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ABSTRACT

BACKGROUND: Distraction arthroplasty of the ankle joint is the treatment method used for the cases of
terminal osteoarthritis of the ankle joint that allows for delaying the arthrodesis or the total endoprosthesis
replacement. The therapeutic effect is being achieved due to the separation of the articular surfaces
(arthrodiastasis) with using the llizarov frame (or other devices for external fixation) for a period of 8—12 weeks.
Only one research was described with the patients undergoing repeated arthroscopy of the ankle joint after the
distraction arthroplasty in a combination with microfracturing of the cartilage defects, or repeated arthroscopy
at the moment of removing the external fixation device (after 3 months). AIM: To study the changes in the
articular surfaces according to the Outerbridge before and after the distraction arthroplasty of the ankle joint
using the repeated arthroscopy of the ankle joint. METHODS: A total of 17 distraction arthroplasty surgical
interventions of the ankle joint were performed (7 [41.2%] females and 10 [58.8%] males; the mean age of
the patients was 48.5+13.57 years). Repeated arthroscopy of the ankle joint due to the recurrence of anterior
impingement-syndrome after the distraction arthroplasty of the ankle joint within up to 12 months from the
moment of removing the llizarov frame was carried out in 4 patients. For the evaluation of the treatment
results, the Foot and Ankle Ability Measure (FAAM) scales were used, with an evaluation of pain, functions,
deformity and the alignment of the foot and of the ankle joint (AOFAS Ankle-hindfoot scale), with subjective
evaluation of pain (VAS); the status of the cartilage tissue in the ankle joint was evaluated using the modified
Outerbridge scale. RESULTS: In all the patients, a statistically significant improvement of the functional
result was found in 12 months from the moment of surgery when using the FAAM (p=0.0006) and AOFAS
Ankle-hindfoot scales, as well as after removing the llizarov frame in 1, 3 and 6 months. The pain intensity
according to the VAS scale has decreased from 6.17+1.32 cm before surgery to 2 cm (1.4; 2.1) (p=0.00002) in
12 months. The arthroscopic findings upon the repeated interventions demonstrate the development of the
massive arthrofibrosis with its further degradation to the end of 6 months, also showing the restoration of the
cartilage defects from Quterbridge grade IV to grade lI-lll. CONCLUSION: Upon the repeated arthroscopy,
including the one performed at the end of 12 months after the distraction arthroplasty of the ankle joint, signs
of regeneration were observed in the cartilage tissue defects with further defect coverage with a cartilage-like
tissue, which, probably, determines the analgesic effect of the distraction arthroplasty of the ankle joint.
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BACKGROUND

Distraction arthroplasty of the ankle joint is the
treatment method used for the cases of terminal
osteoarthritis of the ankle joint, the method that allows
for delaying the arthrodesis procedure (complete
immobilization of the joint by means of fusing the
adjacently located bones) or the total endoprosthesis
replacement. The therapeutic effect is being achieved
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due to the dissociation of the articular surfaces
(arthrodiastasis) by means of using the llizarov frame
(or other devices intended for external fixation) for
the period of 8-12 weeks [1]. For the purpose of the
effective use of the method, it is necessary to create the
arthrodiastasis of 5-6 mm [2]. The mobile (articulating)
and the fixated arrangements of the llizarov frame
are used, with the proven benefit of the articulating
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AHHOTALMUA

O6ocHoBaHume. [JuctpakynoHHasi apTporaacTuka roJleHOCTONMHOro cycrtaBa — MeTO/ JIeHeHUs Tep-
MUHaJIbHOro 0CTEeoapTpUTa roJIEHOCTOMHOIro CycTaBna, Mo3BOJISIOLNI OTCPOYUTL apTPOAE3NPOBaHNE
nm ToTabHOE SHZONPOTE3NPOBaHNE. Jle4ebHbi 3¢hheKT JOCTUraeTCsl 3a CHET pa3obLyeHus CycTaB-
HbIX [TOBEPXHOCTEN (apTpoanacTasa) C mMoOMOLbIO annapara VinnsapoBsa (wiv gpyrvx annapatoB BHELL-
Hel ¢ukcaymmn) Ha cpok 8-12 Hegesb. OnvcaHo BCcero ogHoO uUccregoBaHuWe rnauyneHToB C MoBTOP-
HOV apTPOCKOMNMe roJIeHOCTONMHOro cyctasa noc/e AUCTPaKLUYNOHHOV apTpOonaacTuku B KOMOuHaumm
C MUKPOpaKTypmpoBaHnem AedheKToB XpsLLa, MOBTOPHOM apTPOCKONUeR Ha MOMEHT 4eEMOHTAaxXa ari-
rnapara Hapy>xHou ukcaumm (Yvepes 3 mecsya). enb nccnegoBaHnss — N3y4nTb NBMEHEHUS CyCTaB-
HbIX roBepxHocTen rno knaccugukaymm QOuterbridge [o v nocnie ANCTPaKUMOHHOW apTpPONAIacTukuy
ro/IeHOCTOMHOro cycTaBa C NMOMOLLbIO MOBTOPHON apTPOCKONUU roJIEHOCTOMHOro cyctasa. Metopasl.
Bcero BbinosnHeHo 17 onepatyBHbIX BMELUATE/IbCTB M0 AUCTPAaKLUNOHHON apTpOonaacTuKe roaeHoCTorl-
Horo cyctaBa (7 [41,2%] >xeHwymH n 10 [58,8%] myxy4uH; cpegHwuii Bo3pacT naymeHToB 48,5+13,57 roga).
lNoBTOpPHasi apTPOCKOMNUS rOIEHOCTOMHOIO CycTaBa B CBSI3U C PeUnaNBOM repeaHero UMnuaXKMeHT-
cuHgpoMa nocse aNCTPakyMOHHON apTpOornaacTUKy roleHOCTOMHOrO cyctasa B CPOK 40 12 mecsyes
C MOMEHTa AeMOHTaxa annapara VinnsapoBa BbinosiHeHa 4 nayneHTam. [115 OoyeHKU pe3y/bTaToB
JIEYEHUST UCIOJIb30Ba/I LUKaJ/bl PYyHKUMOHAIbHOrO OrpaHmnYeHusi CToMbl U roJIEHOCTOMHOro cycraBa
(FAAM), ouyeHkun 6oau, hyHKUUM, feopmaymm v BbipaBHUBAHUS CTOMbl W rOIEHOCTONHOIO cycTaBa
(AOFAS Ankle-hindfoot scale), cy6bbekTnBHou ouyeHkn 6osm (BALL); cocTosiHne xpsiLya roaeHoCTorl-
HOro cycraBa OLeHuBasn C MOMOLYbI MoagnguympoBaHHon wkassl Outerbridge. Pe3yneratel. Y Bcex
naymeHToB OTMEYEHO CTaTUCTUHECKU 3HAYMMOE yrydlueHue YHKUMOHAaIbHOro pesynbtarta 4epes
12 mecsiyeB ¢ MomeHTa onepauuu o wkaaam FAAM (p=0,0006) n AOFAS Ankle-hindfoot scale, a Tak-
JKe riocrie geMoHTaxa annapara Vinnsaposa 4yepes 1, 3 u 6 mecsiueB. IHTeHCUBHOCTL 60 M0 LUKasie
BALLI chnsunacek ¢ 6,17+1,32 cm go onepauun o 2 cm (1,4; 2,1) (p=0,00002) yepes 12 mecsyes. ApTpo-
CKOMU4ecKasi KapTuHa rpu rnoBTOPHbIX BMELLIATe/IbCTBaxX AEMOHCTPUPYET pasBUTUE MaCCUBHOIo apT-
pogunbposa c ero nocaenyroLen gerpagaumen K 6 mecsijam, a TakXxe BOCCTaHOBJIEHNEM Ae(EKTOB
xpswa c IV ctenenn no Outerbridge go -1l cteneqn. 3aknoveHne. [1py MOBTOPHONM apTPOCKOMUH,
B TOM 4ucae crnycts 12 mecsyes rnocnie AUCTPakUMOHHON apTponaacTUKm roeHOCTOMHOro cycrasa,
OTMEYaITCS NPU3HaKN pereHepayny XpaLeBbiX 4eHEKTOB C MOKPLITUEM UX XPSALLEernog0OHON TKaHbIo,
4YTO, BEPOSITHO, 1 0BYC/I0B/INBAET aHa/lbreTU4eCKui a(heKkT ANCTPaKLMOHHON apTpOnaacTukuy roae-
HOCTOMHOro cycrasa.

KnroueBble cnoBa: aUCTpaKUMOHHas apTporiacTuka; ro/IeHOCTOMHbIVE cycTas; annapart Vinn3apoBa;
OCTE0apTpUT.
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arrangement. The method of distraction arthroplasty of
the ankle joint allows for delaying the radical intervention
(arthrodesis or endoprosthesis replacement) in 80% of
the cases by up to 5 years after surgery [3].

The epidemiological data show the values of
9-15% of the ankle joint osteoarthritis cases in the
general population, while among the causes of chronic
inflammation, it has a share of about 70-78% [4].

The mechanism of distraction arthroplasty of the
ankle joint is insufficiently studied. Several hypotheses
exist that explain the efficiency of the method. When
dissociating the joint, the cascade of events occurs:
mechanical unloading of the joint, improvement of
blood supply, creating an excessive negative pressure
within the joint cavity, increase in the number of
mesenchymal cells, activation of catabolism and
anabolism, resorption of subchondral sclerosis and
a decrease in the density of the bone tissue [5, 6].

The only research with studying the repeated
arthroscopy of the ankle joint after the distraction
arthroplasty is the research by Y. lkuta et al. [7], in
which the authors have studied a combination of
the distraction arthroplasty of the ankle joint with
microfracturing of the cartilage defects.

Research aim — an evaluation of the changes
in the articular surfaces in accordance with the
Outerbridge classification before and after the
distraction arthroplasty of the ankle joint using repeated
arthroscopy, as well as the evaluation of the efficiency
of the distraction arthroplasty of the ankle joint.

METHODS

Research design

Prospective non-randomized open-label multicenter
research.

The main method of the research was the analysis
of the arthroscopy images of the articular cartilage
in the ankle joint. Repeated arthroscopy after the
distraction arthroplasty of the ankle joint was carried
out in patients with the recurrence of the anterior
impingement-syndrome (subacromial syndrome) within
the period from the removal of the llizarov frame up to
12 months. The evaluation also included the clinical
results of conducted treatment based on the evaluation
systems (see “Methods for registration of outcomes”).

Conformity criteria

Inclusion criteria: stage Il post-traumatic osteoarthritis
of the ankle joint; patient’s age from 18 to 65 years old;
absence of infectious process in the joint; preserved motion
amplitude in the ankle joint — not less than 15 degrees.
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Exclusion criteria: violations of the postoperative
regimen; violation of control check-up schedule by
more than 10 days.

Research facilities

The examination was carried out within the facilities
of the State Budgetary Healthcare Institution “Municipal
Clinical Hospital No. 13” under the Healthcare
Department of the City of Moscow, within the
facilities of the State Budgetary Healthcare Institution
“V.M. Buyanov Municipal Clinical Hospital” under the
Healthcare Department of the City of Moscow, and
within the premises of the State Budgetary Healthcare
Institution of the Moscow Oblast “Zhukovskiy Oblast
Clinical Hospital” during the period from 2022 until 2023.

Medical procedure description

The diagnosis of the anterior impingement-
syndrome was set based on the presence of pain
syndrome in the anterior segment of the ankle joint
upon the passive forced plantar flexion (plantar flexing
of the foot) and dorsiflexion (dorsal flexing of the foot),
also being confirmed by radiation diagnostics methods
(magnetic resonance tomography or radiography).

All the patients were initially undergoing arthroscopy
of the ankle joint with further installation of the llizarov
frame using the articulating arrangement, consisting
of a single ring and the U-shaped semi-circle for the
foot. The joint movements were initiated during the first
24 hours after surgery: the patients were using dosed
walking with crutches. In general, the arthrodiastasis
was reaching up to 5.5 mm and lasted for up to 8 weeks.

Methods for registration of outcomes

For the evaluation of the treatment results, the Visual
Analogue Scale for pain (VAS) was used along with the
FAAM (Foot and Ankle Ability Measure) scale, as well
as the clinical scale for the evaluation of pain, functions,
deformity and foot/ankle alignment from the AOFAS
(American Orthopaedic Foot and Ankle Society Ankle-
Hindfoot Scale) before treatment and after de-installing
the llizarov frame in 1, 3, 6 and 12 months. The evaluation
of the cartilage defects on the arthroscopy images was
carried out using the modified Outerbridge classification.

Ethical review

The conduction of the research was approved by
the local Ethics Committee of the Medical Institute of
the Federal State Autonomous Educational Institution
for Higher Education “Patrice Lumumba Peoples’
Friendship University of Russia”, protocol No. 10,
dd. September 22, 2022.
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All the patients have signed the voluntary informed
consent form.

Statistical analysis

The statistical processing of data was carried out
using the SciPy 1.12.0 and NumRu 1.24.2 statistical
libraries for Python 3.9.10 (Python Software Foundation,
Delware, USA). For each of the continuous variables,
the mean (M) and the standard deviation (SD) were
provided, or the median (Me) with the upper (25%) and
the lower quartiles (75%) depending on the type of
distribution. The hypothesis on the normal distribution
was verified using the Shapiro-Wilk test. The significance
of differences was tested using the Student t-test for
dependent samples with normal distribution, for the
non-normal distribution — using the non-parametric
Wilcoxon T-test and the calculation of the significance
level (p). The differences were considered statistically
significant if the p value was <0.05.

RESULTS

Research sample (participants)

A total of 17 distraction arthroplasty of the ankle
joint surgical interventions in combination with the
arthroscopy of the anterior segment of the ankle joint
were carried out in the patients with post-traumatic
stage Ill osteoarthritis of the ankle joint. The mean age

of the patients was 48.5+13.6 y.o.a., with the number of
women being 7 (41.2%) and men — 10 (58.8%).

The control radiography was performed after
de-installing the llizarov frame in 6 and 12 months.
In 10 patients, the findings included the anterior
impingement-syndrome due to the presence of
osteophytes, 4 patients had an impaired lateral
ligamentous complex, 2 were diagnosed with damaged
medial ligamentous complex, with 1 patient having
a local bone-cartilage defect of the of the talus
bone. Repeated arthroscopy of the ankle joint
was carried out for 4 patients with the anterior
impingement-syndrome: 1 — at the moment of
de-installing the llizarov frame, 1 —in 6 months, 2 —in
12 months. The characteristics of the patients with
repeated arthroscopy of the ankle joint are provided
in table 1. The indication for conducting the repeated
arthroscopy of the ankle joint was the recurrence of
the symptoms of the anterior impingement-syndrome.

Main research outcomes

In all the patients, there was a statistically significant
change in the functional results to Month 12 from the
moment of surgery according to the FAAM and AOFAS
scales, except for patient No. 2, in which the functional
decrease was found when applying these scales after
12 months (Fig. 1).

Table 1

Characteristics of patients with second-look arthroscopy

Body mass index, kg/m?

Patient Gender Age, years
1 M 65 274
2 M. 57 35.5
3 F. 44 30.9
4 M. 44 26.5
% AO FAS Scale
90 patient 1
patient 2
patient 3
80 patient 4
70
60
50
40
before 1 month 3 month 6 month 12 month
Time

Osteoarthritis type Time, months

Symmetrical 0
Talus bone collapse 12
Symmetrical 6
Asymmetrical 12
% FAAM Scale
80
70
60
50 patient 1
patient 2
patient 3
40 patient 4
before 1 month 3 month 6 month 12 month
Time

Fig. 1. Functional outcomes of patient measuring scales after ankle distraction arthroplasty.
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The pain syndrome had statistically significantly
decreased in all the patients to the end of 12 months
when using the VAS scale (p=0.00002), with the mean
values from 6.17+1.32 cm before surgery to 2 cm
(1.4; 2.1) in 12 months (Fig. 2).

Patient No. 1 before the distraction arthroplasty of
the ankle joint had a total absence of cartilage tissue
(grade IV according to the Outerbridge scale) (Fig. 3). At
the moment of de-installing the llizarov frame, repeated
arthroscopy was carried out, revealing the presence
of abundantly vascularized soft connective tissue,
which was completely filling the ankle joint cavity. The
arthroscopic signs of arthrofibrosis are provided in Fig. 4.

Patient No. 2 had a significant collapse of the talus
bone with incorrectly consolidated subtalar arthrodesis

cm VAS scale

8
patient 1

7 patient 2
patient 3

6 patient 4

5

4

3

2

1

0

before 1 month 3 month 6 month 12 month
Time

Fig. 2. Visual Analogue Scale outcomes after ankle
distraction arthroplasty.
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and a varus deformity of the lower limb axis, which are
prognostically unfavorable in the treatment when using
the distraction arthroplasty of the ankle joint. Before
surgical treatment, there were visible grade IV foci of
cartilage defects (Outerbridge) (Fig. 5). In 12 months
after the distraction arthroplasty of the ankle joint, due
to the recurrence of the anterior impingement-syndrome
and repeated formation of osteophytes in the anterior
segment, repeated arthroscopy was done. The visualized
findings included the coverage of the defect areas with
the cartilage-like tissue, showing the grade Il-llIl of the
Outerbridge classification (Fig. 6). Similar findings were
observed in patients No. 3 and No. 4.

Patient No. 3 previously had signs of arthrofibrosis,
which were not detected in 6 months from the moment

Fig. 3. Total absence of cartilage tissue of the talus of
patient No. 1 before ankle distraction arthroplasty.

Fig. 4. Arthroscopic image of total arthrofibrosis of patient No. 1 at the time of removing the llizarov frame.
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Fig. 5. Patient’s No. 2 talus before ankle distraction
arthroplasty with areas of grade IV cartilage defects by
Outerbridge.

of the distraction arthroplasty of the ankle joint. The
articular fissure is not filled with the connective tissue,
which allows for judging on its complete degradation to
the end of 6 months of follow-up.

Undesirable phenomena

The undesirable phenomena included the
inflammation in the area of the wires passing through
the calcaneal bone, developing in 6 weeks after
the installation of the llizarov frame (in 2 patients).
After the conservative treatment, positive effect was
reported.

DISCUSSION

The research works on the distraction arthroplasty
of the ankle joint are few, and when searching the
literature, we did not find any original research
works on the fundamental principles and scientific
justification of the efficiency of arthrodiastasis.
No research works were published previously on
the repeated arthroscopy of the ankle joint after the
distraction arthroplasty of the ankle joint with the
middle-term follow-up. There is a research of the
effects of the distraction arthroplasty of the ankle joint
in the cartilage tissue: based on the results of magnetic
resonance tomography, during the postoperative
period, an enlargement was observed in the cartilage,
reaching up to 0.5 mm comparing to data from the
examination before surgery [8].

As of today, 8 studies were published on the effects
of arthrodiastasis on the structure of the cartilage
tissue in the animals, which show an increase of the

Puc. 6. Patient’'s No. 2 talus 12 months after ankle
distraction arthroplasty with signs of regeneration of
cartilage tissue.

metabolic activity and restoration of Il type collagen in
the cartilage matrix, as well as an increase in the number
of reparative signaling molecules, corresponding to the
ones found in humans [9-16].

The research by F. Inori et al. [14] proves the
capabilities of distraction arthrogenesis. The distraction
of the fragment of the condyle of the femoral bone after
osteotomy was performed during the experiments in
rabbits (the fragment includes the cartilage and the
subchondral bone). Histological results indicate the
possibility of forming the new cartilage and subchondral
bone when using the distraction. This serves as
an evidence of the possible growth of cartilage
tissue in vivo.

Research limitations

The research limitation is the absence of histological
analysis of the developed regenerate, which could
confirm our opinion on the restoration of the cartilage
tissue. Taking into consideration the small total area of
the cartilage in the talus bone, as well as the initially
present terminal degree osteoarthritis, for the purpose
of preserving the maximal area of the cartilage,
the decision made was to refuse from performing
histological evaluation for the well-being of the patient.
The understanding of the mechanism of action of the
distraction arthroplasty of the ankle joint is a complex
issue open for discussion. For the purpose of defining
the clinical efficiency and studying the mechanism
of action of the distraction arthroplasty of the ankle
joint, further research works are required with more
prolonged follow-up period.
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CONCLUSION

Based on the data obtained during the repeated
arthroscopy, during the arthrodiastasis, the articular
fissure is being filled with fibrous vascularised tissue,
which gradually degrades and which is completely
absent in 6 months. There were signs of regeneration
in the cartilage defects with further covering with the
cartilage-like connective tissue, due to which, probably,
an analgesic effect develops after the distraction
arthroplasty of the ankle joint.

The research results confirm the efficiency of the
distraction arthroplasty of the ankle joint.
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