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Abstract

Gonarthrosis is one of the most common osteoarthrosis problems affecting large joints. It
accounts for 50.6-54.5% of cases among patients with degenerative-dystrophic diseases
of the large joints of the lower extremities. In 86% of cases, the disease affects individuals
of working age, and in 6.5-14.6% of cases, it leads to disability. The aim of the study is to
investe the periprosthetic synovial membrane to identify the cause of instability of the
primary knee endoprosthesis. A total of 25 cases of periprosthetic synovial tissue
obtained from patients with instability of the primary knee joint endoprosthesis during
revision endoprosthetics were morphologically studied. The average age of patients was
64.6 + 2.11 (78-44) years. The cohort included 17 women (68%) and 8 men (32%).
Histological examination of periprosthetic synovial tissue revealed synovitis of varying
severity and activity of pathological signs. Based on histological signs, all periprosthetic
synovial tissues were divided into four etiopathological groups: periprosthetic synovitis
caused by endoprosthesis wear; periprosthetic synovitis caused by infection;
periprosthetic synovitis caused by fibrosis; and periprosthetic synovitis caused by
autoimmune activation. Our studies have shown that in revision knee arthroplasty a
histological examination of the periprosthetic synovial membrane is necessary. We
identified 4 different histological patterns of changes in the synovial membrane in cases
of endoprosthesis instability: wear-induced periprosthetic synovitis; infection-induced
periprosthetic synovitis; fibrosis-induced (indifferent) periprosthetic synovitis; and
immune-induced periprosthetic synovitis.

Keywords: revision arthroplasty, knee joint, synovial membrane, pathomorphological
studies.
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1. Introduction

Gonarthrosis is one of the most common
osteoarthritis problems affecting large joints. Among
patients with degenerative-dystrophic diseases of large
joints of the extremities, it accounts for 50.6-54.5% of
cases. The disease affects people of working age in 86%
of cases, and in 6.5-14.6% leads to disability [1,2].

Total knee arthroplasty is currently one of the most
effective and popular methods of treating osteoarthritis
of stages III-IV. The goal of arthroplasty is to reduce
pain, improve the motor function of the affected joint,
stabilize the weight-bearing ability of the lower limb,
and improve the quality of life of patients. In patients
with stage III arthritis, total joint arthroplasty is one of
the most successful treatment methods. With the
increase in the number of primary arthroplasties, the
number of revision interventions is steadily increasing,
and currently their share reaches 6-8% of the total
number of endoprostheses, and by 2030, an increase in
the absolute number of revisions by 600% is predicted
[3, 4]. The causes of endoprosthesis instability leading
to endoprosthesis revision vary from case to case,
although there are several predominant mechanisms.
Clinically, instability can be due to implant wear with
or without aseptic loosening, purulent inflammation,
mechanical damage to the implant, problems associated
with peri-implant musculoligamentous soft tissues.
Knee arthroplasty is becoming an increasingly common
method of treating a wide range of diseases and
consequences of knee joint injuries [4]. Today, knee
arthroplasty is the second most frequently performed
procedure for conditions associated with bone
pathology  (osteoporosis, osteopenia, osteolysis,
heterotopic ossification, osteonecrosis or periprosthetic
fractures/microfractures). Standardized pathological

2. Materials and methods

The biopsies of periprosthetic synovial tissue of 25
patients with revision endoprosthetics, operated on for
knee joint instability in 2023 and the first half of 2024 at
the Republican Scientific and Practical Center of
Traumatology and Orthopedics (Minsk, Republic of
Belarus), were studied.

The average age of patients was 64.6 + 2.11 (44-78)
years. Of these, 17 (68%) were women and 8 (32%) were
men. Based on histological features, all periprosthetic
synovial tissues were divided into four groups: wear-
induced periprosthetic synovitis — 13 patients (52%);
infection-induced periprosthetic synovitis — 4 patients
(16%); fibrosis-induced (indifferent) periprosthetic

examinations of periprosthetic tissue pathology are an
important tool for determining the causes of primary
failure of knee arthroplasty. Histological examination
provides important information for clarifying the
multifactorial etiopathogenesis of knee arthroplasty
instability. A wide etiologic spectrum of knee
arthroplasty instability is determined by the
identification of various histological signs. However, to
obtain more reliable information and achieve optimal
results, histological examination must be integrated
with clinical, biomechanical, immunological,
microbiological and surgical data. Revision knee
arthroplasty, being a more complex surgical
intervention, creates a number of complex challenges
for doctors, both in terms of general patient
management tactics and in terms of technical aspects of
the operation. According to authors, 70-90% of patients
who have undergone revision knee arthroplasty have a
bone mass deficiency that requires compensation and is
the most difficult problem of revision arthroplasty [5-
14].

Pathomorphological aspects of revision knee
arthroplasty currently remain unresolved and are
insufficiently covered in the works of authors, which
served as the basis for this study. In this regard, the
study of structural and morphological changes in the
periprosthetic synovial membrane seems to be very
relevant for the development of technology for
adequate repeated surgical interventions.

The purpose of pathomorphological studies is to
study the periprosthetic synovial membrane to identify
the cause of instability of the primary knee
endoprosthesis.

synovitis — 7 patients (28%); and immune-induced
periprosthetic synovitis — 1 patient (4%).

Pathomorphological studies of the material were
carried out according to the generally accepted
histological technique for studying soft tissues. Tissue
samples were fixed in 10% formalin. Then the tissues
were cut out, degreased in alcohols of ascending
concentration, embedded in paraffin  blocks,
histological preparations 4 pum thick were made,
stained with hematoxylin and eosin and according to
Van Gieson.
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The preparations were examined under a light
microscope. The severity of general pathological
processes  (dystrophy, inflammation, metallosis,
necrosis, sclerohyalinosis, myxomatosis, calcinosis,

3. Results

In the present study, tissue samples from 25
patients with instability of the primary knee joint
endoprosthesis who underwent revision
endoprosthetics were examined. The average age of the
patients was 64.6 + 2.11 (44-78) years. Of these, 17 (68%)
were women and 8 (32%) were men. Histological
examination of the periprosthetic synovial tissue
revealed synovitis of varying severity and activity of
manifestation of pathological signs. Based on
histological signs, all periprosthetic synovial tissues
were divided into four groups with a specific
etiopathogenetic nature of histological changes: wear-
induced periprosthetic synovitis; infection-induced
periprosthetic synovitis; fibrosis-induced (indifferent)
periprosthetic ~ synovitis; and immune-induced
periprosthetic synovitis.

chondromatosis and osteomatosis) was assessed semi-
quantitatively on a four-point scale: 0 — no signs; 1 -
mild; 2 — moderate; 3 — severe.

Wear-induced  periprosthetic ~ synovitis  is
characterized primarily by a macrophage infiltrate with
multinucleated giant cells of the foreign body type.
Accumulation of wear debris of varying sizes can be
found extracellularly or in the cytoplasm of
macrophages and/or giant cells. Endoprosthetic wear
debris in the periprosthetic tissue accumulates either as
black metal particles that do not transmit light under a
microscope (metallosis) or as translucent polyethylene
particles surrounded by multinucleated giant cells.
Varying numbers of lymphocytes and plasma cells can
also be found in the stroma of periprosthetic synovitis.
In a histological examination of 25 cases of
periprosthetic synovitis, we diagnosed 13 (52%) cases of
periprosthetic wear synovitis (Figure 1).

Figure 1 — Wear-induced periprosthetic synovitis. Hematoxylin and eosin stain. A — Presence of metal wear particles of
various sizes (metallosis). Magnification x200. B and C — Numerous polyethylene particles with perifocal giant cell inflammatory
reaction. B — Magnification x100 and C — Magnification x630

Infection-induced periprosthetic synovitis can be
histologically confirmed in cases of instability of the
primary knee joint endoprosthesis, which is of great
importance for the tactics of further patient
management. In this case, histological studies can be
used intraoperatively with frozen tissue sections to
determine the presence of neutrophils and
microabscesses. Intraoperative histological studies
(Cito) of periprosthetic tissue can be used
intraoperatively in case of clinical suspicion of infection
or to confirm the advisability of a two-stage
endoprosthesis revision procedure. To confirm
infection, the main attention is paid to the detection and
quantitative  assessment of the presence of
polymorphonuclear leukocytes. In this case, it is
necessary to identify and differentiate the subtypes of
purulent inflammation in the periprosthetic synovial

membrane: with a low content of polymorphonuclear
leukocytes; with a high content of polymorphonuclear
leukocytes; and purulent-abscessing form of purulent
inflammation. Of all the patients examined, four (16%)
were diagnosed with infectious periprosthetic synovitis
(Figure 2).

In fibrosis-induced (indifferent) periprosthetic
synovitis, accumulation of wear particles (metallosis or
polyethylene microfragments) with macrophage
reaction is not observed histologically. Leukocyte
polymorphonuclear infiltration, indicating infection, is
also not observed. In samples of fibrosis-induced
(indifferent) periprosthetic synovitis, proliferation of
granulation tissue (pannus) with extensive foci of
sclerotic and necrobiotic processes is most often
detected.

https://doi.org/10.52889/1684-9280-2025-76-6-jt0030
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A

Figure 2 — Infection-induced periprosthetic synovitis. Hematoxylin and eosin staining. A — periprosthetic purulent
synovitis with a high content of polymorphonuclear leukocytes. Magnification x200. B — periprosthetic purulent synovitis, a
purulent-abscessing form of purulent inflammation. Magnification x400

Mild to moderate round cell inflammatory
infiltration is noted. In a histological examination of all
25 cases of periprosthetic synovitis, we diagnosed 7

(28%) cases of fibrosis-induced
periprosthetic synovitis (Figure 3).

(indifferent)

Figure 3 — Fibrosis-induced (indifferent) periprosthetic synovitis. Fragments of synovial tissue with pronounced
necrobiotic and sclerotic changes. Hematoxylin and eosin staining. Magnification x50

In one case (4%) out of 25, we diagnosed immune-
induced periprosthetic synovitis. In these synovitis, the
synovial membrane acquires more specific histological
signs characteristic of rheumatoid synovitis. These
include: focal destructive changes in the synovial
membrane from hyalinosis and necrobiosis to necrosis;
foci of necrosis of the intimal layer with desquamation;
palisade arrangement of cells in the subintimal layer
combined with proliferation of synoviocytes;

productive endovasculitis and capillaritis; focal and
diffuse infiltration by lymphocytes and plasma cells;
formation of lymphoid follicles; superposition of
fibrinoid masses on the surface of the synovial
membrane; formation of pannus granulation tissue
(Figure 4). Chondrocytes are damaged as a result of
TNF-a and IL-1p exposure, which disrupts cartilage
regeneration and accelerates its degradation [32].

Figure 4 — Immune-induced periprosthetic synovitis. Hematoxylin and eosin staining. A — Marked papillary hyperplasia
and formation of lymphoid follicles in the stroma. Magnification x25. B — Necrosis of the intimal layer and lymphoplasmacytic
infiltration in the subintima
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4. Discussion

Histological examination of periprosthetic tissues is
a crucial diagnostic method for determining the
etiopathogenesis of instability after primary knee
arthroplasty. This examination can also help predict the
course of revision arthroplasty. Our studies demonstrate
that the presence of certain common pathological
processes in periprosthetic tissue samples removed
during revision arthroplasty allows for a reliable
determination of the etiopathogenesis of failed primary
arthroplasty. Based on histological patterns, four groups
of instability following primary knee arthroplasty can be
distinguished: wear-induced periprosthetic synovitis;
infection-induced periprosthetic synovitis; fibrosis-
induced (indifferent) periprosthetic synovitis; and
immune-induced periprosthetic synovitis.

Wear-induced periprosthetic synovitis accounts for
the largest proportion of patients with primary instability
after knee arthroplasty. Its primary cause is the ingress of

6. Conclusions

Thus, our studies have shown that in revision knee
arthroplasty a histological examination of the
periprosthetic synovial membrane is necessary.
Examination of the synovial membrane allows us to
determine the cause of instability of the primary knee
arthroplasty. Based on the histological examination of the
synovial membrane in revision knee arthroplasty, we
identified 4 different etiopathogenetic patterns of
histological changes in the synovial membrane: wear-
induced periprosthetic synovitis (instability caused by
wear); infection-induced periprosthetic  synovitis
(instability caused by infection); fibrosis-induced
(indifferent) periprosthetic synovitis (instability caused
by fibrosis); and immune-induced periprosthetic
synovitis (instability caused by autoimmune activity).
Periprosthetic synovitis caused by wear is due to the
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Tyiingeme

Ipi OysIHApPABIH OCTEOAPTPO3AAPBIHEIH illliHAE €H ©3eKTi MaceaeaepaiH Oipi — ToHapTpo3 00ABII TaObLAaABI. ASK-
KOAABIH ipi OyBIHAApPBIHBIH JeTeHepaTUBTi-ANCTPOPUAABIK aypyaapsl Oap HayKacTap apacblHia O >KaFAaiildapAblH
50,6-54,5%-b1H Kypaiiasl. Aypy >KargaiiaapAbiH 86%-bIHAa eHOeKKe Ka0iaeTTi JKacTarel ajaMjapra ocep eTedi, aa 6,5—
14,6%-p1HAQa MyTeJeKTikke oKeaeai. bya 3eprreyaiH MakcaTel Tise OYBIHBIHBIH OacTalKbl B®HAOMNPOTE3iHIH
TYPaKCHI3ABIFLIHBIH, ce0eOiH aHBIKTay VIIiH IepUIIpOTe3AiK CHMHOBMAAbAbl KAOBIKTHI 3epTTey. Mop(oaorusaabix
3epTTeyTe PeBU3MAABIK DHAOIpPOTe3Aey OapbichlHAa Ti3e OyBIHBIHBIH OacTalKbpl ®HAOIIPOTe3i Typakchid OoaAraH
HayKacTapAaH a/AblHFaH IIepUIpOTe3AiK CMHOBMaAbABl TiHHIH 25 >Karjalibl eHrisiagi. HaykacrapasiH opTaliia >Kachl
64,6+2,11 (44-78) >kacTsl Kypaasl, odapAblH imringe 17 (68%) arieaaep, 8 (32%) ep agamaap 6oaasl. Ilepumnporesaix
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CHHOBMAABABI TiHTE JKYPrIi3iATeH I'MCTOAOIMAABIK 3€PTTey HOTUKeCiHAe IMaTOAOIMAABIK OeATiAepAiH allKbIHABIABIFBI
MeH OeaceHJiairi opTypai Aopeskeseri CMHOBUTTep aHBIKTaAAbl. IMcToAOIMAABIK OearizepiHe covikec OapAbBIK
IIepUIIPOTE3AIK CHHOBHAABALI TiHAEP 4 STMOINATOAOTMAABIK TONKa OeaiHAl: DHAOIpPOTe3AiH TO3yBIHAH TyBIHAAFaH
IIepUIIPOTE3AIK CMHOBNT, MH(pEKLIIAFa Oail1aHBICTHI IIEPUIIPOTE3AiK CMHOBUT, GprOpo3ra Oail1aHBICTHI IIEPUIIPOTE3AiK
CMHOBUT >K9HE ayTOMMMYHABIK aKTUBaIlMsAMeH OallAaHBICTLI ITIEpUIIPOTE34iK cMHOBUT. bi3aiH sepTreyaepimisae Tize
OYBIHBIHBIH PEeBUBMAABIK DHAOIPOTE3JEY KYPridy KediHAe MepUIIPOTe3AiK CMHOBUAAbABl KaOBIKKA MiHAETTI Typde
IVICTOAOTUSIABIK 3epTTey XKYPridy Ka’KeTTiriH KepceTTi. DHAOIIPOTe3AiH TYPaKChI3AbIFbI JKarAalidapblHAa CITHOBUAAbADI
KaOBIKTaFbl e3repicrepaiH 4 Typai IMCTOAOIMAABIK HYCKACHl aHBIKTaAABL: TO3y¥a MHAYKUMSAAHFaH IIepUIIPOTE3AiK
CMHOBUT, MHQEKOAFa MHAYKUVSAaHFaH IEPUIIPOTEe3AiK CMHOBUT, Ppubposra MHAYKIMAAaHFaH (MHAUPPEpPeHTTi)
MepUIIPOTE3AiK CMHOBUT >KoHe UMMYHABIK MHAYKIIMIAaHFaH IIepUITPOTe3AiK CTHOBMUT.
TyiiH ce3gep: peBU3UAABIK DHAOIIPOTE3 ALY, Ti3e OYBIHBI, CMHOBUIL, IaTOMOP(OAOTUAALIK 3€PTTEYAED.

I'mcroaormyeckme naTrepHbI HepUIIPOTE3HONM CMHOBMAAbHOM 0001049KY KOA€HHOTO
CyCTaBa IIpy HeCTaOMabHOCTH DPHAOIIPOTE3a

Moxammaanu M.T. 1, T'epacumeniko M. A. 2, [Tamkesuu A.A. 3, Maaiok B.B. 4, Maprsiaiok C.H. 5

! 3aBeayromuii 2adopaTropueli KAMHmYeckoit Mopgoaorun, PecrrybanKaHCKIi HaydHO-ITPAKTIMYECKII IeHTP TPaBMaTOAOTUU ¥ OPTOIeA1H,
Munck, beaapychb
2 Aupekrop, PecrtybamkaHckmit HayqHO-ITPaKTUIeCKMIA IIEHTP TpaBMaTOAOTUU U opToneaun, Munck, beaapycsb

3 I'2aBHBIIT HAYYHBIN COTPYAHUK AabopaTOpuUM KAMHMYecKoit Mopgoaoruy, PecrrybAnKaHCKII HayqHO-TIPAKTMYECKII LIeHTP
TpaBMaToAOTUM U opToneaunu, Munck, beaapycsp

4 3apeayromuit AabopaTopueii MaTOAOTUM CyCTaBOB U CIIOPTUBHOI TpaBMBI, Pecrty0AnMKaHCKiT HaydHO-TTPaKTUYECKIUIT LIeHTP
TpaBMaToAOTUM U opToneaunu, Munck, beaapycsp

5 Hayunblit coTpyanuk aaboparopun KauHndeckoi mopgoaorun, PecriybauKaHCKMi HayYHO-ITPAKTUYECKUI LIEHTP TPaBMaTOAOTUI U
oproneaun, Munck, beaapycnb

Pe3ome

Cpean ocTeoapTp0o30B KPYIIHBIX CyCTaBOB OAHOMN M3 Hambo./ee aKTyaAbHBIX IPO0JAeM sABAseTcA ToHapTpos. Ha
ero goato npuxogurca 50,6-54,5% caydaes cpeAy IaIlMEHTOB C AereHepaTVBHO-AUCTpoduIeckuMy 3abo1eBaHUIMU
KPYIIHBIX CyCTaBOB HIDKHIX KOHeyHocTell. B 86% caydaes saboseBaHne nmopaskaeT ANI] TPy40CIIOCOOHOIO BO3pacTa, a B
6,5-14,6% cay4aeB npuBOAUT K MHBaAuMAHOCTU. lleapro HacrosIlero MccAeAOBaHUS SIBASIETCA M3ydeHMe
IIepUIIPOTE3HON CMHOBMAABHON O0OAOYKM AASI BBIABAEHISI IIPUIMHBI HECTaOMABHOCTU IEPBUYHOIO HHAOIPOTE3A
KO/EHHOTO cycTaBa. MopQoaorndecku n3ydeHnsl 25 cAydaeB IIepUIIPOTe3HON CMHOBMAABHON TKaHM, ITOAYIEHHON Y
[MalJIeHTOB C  HeCTaOMABHOCTBIO IEepPBMYHOTO  DHAOINpPOTe3a KOJAEHHOIO CyCTaBa HpPU  PEBU3MIOHHOM
®HAOINpoTe3npoBanny. CpeAHNIT BO3pacT IallMeHTOB cocrasua 64,6+2,11 (78-44) aet. V3 Hux 17 (68%) >xenmus u 8
(32%) my>xunH. ITpu rucroaornaeckoM mccae0BaHNY IEPUITPOTEZHON CMHOBMAABHO TKaHY HaDAI0AaAVCh CIHOBUTHI
pasHO} CTemeH) BBIPAKEHHOCTM M aKTMBHOCTM IIPOsBA€HM: IaTOAOTMYecKMUX IIpusHakoB. Ha ocnoanum
TUCTOAO0TMIECKUX IIPU3HAKOB BCe TIEPUIIPOTE3HbIe CMHOBIAABHEIE TKaHM ObLAY pa3AeleHHl Ha 4 ®TUOIIaTOAOTIEeCKIIe
TPYIIBL IePUNPOTE3HBIVI CUHOBUT, BBI3BAHHBIN M3HOCOM BSHAONPOTE3a; IePUNPOTE3HBII CUHOBUT, BLI3BAHHBIN
I/IH(l)eKLU/IeIZ; HePUITPOTE3HbINI CUHOBUT, BbI3BaHHBIN CI)I/I6p030M,' U IIePUIIPOTE3HBINI CUHOBUT, BBI3BAHHBIN
ayTOMMMYHHOM akTusanuen. Hamm mccaesqoBaHms IOKasaay, 4TO HPMU PeBU3MOHHOM BDH/OINPOTE3VPOBaHUN
KOJEeHHOTO CycTaBa HeOOXOAUMO TMCTOAOTMYECKOe MCCAeAOBaHMe IepUIIPOTe3HOV CUMHOBMAAbHON 000a0uku. B
cAyJasx HeCTaOMABHOCTY HHAOIPOTe3a OBLAM BBISABAEHHI 4 IMCTOAOTMYECKMX BapMaHTa M3MeHEeHMII B CMHOBUAABHOM
000404Ke B CAydasgX HeCTaOMABHOCTM BDHAOIpOTe3a: WM3HOC-MHAYLVPOBAHHBIN IIePUIIPOTE3HBII  CHHOBUT,
MHQEKIIMOHHO-MHAYIMPOBAHHEI  IIEPUIIPOTE3HBINI  CUMHOBUT, (GUOPO3-MHAYNUPOBAHHLEI (MHAM(EpeHTHDIN)
MePUNPOTE3HBIV CUHOBUT ¥ UMMYHO-MHAYLIUPOBAHHEIN IIEPUITPOTE3HBIN CUHOBUT.

Karouesble caoBa: peBM3MOHHOE SHAOIPOTE3MpPOBaHMEe, KOAEHHBIN CycTaB, CHHOBMaAbHas 000404YKa,
naroMop¢oaorndecKme 1ccAe0BaHs.
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