra-articular application of cellular technologies
(BMAC, PRP) improves functional results and accelerates the
recovery of the previous activity [49,62].

When comparing ADA with isolated arthroscopic debridement
in the preterminal stages of AOA, it has a statistically significant
effect in reducing pain in the medium-term follow-up periods
[26,55]. Randomized trial claims no effect of debridement on
pain levels and range of motion at 2 years between hinged and
fixed EF designs [18].

When combined with supramalleolar osteotomy (SMO), there
are no differences in function, pain level, range of motion, or
conversion rate compared with isolated SMO. The statistically
significant difference in talar tilt angle, which is better in the
combined treatment group [67].

The most common treatment period with ADA is 12 weeks.
When combined with SMO, the treatment period lasts until
the formation of a bone union. A study by Bernstein et al.
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recommends a treatment period of 8 to 12 weeks, claiming no
benefit beyond 12 weeks of treatment [11].

A cadaver study by Fragomen et al. recommends a minimum
arthrodiastasis level of 5.8 mm to maintain full disengagement
of the articular surfaces under full load in the EF [19]. It is
worth noting that the load mode varies greatly in the works we
analyzed, from no load at all to full load.

Postoperative management.

In different studies, the development of movements with the use
of articulating devices begins the next day, or 2—3 weeks after
the operation, after reaching the required level of arthrodiastasis.
Most of the works do not indicate an explicit program for the
rehabilitation of patients. Hinged motion is carried out without
axial load (lying or sitting). There are several descriptions of
rehabilitation regimens: 15 repetitions 4 times a day [40], 15
repetitions 3 times a day or more [43] or 20 repetitions 3 times a
day, including with the use of an expander [18].

Postoperative antibiotic prophylaxis uses 5- or 7-day courses
after surgery. In most studies, antibiotic prophylaxis in the
postoperative period is not indicated. The use of antibiotics in
the event of inflammation in the pin site has been reported.

Thromboprophylaxis, if indicated, was performed within 3—4
weeks from the date of surgery. Injections of low molecular
weight heparins were used for it. Most studies do not explicitly
indicate thromboprophylaxis.

Control of arthrodiastasis of the planned size, if indicated, was
performed using weight-bearing radiographs or intraoperative
fluoroscopy. The regimen of control X-ray examinations to
confirm the maintenance of arthrodiastasis is not described.

Treatment outcomes and their estimate.

As a result of ADA, pain reduction without radical surgery
was noted by 56% of 16 patients after 40 months [46], 98.11%
of 53 patients after 6 months [49], more than 2/3 of 111 patients
after 5 years, and 66% by 12 years [63], 55% of 29 patients
at 5 years [14], 74% and 59% of 25 patients at 3 and 5 years,
respectively [26].

The female gender has been described as a risk factor for
failure within 2 years of the procedure [41,63]. The presence
of the hinged modification eliminated the effect of this factor
[63]. Most often, conversion to arthrodesis or arthroplasty is
described in the first 1-3 years after dismantling of the EF. Lack
of significant improvement after treatment is a highly likely
conversion factor by the end of year 1 [64].

Analyzing the data on the survival of patients after DAHS,
we can judge the following relative contraindications to ADA:
body mass index > 28 kg/m”"2 [15], talar tilt > 5 degrees [15],
avascular necrosis [41], AOS (Ankle Osteoarthritis Scale) before
surgery > 42 points (the lower the better) [64], the presence of
valgus or uncorrected deformity [61].

There are no reports of complications and difficulties during
subsequent arthrodesis or total ankle replacement after ADA [1
5,17,18,26,41,46,50,54,58,61,59,62,64].

Conclusion.

Despite the more than 50-year history of ADA, there is still
no sufficient understanding of this methodology. The goal of
future research is to understand the exact indications for ADA
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depending on the stage, etiology, and type of AOA.

The ADA technique (device type, size, speed of distraction,
treatment time) varies depending on the author using it,
and further data accumulation is required to develop an
understanding of the effectiveness of various method variations.
ADA allows for combined cartilage and joint interventions
that can stimulate cartilage regeneration or restore normal
joint anatomy. In addition, the creation of unified protocols for
describing patients who have undergone ADA will allow a more
detailed understanding of this treatment method in the future.

ADA is a promising effective method of treatment that allows
achieving an improvement in function and a reduction in pain in
the medium and long term while preserving the patient's joint.
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