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Abstrakt

Revize totalnich endoprotéz (TEP) kycle a kolene jsou v soucasnosti pomérné ¢astym
operac¢nim vykonem. Zkoumani pii¢in vedoucich az k revizni operaci je pfedmétem mnoha
studii usilyjicich o pfesné urceni etiologie neptiznivych tkanovych reakci. Vyznamnou
oblast vyzkumu ptedstavuje histologické vySetfeni periprotetickych tkani, k jehoz zptesnéni
byva vyuzita cela fada specidlnich barvicich a imunohistochemickych metod.

Obsahem prace jsou dvé na sebe navazujici studie, ve kterych byly vySetfovany
vzorky periprotetickych tkani ziskané béhem 31 reviznich operaci TEP ky¢le a kolene.
Vybér pouzitych pracovnich postupti a metod se opiral o publikované vysledky jinych
autort, ale také o vlastni znalosti a zkuSenosti z praxe.

Prvni studie vychazela z potfeby objasnit a stanovit miru vlivu odbérové lokality,
typu fixace implantatu, véku a pohlavi na vysledky histologického vysetieni. V odborné
literatufe chybi jasna definice podminek topografie a poctu vzorkli pro histologické
vySetieni. K vySetfeni lze odebrat periprotetickou membranu nebo pseudopouzdro, ale
metodika odbéru vzorkl je spise individualizovana. Koncept studie byl zalozen na odbéru
vzorkd ze tfi anatomickych oblasti z okoli asepticky uvolnénych TEP a na nasledném
porovnani vysledkil histologického vysetieni. Ve vzorcich odebranych nejblize kloubu byla
sledovana vyssi denzita venul s vysokym endotelem a unecementovanych TEP byla
pozorovana cetnéjsi piitomnost polyetylenovych otérovych ¢astic, ale ani v jednom piipadé
nebyl vztah k odbérové lokalité prokazan jako statisticky vyznamny. Jedinym signifikantnim
nalezem byla pfitomnost hyperplazie pseudosynovidlni vrstvy ve vzorcich odebranych
nejblize kloubu. Zasadnim zjisténim bylo, Ze samotna odbérova lokalita nema vyznamny
vliv na vysledky histologického vySetieni periprotetickych tkani. To vSak za dodrZeni
podminek, ze jsou tkdn¢ odebirany v pfiblizné stejné vzdalenosti od implantitu a ze jsou
splnény vSechny kroky preanalytické i analytické faze.

Navazujici studie byla zaméfena na aplikaci specidlnich barvicich a
imunohistochemickych metod k prikazu mastocytti a dendritickych bun€k, o kterych je toho
Vv souvislosti se selhdnim TEP znamo dosud velmi malo. Cilem prace bylo kvantifikovat a
charakterizovat distribuci mastocytti a dendritickych bun¢k a sledovat piipadné statisticky
vyznamné vztahy. Také byl zhodnocen pfinos pouzitych metod detekce téchto dvou
bunécnych populaci. Specidlni barvici metody k prikazu mastocyti byly hodnoceny jako
méné spolehlivé, nejspolehlivéjsi se ukédzala imunohistochemickd metoda zaméfena na
prukaz tryptazy. Z imunohistochemickych metod k prikazu dendritickych bun¢k pfinesla
lepsi vysledky protilatka proti S100 proteinu. ZvySend denzita mastocytli a dendritickych

bun¢k byla vyznamné asociovadna s pfitomnosti polypdézné utvafené pseudosynovialni



membrany a s TEP fixovanymi cementem. Denzita dendritickych bun¢k byla vyraznéjsi nez
denzita mastocytd, ale obé bunétné populace byly ve vySetfovanych vzorcich pomérné
vyznamné zastoupeny. Jejich pfesnd role v indukci aseptického uvolnéni a periprotetické
osteolyzy musi byt jesté presnéji objasnéna. Slibné vysledky by mohlo pfinést podrobné;si
sledovani jejich vztahu s dalSimi bunécnymi populacemi, mikroprostiedim a ovliviiujicimi

receptory, zejm. s vyuzitim simultdnni imunohistochemie.

Klicova slova: aseptické uvolnéni, totdlni endoprotéza, variabilita, imunohistochemie,

dendritické bunky, mastocyty



Abstract

Today, revisions of total hip and knee replacement (THA, TKA) are often-used
surgery procedures. Many studies made a big effort to define ethiology of adverse local
tissue reactions connected to aseptic loosening and investigate all of the possible causes
leading to revision surgery. Histology examination supported by special stains and
immunohistochemistry plays a critical role in tissue-based diagnosis and research.

In this study, we examined periprosthetic tissues obtained during the revision of
aseptically loosened THA and TKA from 31 patients. Laboratory protocols and stain
methods were based on the data published in previous studies. We also used owns
experience in their implementation to the practise.

At first, we have attempted to evaluate the extent of variability in tissue response in
relation to location of tissue sampling, implant fixation, age and sex in total joint
arthroplasties. Up to the present day, little is known about the most suitable location for
tissue sampling. In our study, samples for histological examination were taken from 3
different anatomical sites around the joint. A higher density of high endothelial cell venules
was seen in the samples from around the joint, and polyethylene particles were more
abundant in noncemented total joint replacement but both findings did not show statistically
significant association with the sampling site. Only the presence of a pseudosynovial
hyperplasia showed a significant association with the particular sampling site. The main
results showed a relatively small variance in histomorphological changes among tissue
samples from the same patient. Histological findings indicate that tissue samples retrieved
from similar distance from around the revised joint show comparable results.

Secondly, we used selected special and immunohistochemical staining methods for
evidence of mast cells and dendritic cells in periprosthetic tissues. There is a lack of data
about the potential relation between mast and dendritic cells and histomorphological signs of
aseptic loosening. The objective of the study was to quantify and characterize the
distribution of mast and dendritic cells and to study possible significant relations. Special
histology stains for detection of mast cells was evaluated as low specific and low reliable.
Using immunohistochemistry, an antibody against Tryptase demonstrated best results in
detection of mast cells and an antibody against S-100 protein showed very good results
during the identification of dendritic cells. The increased density of mast and dendritic cells
was associated with polypously formed pseudosynovium and cement fixation of prostheses;
this relation was stastistically significiant. Although we observed the higher density od mast
cells, the presence both mast and dendritic cells indicate their probably important
participation in the process of aseptic loosening and periprosthetic osteolysis. Promising and



new results can bring detailed research using simultaneous immunohistochemistry aimed to
relation in a cellular enviroment and biological mediators.

Key words: aseptic loosening, total arthroplasty, variability, immunohistochemistry,
dendritic cells, mast cells
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1 Teoreticka cast

1.1 Uvod do problematiky

Totalni endoprotéza je efektivni a uspéSnou metodou chirurgické [écby
degenerativnich, nadorovych a traumatickych postizeni axialnich i perifernich kloubu.
Nejcastéji je indikovana z divodu degenerativnich onemocnéni po vycerpani konzervativni i
operacni terapie zachovavajici ptivodni kloub.

Diky zvladnuti operacni techniky, vysoké spolehlivosti a zivotnosti implantati se
TEP staly standardnim feSenim u pacientii viech vékovych skupin. Celosvétové i v Ceské
republice se proto pocet kloubnich nahrad stile zvySuje a poptavka po rychlejs$im
uspokojovani potieb pacienti se dostava do poptedi pozornosti. Z dat Narodniho registru
kloubnich nahrad vyplyva, ze na uzemi Ceské republiky je roéné provedeno vice nez 20 000
TEP kycle a vice nez 16 000 TEP kolene. V USA je to asi 320 000 TEP ky¢le a 640 000
TEP kolene (Grigg 2016). Se zvySujicim se po¢tem provedenych TEP se adekvatné tomu
zvySuje také pocet reviznich operaci. Proto je nutné registrovat osud kazdé endoprotézy

a analyzovat divody jejiho selhani.

1.2 Historie TEP kyc¢le a kolene

Historie TEP kycelniho kloubu saha az k roku 1890, kdy byla k vyrobé umélé hlavice
I jamky pouzita slonovina. Vyznamny pokrok v 1é¢bé nefunkéniho kycelniho kloubu
uskute¢nil v roce 1923 americky ortoped norského pivodu Marius Smith-Petersen, ktery
pouzil specialni hieb vlozeny do kréku femuru a pozdé€ji vynalezl vitaliovou (chrom-
kobaltovou) ¢epicku na hlavici femuru, ktera je dodnes pouzivana v riznych modifikacich
(Santanapipatkul 2017).

Revoluéni zmény do oblasti endoprotetiky piinesl Anglican sir John Charnley
zavedenim principu tzv. nizkého tfeni ,,Charnley low friction arthroplasty* v roce 1960 tim,
ze navrhl a provedl cementovou fixaci polyetylenové jamky i kovového diiku zavedeného
do dfenové dutiny femuru. Nasledovala fada dalSich vylepseni tykajicich se konstrukénich,
materidlovych a tribologickych vlastnosti modernich kloubnich nahrad kycle.

Na uspechy s TEP kycelniho kloubu postupné navazalo provadéni TEP kolenniho
kloubu. Za prukopnika v této oblasti je povazovan Borje Walius, jehoz kloub pracoval na
principu Sarnyrového kloubu. Ten vSak dovolil pouze sagitalni pohyb. V 70. letech 20.

stoleti se zaCaly pouzivat tzv. kondylarni nahrady, jejichz vyvoj proSel n€kolika zménami
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a dnes umoznuji implantaty i ¢aste¢ny rota¢ni pohyb kolene. Podobn¢ jako v oblasti kyc¢le
prosla néhrada kolene fadou inovaci materidlu, kinematiky, kloubnich povrchii ¢i zpiisobu

implantace.

1.3 Princip totalni endoprotézy

Principem operace je odstranéni poskozenych kloubnich povrchi a jejich nahrazeni
umélym kloubem. Pohyb se odehrava na tzv. artikulaénim povrchu a energii mu dodavaji
svaly kolem kloubu.

Pti TEP kolenniho kloubu jsou pouzivany tzv. kondylarni nahrady. Femoralni
komponenta kopiruje tvar kondyli femuru a pokryva cely artikulaéni povrch distalniho
femuru. Ventralné je piizptsobena k artikulaci s patelou. Tibialni komponenta pokryva
resekovanou kloubni plochu tibie. Tibialni komponenty mohou byt vyrobeny jako jeden kus
nebo jako stavebnice, kdy se do kotvici Casti fixuje artikulatni komponenta (nejcastéji
polyetylen). Tibialni komponenta miva obvykle centralni kotvici trn, kterym je stabilizovana
v metafyze (Obr. 1).

Pii TEP kycelniho kloubu se provadi vyména jamky acetabula a hlavice stehenni
kosti. Do kosti panevni se usadi jamka, ktera mize byt z jednoho kusu materialu anebo tzv.
modularni, kdy se do kovové kotvici ¢asti fixuje artikulaéni vlozka (polyetylenova,
keramicka, pfip. kovova). Protéjsek tvoii kovovy diik, ktery je fixovan do lizka v Kosti
stehenni (Obr. 2). VétSina modernich endoprotéz kycle je konstruovana na stavebnicovém

principu, ktery dovoluje volit minimalné velikost hlavi¢ky a délku krcku.

Obr. 1 TEP kolene. (Ilustra¢ni obrazky. Zdroje: stazeno z internetu, prezentace firem, archiv Ortopedické
kliniky FN Olomouc)
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Obr. 2 Cervikokapitalni nahrada ky¢le. (Ilustraéni obrazky. Zdroje: stazeno z internetu, prezentace
firem, archiv Ortopedické kliniky FN Olomouc)

1.4 Biomaterialy pouzivané k vyrobé kloubnich nahrad

Mezi hlavni pozadavky na materidl k vyrobé endoprotézy patii mechanickd odolnost,
biokompatibilita a dlouha Zivotnost. Pokracujici vyvoj novych materiali a typt endoprotéz
je odrazem zvysujicich se narokl na zivotnost i funkénost endoprotéz a v dne$ni dobg je jich
na trhu obsahlé mnozstvi. Mezi nejcastéj$i materialy pouzivané k vyrobé kloubnich nahrad
patii kovy a jejich slitiny, vysokomolekularni polyetyleny a keramika.

V endoprotetice se pouzivaji nejcastéji titan a jeho slitiny, chrom-kobalt
molybdenové slitiny a uSlechtild ocel. Na kovovy substrat byvaji nanaSeny dalsi vrstvy
vhodnych korozivzdornych a antialergickych materialG (napf. niob, zirkon). Pro fixaci
cementem se pouziva diik s hladkym povrchem, pro necementovanou fixaci je naopak
povrch zdrsnén tryskanim ¢i piskovanim, ptip. hydroxyapatitovym nastiikem.

Keramika je stabilni material s vynikajicimi tribologickymi vlastnostmi, pouziva se
hlavné ke konstrukci kloubnich pard, tj. hlavicek a artikula¢nich vlozek u kycli. U kolen
byly vytvofeny rovnéz keramické pary, jejich pouzivani v klinické praxi je zatim jen
nule.

Nejrozsifenéj$im materidlem na vyrobu artikulacnich vlozek je vysokomolekuldrni
polyetylen (UHMWPE). V soucasné dob¢ jsou vyhodnocovany desetileté a delSi zkuSenosti
S pouzivanim polyetylenu s vysokym stupném sitovani, ktery mad mnohem lepsi odolnost

vuci otéru ve srovnani s konvenénim UHMWPE.
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1.5 Typy fixace endoprotéz

Obecné lze komponenty rozdé€lit podle pouzitého materidlu, povrchové tUpravy,
designu a fixace do kosti. Podle zpisobu fixace implantatu Ize rozlisit fixaci cementovanou,
necementovanou a hybridni (Obr. 3, 4).

Cementovana TEP znamena, Ze kotvici komponenty jsou ke kostnimu lizku
pfichyceny pomoci kostniho cementu. Pouzivd se v oblasti TEP kycle, spise u starSich
pacientli a dominantné u TEP kolene. Pro podporu cementované kycle jsou k dispozici
dlouhodobé vysledky zejm. Svédského registru. AvSak ani metaanalyzy studii neprokazaly
hor$i dlouhodobé vysledky cementovanych kyc¢li ve srovnani s bezcementovymi.

Necementovana TEP znamend, ze primarni fixace implantatu do kosti umoziuje
makropordzni Uprava diiku, do které postupné vrista kost. V soucasné dobé jde o nejcastéji
vyuzivanou endoprotézu kycle zejm. u pacienti vyzadujicich aktivnéj§i zptsob Zivota.

Hybridni TEP znamend, Ze jedna z kotvicich komponent je ke kosti fixovana

cementem, zatimco druhd vyuziva principu bezcementové fixace.

Obr. 3 Bezcementovy diik (vlevo), bezcementova jamka (uprostied nad sebou), tzv. press-fit
jamka (vpravo). (Ilustra¢ni obrazky. Zdroje: staZeno z internetu)
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Obr. 4 Cementovany diik (vlevo) a cementovana jamka (vpravo). (Ilustracni obrazky. Zdroje: stazeno
Z internetu)

1.6 Dlouhodobé vysledky TEP ky¢le a kolene

Kiivka preziti implantatu se obvykle prvnich deset (n€kdy i patnact) let drzi hodné
horizontalng, avSak po této dob¢ zacina riizné rychle klesat. Podle agentury NICE musi deset
let od operace prezit 90 % TEP kyc¢le a kolene urcitého designu, aby mohl byt prohlasen za
dobry. Je zndmo, Ze na uspéchu TEP se podili nejen implantat, ale zejm. operatér (zptisob
a kvalita ulozeni) a pacient (Uroven zatéZovani, vdha apod.). Aby bylo mozno zlepSovat
vysledky pieziti implantatu, musi byt analyzovany pticiny, pro¢ endoprotézy selhavaji.

Statistiky udavaji, ze minimaln¢ 80-90 % TEP ky¢le funguje bez subjektivnich potizi
pacientti déle nez deset let (Verra 2016, Rajpura 2013). V ptipadé TEP kolene byva
spokojenost s vysledkem operace o néco variabilnéjsi a také divody selhani se ponékud lisi.

Velmi zhruba lze odhadnout, Ze k reoperaci miize béhem prvnich deseti let od operace
kyc€le dospét ptiblizné 10 % pacientl, o néco vice je to v piipadé pacienti s TEP kolene. Lze
proto rozlisit pfedcasné selhani (do deseti let od operace, 1 kdyZ nékteti autofi uvadéji kratsi
dobu) a pozdni selhani, kdy k reoperaci dojde obvykle po vice nez desetiletém pouzivani

implantatu.

1.7 Strucny piehled piic¢in reoperaci TEP kyc¢le a kolene

Komplikace vyskytujici se v souvislosti s TEP lze z €asového hlediska rozdélit na

peroperacni, ¢asné pooperacni a pozdni. Podle charakteru komplikace je 1ze také roz¢lenit na
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neortopedické a ortopedické (Rajpura 2013). V souvislosti se zlepSovanim opera¢ni a
pooperacni péce se daii jejich Cetnost snizovat.

Mezi nejcastéjsi komplikace patii hluboka Zzilni tromboza ¢i poruchy hojeni operacni
rany, lze mezi né zapoditat i rizna zarudnuti ¢i okrajové nekrozy. Mezi dalsi patii napf.
periproteticka zlomenina, luxace endoprotézy, infekce, krvaceni ¢i poranéni nerv.

Samostatnou skupinu tvotfi komplikace vyzadujici reoperaci implantatu. Béhem
prvnich péti let dominuji statistikam infekce a nestability. Jak ukazuji data z registrd, po
deseti letech od operace je ptehled pticin reoperaci TEP kycle a kolene odlisny (Grafy 1, 2).
Tomuto obdobi diive dominovaly aseptické uvolnéni a periproteticka osteolyza, avsak u
vynikajicich endoprotéz se tyto stavy objevuji az po dvacatém roce sledovani.

V Evropé existuje 19 oficidlnich narodnich registri, které zpracovéavaji data o
pacientech s implantacemi TEP ky¢le a kolene, véetné informaci o délce ,,noSeni implantatt

a pfi¢inach jejich selhani.

Anglie, Wales, severni Irsko

Svédsko

(R

0% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100%

W asepticke uvolnéni minfekce W periproteticka Ziomenina M dislokace, luxace, nestabilita m ostatni

Graf 1 Piehled nejéastéjSich divodi k reoperaci TEP kycle.
(Zdroje: http://www.njrreports.org.uk/, https://shpr.registercentrum.se/shar-in-english/annual-reports-from-the-
swedish-hip-arthroplasty-register/p/rkeyyeElz, http://www.uzis.cz/registry-nzis/nrkn)
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Norsko

Anglie, Wales, severni Irsko

R

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

= aseptické uvolnéni minfekce m periprotetickd domenina m dislokace, luxace, nestabilita = ostatni

Graf 2 Prehled nejcastéjSich davodi k reoperaci TEP Kkolene.
(Zdroje: http://www.njrreports.org.uk/, http://nrlweb.ihelse.net/eng/, http://www.uzis.cz/registry-nzis/nrkn)

1.7.1 Aseptické uvolnéni a tkanové maladaptace

Za zékladni ptredpoklad asymptomatického fungovani protézy je povazovano pevné
drzeni implantatu v kosti a jeho pfijeti okolnimi mékkymi tkanémi pii zachované
neuromotorice. Odlouceni implantatu je oznacovano jako uvolnéni. Pokud ke kosti drzi
pevné, ale drazdi lokalni tkang, jedna se 0 patologicky stav.

Typickymi ptedstaviteli jsou aseptické uvolnéni, periprotetickd osteolyza kolem
stabilniho implantatu, zanéty pseudosynovidlni vystelky €i reakce pozdni precitlivélosti.
Obavanou komplikaci je infekce kloubni nahrady, zde vsSak hostitel, resp. jeho tkan¢
nereaguji na endoprotézu, nybrz na invazi bakterii (ptip. hub). Bez ohledu na koncepci, ktera
vysvétluje tu ¢i onu poruchu, nikdo nepochybuje o pfinosu vysetieni vzorkt vypotku a tkéni

ziskanych v pribéhu reoperace k vysvétleni etiopatogeneze selhani.

1.7.2 Alergické reakce

Ptestoze obecné je alergie na kov dosti Casta, reoperace pro alergické reakce na
kovové implantaty jsou zatim pomérné vzacné. V oblasti aloplastiky neni mnoho kazuistik o
reakci pozdniho typu (reakce IV. typu piecitlivélosti) na kloubni implantat (Bergschmidt
2011, Jdger 1979). Piesto néktefi autofi tvrdi, Ze kovové implantaty zvysuji riziko selhdni
TEP v souvislosti s adaptivni imunitni odpovédi (Hallab 2001, Thomas 2009).

Histopatologické nalezy lymfocytarné-dominantni imunologické odpovédi sméruji k
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diagnoze reakce IV. typu piecitlivélosti na kovovy implantat. Princip této reakce je zalozen
na bunééné odpovedi zprostfedkované T lymfocyty. Antigen prezentujici builky (makrofagy,
dendritické¢ bunky) vystavi na svém povrchu antigen s MHC II glykoproteinem a tento
komplex je rozpoznan T lymfocyty. Stimulované T lymfocyty nasledné tvofi a uvolnuji
lymfokiny, které do okoli pfitahuji a aktivuji makrofagy i dal$i buiky, napf. fibroblasty,
osteoblasty a lymfocyty. Je-li tento stav chronicky, dochazi k silnému makrofagickému
infiltratu, n€kdy dokonce az Kk tvorbé granulomu, pseudotumoru. Krom¢ difuzniho a
perivaskularniho infiltratu T lymfocyty je ve tkanich typicka pfitomnost venul S vysokym
endotelem (HEV), masivni fibrindzni exudat, plazmocyty, cetné eozinofily a nekrézy
rizného rozsahu (Aroukatos 2010, Athanasou 2016, Lohman 2013, Lohman 2014, Willert
2005). Piestoze silné zanétlivé a nekrotické zmény prevazuji spise v periprotetickych tkanich
kolem kovovych implantatd, pfi¢innd souvislost aseptického uvolnéni s cytotoxicitou ¢i
hypersenzitivni reakci nebyla doposud jednozna¢éné potvrzena (Athanasou 2016, Schuh
2008, Thyssen 2009).

Spektrum vySe popsanych histopatologickych zmén je v odborné literatuie
oznacovano jako nepfizniva lokalni tkanova reakce (ALTR) nebo jako nepfizniva reakce na
kovové castice (ARMD) (Ricciardi 2016, Perino 2014).

1.7.3 Infekce kloubnich nahrad

Vyskyt infekci kloubnich ndhrad se pohybuje priblizné u 1-3 % operovanych
pacientil, podle nékterych vyzkumniki je vSak vyssi a problém se podcefiuje. Za infekci je
povazovana piitomnost bakterii na povrchu implantatu, resp. Vv jeho okoli (véetné
intracelularni lokalizace) s doprovodnou tkanovou odpovédi. Moderni zobrazovaci
technologie prokazuji nejCastéjSi lokalizaci bakteridlnich kolonii (biofilmu) na povrchu
endoprotézy.

ProtoZe neexistuje zlaty standard pro laboratorni stanoveni infekce kloubni néhrady,
spravna diagnostika by méla zahrnovat kombinace dostupnych laboratornich vySetfeni se
spravnou interpretaci vysledkii. K tomuto ucelu je mozno vyuzit fadu vySetfeni od stanoveni
zénétlivych markertt v periferni krvi az po cytologické, imunologické, mikrobiologické
kultiva¢ni ¢i molekuldrné biologické vysetfeni kloubniho vypotku. Pro v€asnou diagnostiku
infekce kloubni nahrady se v Ceské republice zacala pouzivat nova diagnosticka metoda.
Jedna se o rychly chromatograficky test zalozeny na stanoveni hladiny alfa-defensinu v
synovialni tekuting, ktery je v pfipadé infekce produkovan leukocyty. Ackoli je test vysoce

specificky i senzitivni, neinformuje o ptiivodu, rozsahu a zavaznosti infekce (Fillerova 2017).
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Spolehlivy a rychly vysledek poskytuje peroperacni 1 konvencni histologické
vySetieni. K uréeni diagnozy lze pouzit schéma dle Finka (Fink 2013), kde musi byt pro
vysloveni infekéni diagnozy v jednom zorném poli 2 a vice neutrofilnich granulocyta pii
zvétseni 400x. Morawietzova klasifikace stanovuje limit 23 a vice neutrofilnich granulocytti
v deseti zornych polich praméru 0,625 mm a zvétSeni 20x. Pfi pouziti imunohistochemie je
pro vysloveni infekce hraniéni poéet 50 neutrofilnich granulocytt (CD15%) v jednom zorném
poli pii zvétseni 20x (Krenn 2017). V dopliujicim imunohistochemickém vySetieni vykazuji
infekéni periprotetické tkang prevahu CD45" lymfocytii, zatimco u aseptického uvolnéni
dominuji CD68" makrofagy.

Prestoze septické uvolnéni TEP vznika na podklad¢ infekce mikroorganismy a
aseptické uvolnéni je zplsobeno reakci na otérové Castice, ukazuje se, ze projevy tkanové
odpovédi jsou si v mnoha ohledech podobné. Tkané s tzv. low-grade infekci mohou byt
dokonce hodnoceny jako aseptické. Piesna hranice mezi septickym a aseptickym obrazem
selhani TEP tedy neni zcela zietelna. V procesu septického i aseptického uvolnéni hraji
dialezitou roli receptory TLR bézné rozpoznavajici bakterie a bakterialni biofilm. Je tedy
mozné, Ze aseptické uvolnéni neni v mnoha ptipadech vlastné¢ aseptické, ale miize jit 0
klinicky nizce virulentni infekci. Teorii 0 mechanismu aseptického uvolnéni v souvislosti s
mikrobialnimi patogeny je n¢kolik. Bakteridlni molekuly mohou osidlit otérové Castice, a
zpusobit tak odbouravani kostni tkang, ale také mohou pfimo narusit proces osteointegrace
implantatu napft. inhibici diferenciace osteoblastd (Pajarinen 2010, Takagi 2017, Wasko
2016).

1.8 Aseptické uvolnéni (AU) a periproteticka osteolyza (PPOL)

Podil aseptického uvolnéni jako diivodu k reoperaci TEP kycle a kolene v poslednich
letech mirné klesa, stale je vSak nadpolovi¢ni nebo tésné pod polovinou. (Moerman 2016,
Rajpura 2013). Etiopatogeneze AU je multifaktorialni. Pfi¢inou mize byt nespravna
pocatecni fixace implantatu v kosti nebo mechanické uvolnéni fixace. Druhou velkou
skupinu dikaz tvofi studie popisujici AU jako odlouceni implantatu na podkladée
chronického zanétu a periprotetické osteolyzy (Gallo 2013).

Pocate¢ni faze tkanové odpovédi je zprostiedkovana vrozenou nespecifickou reakci
na cizi télesa, kde hraji hlavni alohu makrofagy. Ty maji dynamicky fenotyp, ktery se méni
v zavislosti na lokalnim mikroprostiedi a aktudlnich potiebach organismu. Makrofagy typu
M1 podporuji zénétlivou reakci fagocytézou a degradaci zbytkii odumielych bungk,
imunokomplext ¢i patogennich stuktur. Produkuji prozanétlivé cytokiny (napt. IL-12), které

podporuji dalsi rozvoj zanétlivé reakce stimulaci T lymfocytti a NK bun¢k. Naopak aktivita
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TGF-B.

Uvolnovanim fady biologickych mediatorti se spousti kaskady reakci s hlavnim cilem
znicit €1 rozpustit tyto cizorodé Castice a vyraznd zanétliva reakce muiize byt doprovazena
osteolyzou. Rozvoj periprotetické osteolyzy a remodelace kosti ma piimy vztah k
ptitomnosti vSech typt otérovych ¢astic s pfevahou polyetylenovych (Gallo 2013, Goodman
1997, Goodman 2005, Goodman 2007, Goodman 2013, Harris 2001, Ollivere 2012, Purdue
2007, Willert 1977). Velmi malé otérové castice stimuluji makrofagy, osteoblasty, T
lymfocyty a nékteré dalsi buiikky k expresi zanétlivych i osteoklastickych cytokinii, zejm.
faktor stimulujici kolonie makrofagti (M-CSF) a ligand pro receptor aktivujici jaderny faktor
kB (RANKL). Tyto stimulujici faktory umocnuji formovani, akumulaci, aktivitu a pteziti
osteoklasti a soucasné¢ inhibuji funkci osteoblastl, tedy osteogenezi (Willert 1977).
Vysledkem je pfevaha odbourdvéani kosti nad jeji novotvorbou, ¢imz dochazi k uvolnéni
implantatu. Denzita makrofagli, mnohojadernych bunék a velky vyskyt reakci kol cizich
téles (KCT) odrazeji stupenn osteolyzy. Rychlost jejiho rozvoje je vSak individualni a
multifaktorialni (Goodman 1998, Jones 1999).

1.9 Struéna historie vyzkumu periprotetické patologie

Vyzkum v oblasti komplikaci kloubnich nahrad je zaloZen na fad€ experimentalnich
animalnich studii a empirickych Setfeni skupin i jednotlivych pacienti. Charakter
publikovanych studii je riiznorody v metodice i ptivodu vySetfovanych vzorki, kterymi jsou
nejCastéji periprotetické tkan€, synovialni tekutina, krev, bunécné suspenze a tkanoveé
diraz a Vv pocatcich vyzkumu byly vyuzivany zejm. rentgenové zobrazovaci metody,
mikrobiologické a biochemicka vySetfeni. Prvni domnénky o tom, ze PPOL a AU maji vztah k
ptitomnosti otérovych castic, vznikly pted vice nez Ctyficeti lety. Mezi prukopniky praci
zalozenych na histopatologické diagnostice patii Willert a kol., ktery v periprotetickych
tkanich prokazal dominanci makrofagl, pfitomnost mnohojadernych bunék s reakci KCT a
také identifikoval ortopedicky cement ¢i kovové castice (Willert 1974). Willert navazal
dal§im vyznamnym zji$t€énim, Ze pii prekroceni kapacity lymfatickych cév pseudopouzdra
nejsou Castice transportovany lymfatickym systémem a dochazi k jejich akumulaci
Vv periartikularnich tkanich, zejm. v pseudopouzdru (Willert 1977). O né&kolik let pozdé&ji
Schmalzried a kol. definoval tzv. efektivni kloubni prostor, ktery obklopuje implantat.
Zjistil, ze obsahuje kloubni tekutinu s otérovymi Casticemi a jeho rozsah je dan kvalitou

osteointegrace (Schmalzried 1992a). Navazujici prace ukazala, ze mechanismus AU je zejm.
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biologicky a SLIM vznika i v piipadé absence otérovych ¢astic (Schmalzried 1992b). Uz
samotny histologicky popis SLIM mél pro budouci histologické studie velky piinos
(Goldring 1983). S roz$ifujicim se poctem vyzkumt ukazujicich na raznorodou
histomorfologii vznikla potieba jednotlivé typy SLIM odlisit a v roce 2006 bylo sestaveno
prvni oficialni klasifika¢ni schéma (Morawietz 2006).

Vzniklo mnoho praci zamétenych na tzv. Casticovou nemoc a jejich vysledky
dokazuji zanétlivou a osteolytickou reakci tkani a bun¢k vystavenych ptisobeni otérovych
¢astic. Nejdiive byl vysloven koncept cementové nemoci (Harris 1994), protoze cementové
otérové castice byly v preparatech popisovany nejéastéji. Az s piichodem implantati
fixovanych bez pouziti cementu doslo k rozpoznani PE castic S vyuzitim polarizace ¢i
barveni olejovou Cerveni. V té dobé byla také zvetejnéna hypotéza o hypersenzitivni reakci
pozdniho typu na kovové implantaty (Evans 1974), ktera dodnes neni jednoznaéné potvrzena
ani vyloucena.

Srozvojem imunohistochemie zacaly vznikat prvni prace dokladujici vztah
pfitomnosti makrofagh a dalSich bunéénych populaci, cytokini, prostaglandinti, interleukind,
degradativnich enzymt, apoptotickych markert a dalSich proteini k rozvoji aseptického
uvolnéni (All Saffar 1994, Hukkanen 1997, Chiba 1994, Jiranek 1993, Solovieva 1996).
Dalsi autofi zase prokazali, ze nadmérnad osteolyza je zplsobena aktivaci signalni drahy
RANKL/RANK/OPG (Grimaud 2003, Gehrke 2003, Hercus 2001). Vysledky praci, které u
asepticky uvolnénych TEP prokazaly pfitomnost Toll-like receptort, vyvolaly otazku, zda je
aseptické uvolnéni skute¢né aseptické (Ldihdeoja 2010, Takagi 2017).

V Ceské republice se o rozvoj povédomi o AU a PPOL mimotadné zaslouzil prof. A.
Sosna a jeho spolupracovnici, vedle dalsich napf. prof. D. Pokorny, doc. M. Slouf, doc. Z.
Horak, Mgr. Zolotarevova ¢i prof. G. Entlicher. Ve vyzkumu se vénovali zejm.
materialovym analyzam polyetylenu (Sosna 2003), dale vyvinuli vlastni metodiku k detekci
protetickych &astic v okoli implantatu (Slouf 2007) a v neposledni fadé se zabyvali i
tkafiovou odpovédi na piitomnost astic (Veigl 2007). Druhym vyzkumnym centrem v Ceské
republice je Olomouc, kde se touto problematikou dlouhodob¢ zabyva skupina prof. J. Gallo,
ktera se vice vénuje biologickym aspektim AU a PPOL (Gallo 2002, Gallo 2013, Gallo
2015, Tomankova 2014).
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2 Vlastni prace

2.1 Aktualni stav histologického vyzkumu

Prvnim cilem prace bylo provést detailni ptehled dosavadniho vyzkumu v oblasti
tkanovych analyz periprotetickych tkani (Pfiloha 1). Na zakladé ziskanych znalosti byly
provedeny dvé na sebe navazujici histologické studie (Kapitola 2.10, Piiloha 2 a 3).
Nasledujici text obsahuje dopliujici souvislosti a informace, které nejsou obsahem

publikovanych vystupd.

2.1.1 Patogeneze tvorby pseudopouzdra a periprotetické membrany

Za normdlnich okolnosti se kloubni pouzdro skladd ze zevni fibroézni vrstvy
(membrana fibrosa) a z vnitini synovialni membrany (membrana synovialis). Synovialni
membranu pokryva synovidlni intima a hlub$i subintima, coz je fidké vazivo s krevnimi
cévami. V oblasti synovialnich klka (plicae synoviales) se také nachazi tukova tkan.
Synovidlni intima je tvofena synovialocyty typu A a typu B, které jsou zabudované v
mezibunééné hmoté. Tzv. A-bunky ptedstavuji vakuolizované makrofagy a B-bunky jsou
specializované fibroblasty, které produkuji synovidlni tekutinu odpovédnou za vyZivu
kloubni chrupavky, odstraiovani metabolitii a distribuci bun¢k zajistujicich homeostazu
kloubu.

Pii vyméné kloubu dochédzi k odstranéni synovialni membrany a po implantaci
vznikd kolem kloubni ndhrady fibrozni pseudopouzdro z wvnitini strany pokryté
pseudosynovialni membrénou. V prostoru mezi implantatem a kosti dochazi ke vzniku
periprotetické membrany (SLIM, Obr. 5), kterd ma obvykle fibr6zné pojivovou strukturu
s prokazatelnymi retikularnimi a kolagennimi fibrilami rGzného stupné zralosti. Novée
formované kolagenni fibrily se ve specidlnich barvicich metodach barvi slabé vzhledem k
relativné malému mnozstvi kolagenu v amorfni hmoté, zatimco zralé¢ kolagenni fibrily
byvaji znazornény sytéji (Moerman 2016). Bézna je pfitomnost makrofagi, fibroblastd,
mnohojadernych bunék s ¢etnymi reakcemi KCT a mikroskopicky zietelnymi otérovymi
casticemi (Obr. 6-11). Protoze se SLIM nachazi v tésném kontaktu s implantatem, kde
dochazi k prvnimu kontaktu s ¢asticemi, jejich distribuci a akumulaci, 1ze ji povazovat za
idealni zdroj informaci o probihajici biologické odpovédi.

Podle nékterych autord lze SLIM histologicky rozc¢lenit na 3 vrstvy: 1) 1-2 tady
synovialocyttl, bazalni membrana chybi; 2) fibrovaskularni stroma s ¢etnymi makrofagy a

mnohojadernymi buiikami, v¢etné reakce KCT; 3) fibrovaskularni vrstva pfiléhajici ke kosti
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s moznou pritomnosti kostniho detritu. (Goldring 1983, Goldring 1986, Jones 1999). Jini
autofi se naopak pfitomnosti tkanovych zmén ve vztahu k zonalit¢ SLIM nebo
pseudopouzdra viibec nezabyvaji (Browne 2010, Goodman 1998, Jansen 2014, Lennox
1987).

Obr. 5 Makrofotografie SLIM, synovialni membrany a po§kozené PE komponenty implantatu.

(Zdroj: archiv prof. Gallo)

A, B SLIM (asi 20 let od primoimplantace TEP kolene).
C, D Synovialni membréna pii artréze kolene.
E, F Poskozeny PE u TEP kolene.
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Obr. 7 Hyperplazie superficialni vrstvy SLIM, protahlé synovialocyty, pacient ¢. 6, HE 400x.
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Obr. 9 Ploché utvareni SLIM, pacient ¢. 17, HE 100x.
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Obr. 11 Polypoidni utvaieni SLIM, pacient ¢. 10, HE 200x.
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2.1.2 Dosavadni prinos histologického vySeti‘eni k poznani procesu
periprotetické patologie

2.1.2.1 Postupy k vySeti‘eni periprotetickych tkani a jejich vystupy

Vysledky vyzkumnych praci znacné prispivaji k popisu bunéénych elementt,
mediatort i signdlnich drah castnicich se procesu uvolnéni TEP. Byla identifikovana cela
fada cytokinii, chemokinii, metaloproteinaz, rustovych a inhibi¢nich faktort a dalSich
proteind, které se podileji na biologické odpovédi hostitele (Ptiloha 1). Publikované vystupy
jsou ale limitovany napf. heterogenitou skupin pacientd, nemoznosti odebirat tkané postupné
v riznych obdobich po nahradé kloubu, chybéjicim standardizovanym protokolem odbéru
vzorki ¢i nedostatkem skute¢nych kontrolnich vzorkl (tkan€ odebrané ,,bezproblémovym*

pacientam po implantaci).

2.1.2.2 Specialni barvici metody

K prikazu tkanovych a bunéénych struktur, endogennich i exogennich elementl
slouzi specidlni barvici a impregna¢ni metody. Ty jsou obecné zaloZzeny na chemickych
reakcich, jejichz vysledkem jsou barevné nerozpustné produkty hodnotitelné v optickém c¢i
fluorescenénim mikroskopu. Rada téchto metod byla opakované pouzita pii hodnoceni

struktury, denzity i charakteru stavby periprotetickych tkani (Pfiloha 1).

2.1.2.3 Imunohistochemie

Imunohistochemické metody jsou zalozeny na kombinaci biochemickych,
histologickych a imunologickych principi s cilem znazornit slozky tkéni ¢i bun¢k aplikaci
protilatek se specifickou vazbou na pozadovany cil. Ve vyzkumu selhani TEP byla testovana
cela fada markerd (Tab. 1, Pfiloha 1). K detekci mnohych molekul v parafinovych fezech
doposud neexistuji dostupné protilatky a musi byt vyuzity jiné diagnostické postupy.

Cil detekce Pouzita protilatka
Markery osteoklasti RANK (Mandelin 2003)
Chemokiny CXCR4 (Drynda 2015)
Metaloproteinazy TACE (Horiki 2004)

ADAM-8 (Mandelin 2003)

Markery bunééné proliferace Ki-67 (Séder 2016)

Riistové faktory TgFB1 (Tomankova 2015)
Ostatni proteiny a bunécné HMG-B1 (Steinbeck 2014)
produkty 4-hydroxynonenal (Steinbeck 2014)

Endoglin (Jansen 2014)
HSP60 (Gallo 2015)
NLRP3 inflamazom (Naganuma 2016)

Tab. 1 Dalsi protilatky pouzité ve vyzkumu periprotetickych tkani (nepublikovano v Ptiloze 1).
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2.1.2.4 Molekularné geneticka vySetieni

Molekularn¢ geneticka vySetfeni Ize provadét na zmrazenych i fixovanych
parafinovych ftezech, v Zivych bunkach a tkanich. Tyto metody umoziuji spolehlivé
detekovat i velmi malo zastoupené znaky ¢i slabé signaly, proto jsou ve vyzkumu
periprotetickych tkani vyuzivany stale castéji. [ pfes stile se rozSifujici moznosti
molekularné genetickych vySetfeni vSak zastava histologické vySetieni s vyuzitim
specidlnich barvicich a imunohistochemickych metod hlavnim nastrojem k hodnoceni
morfologie tkani. Jeho vyznamnym benefitem je moznost zhodnotit distribuci sledovanych

znakl ve vztahu ke struktuie buiiky ¢i tkan¢.

2.1.3 Zasady histologického zpracovani periprotetickych tkani

Pro histologické zpracovani periprotetickych tkani plati vSeobecné zasady pro odbér
reprezentativniho tkanového vzorku, adekvatni fixaci a laboratorni postupy. Za idedlni
fixacni tekutinu je povazovan 10% formalin (pH 7,2-7,6), do kterého musi byt odebrané
tkané vlozeny neprodlené¢ po odbéru, aby se zabranilo autolyze bunck. Rychlost penetrace
formalinu tkanémi je cca 0,5 mm/hod. a mize byt ovlivnéna nékolika faktory, napf. teplotou,
pH a koncentraci formalinu nebo velikosti vzorku. Mnohem pomaleji dochadzi k upevnéni
vazeb na bunécné proteiny, které jsou u tkdilového bloku s maximalnim rozmérem 2X2 cm
uplné az po 24-48 hodinach pii pokojové teploté (Fox 1985, Thavarajah 2012). Moderni
tkanové procesory pracujici ve vakuu urychluji penetraci formalinu i dokonceni potfebnych
vazeb, a dobu fixace je tak mozno vyznamné zkratit (Chesnick 2010). Akceptovatelna doba
fixace zachovavajici morfologické vlastnosti tkan€ a reaktivitu proteinli je minimalné 6 a
maximaln¢ 24 hodin (Nenutil 2013, Puchtler 1985, Srinivasan 2002). N¢které antigeny vSak
zlstavaji dobie detekovatelné i po nékolikatydenni fixaci ve formalinu (Battifora 1986,
Varma 1999). V piipadé, ze tkan vyzaduje odvapnéni, je klicova spravna volba
dekalcifikacniho prostiedku, ktery musi co nejlépe zachovavat antigenicitu tkan€.

Kazdy tkanovy vzorek musi byt pfed vlastnim histologickym zpracovanim piikrojen
do tkanovych blokl (idealné velikosti 1x1x0,3 cm). Vzdy je Zadouci detailni makroskopicky
popis, makrofotodokumentace a znaceni histologickymi barvivy pro snazsi orientaci. Ve
tkanovém odvodnovacim automatu dochazi k dikladné dehydrataci tkané ve vzestupné fadé
alkoholovych lazni, projasnéni v né¢kolika laznich xylenu a prosyceni rozpuSténym
parafinem. Po pieneseni tkanovych bloka do zalévacich komurek jsou pfipraveny parafinové
bloky, ze kterych se na mikrotomu pfipravuji fezy. Jejich ideédlni tlousStka pro zékladni,

specialni barvici a imunohistochemické metody ¢ini 3-5 pm.
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2.1.4 Histologické vySetieni periprotetickych tkani

Standardni histologické vySetieni periprotetickych tkdni by mélo vzdy probihat v
optickém mikroskopu s polarizaci. V Ceské republice neni stanoveno oficialni doporudeni
pro makroskopické a mikroskopické vySetteni periprotetickych tkéni. Této problematice je
vsak v poslednich letech vénovana velkd pozornost a bylo vydano nékolik velmi uzite¢nych
publikaci (Krenn 2014, Krenn 2017, Perino 2018).

Béhem mikroskopického vysetieni je vSeobecné doporucené zvétseni 40x a 100x pro
ptehledné prohlizeni preparatd, pro detailni pozorovani zvétSeni 200x a 400x. Dulezita je
dostupnost ptesnych klinickych a technickych informaci, napf. slozeni a typ pouzitych
komponent, makroskopické nalezy pfi revizni operaci. Pro optimalni klinicko-patologicky

vystup by mé¢la byt naplnéna kritéria uvedena v Tab. 2.

Makropopis Mikroskopicky popis
= utvafeni Morfologie tkané
=  Kkonzistence = nekroza (rozsah)
= barva = apoptotické zmény (mirné, stfedni, vyrazné)
= rozmér (trojrozmérné méieni) Castice
= vaha nefixovaného vzorku = otérové
= pfitomnost kosti, zbytkd implantatu, stehti = endogenni pigmenty a krystaly
= viditelné otérové Castice = exogenni (zbytky fixa¢nich materiali)
= fotodokumentace Bunééna populace a zanétlivé zmény

=  makrofagy, fibroblasty
= neutrofily, lymfocyty, plazmocyty,
eozinofily, mastocyty
= endotelidlni bunky (ploché, vysoké)
Klasifikace SLIM (viz dale)

Tab. 2 Doporuéeny postup histologického vySetieni periprotetickych tkani.

2.1.4.1 Klasifikace periprotetickych membran (SL1M)

Morawietz a kol. sestavil v roce 2006 Kklasifikaéni schéma zalozené na
charakteristickych histopatologickych obrazech, které bylo v roce 2014 doplnéno 0
hodnoceni patologickych kostnich ndlezi a o zmény asociované s pozdni reakci
precitlivélosti (Krenn 2014). Periprotetické tkané se pii reviznich operacich standardné
nevysetfuji, ale v pfipadé pozadavku klinika na histologické vysetfeni je uplatnovana
modifikace z roku 2014. Hodnoceni je rutinné provadéno z histologického preparatu
barveného hematoxylin-eozinem (HE, Obr. 12-15). K piesngjsi identifikaci bunécnych typi
¢1 diferenciaci exogennich/endogennich ¢astic ve tkéani lze pouZzit celou skalu specidlnich

barvicich a imunohistochemickych metod.
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Obr. 12 SLIM typ | indukovany otérovymi ¢asticemi: KCT reakce, makrofagy a otérové Castice,
pacient ¢. 5, HE 200x.

Obr. 13 SLIM typ Il infekéni: pfevaha neutrofilnich granulocytd a plazmocytl, zvySena
vaskularizace jako doprovodna reakce na chronicky zanét, v levém hornim rohu fibrinézni exsudat,
pacient €. 7 (vyfazen ze studie), HE 200x.
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Obr. 14 SLIM typ Ill smiSeny: obrovskobunééné KCT reakce, makrofagy, lymfocyty, otérové
¢astice, pacient ¢. 2, HE 200x.
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Obr. 15 SLIM typ IV indiferentni: pruhy kolagenniho vaziva s pfitomnosti reaktivnich
synovialocytl, hyperplastické cévni endotelie (HEV), pacient ¢. 6, HE 400x.
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2.1.4.2 Identifikace a typologie otérovych ¢astic

Béhem pouzivani endoprotézy vzdy dochazi k ur¢itému stupni opotiebeni artikulacnich
vlozek, které je nejcastéji zpisobené mechanickymi faktory (abrazi, erozi, adhezi, opotfebenim
povrchu) nebo mechanickymi i chemickymi faktory spoleéné (oxidace, koroze). Mnozstvi a
akumulaci otérovych ¢astic v periprotetické tkani ovliviiuje druh pouzitého materialu, tvar,
typ a parovani implantatu nebo také mnozstvi a charakter synovialni tekutiny. Polyetylenové
implantaty mohou uvolnit az 500 miliard PE ¢astic ro¢né€ s opotfebenim plochy az o 0,1 mm,
zatimco opotiebeni keramickych nebo kovovych implantati je minimalni.

Koncentrace, morfologie a distribuce ¢astic ma vliv na probihajici tkanové reakce.
Proto je jejich ptesnd identifikace, charakteristika a diferenciace (otérové vs. Castice jin¢ho
puvodu) velmi dtlezita pii ur€eni ptiiny selhani TEP. Velikost otérovych ¢astic se pohybuje
od nanocastic po makroskopicky viditelné ¢&astice, které jsou dobie detekovatelné v
optickém mikroskopu. Nanocastice a mikro¢astice se nachazeji prevazné intracelularné a
vzhledem ke schopnostem vyvolat tkanovou odpovéd se povazuji za biologicky aktivni.
Nanocastice (do 300 nm) se do buniky dostavaji pinocytdzou, zatimco mikrocastice (do 10
um) jsou fagocytovany. Velké castice (nad 10 um) byvaji obklopeny makrofagy a vznika
reakce KCT.

Polyetylenové Castice jsou v histologickych preparatech nebarvitelné, ale jsou dobie
detekovatelné v polarizaci, protoze diky svému usporddani otd¢i rovinu polarizovaného
svétla. Pfi hodnoceni mohou byt zaménény s vlakny Siciho materialu nebo kolagenu, které
mohou pfipominat strukury PE c¢astic (Obr. 16). Velikost i mnozstvi otérovych PE ¢astic
ovliviiuje napt. zpusob sterilizace pouzitého PE, obalovy materidl, tvrdost materidlu
komponent, individualni rezistence vuci ¢asticim. Pti nalezu supramakrocastic by méla byt
provedena biomechanicka analyza pro detailni zjisténi pfi¢iny selhani.

Keramické castice se mikroskopicky jevi jako svétle zelenohnéda (zirkon), hnéda,
hnédozelena nebo ¢erna (hlinik) granula do 5 um v priméru s velmi slabou periferni
polarizaci. Mlze byt obtizné odlisit je od kovové debris a korozivnich produkti, které
mohou byt také pfitomny v cytoplazmé makrofagi.

Silikonové castice (kfemicity polymer) jsou obvykle distribuovany synovialné€ nebo
kapsularné jako nasledek fraktury protézy s fragmentaci a rozvojem reakce KCT. Jsou bilé
barvy a béhem histologického zpracovani mohou byt ¢astecné rozpustény. V polarizatnim
mikroskopu svétélkuji.

Uhlikova vlakna se v periprotetickych tkanich vyskytuji pti selhani rekonstrukce
ktizovych vazii, na jejichz vyrobu jsou pouzivana. Mikroskopicky jsou to cernd, rtizné

dlouhd, vldkna cylindrovitého tvaru bez makrofagické reakce.
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Obr. 16. Sici material v polarizaci, pacient &. 17, 100x.

Kovové ¢astice maji v optickém mikroskopu charakter tmavé hnédych az cernych
granul nebo drobnych jehli¢ek, které v polarizaci obklopuje lehce dvojlomné halo.
Konvenéni kovové cCastice jsou uvoliiovany abrazi nebo adhezi z povrchu implantatu a v
optickém mikroskopu ani v polarizaci nemusi byt vzdy detekovatelné. Korodované Castice
byvaji generované elektrochemickymi reakcemi, napt. tribokorozi povrchu kovovych
implantatd nebo mechanicky zplsobenymi odérkami a trhlinami. Byvaji pfitomny
intracelularné v makrofazich jako tzv. kapénkové cytoplazmatické inkluze otérovych ¢astic
nejasného sloZeni. Mohou se shlukovat do agregatli s okolnimi sloZkami tkan€ a krevnimi
produkty a davat pozitivni reakci v Perlsové barveni. Pokud ma pacient kovové soucasti
implantatu, je tfeba se vzdy zaméfit na moznou pfitomnost otérovych kovovych ¢astic.

Ortopedicky cement je tvoien polymetylmetakrylatem s aditivy a po histologickém
zpracovani je cement rozpustény. V mikroskopu se jevi jako prazdné prostory obsahujici
jemny granuldrni material, coz jsou nerozpustné kontrastni radiografické latky. Siran barnaty
i oxid zirkoni¢ity je formovan do intenzivné Cernych acindrnich agregati na periferii
prazdnych prostorti, ¢asto obklopenych mnohojadernymi buitkami.

Hydroxyapatit se bézné¢ nanasi na povrch kloubnich implantati k zajisténi
osteointegrace. V histologickych preparatech jsou to polygonalni Castice zelenych odstind o
rozmérech cca 5-120 pm. Musi byt odliSen od demineralizované kostni matrix nebo
rozpustnych vapenatych granul.

Endogenni ¢astice jsou mikroskopické ¢astice produkované obvykle sekundarné pfti

poruchach metabolismu nebo jako krevni produkty. VétSinou jsou krystalické struktury a lze
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je detekovat v synovialni tekutin¢ i periartikularnich meékkych tkanich. Jsou dobfte viditelné
v optickém mikroskopu. Pokud maji krystalickou strukturu, ota¢i rovinu polarizovaného
svétla.

Kalciumpyrofosfat se vyskytuje ve form¢ romboidnich, kuboidnich, rovnobéznych
nebo jehlicovitych krystalt velikosti do 1 um. V polarizaénim mikroskopu vykazuje svétle
Zluty nebo svétle modry dvojlom (podle typu pouzitého kompenzatoru) s lemem nacervenalé
homogenni matrix a byva pfitomen v blizkosti makrofagické reakce KCT.

Uratové Kkrystaly maji charakter nahodile roztrouSenych kratkych svazkl
jehlicovitych krystalti obklopenych amorfni Sedivou hmotou a makrofagickou reakci KCT.
Béhem zpracovani dochazi k jejich rozpusténi ve vodg, proto je jejich prukaz mozny pouze v
nativnich preparatech za pouziti polarizace (svétle modry nebo jasné zluty dvojlom podle
pouzitého kompenzatoru).

Cholesterolové krystaly se béhem histologického zpracovani také rozpousti a jejich
znamkou ve tkani jsou volné roztrousené prazdné Stérbiny po vypadlych krystalech. V
periprotetickych tkénich se objevuji az po dlouhé dobé¢ od implantace.

Granula hemosiderinu jsou v periprotetickych tkanich obvykle pfitomna
sekundarné jako nasledek prob&hlého krvaceni (periproteticka fraktura, nestabilita,
dislokace). V barveni HE tvofi zlatavé hnéda granularni depozita v cytoplazmé makrofagt, a
mohou tak pfipominat keramické nebo kovové castice. K jejich diferenciaci pomaha
Perlsova reakce, kde je hemosiderin zbarven modie.

Gamnova-Gandyho téliska jsou Zlutohnédé sférické ttvary rizné velikosti tvorené
denzni fibrozni tkani a kolagennimi fibrilami pokryté Zelezitym pigmentem a solemi
vapniku.

Formalinovy pigment piedstavuji rezavé hnédé granuldrni srazeniny vznikajici z
hemoglobinu pfi fixaci formalinem s nizkym pH. Mize se vyskytovat intracelularné i
extracelularné a z tkanovych fezl lze odstranit vypiranim napf. v roztoku kyseliny pikrové.

Depozita vapniku se nejCastéji vyskytuji jako bazofilni depozita v pojivové tkani
bohat¢ na fibrily s makrofagickou reakci KCT a jejich pfitomnost mize souviset se
zanétlivym procesem nebo nekrézou tkané.

Fragmenty kostni tkané se do SLIM dostavaji nasledkem fragmentace kosti pro
osteolyzu, frakturu nebo bchem frézovani kosti pii operaci. Kostni detritus obklopuji
makrofagy a osteoklastliim podobné obrovské buniky.

Exogenni cizorody material predstavuji napt. zbytky slozek 1éki a podpiirnych
kloubnich pfipravki, které se aplikuji pfimo do kloubu. Tento typ materidlu neni mozné
presn¢ morfologicky specifikovat, ale je pro né&j typicka reakce KCT s palisadovitym
uspotradanim makrofagl a pfimési mnohojadernych bunék (Perino 2018).
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K pfesné¢ analyze otérovych castic lze pouzit fyzikalni metody, napf. energiové

disperzni spektroskopii nebo infracervenou spektroskopii s Fourierovou transformaci.

Rozsifuje se také vyzkum v oblasti nanocastic, ktery vyuziva skenovaci elektronovou

mikroskopii nebo kombinaci vyse uvedenych. Piesné mapovani otérovych ¢astic umoziuje

napf. transmisni elektronova mikroskopie ¢i rentgenova praskova difrakce (Krenn 2017).

Otérové Castice

Polyetylenové

bilé, sed¢ opaleskujici

nanocastice < 1 pm, nepozorovatelné

mikroéastice 1-10 um, Olejova cerveit”, polarizace™
makroéastice 10-100 um, Olejova erveir”, polarizace™
supramakro¢astice 100-1 000 um, Olejové &erveni” , polarizace”

Keramické o
Oxid hlinity Nitrid titanu
Oxid niobi¢ny Nitrid kiemicity
Oxid zirkonigity Hydroxyapatit

Oxid yttrity

hnédé/sedé/zelenaveé

nanocastice < 1 um, nepozorovatelné
mikroc¢astice 1-10 pm

makrocastice 10-100 um
supramakrocastice > 100 pm

Polymetylmetakrylat (ortopedicky cement)
Polymetylmetakrylat
Siran barnaty
Oxid zirkoni¢ity

= rozpusti se béhem zpracovavani
= radiograficky kontrastni latky, aditiva cementu

Kovové ¢astice (neobsahujici Zelezo)

Konvenéni

Korodované

Kobalt = $edivé az intenzivné &erné Kobalt = zelenkavé, Zlutavé

Niob = nanocastice <1 pm Chrom = vrstvené cerné-cervené-zlutavé

Chrom = mikrocastice 1-10 um Molybden = precipitaty: oxidy, chloridy, fosfaty
Molybden = makrocastice 10-100 pm Titan

Nikl Vanad = kulaté shluky nanocéstic <5 um

Tantal = kulaté @ 1-1,5 pm Dalsi = nepravidelné shluky nanocastic < 10 pm
Titan = ovalné/nepravidelné @ 1,5-2,5 um = agregaty tvorici platy > 10 um az 0,5 mm
Vanad = jehlicovité, tyCinkovité @ > 2,5 um = selezo/ocel <1 pm az 0,5 mm, Perls”
Zirkon

Castice nesouvisejici s implantatem

7y wr

Endogenni ¢astice

Depozita krystali

Kalcium pyrofosfat: @ 0,1 um, polarizace®
Uratové krystaly: 5-25 um, polarizace®
Oxalitové krystaly: polarizace”
Cholesterol

Hydroxyapatit

Produkty hemosiderinu, depozita vapniku a kosti
Hemosiderinova granula: 1 pm-5mm, Perls*
Gamnova-Gandyho téliska: @ 0,3-2mm, Perls”
Formalinovy pigment: @ 1 pm, Perls

Vapnik (hydroxyapatit, dystroficka kalcifikace)
Kostni detritus

Cizorodé castice, ulomky kosti
Zbytky stehti

Zbytky fixace, pomocnych materiali (napf. kov, plast)

Kloubni vlezky

Viskosuplementa¢ni prostiredky

Nosice 1éki

Substituéni materialy (nap¥. kostni §tépy)

Tab. 3 Algoritmus hodnoceni ¢astic ve SLIM (Krenn 2017).
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2.1.5 Doporuceni pro praxi

Zminéna klasifikace SLIM a popisna charakteristika morfologické heterogenity
Castic v€etné navrhu postupu pii jejich klasifikaci (Tab. 3) by mohly slouzit jako prakticky
pruvodce konvencniho histologického vySetfeni (Perino 2018). Nedilnou soucasti
histologického vySetieni periprotetickych tkani vSak ztstava podrobny mikroskopicky popis:
hyperplazie superficialni vrstvy, pfitomnost makrofadgii, mnohojadernych bunék, eozinofild,
perivaskularnich a intersticialnich lymfocytd, plazmocytt, neutrofilnich granulocytd a
dalsich imunitnich bunék, fibroproliferace stromatu, aseptickd nekrdéza (apoptdza vs.

nekroza).
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2.2 Charakteristika souboru

Béhem reoperaci asepticky uvolnénych TEP kyc¢le a kolene byly v pribéhu 11/2013-
10/2014 odebrany periprotetické tkané 34 pacientim. 3 pacienti byli nasledné vytazeni z
divodu nesplnéni kritérii pro zjisténou infekci a neadekvatni pocet ¢i kvalitu vzorkd. Dle
moznosti byla k histologickému vySetfeni odebirdna SLIM a/nebo pseudopouzdro,
vyjimecné mekké tkan€ z nejbliz§iho okoli. Odbér tkani probihal dle stanoveného schématu
ze tii lokalit kolem kloubu: I) povrchovy list pseudosynovidlni membrany obracené k
implantatu; II) rozhrani mezi proximalni komponentou implantatu a kosti; III) rozhrani mezi
distalni komponentou implantatu a kosti. VSechny odebrané tkané byly ihned po odbéru na
stran¢ priléhajici ke kosti znaeny barevnou tusi (Davidson Marking System, Bradley
Products, Inc.) a po kratkém osuseni gazou fixovany v 10% formalinu.

Kontrolni skupinu tvofilo 10 poprvé operovanych pacienti a jejich tkané byly
zpracovany stejnymi protokoly jako tkdn& odebrané revidovanym pacientim. Udaje
charakterizujici pacienty vySetfovaného i kontrolniho souboru jsou uvedeny v Tab. 4 a 5.
Vsechny odbéry provedl shodny operatér na Ortopedické klinice FN Olomouc a design obou

studii byl schvalen Etickou komisi FN Olomouc.

Poradové Pohlavi Kloub Vék BMI Divod operace
cislo
pacienta
1 V4 koleno 73,7 23,3 primarni artréza
2 V4 koleno 70,0 31,6 primarni artr6za
3 m kycel 72,5 27,1 primarni artréza
4 m kycel 61,0 29,7 primarni artréza
5 V4 koleno 78,0 34,2 primarni artr6za
6 m koleno 74,4 31,4 primarni artréza
7 z kycel 49,4 33,2 postdysplasticka kycel
8 V4 koleno 79,3 27,7 primarni artr6za
9 Z kycel 57,4 24,4 postdysplasticka kycel
10 V4 kycel 60,3 27,2 avaskularni nekroza

Tab. 4 Kontrolni skupina pacienti.
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1. 1 z koleno 12,1 89,8 22,5 C MoP ne
2. 2 7 kycel 19,1 51,1 22,0 NC MoP ne
3. 3 m koleno 14,2 78,5 22,7 C MoP ne
4, 4 z koleno 16,1 65,5 30,8 C MoP ne
5. 5 z koleno 16,5 77,6 34,9 C MoP ano
6. 6 m koleno 1,2 69,1 39,6 C MoP ne
7. 7 m kycel 4,2 74,7 22,6 C MoP ne
8. 8 z koleno 16,8 64,5 36,5 C MoP ano
9. 10 m koleno 2,3 66,7 35,9 C MoP ne
10 11 m kycel 18,2 68,9 34,1 NC CoP ne
11 14 m kycel 17,0 59,3 32,8 NC MoP ne
12 15 z kycel 16,1 67,6 21,5 NC MoP ne
13 16 Z koleno 10,8 67,5 29,7 C MoP ne
14 17 m koleno 16,7 78,4 27,8 C MoP ne
15 18 m kycel 11,6 74,5 30,3 NC MoP ne
16 19 z kycel 214 73,1 29,5 NC MoP ne
17 20 7 kycel 13,5 60,0 34,1 H CoP ne
18 21 z kycel 12,5 67,4 30,9 NC CoP ne
19 22 m kycel 14,0 52,8 26,2 NC MoP ne
20 23 z koleno 16,8 85,4 25,0 C MoP ne
21 24 z kycel 20,0 74,5 24,1 NC MoP ne
22 25 z kycel 18,7 81,3 20,4 H MoP ne
23 26 m koleno 14,7 741 254 C MoP ne
24 27 m kycel 11,5 60,1 26,6 NC MoP ne
25 28 m kycel 10,3 81,9 26,3 H MoP ano
26 29 7 kycel 19,8 69,5 27,9 NC MoP ne
27 30 m koleno 15,6 71,4 30,6 C MoP ne
28 31 Z koleno 18,6 85,1 31,6 C MoP ne
29 32 m koleno 4,8 58,0 35,9 C MoP ne
30 40 m kycel 12,6 81,2 27,1 C MoP ano
3L 41 z kycel 18,3 71,7 38,2 NC MoP ne

Vysvétlivky: Z = Zena, m = muz, C = cementovana, NC = necementovana, H = hybridni, MoP = kov-polyetylen, CoP =
keramika-polyetylen.

Tab. 5 Vysetfovany soubor pacientii.
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2.3 Zpracovani histologického materialu

Zpracovani histologického materidlu probihalo na Ustavu patologiec FN Ostrava.
Vsechny tkanové vzorky byly po 24-72 hodinové fixaci makroskopicky posouzeny (Obr.
17), ptikrojeny a zpracovany standardni histologickou technikou se zalitim do parafinovych
bloku (Tab. 6). Pro zfetelnou pifitomnost kostniho detritu byly nékteré bloky pted vlastnim
zpracovanim odvapnény v roztoku Lowy nebo MicrodecFast. Z parafinovych blokt byly
pfipraveny 3-5 um silné fezy uréené pro zékladni histologické barveni hematoxylin-eozin
(HE) i nasledna barveni. Z reprezentativnich parafinovych blokt byly provedeny specialni
barvici a imunohistochemické metody.
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Obr. 17 Ukazka makrofotodokumentace pii ptikrojeni tkanové Castice, strana ptiléhajici ke kosti je

znacena modrou barvou.
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Pacient Odbérova lokalital.  Odbérova lokalita  Odbérova lokalita
I, M Celkovy g
pocet 552
Poget Poget Poget Poget Poget Poget bloki E E_ 2

tkz?}mfych blokii tkatl}mfych blokt tkavl}mfych bloki z

castic castic castic =
1 3 17 6 15 3 7 39 0
2 2 5 6 9 10 12 26 0
3 2 5 4 10 6 15 30 0
4 4 11 3 8 6 13 32 0
5 3 11 5 16 5 9 36 5
6 2 5 3 5 3 7 17 0
7 2 5 5 9 3 6 20 0
8 4 7 7 14 11 8 29 3
10 4 9 4 6 3 5 20 0
11 2 5 3 6 3 9 20 0
14 2 9 5 6 6 8 23 10
15 3 4 5 8 4 5 17 0
16 2 7 9 18 4 8 33 5
17 2 4 3 6 5 15 25 2
18 3 6 0 4 12 18 0
19 2 15 0 2 3 18 0
20 2 5 4 15 3 10 30 6
21 2 5 3 8 2 6 19 0
22 2 9 4 6 4 9 24 0
23 3 15 3 11 4 19 45 0
24 2 7 1 4 0 0 11 0
25 2 5 3 9 0 0 14 0
26 2 5 1 2 0 0 7 0
27 2 4 3 9 0 0 13 0
28 2 6 2 5 0 0 11 0
29 2 5 3 7 0 0 12 0
30 3 5 1 4 0 0 9 0
31 2 7 2 3 0 0 10 0
32 2 5 1 3 0 0 8 0
40 2 4 1 3 0 0 0
41 2 4 1 3 0 0 7 0
celkem 630 31

Vysvétlivky: odbérova lokalita I. = kolem kloubu, Il. = proximalni ¢ast komponenty, III. = distalni ¢ast komponenty.

Tab. 6 Poéty odebranych tkanovych vzorki a parafinovych bloki ve vySetifovaném souboru.
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2.4 Studie A: Posouzeni homogenity tkanové odpovédi na pritomnost
degradacnich produktii z implantatu

2.4.1 Cile

= Extenzivné zpracovat a vySetfit periprotetické tkané ziskané béhem reoperaci
asepticky uvolnénych TEP kolene a kycle. Zhodnotit pfinos histologického vySetieni
pii zpracovani tkéni standardnim zptsobem do parafinovych blokii.

» Aplikovat vybrané specidlni barvici a imunohistochemické metody na periprotetické
tkan¢. Vyhodnotit jejich pfinos k charakteristice tkanové odpovédi v ramci
aseptického uvolnéni.

» Porovnat vysledky mezi: 1) tfemi odbérovymi lokalitami kolem implantatu; 2)
skupinami TEP kolene a TEP kycle. Zjistit, zda existuje inter- a intrapersonalni
variabilita tkanové odpovédi a distribuce otérovych cCastic.

* Formulovat vhodnd a redlnd hodnotici kritéria pro histologické vySetfeni

periprotetickych tkéani.

2.4.2 Teoretické poznamky

Spolehlivé vystupy histologického vysetfeni zavisi na typu a kvalité odebranych
tkani. SLIM a pseudopouzdro jsou v tésném kontaktu simplantaitem, a proto jsou
povazovany za vzorky s nejlep$i vypovédni hodnotou pro diagnostiku septického (Bori
2011, Pandey 1999) i aseptického uvolnéni. Dobrou vypovédni hodnotu mize mit také
periproteticka tkan makroskopicky ptipominajici pseudotumor (Whitehouse 2015). Mén¢ je
uz znamo o tom, jaka je vytéznost ostatnich tkdni kolem implantatu.

S pokrac¢ujicim vyzkumem periprotetickych tkani se postupné rozviji a upfesiuje
tkanova diagnostika i souvisejici nomenklatura. Néktefi autofi popisuji rozdily tkanové
odpoveédi ve vztahu k pohlavi a ¢asnému selhani TEP (Haughom 2015, Ollivere 2009). Jini
zase upozornuji na vyrazné rozdily v histologickych nalezech napfi¢ vzorky jednoho
pacienta nebo dokonce v po sobé jdoucich tkanovych fezech z jednoho parafinového bloku
(Goodman 1996, Jones 1999, Pazzaglial 1985). Pri¢inou rozdilnych nalezii by mohla byt
rizna odbérova mista, typ a zplisob fixace implantatu, stupeii degradace povrchu implantatu,
piip. patologické nalezy vedouci k revizi TEP. Doposud neexistuje oficialni doporuceny
postup managementu odbéru tkanovych vzorkid pro konkrétni typy reviznich operaci TEP.
Na jedné stran¢ by mohlo platit obecné pravidlo, ze vyssi pocet vzorkli zvysuje

diagnostickou presnost. Na druhé strané vSak tento pfistup zvySuje technickou, finanéni
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1 ¢asovou narocnost vySetfeni. Proto vznikd otdzka, zda a jakym zplisobem standardizovat
odbér periprotetickych tkani pro dostate¢né a rychle dostupné vysledky histologického

vySetteni.

2.4.3 Hypotézy

» Tkanova odpovéd’ se u pacientti s TEP kycle a kolene lisi.

= Stupen a rozsah tkanové odpovédi u jednoho pacienta zavisi na lokalité odbéru kolem
TEP. Tkan¢ vzdalengjsi od povrchu implantatu obsahuji méné reaktivnich zmén a
mensi mnozstvi otérovych ¢astic.

= Zpusob odbéru, pocet a zpracovani tkanovych vzorkd ma vliv na variabilitu vysledki

histologického vySetteni.

2.4.4 Zakladni a specialni histologické metody

Krom¢ zakladniho barveni HE byla z vybranych parafinovych blokii provedena
specialni barveni k prikazu hemosiderinu, vapniku, kolagennich a elastickych vlaken, dale
byla pouzita barvici metoda k lepSimu zndzornéni PE castic.

Prikaz hemosiderinu dle Perlse je zaloZzen na pusobeni roztoku 1% kyseliny
chlorovodikové a 2% ferrokyanidu draselného, ktery vytvafi s trojmocnym Zelezem ve tkani
tzv. berlinskou modf. Pfitomnost hemosiderinu je znazornéna syté modre.

Prikaz vapniku dle Kossy je impregnacni metoda zalozend na redukci stiibra se
znazornénim véapenatych soli (nerozpustnych fosforecnani a uhli¢itand), které jsou Vv
optickém mikroskopu pozorovany jako ¢erna loziska.

Prikaz kolagenniho vaziva patfi mezi piehledné barvici metody v histologii.
Kolagenni vldkna maji eozinofilni charakter a jsou dobife znazornitelna barvivy s kyselym
pH (svétla zelen, anilinova modf, saturnova ¢erven). Barvi se v odstinech dle tonu pouzitého
barviciho roztoku.

Barveni dle Verhoeffa slouzi k prikazu elastickych vlédken, ktera jsou po hodinové
inkubaci s zelezitym hematoxylinem znazornéna modro¢erné az Cerné. Pouzitd saturnova
¢erven zbarvuje kolagenni vlakna do ¢ervenych odstint.

Barveni olejovou ¢erveni Ize uplatnit ke znazornéni PE otérovych ¢astic, které jsou
Vv optickém mikroskopu znazornény svétle cervené.

Na vybrané tkanové tfezy bylo také aplikovano n¢kolik vybranych protilatek pro

zmapovani zastoupeni bunécnych populaci ve vySetfovanych tkanich (Tab. 7) a ovéfeni
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vystupt jinych autori. Pouze vysledky hodnoceni mastocyti byly dale statisticky

analyzovany a publikovany (Pfiloha 2).

Primarni Vyrobce, Cil detekce Redéni Inkubace Pozitivni
protilatky klon exprese
CD3 Novocastra T lymfocyty, NK buiiky 1 :200 60 minut C,M
LN 10
CD4 DAKO 4B12 pomocné T lymfocyty  RTU 32 minut M
CD8 DAKO cytotoxické T lymfocyty RTU 60 minut M
C8/144B
CD20 DAKO L26 B lymfocyty 1:500 32 minut M
CD31 DAKO endotelialni bunky 1:20 32 minut M
JC70A
CD34 DAKO hemopoetické kmenové  1:50 32 minut M
QBENnd 10  buiiky, kapilarni endotelie
CD45 LCA DAKO T a B buriky, 1:100 32 minut M
2B11+ dendritické bunky
PD7/26
CD68 DAKO KP1 makrofagy 1:100 32 minut M
CD138 DAKO fibroblasty, epitelie, 1:50 32 minut M
MII5 B lymfocyty
Mast Cell DAKO mastocyty 1:400 32 minut granula v
Tryptase klon AA1 cytoplazmé
Podoplanin DAKO lymfatické endotelie 1:50 60 minut C,M
D2-40

Vysvétlivky: RTU = k pfimému pouziti; M = bunééna membrana; C = cytoplazma.

Tab. 7 Specifikace pouZitych protilatek.

2.4.5 Histologické hodnoceni

Hodnoceni bylo provadéno v optickém mikroskopu s polarizaci, typ Olympus BX45
pii  zvétseni 20x-400x  (objektiv. UPLFFLN40X-UIS2, UPlanFLN, 40x/0,75,
00/0,17/FN26,5). Kvantifikace byla vyjadiena absolutnim poctem bunék v 1-20 HPF. Pro
detailni histologické vysetfeni byl formulovan protokol, ktery vychéazel z ptedchozich

publikovanych studii (Ptiloha 2).
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2.4.6 Vysledky

Popis hlavnich zjisténi je uveden v Ptiloze 2. Ve vzorcich byly také identifikovany
cementové zbytky, formolovy pigment a granula hemosiderinu odkazujici na prob¢hlé
krvaceni. RGzné intenzivni akumulace kovové debris byla vyznamné castéji pozorovana u
star§ich pacientu (Tab. 8).

V metodach ,,modry trichrom* a ,,VVan Gieson“ byla v pievazné vétsing tkanovych
vzorkli prokazana kolagenni vlakna. Vyss$i hustota paralelné uspotadanych kolagennich
vlaken byla doprovéazena niz$i bunéCnosti a naopak. Metoda ,,Van Gieson* byla navic
vyuzita k odliseni fibrin6zniho exsudatu od nekrdzy (nebarvila se). Barveni olejovou ¢erveni
umoznilo zvyraznéni PE cCastic v optickém mikroskopu, avsak k jejich presné identifikaci
bylo spolehlivéjsi prohlizet je v polarizaci.

Imunohistochemické metody k prukazu plazmocytd, T a B lymfocytt potvrdily jejich
pfitomnost ve vSech vzorcich, avSak jejich denzita nebyla vyraznd. Mirn€ dominovaly T
lymfocyty (CD3*, CD4" a CD8"), které byly roztrouseny ve tkani disperzné nebo tvofily
lymfocytarni perivaskularni infiltraty. Makrofagy velmi silné¢ exprimovaly CD68.
Endotelialni exprese CD31 potvrdila zvySenou vaskularizaci SLIM. Na vzorky
s viceCetnymi cévami byly aplikovany protilatky proti podoplaninu a proti CD34, které
prokazaly pouze piitomnost krevnich cév (CD34), nikoli lymfatik (podoplanin).
Reprezentativni mikroskopické nalezy pfedstavuji Obr. 18-36.

Ve vzorcich kontrolniho souboru nebyly sledovany diagnosticky vyznamné obrazy,

pouze nevyrazny perivaskularni lymfocytarni infiltrat a ojedinélé nekrotické okrsky.

Pacient Odbérova Pocet Pacient Odbérova Pocet Pacient Odbérova  Pocet
lokalita  preparati lokalita preparati lokalita preparati
3 L, 11, HI. 2,2,2 7 L, 1L, I 2,2,1 40 L, 1. 1,1
5 L, 1L, 1. 2,2,2 16 L, 1L, I 2,2,2 17 Lo 1,22
6 1. 2 21 L, 1l 1,2 41 I, 1l 2,2

Tab. 8 PFitomnost kovovych otérovych ¢astic ve vySetfovaném souboru.
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Obr. 18 Tkai s fibrinoidni nekrézou a okolni makrofagickou reakci,
pacient ¢. 4, HE 200x.

Obr. 19 Zaplava makrofagu, pacient ¢. 11, HE 100x.
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B
Obr. 20 Eozinofily (3ipky), pacient ¢. 1, HE 400x.

N Y SE g
e 0 'z"'.)'vl',‘j Y i !
- T LN .‘i,‘g‘ “ ’& ‘\ Q

R N
P e d S R el

Obr. 21 Perivaskularni lymfocytarni infiltrat, makrofagicka reakce s vicejadernymi makrofagy,
pacient ¢. 10, HE 400x.
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Obr. 22 Zvysena angiogeneze v terénu kolagenniho vaziva s fibroblasty, pacient ¢. 6, HE 200x.
Inside obrazek demonstruje aktivni endotelie (HEV), HE 400x.
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Obr. 23 Protahlé synovialocyty, zvySena vaskularizace a kolagenizace, Cervené znazornéno
kolagenni vazivo, pacient ¢. 18, VG 200x.
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Obr. 24 Protahlé synovialocyty, modie znazornéno kolagenni vazivo, tmavé fialoveé jadra bunék,
pacient ¢. 16, modry trichrom 200x.
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Obr. 25 Makrofagy s intracelularni pritomnosti kovové debris (Cerna granula) a hemosiderinu
(tzv. siderofagy obsahujici modra granula) v barveni dle Perlse, pacient ¢. 21, Perls 200x.
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Obr. 27 Kostni detritus (nacernala depozita), pacient ¢. 23, Kossa 100x.
Inside obrazek - tentyZ preparat v barveni HE, 100x.
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Obr. 28 Polyetylenové supramakroéastice, pfibarvena cytoplazma makrofagi, pacient ¢. 19,
olejova Cerven 200x.

Obr. 29 Kovova debris lehce roztrousena v periprotetické tkani, pacient ¢. 16, HE 200x.
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Obr. 31 Polyetylenové &astice jako opticky prazdné prostory Vv centru obrazku, vyrazna piitomnost
makrofagii a mnohojadernych bunék, pacient ¢. 8, HE 200x.
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Obr. 32 Polyetylenové ¢astice otacejici rovinu polarizovaného svétla, pacient ¢. 8, HE 200x.

Obr. 33 Cytoplazma mastocyti rizn¢ intenzivné hnédého zbarveni, ve tkani pfitomny zbytky
cementovych ¢astic, pacient €. 40, Tryptaza 400x.

53



Obr. 34 Formolpigment jako hnéda granula v cytoplazmé makrofagi, pacient ¢. 4, CD68 400x.
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Obr. 35 Piehled dalsich pouZitych imunohistochemickych metod:

CD4 Pozitivita pomocnych T lymfocytt, pacient ¢. 28, CD4 400x.

CD3 Pozitivni T lymfocyty a roztrousené kovové ¢astice, pacient ¢. 41, CD3 400x.

CD20 Necetné B lymfocyty ve tkani s distribuci kovové debris, pacient ¢. 41, CD20 400x.
CD8 Sipky ukazuji na pozitivni cytotoxické T lymfocyty, pacient &. 29, CD8 200x.
Tryptaza Perivaskularni pfitomnost mastocytil (Cerné Sipky), pacient €. 11, Tryptaza 400x.

Tryptaza v polarizaci Polyetylenové ¢astice v polarizaci, bilé Sipky ukazuji na mastocyty, pacient ¢.
11, Tryptéza 400x.
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Béhem barveni nékteré fezy nedrzely na podloznich sklech a metody bylo nutné
opakovat (Obr. 36). Nejcastéjsi pficinou byly zbytky kostniho detritu, kalcifikace,
nedostateéné odvapnéni tkani ¢i pfitomnosti velkych castic. Nove pfipravené fezy byly
ponechany déle v termostatu pfi teplot¢ 37-58 °C, piip. byla snizena sila fezu na 3 um. |
pfes opakované pokusy sriznymi typy elektrostatickych skel (TOMO, Siissefrost plus,
Superfrost plus, Superfrost plus Gold, Starfrost) nékteré fezy nepfilnuly na podlozni sklo a u

nckolika pacientti musely byt pouzity jiné parafinové bloky.

Obr. 36 Ukazky problematickych vzorkii, neudrzeni fezu na podloznim skle:
A Pielozena tkan v dolni ¢asti preparatu, pacient ¢. 10, CD68 100x.
B Sklady a ztrata superficialni vrstvy, pacient ¢. 16, HE 40x.

C Potrhany fez, ztrata fezu béhem imunohistochemického barveni, pacient ¢. 20, S100 40x.
D Slaba adheze fezu na skle, ¢ast fezu piekryva okolni tkan, pacient ¢. 12, modry trichrom 40x.
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2.4.7 Diskuze

Hlavnim zjisténim byla nizka variabilita vysledkd histologického vysetfeni tkani
jednoho pacienta, které byly odebrané z ruznych lokalit kolem TEP. Statisticky vyznamna
byla pouze castéj$i pritomnost synovidlni hyperplazie ve vzorcich odebranych nejblize
kloubu (odbérova lokalita I.). Nabizi se vysvétleni, ze utvafeni pseudosynovialni tkané
ovlivituji uvolnované ¢astice z povrchu implantatu, objem synovialni tekutiny nebo velikost
volného kloubniho prostoru. Ojedinélé rozdily v histopatologickych obrazech mezi tfemi
lokalitami mohly byt ovlivnény fadou ¢initeld v preanalytické a analytické fazi, pocinaje
fixaci, prikrojenim tkan¢ a orientaci. OdliSnosti mohly byt zplsobeny také v disledku
vicecetného prokrajovani parafinovych bloku, kdy se konkrétni tkanovy okrsek tzv. vykrajel.

V ngkolika parafinovych blocich byla vétsi akumulace kovové debris se silnym
perivaskularnim lymfocytarnim infiltratem a nekrotickymi okrsky az rozsdhlymi nekrézami
tkané s fibrézou. Prestoze byl soubor sestaven téméf vyhradn€¢ z MoP implantatd,
histopatologické zmény byly podobné obraziim popisovanym ve studiich MoM implantati.
Jejich vysledky poukazuji na pozitivni korelaci pfitomnosti kovové debris s rozsahem
poskozeni tkané€, Castéjsim vyskytem nekroz s fibrindznim exsudatem a perivaskularnim
lymfocytarnim infiltratem (Aroukatos 2010, Browne 2010, Davies 2005, Fujishiro 2011,
Gramatopoulos 2013). Podobnosti ve tkanové odpovédi na otérové castice u MoP a MoM
implantati publikoval jiz Topolovec a kol. (Topolovec 2014). Imunohistochemicky prikaz
makrofagl, T a B lymfocytt, krevnich a lymfatickych endotelii ptispél k presnéjSimu popisu
struktury periprotetickych tkani. Pfitomnost lymfatickych cév ve SLIM ve vySetiovanych
vzorcich nebyla prokazana (Edwards 2008).

S maximalnim vyuZitim dostupnych vySetfovacich metod lze z odebranych tkani
ziskat informace o tom, jaké intravitalni déje se odehravaly v bunikdch a tkanich tésné pied
jejich fixaci. Okamzita a spravna fixace odebrané tkanég je z tohoto hlediska naprosto zasadni
pro vyslednou kvalitu pouzitych metod a spravnou interpretaci nalezl. Je vSak nezbytné brat
VvV tvahu, ze 1 v ptipad¢ okamzitého zastaveni probihajicich d&jt 1ze ziskat pouze informace z
tohoto Casového obdobi, nikoli o prvopocatecni iniciaci procesti vedoucich k aseptickému
uvolnéni. Na druhou stranu je tfeba si uvédomit, ze tkanové reakce probihaji kontinudlné a
mnohastupnovée a ve tkanich tak 1ze zastihnout riizné faze probihajicich reakei.

Zpracovani periprotetickych tkani pfineslo nové poznatky, ale i problémy. Byla
feSena otazka spravné orientace tkang, kterou po fixaci nebylo mozno stranové urcit. Z toho
divodu byly barveny resekcni plochy pfimo na opera¢nim sale ihned po odbéru. Dalsi
piekdzkou mikroskopického hodnoceni byla kvalita samotnych histologickych preparata.

Mnohé tkanové vzorky obsahovaly velké otérové Castice, které mechanicky poskozovaly
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ziletkové noze pii fezani na mikrotomu a komplikovaly piipravu kvalitnich feza.
K podobnym zkuSenostem doslo u tkédni, které obsahovaly kostni detritus. Dilezitym
aspektem pfi hodnoceni byla identifikace typli otérovych ¢astic. Ve tkanich se objevovaly
artefakty, formolovy pigment a hemosiderin. Pfi analyze otérovych castic bylo pouzito
barveni dle Perlse k prikazu hemosiderinu a barveni dle Kossy pro prikaz vapenatych soli a
kostniho detritu, které se ukazaly jako velmi uzitecné. Naopak barveni olejovou cCerveni
nelze pti detekci a identifikaci PE ¢astic povazovat za pfiliS vytézné a spolehlivé.

Ackoli je téma aseptického uvolnéni a periprotetické osteolyzy TEP hojné
publikovano, histologické studie s podrobnymi protokoly, vysledky a nazornymi
mikrofotografiemi nejsou casté. Pro spolehlivé vystupy vysetfeni bylo nutno ziskat
dostate¢né znalosti o parametrech hodnoceni periprotetickych tkani a klasifikaci otérovych

éastic.

2.4.8 Zavér

» Tkanova odpoved’ se u pacientli s TEP kyc€le a kolene vyznamné nelisi.

» Tkanova odpovéd V piipadé jednoho pacienta je podobnd ve vsSech vzorcich
odebranych z riznych lokalit kolem kloubu. Jinymi slovy, pii vySetfeni
mnohocetnych vzorkli odebranych v podobné vzdalenosti od kloubu byly
histologické nalezy obdobné. Nelze tedy potvrdit, ze tkané vzdalenéjsi od povrchu
implantatu obsahuji méné reaktivnich zmén s mensim mnoZstvim otérovych castic.
Byla prokazana pouze jedina statisticky vyznamna asociace, a sice cetnéjsi
pritomnost synovialni hyperplazie ve vzorcich z odbérové lokality I.

» ZplUsob odbéru a dal§itho zpracovani tkanovych vzorkd ma vliv na variabilitu
vysledk histologického vySetfeni. Jde zejm. o spravnou orientaci tkané¢ a
dostatecnou fixaci, nebot” autolyzované tkané nelze hodnotit.

= | pfes pomérné velké mnozstvi hodnocenych preparati se histologické nalezy mezi
jednotlivymi pacienty a odbérovymi lokalitami liSily pouze v ojedinélych znacich.
Pocet vzorkli tedy nema vliv na reprodukovatelnost vysledkd histologického
vySetieni. Vys$$i pocet vzorkt vSak dava dostatecny objem dat a umoznuje zachovani
statistické vyznamnosti studie. Pro histologické vySetfeni periprotetickych tkani je

vhodné odebirat minimalné 3 tkanové vzorky.
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2.4.9 Piinos pro praxi

Pro maximalni vytéznost histologického vysetfeni je dulezita standardizace odbérové
techniky a podrobny popis vSech histopatologickych zmén vcéetné piitomnych
intracelularnich i extracelularnich c¢astic. Odbér vSech vzorkt pseudopouzdra by mél
probihat v podobné vzdalenosti od kloubu.

V navaznosti na tuto studii pfisla nabidka ke spolupraci na ¢lanku prof. G. Perina
(Ptiloha 4), jehoz cilem bylo vypracovat ptehledny a kompletni algoritmus pro hodnoceni
otérovych Castic v okoli kloubnich nahrad (Perino 2018). Stru¢né shrnuti vystupt je uvedeno

Vv kapitole 2.1.4.2 Identifikace a typologie Castic.
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2.5 Studie B: Distribuce mastocyti a dendritickych bunék
Vv periprotetickych tkanich

2.5.1 Cile

* Vyhodnotit moznosti a vyuziti specialnich barvicich a imunohistochemickych metod
k prikazu dendritickych bunék a mastocytii. Porovnat vysledky pouzitych
specialnich metod s vysledky imunohistochemickych metod.

=  Optimalizovat imunohistochemické protokoly k prikazu dendritickych bunck a
mastocyti. Vyhodnotit detekéni schopnosti pouzitych protilatek, rizika faleSné
pozitivnich i falesn¢ negativnich vysledku, senzitivitu a specifitu metody.

» Zhodnotit pfinos imunohistochemickych metod k detekci konkrétnich bunéénych
populaci v diagnostice tkanovych procest spojenych s aseptickym uvolnénim.

» Popsat distribuci a denzitu dendritickych bun¢k a mastocytl v periprotetickych
tkanich.

2.5.2 Teoretické poznamky

Mastocyty pochazeji z hemopoetickych prekurzori kostni diené a jejich vyvoj i
preziti reguluje receptor CD117, ktery exprimuji na svém povrchu. Obsahuji 50-200 rizné
velkych silné bazofilnich granul ohrani¢enych membranou, které obsahuji heparin,
chondroitinsulfat, histamin, hydrolytické enzymy ¢i neutrdlni protedzy. Pro vsechny
mastocyty je specificka proteaza tryptaza (Bot 2015, Krystel-Whittemore 2016, Marichal
2013). Mastocyty Syntetizuji cytokiny, ristové faktory a derivaty kyseliny arachidonové, jez
se podileji na rozvoji ¢asné i pozdni tkanové odpovédi. Stavaji se funkénimi hned po
prestupu do tkani. Jejich aktivace a degranulace je zpisobena napf. vazbou s antigeny nebo
fyzikalnimi a chemickymi vlivy (Firestein 2016). Po degranulaci jsou schopny opétovné
regranulace a dalsi dlouhodobé existence (Dahlin 2015).

Mastocyty patii mezi nejvyznaméjsi efektorové bunky reakce piecitlivélosti ¢asného
typu, hraji zasadni roli pii zanétlivych onemocnénich, pii angiogenezi ¢i komunikaci mezi
nervovym a imunitnim systémem (Galdiero 2017). Patologicka akumulace mastocytd byva
pfitomna u celé fady onemocnéni véetné¢ nadortt (Gurish 2012) a patrné je i typickou
soucasti tkanové odpovedi na piitomnost kloubnich nahrad (Lennox 1987, Solovieva 1996).

Dendritické buiniky (dale jen DC) reprezentuji heterogenni subpopulaci
profesionalnich antigen prezentujicich bunék a nachazeji se témét ve vSech tkanich a

organech lidského téla. DC vychazeji zkostni dien¢ z pluripotentni kmenové bunky a
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vyskytuji se v nékolika funk¢nich a morfologickych stadiich. V nezralém stavu jsou DC
spise ovalné s hladkym bunéénym povrchem a krat$imi pseudopodiemi, maji nepravidelné
jadro a mala jadérka. Zral¢ DC maji nepravidelny tvar a dlouhé membranové vybézky, které
umoziuji dobrou pohyblivost a schopnost migrace.

Ve tkanich jsou DC v nezralé formé a maji vysokou schopnost fagocytozy i
makropinocytdézy. Na svém povrchu vystavuji antigeny s MHC komplexy, které pii absenci
kostimula¢nich molekul neaktivuji T lymfocyty. Tzv. semimaturované¢ DC jsou schopné
prezentovat antigen a fenotypicky jsou podobné zralym DC, avSak bez schopnosti aktivace T
lymfocytu (e Sousa 2006). K maturaci DC dochazi po vazbé antigenti na vlastni receptory,
DC ztraceji schopnost pohlcovat ¢astice a béhem 48 hodin dosahuji zralosti. Po 2-3 dnech
zahynou apoptézou a kontinudlné jsou dopliiovany z prekurzorli v kostni dieni, piip. z
monocytid. Zralé DC syntetizuji MHC proteiny, prozanétlivé cytokiny, kostimulac¢ni a
adhezivni molekuly, které ovliviuji migraci, proliferaci a diferenciaci imunitnich bungk,
fibroproliferaci i proteolyzu, sterilni zanét, aseptickou nekrozu ¢i apoptozu (Firestein 2016).
Vyssi Cetnost zralych DC v periprotetickych tkanich by mohla znamenat jejich aktivaci a

zapojeni do procesu aseptického uvolnéni.

2.5.3 Hypotézy

* Vice nez 24hodinovd fixace v 10% formalinu a odvapnéni tkéni nebrani
reprezentativnimu imunohistochemickému barveni periprotetickych tkani.

= Standardni laboratorni postupy jsou dostate¢né pro spolehlivou identifikaci DC a
mastocytul.

» K optimalnimu prikazu mastocytd jsou vhodngj$i imunohistochemické nez specialni
barvici metody.

» K imunohistochemickému prikazu DC postaci aplikace dvou zvolenych protilatek.

* Denzita mastocytli a DC je vy$8i u pacientil s asepticky uvolnénymi TEP nez u

kontrolni skupiny.

2.5.4 Specialni barvici metody k prikazu mastocytu

Pfi rutinnim barveni HE mastocyty splyvaji s pozadim a nejsou dobfe pozorovatelné.
K prikazu mastocyti lze pouzit metachromaticka barviva, nejcastéji thiazinova, napf.
toluidinova modf pii nizkém pH (fialova granula) nebo thionin (purpurova granula). Pfi
metachromatickém barveni je vysledny odstin prokazovanych slozek tkané odlisny od

odstinu pouzitého barviva. Granula jsou znazornitelnd také ortochromaticky (ton v tonu)
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kresylvioleti nebo Giemsovym barvenim a Vv obou piipadech jsou granula fialova. Mohou
vSak reagovat i s aldehydovym fuchsinem nebo alcianovou modii. V této studii byla pouzita
metachromaticka barveni: 1) metoda s pouzitim toluidinové modii (TM); 2) modifikovana
metoda Thionin-Luna (Luna).

Pracovni postup barveni toluidinovou modri:
1. Odparafinovani a oplach destilovanou vodou.
2. Barvici roztok toluidinové modti 30 minut.
3. Oplach destilovanou vodou, odvodnéni, projasnéni a zamontovani.

Vysledek barveni: granula mastocytd fialova, ostatni struktury modré.

Pracovni postup metodou Thionin-Luna:
1. Odparafinovani a oplach destilovanou vodou.
2. 0,6% vodny roztok thioninu 30 minut, oplach destilovanou vodou.
3. 0,2% vodny roztok kyseliny octové, diferenciace, kontrola v mikroskopu.
4.  Odvodnéni, projasnéni a zamontovani.

Vysledek barveni: granula mastocytll purpurova, pozadi Cisté.

2.5.5 Specialni barvici metody k prikazu DC

DC mohou v barveni HE morfologicky pfipominat makrofagy velkym ovalnym
jadrem. Nékdy vykazuji tzv. perinukledrni halo, které je zpiisobeno sraZzenim cytoplazmy
béhem histologického zpracovani tkané. V zakladnim barveni HE vSak neni mozné DC
spolehlivé odlisit od jinych buné&¢nych populaci. Ani impregnacni ani histochemické metody
nejsou pro DC dostatecné specifické, protoze znaci také napf. melanocyty ¢i makrofagy.
Jedinou vhodnou volbou jejich prikazu ve tkanovych fezech je proto imunohistochemie.

2.5.6 Imunohistochemické metody priukazu mastocyti a DC

Podstatou imunohistochemickych metod k prikazu mastocytil je zndzornéni jejich
receptorit €1 granularnich mediatorG. Lze pouzit protilatky proti proteazam (tryptaza,
chymdza) nebo proti exprimovanym antigenim (napf. CD117, CD203c). Ve studii byla
aplikovana polyklonalni protilatka Polyclonal Rabbit Anti-Human CD117 neboli c-kit (dale
jen CD117) a Monoclonal Mouse Anti-Human Mast Cell Tryptase (dale jen tryptaza).
CD117 je znama také jako tyrozin kinadzovy recepor, ktery lze detekovat v hemopoetickych

kmenovych bunikach, mastocytech, melanocytech, Cajalovych buiikach, bazalnich bunikach
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ktze a epitelu prsnich duktl. Tryptdza je enzymatickou vybavou vSech lidskych mastocyta,
a je proto vysoce specificka (http://www.agilent.com/en/dako-products).

Vybér vhodné protilatky pro identifikaci DC nebyl jednoduchy, protoze fada
protilatek neni vhodna na imunohistochemii v parafinovych fezech nebo neni specificka
pouze pro DC, které¢ sdili nékteré znaky s ostatnimi imunitnimi buiikami. Na zaklad¢
zkusenosti z praxe byla zvolena protilatka Polyclonal Rabbit Anti-S100 (dale jen S100) a
Monoclonal Mouse Anti-Human CD1a (dale jen CD1a). CD1a exprimuji nezralé dendritické
a Langerhansovy buniky. S100 protein exprimuji Langerhansovy a dendritické bunky, ale
také napt. fibroblasty.

Na 3-4 um silnych parafinovych fezech byla provadéna metoda nepiimé
dvoustupniové imunohistochemie (automat Ventana Benchmark XT, Ventana Medical
Systems, Inc.). Protilatky byly nafedény pomoci Antibody Diluent (DAKO, S2022) a pro
kazdou z nich byl optimalizovan barvici protokol (viz protokoly barveni a Tab. 9). Vysledna
exprese byla ve vSech ptipadech znazornéna hnédym zbarvenim prokazovaného antigenu
(reakce s 3,3 -diaminobenzidinem). Poté byly preparaty zamontovany v lepicim automatu
Tissue-Tek™ Film® Coverslipper (Sakura Finetek Europe B.V.).

Manualni protokol imunohistochemického barveni:
1.  Odparafinovani a oplach destilovanou vodou.
Blokovani endogenni peroxidazy v 3% peroxidu vodiku 10 minut.
Oplach destilovanou vodou 3x5 minut.
Odmaskovani v pufru o pH 9 (DAKO S2367), 40 minut pti 99 °C a vychladnuti 20 minut
pti pokojové teplote.
Oplach pufrem PBS (pH 7,2-7,4) 3x5 minut.
Aplikace primarni protilatky, inkubace pii pokojové teplote.
Oplach pufrem PBS (pH 7,2-7,4) 3x5 minut.
Inkubace s N-Histofine Simple Stain MAX PO (Exbio 414154F) 30 minut pii pokojové
teplote.
9. Oplach pufrem PBS (pH 7,2-7,4) 3x5 minut.
10. Vizualizace chromogenem Histofine DAB 3Skit (Exbio 415194F) max. 10 minut,
kontrola v mikroskopu.

> w
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11. Oplach destilovanou vodou 5 minut.
12. Barveni jader v Gillové hematoxylinu 1 minutu.
13. Zmodréani jader v pramenité teplé vodé 10 minut.

14. Odvodnéni, projasnéni a zamontovani.
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Pracovni protokol pouZity v automatu Ventana BenchMark XT s detekéni soupravou
iIView DAB Detection Kit:

1. UloZeni osusenych parafinovych fezi do piistroje.
2. Odparafinovani v EZ 75 °C 8 minut.
3. Odmaskovani antigenu CC1 standardni.
4. Aplikace primarni protilatky pii 22 °C, délka inkubace individualni.
5. Barveni jader Hematoxylinem II 8 minut.
6. Inkubace s Bluing reagent 4 minuty.
Primarni Vyrobce, Cil detekce  Redéni Inkubace  Pozitivni exprese
protilatka klon
Mast Cell DAKO mastocyty 1:400 32 minut hnédé zbarveni
Tryptase klon AA1 cytoplazmatickych granul
CD117 DAKO mastocyty 1:100 32 minut hn&dé zbarveni
polyklon cytoplazmy/bunééné membrany
S100 DAKO DC 1:600 16 minut hnédé zbarveni
polyklon jader a cytoplazmy
CDla DAKO DC RTU 32 minut hnédé zbarveni
klon 010 cytoplazmy/bunééné membrany

Vysvétlivky: RTU = ready-to-use, k pfimému pouziti. Pozn.: jako pozitivni kontrola byla u téchto protilatek pouzita kize.

Tab. 9 Specifikace pouZitych protilatek.

2.5.7 Histologické hodnoceni

Identifikace DC byla zalozena na pozitivni expresi specifickych antigenti a dale na
jejich nezaménitelnych cytomorfologickych znacich. Pfitomnost mastocytt byla potvrzena v

ptipadé€ pozitivnich granul ve specialnich barvicich i imunohistochemickych metodach.

2.5.8 Vysledky

Specialni metody TM i Luna znazornily granula mastocytt (Obr. 37-38), ale jejich
pozorovani v optickém mikroskopu bylo naro¢né na cas. Celkové pocty mastocyti byly
vyrazné niz§i ve specidlnich nez v imunohistochemickych metodach (Obr. 39-40).
Zajimavym zjisténim byla rozdilnd exprese tryptazy a antigenu CD117 u mastocytd, kde
vyrazné dominovala tryptaza (Tab. 10-11).

Exprese S100 byla vyjadfena rizné intenzivnim hnédym zbarvenim jader a
cytoplazmy DC (Obr. 41). I pies optimalizaci barviciho protokolu se v této metodé slabé
ptibarvovala cytoplazma n¢kterych makrofagt (Obr. 42). Pozitivni exprese CDla byla
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interpretovana v piipadé hnédé zbarvené cytoplazmy a/nebo bunééné membrany DC (Obr.
43) a byla nizsi nez exprese S100 proteinu.

Vztah pifitomnosti otérovych castic, polypozné utvarené SLIM a denzity tkanovych
mastocyti byl shledan jako statisticky vyznamny. V ptipad¢ denzity DC byl stejny vztah na
hranici signifikance. Déle se ukézala slaba pozitivni korelace mezi piitomnosti DC (S100%) a
mastocytll (tryptaza’). Zaplava pozitivnich DC i mastocytti doprovéazela nekrotické okrsky
s nakupenim mastocyti kolem cév. Zadné dal§i vyznamné asociace prokazany nebyly. Vice

uvedeno v Piiloze 3.

pacient Tryptaza CD117 S100 CDla pacient Tryptaza CD117 S100 CDla

1 61 5 74 10 20 38 14 22 0
2 75 13 47 11 21 63 34 18 0
3 62 8 36 1 22 37 49 31 0
4 8 1 196 190 23 140 63 120 0
5 43 19 20 7 24 106 73 13 0
6 141 21 48 0 25 38 5 53 0
7 165 26 110 1 26 75 63 53 0
8 98 22 65 15 27 32 17 9 0
10 152 19 42 1 28 37 11 71 0
11 37 11 16 0 29 53 40 140 0
14 37 0 41 0 30 39 19 25 0
15 21 17 27 0 31 42 13 60 10
16 49 7 69 12 32 41 25 39 0
17 32 46 39 0 40 12 1 6 0
18 58 37 34 0 41 40 2 8 0
19 40 22 31 0

Tab. 10 Kvantifikace bunéénych populaci v imunohistochemickych metodach. V tabulce jsou
vyjadieny primérné hodnoty absolutniho poétu bun¢k ve 20 HPF u jednoho pacienta, kde byly vzdy
provedeny a hodnoceny 2-3 preparaty z kazdé metody.

Prokazovany Primérny pocet Nejvyssi pocet Nejnizsi pocet
marker bunék ve vzorcich bunék v jednom bunék v jednom
jednoho pacienta preparitu prepariatu
VySetifovani ~ Kontrolni ~ VySetfovani  Kontrolni ~ VySetfovani  Kontrolni
pacienti skupina pacienti skupina pacienti skupina
Tryptaza 60 124 195 183 5 74
CD117 22 106 85 170 1 61
S100 50 3 327 10 1 2
CD1la 8 - 420 2 0 0

Tab. 11 Zastoupeni bunéénych populaci ve vySetifovaném a kontrolnim souboru.
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Obr. 38 Granula mastocyti fialové zbarvena v metodé TM, pacient ¢. 4, 400x.
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Obr. 40 Pozitivita mastocyta (hnédé zbarveni cytoplazmy), zietelna uvolnéna granula v blizkosti
mastocytll (degranulace), pacient ¢. 8, Tryptaza 400x.
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Obr. 41 Pozitivni exprese proteinu S100 dendritickymi buiikami (hnédé zbarveni cytoplazmy),
pacient ¢. 23, S100 400x.

Obr. 42 Piibarvena cytoplazma makrofagi Vv imunohistochemické metodé S100 k prikazu
dendritickych bunék, pacient ¢. 31, S100 400x.
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Obr. 43 Pozitivni exprese CDla Vv dendritickych buiikach (bila Sipka), drobna ¢erna granula
predstavuji kovovou debris. Obrovskobunééna reakce KCT (Cervena Sipka), pacient ¢. 16, CDla
200x.

2.5.9 Diskuze

Specialni barvici metody k prikazu mastocytit jsou ptinosné a pouzitelné, ale pro
kvantifikaci v optickém mikroskopu se ukazaly jako méné¢ vyhodné. Z vysledku
imunohistochemie vyplyva, ze k identifikaci mastocyti je nejlepsi volbou protilatka proti
tryptaze. Ta byla k detekci mastocyti v periprotetickych tkanich pouzita spolec¢né s
chymazou uz v minulosti (Solovieva 1996). Ac¢koli Qu (Qu 1995) poukazal na to, Ze tryptaza
je Iépe detekovatelna in situ hybridizaci nez imunohistochemicky, Ize imunohistochemické
vysetfeni povazovat za nejlepsi nastroj pro srovnani histomorfologického obrazu, distribuce
a denzity konkrétnich buné€k v periprotetickych tkanich.

Pro identifikaci DC neexistuje konkrétni imunohistochemicky marker, protoze jejich
fenotyp se s rostouci zralosti méni. Mikroskopicky jsou DC charakterizovany na zakladé
klicovych cytomorfologickych znakli a pfitomnosti ¢i absence celého spektra molekul. K
detekci DC lze vyuzit protilatky zaméfené na povrchové, sekre¢ni, kostimula¢ni molekuly,
rastové  faktory nebo  jejich  receptory. Pro  reprodukovatelné¢  vysledky

imunohistochemického vysetieni je vSak naprosto zdsadni spravny vybér protilatky. Ve
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vySetifovaném souboru vykazovaly DC pozitivni expresi proteinu S100 i antigenu CDl1a,
avsak protilatka proti S100 proteinu se ukazala jako mnohem spolehlivéjsi.

B¢éhem hodnoceni nékterych fezli byla intenzita exprese sledovanych antigent
rozdilnd v manudlnim a automatizovaném barveni. Pfebarvené pozadi a pfibarvovani
makrofagi bylo mozné sledovat prevazné u manualné zpracovanych vzorkl s piitomnosti
aseptické nekrozy a okolni zaplavou makrofaghh a DC. To mohlo byt také zptisobeno napf.
delsi inkubaci v nékterém z kroki barviciho protokolu nebo odchylkami v manualnim a
automatizovaném barveni. Pouze zfidka se objevila intenzivnéj$i barevna reakce a lepsi
Cistota pozadi ve prospéch automatizovaného zptsobu provedeni metody. Tento fakt vSak
nemé¢l vliv na vysledné hodnoceni a kvantifikaci bunéénych populaci a obecné Ize vysledky
manualnich i automatizovanych protokold hodnotit jako srovnatelné. Pokud to tedy dovoli
technické a finanéni moznosti pracovisté, je idealni provadét imunohistochemii v automatu
optimalizovanym protokolem pro konkrétni typ tkané i pouzité protilatky.

Nepodkrocitelnou podminkou dobrych vystupii imunohistochemie je dodrzeni
preanalytické faze, zejm. okamzita fixace a zastaveni autolytickych procesii. Fixace a jeji
vliv na imunohistochemii jsou dlouhodobé¢ diskutovany a nazory autort se 1isi. Optimalni
doba fixace by méla trvat 6-24, piip. 36 hodin v zavislosti na velikosti a typu vzorku (Grizzle
2001, Leong 1989, Nenutil 2013, Sathyanarayana 2015). Fixace krat$i neZ 6 hodin a delsi
neZ 72 hodin miZe sniZovat intenzitu exprese prokazovanych znakl. Delsi doba fixace mlze
zhorSovat viditelnost detailti, ale nemusi byt natolik ovliviiujici, pokud se pfi optimalizaci
protokolu podaii nastavit adekvatni odmaskovani a dalsi pfipravu pted inkubaci s primarni
protilatkou. Podle nékterych autorti fixace v rozsahu 24-72 hodin neovliviiuje kvalitu
vysledkt imunohistochemie (Goldstein 2003, Sathyanarayana 2015), coz se potvrdilo i v
této studii. Hlavni a negativni vliv na kvalitu vysledku ma pfedev§im autolyza zplsobena

nespravnou nebo nedostatenou fixaci tkané.

2.5.10 Zavér

=  Z vysledkl vyplyva, ze 24-72 hodinova fixace v 10% formalinu nebrani provedeni
ani neovliviiyje kvalitu imunohistochemickych metod. I pfi odvapnéni tkani jsou
vysledky imunohistochemie velmi dobré, avSak pfipravit reprezentativni fezy a
zajistit jejich adhezi na podloznich sklech mize byt v nékterych ptipadech znaéné
obtizné. Pro ti€ely imunohistochemie je Zadouci vybrat tkanové bloky bez kalcifikaci
a vétsSich otérovych castic, které jsou béhem zpracovavani kritickym faktorem pro

zachovani celistvosti fezu.
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=  Spravné oznacené a fixované periprotetické tkané splituji kritéria pro histologické
vysetfeni. Rutinni laboratorni postupy zpracovani tkani na Ustavu patologie Fakultni
nemocnice Ostrava jsou vyhovujici pro aplikaci specialnich barvicich a
imunohistochemickych metod.

* Pii hodnoceni mastocytll v preparatech nabarvenych specialnimi metodami Luna a
TM se ukéazalo, ze vysledky téchto metod nejsou pro identifikaci a piesnou
kvantifikaci mastocyti v parafinovych fezech natolik uspokojivé jako vysledky
imunohistochemického barveni. Spolehlivou detekci mastocyti  umoziiuje
imunohistochemicky priikaz tryptazy.

*  Ob¢ vybrané protilatky k imunohistochemickému prikazu DC byly zhodnoceny jako
uzitecné. K detekci DC v periprotetickych tkanich je vice specificka protilatka proti
S100 proteinu. Prikaz CD1a nelze povazovat pro dalsi zkoumani v této oblasti za
pfinosné. Pro hlubsi objasnéni tlohy DC v procesu aseptického uvolnéni je tieba se
zaméfit nejen na dals$i povrchové, sekre¢ni a kostimulaéni molekuly, ale také na
syntetizované produkty, napt. ristové faktory nebo cytokiny. Zajimavé vysledky by
mohlo pfinést barveni zaméfené na vzijemné vztahy DC a jinych bunéénych
populaci.

* Denzita mastocyti byla mnohem vyss$i u kontrolniho souboru nez u souboru
pacientl. Toto zjiSténi ukazuje na to, Ze mastocyty zastdvaji vyznamné&j$i roli pfi
rozvoji a prubéhu artrézy nez u aseptického uvolnéni. Naopak denzita DC byla
vyznamné vyS$§i ve vySetfovaném souboru, coZ by mohlo znamenat jejich zapojeni v
procesu aseptického uvolnéni. U mastocytti i DC je zapotiebi pouziti SirSiho spektra
imunohistochemickych metod v rdmci bézné 1 simultdnni imunohistochemie pro
ziskéani ptehledu o denzité, distribuci a vzajemnych vztazich bunck zapojenych do

tkanové reakce provazejici aseptické uvolnéni.

2.5.11 Prinos pro praxi

K rutinnimu imunohistochemickému prikazu DC v periprotetickych tkénich je
nejvhodnéjsi pouzit protilatku proti S100 proteinu a k prikazu mastocyti protilatku proti
tryptaze. V dalSim vyzkumu by bylo Zadouci zaméfit se na vzijemny vztah bunck
imunitniho systému a patomorfologickych projevii tkanové odpovédi. Ten bude vhodné
sledovat pomoci simultdnni imunohistochemie zalozené na postupné aplikaci dvou nebo tii

protilatek na jeden tkanovy fez.
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2.6 Shrnuti zavéra jednotlivych studii

Ackoli je vseobecné znamo, ze otérové Castice indukuji asepticky zanét a osteolyzu
aktivaci celé fady bunék, histologické vysetfeni véetné imunohistochemie je jednou
uvolnéni stdle co nabidnout. Identifikace dalsich doposud nepopsanych markera
Vv histologickych fezech muze pfispét K hlubs§imu rozpoznani vzniku a vyvoje
aseptického uvolnéni. Pro pochopeni a osvétleni imunitnich déji v rdmci aseptického
uvolnéni je zadouci aplikace Simultanni imunohistochemie s vyuzitim novych
protilatek zaméfenych nejen na bunééné markery, ale i na dalsi specifické proteiny
imunitnich bun¢k a signalnich drah.

Studium variability tkanové odpovédi ukazuje, ze topografie tkaniové odpovédi se
sice mize Vv nékterych parametrech liSit, avSak statistické analyzy neobjevily
vyznamné rozdily. Pfi extenzivnim vySetfeni vzorkli jednoho pacienta muize byt
heterogenita histopatologickych zmén ovlivnéna zpisobem odbéru, fixaci, postupy
béhem laboratorniho zpracovani i subjektivnimi odchylkami p#i hodnoceni. Béhem
histologického vysetfeni periprotetickych tkani bylo dale potvrzeno, ze tkanova
odpovéd’ mezi pacienty s asepticky uvolnénou TEP ma v $ir§im métitku obdobny
charakter.

Pro standardni detekci mastocytd je nejvhodnéjsi imunohistochemicka metoda
zalozena na prikazu tryptazy. K identifikaci dendritickych bunék v periprotetickych
tkanich Ize doporucit aplikaci protilatky proti S100.

Denzita mastocytti i DC v periprotetickych tkanich byla dostateéné vysoka na to, aby

se stala namétem dalSich a rozsahlejsich histologickych studii.

72



2.7 Summary

Although it is widely known that wear particles induce aseptic loosening and
periprosthetis osteolysis by activating a wide range of cells, histological examination
including immunohistochemistry, is one of the most important diagnostics methods
in evaluation of the causes of total joint replacement failure, and has aseptic release
research still to offer. Identification of other previously unpresented markers in
histological sections may contribute to a deeper recognition of the origin and
development of aseptic loosening. In order to understand and illuminate immune
events as part of aseptic loosening, it is desirable to apply simultaneous
immunohistochemistry using new antibodies directed not only to cell markers but
also to other specific immune cell proteins and signaling pathways.

Tissue response variability study shows that tissue response topography may differ in
some parameters, but statistical analyzes did not reveal significant differences. In the
extensive examination of single patient samples, the heterogeneity of
histomorphological changes can be influenced by the way of retrieving, fixation,
laboratory procedures, and subjective differences in the microscopic evaluation.
During histological examination of periprotective tissues it was further confirmed
that the tissue response between patients with the aseptic loosened implants has a
similar character.

For the standard detection of mast cells, the most suitable immunohistochemistry
method is based on tryptase detection. To identify dendritic cells, S100 antibody has
proven to be more effective and reliable.

The density of mast cells and DC in periprosthetic tissues was high enough to
become an subject of larger histological studies.
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2.8 Seznam pouzitych zkratek

ALTR
ARMD
AU
DC
DNA
HE
HEV
HPF
IL
KCT
M-CSF

MoM
MoP
OPG
PCR

PE
PPOL
RANKL

RNA
SLIM

TEP
TGF-B
THA
TKA
TLR

™
UHMWPE

nepiizniva lokalni tkdnova reakce (Adverse Local Tissue Reaction)

reakce na kovové Castice (Adverse Reaction to Metal Debris)

aseptické uvolnéni

dendriticka buiika (Dendritic Cell)

deoxyribonukleova kyselina

hematoxylin-eozin

venuly s vysokym endotelem (High Endothelial Venules)

zorné pole s vysokym zvétSenim (High Power Field)

interleukin

reakce kol cizich téles

faktor stimulujici kolonie makrofagt

(Macrophage Colony Stimulating Factor)

implantat parovany kov-kov (Metal on Metal)

implantat parovany kov-polyetylen (Metal on Polyethylen)

osteoprotegerin

polymerdzova fetézova reakce (Polymerase Chain Reaction)

polyetylen

periproteticka osteolyza

ligand pro receptor aktivatoru nuklearniho faktoru kB

(Receptor Activator for Nuclear factor Kappa B Ligand)

ribonukleova kyselina

membrana vytvarejici

se kolem endoprotézy piipominajici

(Synovial-Like Interface Membrane)

totalni endoprotéza

transformuyjici riistovy faktor beta

totalni endoprotéza kycle (Total Hip Arthroplasty)

totalni endoprotéza kolene (Total Knee Arthroplasty)

Toll-like receptor

toluidinova modf

synovialis

vysokomolekularni polyetylen (UltraHigh Molecular Weight PolyEthylene)
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Aseptic loosening and osteolysis are the most frequent late complicarions of total hip arthroplasty (THA)
leading to revision of the prosthesis. This review aims to demonstrare bow histopat hological stixties con-
tribute to our understanding of the mechanisms of aseptic looseningjosteolysis development. Only stied-
les analysing periprosthetic tissues retreved from falled implants in humans were included. Data from
101 studies (5532 patients with fallure of THA implants) published in English or German between
1974 and 2013 were included. “Control™ samples were reported in 45 of the 101 studies. The most fre-

:mﬁ:mms quently examined tissues were the bone-implant interface membrane and pseudosynovial tissues. His-
Ostealysis topathological studies contribute importantly to determination of key cell populations underying the
Tatal hip Mological mechanisms of aseptic kosening and ostealysds. The stud les demonstrated the key molecules
Tissue analysis of the host response at the protein level (chemokines, cytokines nitrk oxide metabalites, metallop rotein-
Immumastaining ases) However, these studies ako have important limitations Tissses harvested at revision surgery
reflect specifically end-stage Gillure and may not adequately reveal the evolution of pathophysiological
events that lead to presthetic boosening and osteolysis One possible solution & to examine tisswpes har-
vested from stable total hip arthroplasties that have been revisad at various time periods due to disloca-

tion or periprosthetic fracture in multicenter studies.
© 2014 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
1. Introduction aseptic loosening accompanied by osteolysis [4]. Since the pioneer-

ing work of Willert et al. |5.6], there has been a tendency to asso-

It is estimated that about two million total hip arthroplasties
(THAs) are performed worldwide each year and projections of ris-
ing demand are reported at least for the USA | 1]. However, some
THAs fail during the period of service and require revision surgery,
which is more expensive than the primary operation and brings
less satisfactory outcomes and increased risk for complications
| 2,31 This causes a significant economic impact on the health care
system. Therefore, understanding current failure mechanisms of
primary THAs and espedally the potential for prevention are
crucial

Although instability, infection, pain and periprosthetic bone
fractures prevail as reasons for reoperation in the first five years
after an index surgery, the most frequent cause of late failure is

* (omrespanding author. Tel; <420 S884473548; fax: +420 58844548
E.mail addrexs: jingzllo@volnycz (). Gallo)

hitp: dx doiorg M1 01016/ axthio 201402003

1742-7061)® 2014 Acta Materiaha Inc. Published by Elsevier Ll All rights reserved.

ciate these late complications with a local tissue response to large
numbers of tiny particles generated from bone cement and articu-
lating/non-articulating surfaces of THA. Small particles are phago-
cytased by macrophages or stimulate cells in 2 non-phagocytic
manner. These cells then release pro-inflammatory molecules that
trigger pathways influencing the osteodast—osteoblast coupling in
bone multicellular units |7.8 . Particle-associated dysregulation of
osteodast-osteoblast coupling in favor of osteoclasts over-weight
leads eventually to net bone resorption at the bone-implant inter-
face. In support of this concept, studies have demonstrated inflam-
matory and osteolytic responses after celjorgan aulture
stimulation by polymethylmethacrylate, polyethylene and tita-
nium particles [9-15].

Immediately after the surgery, mechanical factors influence the
development of the bone-implant interface. These are associated
with intermittent loading of the artifidal hip during daily living
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activities, and later with hydrodynamics of the antifidal joint fluid
creating significant pressures in the adjacent tissues. From some
time pastoperatively, biological and mechanical pathways interact
together, creating conditions appropriate to perprostheticosteoly -
sis and aseptic loosening. We have previously described these pro-
cesses in detail [16,17). Here, we summarize current evidence
derived from analyses of tissues retrieved during the reoperation
of THA performed due to aseptic loosening and periprosthetic
osteolysis.

2. Search strategy and rules for evaluation

We included all research studies that examined human peri-
prosthetic tissues retrieved either during the THA surgery or
post-mortem using histopathological examination and immuno-
staining. Further, we used articles and resources focusing on this
issue One of the authors {J.V.) searched for potentially relevant
studies in the PubMed database. Articles published between Janu-
ary 1974 and June 2013 were identified with the keywords and
medical subject heading terms “aseptic loosening” and “peripros-
thetic osteolysis™ and “total hip arthroplasty™ and “bone lass” or
“immunohistochemistry™ or “cytokines” or "RANKL" or “hypersen-
sitivity” or “apoptosis” or “intedeukin” or “infection™. We re-
viewed all of the retrieved articles and extracted relevant data,
which we incomporated in tables in the Excel 2010 software pack-
age { Microsoft). Although 223 articles were identified, 82 were ex-
duded (Tzble 1, Fig. 1) because they lacked data about
histopathological examination of retrieved tissues. In agreement
with recent requirements for research in biomedidne, data should
be considered preliminary until replicated by a different center.
Therefore, all molecules, pathways and cell groups reported only
in an initial histopathological study were stated as being prelimin-
ary, while those also featuring in a replication study were consid-
ered as proven

3. Results

Data from 101 studies (5532 patients with failure of THA im-
plants) published between 1974 and 2013 were included. “‘Con-
trol” samples were reported in 45 of the 101 studies.

3.1. Methods used for investigation of periprosthetic tissues

The retrieved tissues (or derived celljorgan cultures) were stud-
ied histologically and histochemically, especially using immuno-
staining or molecular biology methods. Another set of methods
aimed to detect the prosthetic partides. The aims of all of these
investigations were: (i) to distinguish between septic and aseptic
THA failures; (ii) to detect prosthetic by-products in periprosthetic
tissues; (iii) to analyze cell/tissue structure; and {iv) to detect the
signaling proteins and proteolytic enzymes in the periprosthetic
tissues.

Table1
The sanple size of stdies.

Na of patients
<20

21-5%0
51100
101150
151-200
201-300
301-551

of studies

UI\IUU‘IDB& i

3.2. Protocols for tissue processing

Some authors examined results from celljorgan cultures
derived from perprosthetic tissues |18-22], but their results
were excluded because we focused on direct histopathologic
examinations of the periprosthetic tissues, These were processed
post-operatively using approximately 5-6 pm thick frozen tissue
sections (41 of 101 studies) or 3-10 ym thick paraffin-embedded
tissue sections (45/101 ), or both methods( 10/ 101). Methylmethac-
rylate-embedded sections were used in seven studies |523-28],
and a further two studies did not report the methodology
|29,30]. Mostly, the sections were cut from periprosthetic tissues
fixed immediately after harvesting in 10% buffered formalin and
then embedded in paraffin (formalin fixed, paraffin embedded;
FFPE), or were prepared as freshly frozen sections in the cryostat.
The sections were stained for comprehensive microscopic evalia-
tion after hematoxylin-eosin staining. For precise demonstration
of the specific molecular components within the cells and in the
proper tissue context, spedal histological stains (Table 2) and
immunostains were used (Figs. 2 and 3).

Different staining methods and molecular and cellular biology
techniques were used The most frequently used methods capable
of identifying specific RNA or DNA molecules are polymerase chain
reaction (PCR) and in situ hybridization (ISH). Some authors also
used PCR to detect bacterial DNA, or inflammatory cytokines and
other mediators. In most @ses, the results from the molecular
biology methods were compared to immunaostaining of the same
tissue samples |3132].

Immunostaining can specifically identify categories of cell
lineage and their regulatory molecules (pmoteins), and detect the
presence of specific antigens in cells with high sensitivity. The
immunostains used were based on the reaction between antigen
and primary and secondary antibodies, with one of them being
labeled with an enzyme (horseradish peroxidase alkaline
phosphatase, biotin), the fluorophore fluorescein isothiocyanate
|33.34] or tetramethylrhodamine isothiocyanate |34 )

Immunoenzyme protocols with many different principles were
applied for antibody-aided detection, induding: (i} the avidin-bio-
tin complex method |19.25,35-51}; (ii} the labeled streptavidin-
biotin method |32 33 52-59]; and (iii) the polymer-based detec-
tion method |60-67]. The presence of antigen was mostoften visu-
alized by chromogen 3,3-diaminobenzidine tetrachlonde, which
produces a brown reaction that can be seen with a light micro-
scope. Occasionally, a fast red TR salt {35], aminoethylaarbazole
|38] or fuchsine |3952], giving a red stain, or chmmogen, with
the blue-colored precipitate nitro-blue tetrazolium/5-bromo-
4<hlor-3-indolyl-phosphate |41], was used. Finally, sections
were counterstained with hematoxylin prior to mounting.

In some cases, double immunostains were used, which can
identify two sets of antigens inthe same section whenthe antibod-
ies are applied in sequence or at the same time. Some authors fol-
lowed an immunofluorescence staining protocol |38, 40506168,
while others preferred antigens labeled by enzymes
|38,48,50,61 68 69].

Histological analysis was mostly camied out at 2-500« magni-
fication, using a light or fluiorescence micmscope. Polarized light,
electron or transmission electron microscopy was used to identify
various sizes of wear particles and the intracellular pathology in-
duced by prosthetic by-products [70]. Polyethylene wear debris
is strongly birefringent in polarized light, unlike ceramic or metal
particles.

33. Distnction between aseptic and septic falure

This analysis is based on the detection of the number of poly-
morphonuclear neutrophil leukocytes (PMNs) in the examined
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tissues. The higher the number of PMNs observed, the higher the
probability that the examined tissue is affected by infection. Gen-
erally, the minimum criterion for infection is more than five PMNs
in five separate high-power fields, using 400 or 500« magnification
|71]. Others have proposed a criterion of 23 PMNs in 10 high-
power fields |72 In fact, the key prerequisite for accurate inter-
pretation is a very experienced pathologist, ideally blinded.

To identify PMNs, routine hematoxy lin-eosin staining {of poly-
maorphic nuclei) and immunostains using CD15 are performed on
FFPE or frozen sections. Using the dassification system of
Morawietz et al. (Table 3) [56), analysis of frozen sections has a
high correlation to results from FFPE specimens |73 ). Hence, the

intraoperative histological analysis of frozen sections is recom-
mended as a valid diagnostic tool for the prompt confirmation of
infection |[74-76 ). Although sensitivity of frozen sections can vary,
the specificdty of intraoperative examination is excellent
|73,75,76]. In addition. a number of studies examined the contribu-
tion of Gram staining to the diagnosis of prosthetic joint infection
|77,78]. However, the evidence for the routine use of this methodis
limited |79,80].

Some investigators have shown that “particle disease™ is more
likely when bacterial molecules are absorbed on the prosthetic
particles |81 . Participation of bacterial substances in the processes
of aseptic loosening can be demonstrated either by finding these
products (eg. teichoic acids, endotoxins, protein A} or signs of a
bacteria-specific host response in periprosthetic tissues. In favor
of this hypothesis, several studies have shown bacterial by-prod-
ucts, incduding bacterial DNA, in periprosthetic tissue homogenates
|82]. Additionally, septic membranes have a significantly higher
number of CD45+ leukocytes, while aseptic membranes show a
preponderance of CD68+ macrophages and histiocytes |57 69
However, tissues with low-grade infection can appear like tissues
retrieved from patients with aseptic loosening.

Bacteria and bacterial products have been found to cause up-
regulation of interleukin-1 receptor-assodiated kinase (IRAK-M),
which regulates toll-like receptor (TIR) signaling [51] Several
studies show that TLRs, sensors for detection of bacteria, are acti-
vated in periprosthetic tissues |57 83 |. However, microbe-oriented
sensors like TLRs, nudeotide-binding oligomerization-domain pro-
tein-like receptors, RIG-like receptors and AIM-2-like receptors are
stimulated not only by exogenous pathogens, but also by intrinsic
signals of tissuejcell damage serving generally as inducers of
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inflammation |84 . The detection of specific antibacterial proteins 3.4, Evidence for aseptic inflammatory response

secreted by innate immunity cells after contad with bactera

seems to be a promising appmach [85.86). Local tissue resident cells orchestrate the tissue response to
However, to date, no one study has analyzed the microbe-spe- prasthetic by-products via regulation of macrophage polarization

cific responses in aseptic periprosthetic tissues in detail. As a re- into an M1 or M2 phenotype, and balance between fibrocytes

sult, the histological evidence of the participation of bacteria in and fibroblasts | 16,87 . The foreign body response to wear debns

aseptic loosening and periprosthetic osteolysis is still considered and the abundance of macrophages and giant cells show a direct

insufficient relationship to the degree of bone resorption [374288)
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Polyethy lene particles smaller than 5-7 pm can be observed with-
in macrophages |42.47), while larger particdles induce a foreign
body giant cell reaction - with the amount of particles correlating
with the number of foreign body giant cells [19.32]. Generlly, tis-
with increased numbers of wear particles have the appear-
ance of foreign body granuloma | 19,66 69,88,.89].

Samples from osteolytic tissue show higher praliferative cellu-
lar responses, including predominantly macrophages, fibroblasts,
highly vascularized fibrous tissue with rare occurrence of PMNs
(Fig. 4) and high expression of inflammatary cytokines
|37 43889091). Histological findings show various differences in
the profiles of cell populations and biological mediators dependent
on the type of fixation and articulation bearings (Table 4), which
may reflect different mechanisms of aseptic loosening and osteol-
ysis [92-95]. The amount and distribution of T cells, and their spe-
dific role in aseptic loosening, were explained by the cytokines
which they produce, the mast important ones being interferon
(IFN}-y and interleukin (IL}-17. However, the former can also be

produced by other cells, such as natural killer T cells [39), and
IL-17A and IL-17F are also produced, for instance, by mast cells
{96). Much less is known about the other important cell types, such
as fibroblasts |97 ], mast cells [44,90], eosinophils, platelets, adipo-
cytes, vascular endothelial cells [98 ], lymphatics [60] and neurons
[99]. Several histological studies show that fibroblasts release
similar factors as macrophages |32 41 4248,5063,100,101).
Periprasthetic tissue was found to express increased levels of
pro-inflammatory cytokines such as tumor necrosis factor (TNF)-
o, IL-1a [L-14, IL-6, [L-8 and macrophage colony-stimulating factor
(M-CSF) | 18,42 88,102]. The most commaonly observed cytokines
expressed in periprosthetic tissue are IL-1f, [L-6 and TNF-2. Some
studies showed high levels of prostaglandin E2 (PGE;), inducible
nitric oxide synthase (iNOS) and other mediators of inflammation
in periprosthetic tissues |40 .66 |. Also investigated were regulators
of tissue homeostasis participating potentially in development of
osteolysis and aseptic loosening, such as vascular endothelial fac-
tors, [L-10 or tmnsforming growth factor (TGF)-f |95,103-106].
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Importantly, it was shown how wear debris up-regulates IRAK-M,
which plays a critical role in innate immunity and the down-regu-
lation of foreign body reactions [51].

In aseptic loosening, a periprosthetic membrane develops at the
interface between the implant and the bone bed. A wide variation
was observed in the macroscopic appearance of this membmane.
Many authors use the term “synovial-like interface membrane™
(SUM), while others prefer the term *“granulomatous tissue™
| 18,107,108 ]. The term “synovial-like™ simply refers to the pres-
ence of synovial lining on the interface membrane as a result of
the expansion of the “effective joint space™ |26]. Hyalumnan-con-
taining synovial fluid induces a connective tissue synovial lining
composed of macmphage-like type A cells and fibroblastdike ty pe
B cells [25]. The synovial-like membrane has a villous architecture
and contains three distinct zones: first, a layer adjacent to the im-
plant consisting of synovial-like cells supported by fbrovascular
tissue; second, a vastular layer composed of dense fibrous tissue
with sheets of actvated macrophages, foreign body giant cells,
polymorphomuclear leukocytes and a large accumulation of wear
debris; and third, the poorly vasmularized fibrous layer adjacent
to the bone, in part covered by osteoclasts and osteoblasts, and
showing signs of accelerated bone remodeling [42,90,109,110].

Together, these observations provide strong evidence that mac-
rophages and fibroblasts orches trate inflammatory, immunomodu-
latory and osteolytic pathways, leading to the formation of chronic
fibmsis and peripmsthetic osteolysis in aseptically loosened THA
Histopathaological studies have demonstrated a number of factors
typical of chronic inflammation and fibmsis, induding chemokines,
cytokines, nitric oxide metabolites and metalloproteinases.

3.5 Influence of biomaterial combinations on histology of
periprosthetic tissues

A number of studies investigated the spedfic biomaterial-
dependent variability in the peripmsthetic tissues trying to darify
how the type of prosthetic particles or jons (in the case of metal
components]influences the structure of periprosthetic membranes
| 18,24,93.94109,111-114]. However, the answer to this queston
is not straightforw ard because the status of periprosthetic tissues at
the time of revision is not simply a function of the prosthetic
particles |16]. Ther is some evidence for the difference
between polyethylene-on-zirconia-, CoCr-on-Colr- and cemmic-on-
ceramic-bearing materials not being substantial 1 year after
surgery |67 ] However, with the amount of particles and tissue
damage growing with time after surgery, a slightly wider spectrum
of histological findings has been observed even with identical
implants and in different areas of individual patients | 100,115].

Undoubtedly, the “non-material™ characteristiics of the particles
(their size, number, shape, charge, etc.] play a key role in the devel-
opment of histological findings, together with other factors not re-
lated to biomaterial particles, like the stability of an implant,
parameters of the effective joint space, the volume of joint fluid
and its pressure patterns [ 116,117) In relation to the latter, the
synovial lining layer develops at the sites in contact with fluid
and jor relative motion Taken together, tissues retrieved during
revision arthroplasty exhibit a relatively limited macros copic vari-
ahility, at least in terms of tissue color (basically metallic vs. non-
metallic), tissue consistency (ranging from rigid firm fibrotic to soft
fragile tissue) and volume (atrophy ws abundant hypertrophic
periprosthetic tissues). In this line, histopathological studies hawve
revealed a trend suggesting that there could be differences associ-
ated with particular biomaterial combinations in terms of inflam-
matory response (in relation to the presence of spedfic cell
populations, mediators, etc ), type of fbrosis, extent of tissue
necrosis or presence of apoptotic events (Table 4). For example
peri-implant tissues from cemented THA (a polyethylene cup and
a stainless steel or CoCr alloy stem) often consist of a dense fibmotic
tissue with variable areas of necrosis. With regard to the cellular
profile, macrophages predominate, together with fibroblasts and
myofibroblasts, followed by the scattered to frequent presence of
foreign body multinuclear cells and perivasoular infilkrates of lym-
phocytes [5,110]. Membranes retrieved from uncemented Colr or
ttanium alloy femoral components amre very similar. Both types
of membrane were compaosed of a dense fibrous tissue stroma with
a moderate to large number of macrophages and fibroblasts
90,104 | This is due at least in part tovery similar bearing materi-
als (here metal on polyethylene). Ceramic-on-ceramic THAs exhi-
bit very low wear rates, and ceramic wear particles also hawve
much lower specific and functional biological activity than poly-
ethylene particles [118] Therefore, under normal conditions (i.e.
without gross surface damage or fracture of ceramic components
associated with metallosis |, membranes taken from boosened cera-
mic-on-ceramic THA are genemlly hypotrophic in comparison to
the former ones and contain deeased numbers of mamophages
and lymphoplasmacytic cells, with the scattered presence of for-
eign body multinudear cells 94,112 ] Adverse meaction to metal
particlesfions is described elsewhere in this review.

36 Significonce of necrosiy'opop tosts reto eround aepioolly foiled
THA

Apoptosis can contribute to the resolution of inflammation, the
normalization of tissue turnover and the processes of cell renewal
accompanying tissue proliferation | 69,84 ). In contrast, insufficient
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apoptosis could contribute to the growth of granulomatous tissue
and prolonged production of proteolytic enzymes. In fact, a num-
ber of studies have shown apoptotic activity of various cells in
peri-implant tissues around loosened THAs [59,62 63,6669 The
low immunopaositivity of the apoptotic markers in fact correlated
with the degree of osteolysis, and with the proliferation of macro-
phages and fibroblasts |63 |. Importantly, the type of implant, and
the gender and age of patients did not influence the level of apop-
tosis or the number of T lymphocytes [61].

Apoptosis is characterized in hematoxylin-eosin staining by
dark eosinophilic and dense cytoplasm, dense purple condensation
of nuclear chromatin, DNA fragmentation and the formation of
apoptotic bodies, which are quickly phagocytosed by macrophages
or adjacent cells. Current studies were designed to identify the
intrinsic and extrinsic pathways of apoptosis by immunostaining
(Table 5). The strung expression of iNOS, cycloxygenase-2,
nitrmotyrosine, caspase-4, GRP78 and GADD153 was demonstrated
in macrophages | 66 .. Macrophages, giant cells and fibroblasts also
expressed important apoptotic regulators, induding p53 and BAK
(62}

Immunastaining of tissues from aseptic loosened THAs showed
DNA-cleaving active caspase-3 and pro-apoptotic BAK positive
macrophages, fibroblasts, giant cells and T lymphocytes [62.63)
The immunopasitivity of Fas ligand (FasL), which is able to bind
to its death receptor FasR, was found in macrophages, fibroblasts
and giant cells |62]. The precursor and active forms of caspase-1
(an interleukin-converting enzyme) were found in the macro-
phage-like, fibroblast-like cells and some vascular endothelial cells
in the synovial-like membrane | 101). Abroblasts showed caspase-
8 pasitivity located downstream from FasL and FasR, and no reac-
tion with caspase-6 |69.119]

TUNEL assays (TdT-mediated dUTP-biotin nick-end labeling)
@n be used to detect cells undergoing apoptosis. This method in
fact also detects necrotic cells in some cases because it extends
and labels the free terminal ends of the deaved deoxyribonudeic
acid. The results of TUNEL analysis suggest high numbers of apop-
totic macmphages in the interface membrane with metal and poly-
ethylene debris |66, but only a few TUNEL-positive fibroblasts in
aseptic loosening of cementless implants |69 On the other hand,
the anti-apoptotic marker Bcl-2 was not found in macrophages,
giant cells or fibroblasts [62,69].

Taken the above findings together, it appears that apoptasis
may be a key element in understanding the mechanism of aseptic
loasening and periprosthetic asteolysis.

3.7. Evidence for osteoclast-driven periprosthetic bone resorption

To determine whether osteoclasts play a key role in peripros-
thetic osteolysis requires their identification in areas of bone
resorption, together with a demonstration of increased concentra-
tions of the chemokines that can attract osteodast precursors and
promote their differentiation in the periprosthetic tissues. M-CSF

Table 5

histochemica analysis of

L s

Apoptotic markers FAS Ja3]

BAK [6243]

BAX 6254

TUNEL j66.69119]
cytochrame ¢ j66]
INOS jd066]
Nitrotyrasme | 2066 |
a3 [62)

Survivin |62]

B.cell CLlymphoma 2 (624685
XIAP (=]

inhibivars of apoptasis

has been detected in macrophages, fibroblasts and vascular endo-
thelial cells in periprosthetic tissues | 50]. High levels of receptor
activator of nudear factor kappa-B ligand (RANKL) were detected
in macrophages, multinucleated giant cells adjacent to wear parti-
cles and endothelial cells [38,39]. RANKL was also found in fibro-
blast-like stromal cells in periprosthetic tissues and soluble
RANKL was found to bind RANK" cells |34]. In another study, his-
tiocytes, multinucleated giant cells and fibroblast-like cells in the
membranous tissue expressed RANKL and TNF-x converting en-
zyme |32) Fibroblasts and macrophages also expressed IL-11,
which participated in osteoclast formation |48 |,

An oppasite role is played by osteoprotegerin (OPG), which can
down-regulate osteoclastogenesis by binding to and neutralizing
RANKL. OPG was reduced in the tissues located near failed im-
plants [38]. As a result, the RANKL/OPG ratio was increased in peri-
prosthetic tissues from sites with osteolysis and with a high
number of wear particles [345365).

Animportant role in the destructive bone process is attributed
to collagenases and other members of the matrix metalloprotein-
ase (MMP) family [46,120). The expression of collagenase-3
(MMP-13) was found in endothelial cells, macrophages and fibro-
blasts of the synovial-like membrane |41 |. Local mRNA expression
profile showed that MMP-1, -9, -10, -12 and -13 were strongly ele-
vated in aseptic loosening compared to controls; MMP-2, -7, -8,
-11,-14,-15,-16, -17 and -19 were moderately expressed, whereas
MMP-3 expression was lower and MMP-20 very low | 121]. Fur-
thermare, collagen degradation in periprosthetic tissue comrelated
significantly with the number of local MMP-1, MMP-13 and
cathepsin K-positive cells |54

Most studies report data on the cellular responses in soft peri-
prosthetic tissue, rather than in bone samples. A key histomorpho-
metric work in this field showed a high turnover in peripmsthetic
bone remodeling and immature bone formation amund loosened
cemented THA |27]. The total eroded surface was increased at
the implant-bone interface in loose compared to well-fixed im-
plants (14.7£ 5.1 vs. 98 £2.4%, p~-0027). However, the osteoid
surface was increased in @ses with loosening (25.8+ 8.7 vs.
168 £3.4% p -0.017). In addition, in loosened implants, the vol-
ume value of the mature mineral was low (546+ 129 vys.
806+ 10.0%, p <0.001), whereas the volume of low-mineralized
bone was increased (39.31 122 vs. 17.6 +9.1%, p < 0.001), which
might be related to the low pH and high cathepsin K values in
the interface membrane | 33| Shen et al. [45] examined specimens
of soft tissue and demineralized bone to analyze the phenotype of
cells associated with polyethylene panticles or the bone surface.
Expression of fi3-integrin and cakitonin receptors was predomi-
nantly found in cells associated with the bone surface, and their
activity rose after induction of cathepsin K and tartrate-resistant
add phosphatase (TRAP ). Although TRAP and cathepsin K are used
as markers of osteodast lineage, several studies detected high
activity of these enzymes in macrophages and giant cells located
at the bone-oriented surface of the interface tissue |[323345,52)

Taken together, there is growing evidence for the role of osteo-
clasts in periprosthetic osteolysis and aseptic loosening in THA. On
the other hand, the contribution of other cellsof the periprosthetic
bone multicellular unit to bone resorption still remains to be
elucidated

3.8. Evidence for localized delayed-type hypersensitivity reaction

Some authors believe that painful THA and aseptic loosening
could be explained, at least partially, by hy persensitivity to chem-
icals or metals used in the implant |[122-124]. Prosthetic particles
and metallic ions can indeed induce type IV hypersensitivity reac-
tions, as exemplified by allergic contact dermatitis overlying the
implant. However, the putative partidpation in tissue damage
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and eventually in implant loosening is currently unclear. Metal
ions, or haptens such as acrylates, primarily form covalent bonds
between the electrophiliccomponents of the hapten and the amino
acid nudeophilic side chains of the target proteins. This complex
then binds to the surface of dendritic cells, which migrate to the
draining local lymph nodes via the lymphatic vessels and present
the antigento T cells, leading to sensitization | 125 ] Memaory T cells
then migrate back to the site of the implant and cause an immune
reaction, in particular with (antigen-responsive) lymphocyte infil-
trates in the deep fibrous tissue and high endothelial venules for
lymphocyte recuitment from the ciroulation |[39,111,122126-
128 . Pertinently, direct non-peptide-dependent activation of TLRs
can also oocur with some metals [129]). If this lymphocyte-medi-
ated hypersensitivity response ocours in peri-implant tissues,
which are already affected by a chronic foreign body reaction, mul-
tinuclear foreign body giant cells or granulomas can also be seen
|123]. The typical histopathological picture in metal-on-metal
arthroplasties demaonstrates a layer of fibrin on the synovial lining,
granulomatous infllmmaton and conpectve tissue necrosis
| 111,130,131]. The widespread infiltration in areas of tissue necro-
sis has been described as adverse reactions to metal debris - met-
allosis participating at least partially in the development of
pseudotumors [30,132 ]

Key cell populations assodated with hy persensitivity indude
lymphocoytes and dendritic cells. The presence of large numbers
of ymphooytes forming perivascular cuffs and synovial ulceration
is called lymphooytic vasmlitis-assodated lesion (ALVAL)L and
demonstrates a lymphocyte-dominant delayed-hypersensitivity-
type immunopathological reaction The highest ALVAL score is
found in association with suspected metal hypersensitivity
| 20,111,132, The diffuse perivascular lymphocytic infiltration is
assocated with the presence of visible metal particles and aseptic
loosening | 89,13 3] Importantly, cell-mediated immune responses
have not been confimmed to be invobved in aseptc loosening in me-
tal-on-paolyethylene THAs |59.91] Other cell groups partcipating
in tissue hypersensitivity are mast cells and eosinophils. The for-
mer were detected in periprosthetic tssues less frequenty com-
pared to in contmol knee synovium, despite their being more
often degranulated in aseptic loosening |44 . However, mast cells
play a role in immediate type | hypersensitivity reactions, which
are characterized by Th2 skewing of the immune system, as seen
in the atopic disorders.

In summary, the concept of local hypersensitivity remains to be
proved in prospective studies with greater numbers of patients
with aseptic loosening of different implants. In addition, rigorous
standardized mles for tissue processing and interpretation of
immunostainings have to be established |108]. Motably, metal
hypesensitivity can be a secondary phenomenon due to inflam-
mation-based corrosion of the metal alloys.

3.9 Linitotions of histopatholopicd sudies of aseptic loosening and
periprosthetic osteolyas

The obvious limitations indude the origin and location of tissue
samples, the size of the observed groups, their homogeneity, at
least in terms of age, gender, primary diagnosis, type of implant
and type of samples { psendosynovial, interface membrane, osteo-
lytic tissue, etc.), and the lack of appropriate control groups. The
control samples involved in almost all studies are synovial tissues
from primary osteoarthritis taken before THAtotal knee arthro-
plasty surgery, rarely synovial tissue from around a well-foced
THA, tissues from mandibular or maxilla fractures or biological in-
growth  membranes 27,3138 .40 41 48505253 66,68, 88 90-
92,101,106,134]. The periprosthetic issue from deceased patients
with THA was also used [5,23 2461-63,130].

One important factor potentially influencng the results from
tssue analysis is the location of the harvested specmen [115]
Some studies report an increased cellular response in synovial-like
membrane of periprosthetic tissue and suggest that SLIM is the
best material available for histopathological analysis [50,73). How-
ever, some studies show that there is a large variability within the
sampled tissues even when the same kind of retrieved tissue is
sampled |42,115135). Discrepancies may be even in the single
sample [42)]. This points to the vast diversity in the process of asep-
tc lopsening even in a single patient, at least in terms of the cell
types and numbers present and the different levels of actvation
among cells, which may represent different stages of loosening in
different topological areas.

The process of harvesting tissue and the type of fixation play
crudal roles in the results of the diagnostic methods involved
|136-138]. The samples used for immunostaining may be frozen
and paraffir-embedded sections harvested right at the time of sur-
gery. Although FFPE sections are suitable for immunohistochemical
analysis of most antgens, many authors prefer snap-frozen cyostat
sections [25,33,3537-44,48,50,54,64,88,91 98, 100,101,106, 115,
126,139]. The prepamation of fresh-frozen sections takes less ime
than FFPE sections; moreover, the technique of processing is sim-
pler and the activity and epitope of antigens is better preserved.
However, the use of frozen sedtions also has disadvantages: (i)
the tissue morphology is not as dear as it is in the FFPE section;
(ii] the fresh tissue for other diagnostic purposes must be stored,
preferably at —70/80°C; and (iii) freezing must be done very rap-
idly to minimize the formaton of ice crystals. Immunostaining of
FFPE samples after defrosting may show incomect results and is
of low histomorphological walue. The tissue to be processed as an
FFPE sample must be fixed in buffered formalin immediately after
harvesting. The advantages of FFPE sections are: (i) applicability
to routinely processed material, even if it is stored for long period;
(ii) possibility of correlation with the morphologic parameters; and
(iii) workability even in decaldfied material (bone).

The critical factor for the interpretation of the results of immu-
nostaining is their validity and verfication of antibody specificity
and sensitivity |136,137,140). Despite the high popularity of
immunostaining, there are also potential limitadons with respect
to limited availability of some sensitve or spedfic antibodies to
the required antigens |136,137). These may be demonstrable by
PCR or ISH. Therefore, molecular technigues can provide superior
diagnostic information and should be used together with
immunostaining.

The results of immunohistochemical staining are mosty re-
ported qualitatively, though some spedfic antibodies and numer-
ous regulatory molecules require quantitative analysis | 141,142
Even though well-established criteria often exist for characteriza-
ton of individual cells under light microscopy, inter-individual
variation is also of concern. Computer-assisted analysis of digital
images might prove to be more reliable |141-143).

3.10. Directions of future research

0On the basis of the above limitations, one may speculate that
further models of the bone-implant interface and periprosthetic
tissues may be more descriptive of the mechanical and biological
processes responsible for integration and loosening of THA in
humans.

The clinical criteria for inclusion and excdusion of surgical cases
and specimens need to be further defined Other Factors contribut-
ing to aseptic loosening, such as mechanical factors and for implant
deficiencies, must be elucidated. The key problem lies in the com-
plexity of THA because a number of patent-, surgery- and implant-
related variables could potentally influence the stability of the
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THA, making the interpretation of the cause of failure difficult in an
individual case.

Further progress in developing valid control groups is needed
Samples from all patients with functional and stable THA could
be collected and offered for research, for instance, via international
collaboration (analogous to a tissue bank). If possible, samples
should be collected from both capsular and interface membranes,
Perhaps the optimal method for archiving of periprosthetic tissues
is deep-freezing, for future distribution to specialized centers of
excellence.

Research in fields related to material scence, biochemistry,
physiology, and cellular and molecular immunology could stimu-
late further investigation of periprosthetic tissues in terms of tar-
get cells, pathways and proteins. For instance, there is a lack of
information on the role of fibroblasts, mast cells, dendritic cells
and osteocytes, as well as lining cells of pseudosynovial membrane
in periprosthetic tissue homeostasis and aseptic loosening.

The mle of hypersensitivity and adverse tissue reactions to me-
tal debris in aseptic loosening needs further investigation. Arst, it
is necessary to identify the mechanisms of tolerance to metallic
implants induced in most patients with THA. Secondly, the evalu-
ation of hypersensitivity reactions should be based on more spe-
dfic morphologic criteria, using immunostaining and the analysis
of lymphocyte donality and spedificity and their cytokines, There
is a need to darify the role and presence of lymphocytes, their sub-
sets and products, The relationship between delayed lymphocyte-
mediated hy persensitivity reactions andin vivo and in vitro allergy
tests, such as cutaneous skin patch tests (eliciting skin induration/
lymphocyte infiltrates and erythema) or the ELISPOT test of
peripheral blood lymphocytes {(production of IFN-y or other rele-
vant cytokines), upon exposure to specific metals is extremely con-
troversial. More definitive proof would require the demonstration
of an oligoclonal (antigen- or allergen-driven) lymphocyte activa-
tion pattem locally in peri-implant tissues without any invitrocel-
lular expansion. This could be used to demonstrate discriminative
antigen-driven local expansion of antigen-specific T cells in sitw

4. Conclusion

Histology and immunaostaining of periprosthetic tissue have
contributed significantly to the knowledge of the mechanisms of
aseptic loosening and periprosthetic osteolysis. The key role of in-
nate immunity sentinel cells and their receptors has emphasized
the host response to prosthetic by-products and subsequent tissue
damage. Histology and immunostaining also contribute to the
understanding of the mechanisms of prosthetic integration vs,
the adverse outcomes assodated with chronic inflammation, fibro-
sis and allergy in the processes of periprosthetic tissue
maladaptation,

Limitations of histological analysis of retrieved periprosthetic
tissues include: (i) the heterogeneity in patient, surgeon and im-
plant characteristics; (ii) the inability to harvest tissues at different
stages of tissue maladaptation before aseptic loosening; (iii) the
lack of standardized sampling and processing methodologies;
and (iv) the absence of true control tissues {tissues loaded by im-
plant-related signals but without even early signs of tissue malad-
aptation). Further research in multiple specialized collaborative
centers could address these issues more effectively.
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Appendix A Figures with essential colour discrimination

Certain figures in this article, particularly Figs. 24, are difficult
to interpret in black and white. The full color images can be found
in the on-line version, at http:{/10.1016/j.actbio.2014.02.003
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Abstract The type of tissue response 10 implant by-products
can be determined by examination of periprosthetic tissues,
However, little is known about the most suitable location for
tissue sampling. The main goal of this study was to evaluste
the extent of variability in tissue response in relation to loca-
tion of tissue sampling, implant fixation, age and sex in total
joint arthroplasties with metal-on-polyethylene or ceramic-
on-polyethylene bearing peirs. We processed 236 histology
slides from 21 pstients end focused on the assoclstion
between the location of tissue samples and histological fea-
tures. The presence of the synovial hyperplasia showed a sig-
nificent associstion with the parnicular sampling site. A
higher density of high endothelial cell venules was seen In

the samples from around the joint, and polyethylene particles
were more sbundant in noncemented TJA but both findings
did not show statistically significant associstion with the
sampling site. The results showed & relatively small variance
in the tissue response to prosthetic by-products among tis-
sues sampled from the same patient. Our findings indicate
that tissue samples retrieved from similar distance from
around the TJA during the revision operation show compars
ble results of histological anslysis. © 2017 Wiley Periodicals, inc.
J Biomed Mator Res Part B: Appl Biomater 008: 000-000, 2017.

Key Words: total joint replacement, aseptic loosening, intrain-
dividual varisbility, interindividual variabifity, histology
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INTRODUCTION

Aseptic loosening is considered the most common late reason
for revision of total hip arthroplasty (THA) and total knee
arthroplasty (TKA).** The etiology of aseptic loosening is com-
plex and includes hiological and mechanical factors. One of the
principal contributors to late total joint arthroplasty (T]A) fail-
ure is chronic inflammatory reaction to wear particles® In addi-
tion, the type and extent of tissue response depends not only
on the amount, origin, size, and type of wear particles but also
modified by individual genetic factors*

Reliable histological analysis depends on the type and
quality of the examined tissues as well as on the anatomical
site of tissue sampling The tissue obtained from the inner
surface of the pseudocapsule and synovial-like interface
membrane (SLIM) seems to be appmopriate for the diagnosis
of prosthetic joint infection (P]l']‘56 as well as for the exami-
nation of the aseptic loosening features” ™ In addition, the
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periprosthetic nen-synovial mass resembling a tumor can he
employed as an adequate tissue for histological analysis*®

The typical histomorphological changes in periprosthetic
tissues include a predominance of diffuse macrophage infil-
trates in a fibrous stroma Interrupted with areas of lym-
phocytic accumulation, multinucleated giant cell formation,
tissue necrosis, and highly vascular tissue There are several
classifications of the histomorphological changes in the peri-
prosthetic tissue incduding adverse local tissue reactions
(ALTR) or adverse reaction to metallic debris (ARMD] in
case of aseptic fallure. A specific variant of tissue response
is called aseptic lymphocyte dominated vasculitis associated
lesion [ALVAL).'! The recent literature on this subject sug-
gests a3 more diverse nomenclature rather than that devel-
oped historically.****

Currently, there is a general consensus that mapping of
tissue samples is important for the outcome of histological
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examination Various locations of sampling can deliver dif-
ferent data depending on the material of the implant, exten-
sion/type of implant surface degradation, or reason for
revision However, no guideline exists addressing the quality
and management efficacy of the sampling in a particular
reoperation. On one side, it seems clear that the wider s
the range of samples taken from around a failed TJA, the
more accurate is the result of histological analysis. On the
other hand, such an extensive approach is time- and money-
consuming and thus precuding a wide-range implementa-
tion in dinical practice. In addition, the result of histopatho-
logical examination can be influenced by regional tissue
variations occurring in a particular patient.

The aim of our study was to describe the degree of vari-
ability of tissue reaction of samples retrieved from different
sites around an aseptically failled TJA in one patient and
compare intraindividual histopathological changes in terms
of the joint fixation method, age and sex.

MATERIALS AND METHODS
Subjects
Periprosthetic tissues were obtained from 21 patients reop-
erated for aseptic failure of TKA (n= 9) and THA (n=12).
Sampling was performed according to a standardized plan:
2 samples were taken from the inner part of a peripros-
thetic capsule ("site 17), 3 from tissues around the proximal
implant (that is, femora componentin the case of TKA; ace
tabular cup in the case of THA; “site 27) and 3 samples
were obtained from around the distal component (that is,
tibial component in the case of TKA; femoral component in
the case of THA; “site 37). In seven patients both THA and
TKA components were reimplanted while the original com-
ponents were left in two TKAs and in one THA The
implants had metal on polyethylene or ceramic on polyeth-
ylene (PE] bearings. Infected cases were excluded in all the
subjects according to a previously published algorithm"
The summary of the patients is presented in Table L

The study included Czech Caucasian patients operated
between November 2013 and November 2014 by a single
surgeon (JG). A written informed consent about the usage of
periprosthetic tissues for the purpose of this study was
obtained from each subject (Ethical Committee; reference
number 168/09).

Tissue samples processing
Immediately after the indsion of the knee/hip joint capsule,

a thin surface layer of the tissue covering the inner side of
the joint capsule was collected. Additional samples were
taken from an interface membrane between the implant and
bone depending on the locations described above. The sam-
ple side that was not in touch with an implant was covered
with the Davidson Marking System using the blue tissue dye
{Bradley Products, Inc).

Tissue preparation and histology stains

The retrieved tissues ranged from tiny to large samples.
Large tissue samples were cut during the gross description,
and the number of tissue blocks mnged between 7 and 39
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per case (Table IT). The tissues were formalin-fixed, paraffin
embedded, and 3 um sections were stained by means of the
hematoxylin and eosin method (H&E). All the H&E sections
were analysed at light microscopy, and 2 representative par-
affin blocks retrieved from each sampling site (n= 118)
were selected for subsequent analysis. The selection criteria
incduded the correct orientation of the tissue, adequate cel-
lularity and no extensive necrosis in the sample. If all the
blocks fulfilled our criteria, the blocks for further examina-
tion were selected randomly.

Immunohistochemistry

The 3 pm thick paraffin sections of selected paraffin blocks
(n=118) were used for immunohistochemical staining
Immunohistochemistry was performed In the automated tis-
sue staining system Benchmark XT (Ventana Medical Sys-
tems, Inc, Tucson, AZ USA) To detect mast cells, primary
antibody Monodonal-Mouse Anti-Human Mast Cell Tryptase
(DAKO, Cone AA1 dilution 1:100) was applied and the pos-
itivity was manifested by brown color granules in the cyto-
plasm of the mast cells.

Histomorphological evaluation

To determine the type of tissue response, the criteria by al.
in their later modification were used (Table II)."® Further-
mare, the sections were examined using a modified system
adopted from others.'®'” The protocol for the evaluation of
the histomorphological parameters in the periprosthetic tis-
sue samples is showed in Table IV.

Pathologists evaluated the presence of synovial hyper-
plasia, type of the synovial formation, extent of necrosis and
fibrosis, calcdifications, highly vascular areas, multinucleated
giant cells and distribution of lymphocytes. The presence of
macrophages, lymphocytes, neutrophils, eosinophils, plasma
and mast cells was assessed semi-quantitatively by grading
using a specific scale (Table V). The distribution, type and
size of particles were observed at conventional light micros-
copy. PE birefringent particles were detected under polar-
ized light; the others were distinguishable in H&E stain
Particle size analysis was performed using a 3-grade scale
(*small™: from 1 to 5 micrometers; “medium-size™: from 5 to
50 micrometers; “large™ more than 50 micrometers). The
metallic (T{ Co, Cr. Mo), cement, or ceramic (Al,03) debris
was identified without grading. Histomorphological changes
of SLIM were evaluated in three distinct histological zones
separately: (1) in the synovial-like lining; (2) in the cellular
subintima containing sheets of macrophages and multinucle-
ated giant cells; (3) in the fibrous layer with collagen fibers
around the surface.

Each slide was observed using an Olympus BX45 micro-
scope under high power field (HPF). Particular histological
parameters were analyzed semi-guantitatively in 20 HPF
[mast cells, eosinophils).

Statistical analysis
General trends explaining the variahility of the categorical
variahles of the data were assessed using the Multiple

NTRA-PATIEENT TESUE RESPONSE TO TUA HAS SMILAR APPEARANCE REGARDLESS OF SITE
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TABLE Il Histopathological Classification of the Synovial-Like Interface Membrane

The Revised Classification with Additional Pathologies (Krenn 2014)

Allergic alteration

Type |
Wear panicle induced

Lymphocytic infiltrate, positive allergy tests

Abundance of macrophages and multinuclear giant cells
Wear particles

COccaslonal small lymphocytes

+ Necrosis

Type ll
Infectious type

e il
(T:yo‘c)nbimd type

Type V
Indifferent type

Implant-associated arthrofibrosis
Osseous pathologles

Wear debris (metal-on-metal iImplant)

Abundance of neutrophil granulocytes
Activated fibroblasts, proliferation of small blood vessels, oedema
Plasma cells

Combinstion of the histomorphological changes in type | and |1

Connective tissue rich in collagen fibers
Fibrin or fibroblasts and macrophages sometimes on the membrane surface

Fibrosis and B-catenin positive fibroblasts
Osteomyelitis, osteonecrosis, ossification, osteopenia

Correspondence Analysis (MCA) in the statistical software
R and package FactoMineR.'?

RESULTS

Based on our evaluation protocol we found a wide spec-
trum of histopathological findings which were consistent
with the response to wear debris in three sampling locali-
ties. Histomorphological evaluation of the samples showed
similar changes of the tissue.

A majority of SLIM were classified as the “wear particle
induced membrane” according to Krenn.’* In case of
“indifferent” SLIM, samples originated mainly from site 1
(the inner part of the pseudocapsule) However, the associa-
tion between the sampling site and the Krenn classification
was not found significant

The hypertrophic synovial-like layer was seen in 58%
SLIM samples with a significant association to the tissues
harvested from site 1 (Figure 2C). The synovial-like layer
was classified as flat (35%) villous (5%), polypoid (24%)
or villous and polypoid (36%).

The majority of the tissue samples displayed a typical
histopathological reaction: a predominance of diffuse macro-
phage Infiltrates, foreign body reactions, varying grades of
coagulative necrosis, and reactive fibrosis Representative
photomicrographs are shown in Figure 1L The zonality and
extent of necrotic changes were similar in all the three sam-
pling sites Extensive necrotic areas of the collagen tissue
and diffuse macrophage infiltrates were associated with
numerous smaller sized wear particles distributed in macro-
phages or extracellularly.

The significant finding was observed in PE particles
which were proportionally more present in the samples
from cementless TJA than in cemented TJA. Nevertheless,
the sampling site did not influence on the quantity of PE
particles. Metal debris was presented mainly intracellularly
as small black particles in 33% of the samples, without a
significant association to the type of fixation or the sampling
site. The higher occurrence of the metal particles was

TABLE IV. Histomorphological Evalustion Protocol

Parameter Eveluation
Synovial hypemplasia Yes/no
Synovium Flat
Villous
Polypoid
Krenn classification 1-4
Fibrosis Yes/no
Necrosis Synovium
Second zone
Third zone
Calcification Yes/no
High endothelial venules Yes/ino
Stromal lymphocytes Yes/no
Perlvascular lymphocytes Yes/no
Foreign body reaction Yes/no
Macrophages Not present
Rare
Clusters
Diffuse
Neutrophils Not present
Rare 1-5/HPF
Moderate 6-49HPF
Frequent >50/HPF
Eosinophils Not present
Rare 1-6/20 HPFs
Moderate 7-1320 HPfs
Frequent >14/20 HPFs
Mast cells Not present
Rare 1-49/20 HPFs
Moderste 50-9920 HPfs
Frequent >100/20 HPFs
Metal parnicles Yes/ino
Cement panticles Yes/no
PE partkles Small
Medium-size
Large
Distribution of PE particles Intracellular
Extracellular

Logend: HPF = high power fiski; PE = polyethylene.
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AGURE 1. (A Synovial hyperplasia of SUM with multinucieated giant coll phagocytasing FE particlo {whita arrow) and spaces wath slongated
particles (blue amrow), mlmrcgomwmmcmsbhotm Sample mmwdfromummdmc)omi.&uNo 8, H&E, x200. {B) The
polypoid formation and nocrosis of synovial line. S g sitm d the proxi P t of the joint. Case No. 18, H&E, >200. {C) Misto
logical grading for tissue necrosis of the mbmmof&ld.ﬂu!mcnnvhhmmadfmmmvdhm Case No. 4, HAE, x100. (D)
Complote necrasis of the tissue mmple harvestod from arcund the joint Case No. 4 H&E, x100. {this paraffin block was not included in the sta-
tigtical anatysis). E} Grading of size of PE parSides in the saction. This tissue sample onginated from around the joint. Case Na 1, polarization
X400. Small particles are indicated by blue arrows, medium-size PE particles by white arrow and large particles by red arrow. (F) Tissue from
site 1 |pseudosynovial tissue) with the massive accumulation ofmthGmNn! HE&E, x&00. |G Macrophages with phagocytized metal
debris represented by bladk crumblod particles. The tissue ) from d the dmlmmmmofTKA.CasNo 6 H&E, x400.
Hlﬂwlmamfmmdihomnmieonwo{mndMum ants or frag ts of dotrtus {white
arrow). Case No. 18, H&E, x 400, {l) Perivascular lymphooytic infiltrate and small black particies in surrounding tissue. Casa No. 5, H&E, x200.
{4} Tall endothelial cells (white arrows) with scarce distribution of fymphocytns d the de The wie from i tha proamal com
ponent, case No. 5, H&E x200. KITMmmphimlhcmhthmﬁoid twhite arrow). The presance doomoptuhm!hcusucunvh
from d the proxamal ponemnt of the THA was scored as rare. Casa No. 14, H&E, X £00. (L) Mast colls were detected with Tryptase cyto
plmlcposiivivwhglmumhiﬂodunisﬂyndnhdudbvmam.Tli:mﬂcummdm-mmdu-jo&nu:mndn
rare. Case No. 14, %400 (M) Mast calls in issue sample scored as moderate. Case Na 18, %400, (N) Mast cells in tissue sample scored as fre-
quant Case No. 8, %400




~ 19
o>
© | ) AvaFE
C
\
3!
. |1
g2 — e
8 .
N | E Jracioptages
&° i
g ol Emwh
FE goeen foin.fat
- _] | aakiseason .uﬂ'e-““
= E'm;nm e,
L
i | I 1
00 0t 02 D03 04 05 0B D7
Dim 1 (11,78%)
Site
C | Il ]
hypes nomm
3 L 1 1
g
&
v
3
s L] L]
frypes fem
Synavium
RAGURE 2. (A, Bl Multipk o h

projection of the multi-dimensional space into the 2D alongsid,

ORIGINAL RESEARCH REPORT

B ;
o, macrophages_rarely,
o ;
; g PE_oul
f &rean 3
eoanop!ﬁ_qusmw‘

Lo Amastcells frequent
& _.-mm;mm__--:—_f?‘.‘ ......
syn.fiat_non
synvil_p PE_In

4 2 o 2 4 g
Dim 1 (11.78%)

P

Sit
D | ] R ]

nrm present presa
:H F
?
o present prasent

Synovium

resani

age (years)
T 80

[

the axes describing tho

highest percentage of mﬂw mh 10 uuqm {vaniable lovols) most contributing to the construction of tha modal highlightod. Cl!ogorn:
with slmilrsoucs on !n main mas fend 1o be associmod, categories with dissimilar scores indicats Nlthc individuals form distinat grougs

ng to the p

gory of tha varisble_ IC] A

of the synovial hyperplasi

with the g site. As is apparent, the syno-

vial Wpuphnl s highlightad in samples from site 1 |pseudosynovial tissuel. {D) Association of the mvcf patients and presence of metal

debris with the individunl sites. The tissuo samples from older

of metal particles

relevant to older patients (Figures 1EG and 2D). With use of
cemented implants, remnants of the bone cement particles
(contrast agents such as barium sulphate, zirconium dioxide)
that were not dissolved during tissue processing were
ohserved as very small black debris or by black-bordered par-
ticles resembling empty granules (Figure 1H). All of the tissue
samples showed similar presence of morphology and distri-
butions of artificial particles. Wear particles were observed
mostly in the sub-intima and their quantity decreased with
the distance from the tissue surface.

No differences between the three sampling sites were
also verified for lymphocytes, eosinophils and mast cells.
Eosinophils were distributed mostly rarely (1-6 eosinophils
in 20 HPFs, Figure 1K) while mast cells were found more

xd higher

frequenty (the range 5-195/20 HFPFs, Figures 1L-N) and
were distributed evenly, not in assocation with the zonal
organization within the tissue. The significant higher density
of tall endothelial venules was present in tissues from
around the cemented TJA, but there was no assoclation with
the sampling sites.

Multi-variate analysis

Plot ZA represents the two-dimensional projection of the
multi-dimensional space defined by the variables; the per-
centages adjacent to the resulting two dimensions describe
the percentage of the variability explained by the particular
axis. The variables with the highest scores on the axes are
the variables most represented by the moded—as is
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TABLE V. Frequendes of Particulsr Morphological Festures and Their Assodstion [Evalusted by d Test) with the Ssmpling

Site

Parameter/Site Site 1 Site 2 She 3 Chi-squared p
KRENN 0.657
Krenn_1 71429 76.316 8421 -
Krenn_3 4762 5.2632 5.263 -
Krenn 4 23810 8.4 10.526 -
SYNOVIUM 0.038*
Hyper 73810 47.368 52.632 -
Norm 269 52.632 47.368 -
SYNOVIUM FLAT 0622
Non present 47620 36.842 42,106 -
Present 52381 63.158 57.895 -
SYNOVIUM VILLOUS 0683
Non present 80952 76.316 84.2M -
Present 19.048 23.684 15.789 -
SYNOVIUM POLYPOID 0693
Non present 40476 44.737 50 -
Present 59524 55.263 50 -
NECROSIS | 0567
Non present 285N 1841 23.684 -
Present 71.429 81.579 76.316 -
NECROSIS 1 0343
Non present 45238 47.368 60.526 -
Present 54762 52.632 39.472 -
NECROSIS 1l 0.124
Non present B8.095 97.368 97.368 -
Present 11.905 2.632 2.632 -
CALCIACATION 0346
Non present 40.476 36.842 36.842 -
Present 59524 63.158 63.158 -
HIGH ENDOTHELIAL VENULES 0927
Non present 57.143 76.316 63.158 -
Present 42857 23.684 36.842 -
FOREIGN BODY REACTION 0.188
Non presant 14286 28.947 26.316 -
Present 85.714 71.053 73.684 -
LYMPH. STROMAL 0246
Non present 45238 44.737 31579 -
Present 54.762 55.263 68.421 -
LYMPH. PERIVAS 0205
Non present 16.667 31.579 36.842 -
Present 83333 68.421 63.158 -
MACROPHAGES 0359
Clusters 2851 34.211 18.421 -
Diffuse 71.429 65.789 18.947 -
Rare 0 0 2.632 -
EOSINOPHILS 0.781
Frequent 2381 5.263 2.632 -
Moderate 8524 2.632 5.263 -
Non present 30952 34.270 42.105 -
Rare 57.143 57.895 50 -
MAST CELLS 0839
Frequent 14286 18.421 15.769 -
Moderate 40476 34.210 28.947 -
Rare 45238 47.368 55.263 -
PMNs 0925
Non presant 85N 81.579 B1.579 -
Rare 21429 18.42% 18.421 -
METAL DEBRIS 0.14
Non present 69.048 55.263 76.316 -
Present 30852 44.737 23.684 -
CEMENT DEBRIS 0536
Non present 80952 89.474 £6.842 -
Present 19.048 10.526 13.158 -

B VACULOVA ET AL NTRA. PATIENT TESUE AESPONSE TO TUA HAS SMILAR APPEARANCE FEGARDLESS OF 5ITE



TABLE V. Continued
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Parameter/Site Site 1 Site 2 Site 3 Chi-squared p
PE DEBRIS 0992
Non present 16.667 15.789 15.789 -
Present 83333 B4.2M 8a.2n -
SIZE OF PE DEBRIS 0.778
Non present 4.762 5.263 10.526 -
s 30952 28.947 26.316 -
SM 4.762 0 2.632 -
SML 59524 65.789 60.526 -
DISTRIBUTION PE 0.704
In 21.429 21.053 18.421 -
In-out 73810 65.789 68.421 -
Non present 4.762 5.263 10.526 -
Out 0 7.895 2.632 -
FABROSIS 0346
Non present 0 0 2.632 -
Present 100 100 97.368 -
Lag PMN= poly phonuch phils; PE =polyasthylone; S = small; SM =small, medium; SML=small, medium, large; Necrosis
1= necrosis of the synovium; N s 1= ic areas in the second zone: Necrosis Ill= neorotic areas in the third zone; * Statistically signifi

cant at p<0.05 for synovial hyperplasia in the Sizsue samples harvestoed from site 1 {peeudosynovial tissua).

apparent that the variable site is one of the least repre-
sented, hence, the overall variability of the data can be eas-
ily explained without taking this variable into account The
most well-represented variables hawe no association with
the factor site, as confirmed by the series of 3 goodness-of-
fit tests, the only variable associated with this factor is syno-
wum. Figure 2B describes a similar situation; however, this
one is not focused on variables but on their most contribut-
ing categories in particular; for the sake of clarity, only ten
mast contributing categories were plotted As is apparent
again, none of the categories of the site factor ranks among
the maost contributing ones nor is it in any assocation with
the most contributing categories. High scores of the maost
contributing categories are explainable by their association
with other categories—for example, Krenn's classification
was strongly assocdated with PE distribution, however, none
of these variables showed any difference concerning the
three sites of sampling. Table V shows frequencies of the
particular categories according to the three sampling sites—
as is apparent, no other variable showed any significant
association with this variable, apart from the mentioned
case of synovium (p = 0.038).

DISCUSSION

This study shows relatively small variances in the peripros-
thetic tissues retrieved from a single patient with an asepti-
cally loosened TJA The intraindividual similarity was
consistent in terms of the sampling site, cell profile, and tis-
sue structure except the synovial hyperplasia. Further, we
found interindividual differences in periprosthetic tissues
related to the type of implant fixation (cemented vs.
cementless) and patient age.

The histomorphologic classification of periprosthetic tis-
sues is influenced by the quality and the size of the tissue sam-
ple and perhaps also by the location of tissue sampling. We
and some others >’ have observed significant similarities

among the tissues retrieved from different places in the same
patients. The finding of low variahility in the peripmsthetic tis-
sues harvested from the same joint is not surprising because
these tissues face the same particle load, joint fluid waves and/
or physical forces. These tissues also have identical genetic and
epigenetic background shaping the host immune response On
the other hand, at least one study reports uneven distribution
of prosthetic by-products around a ]oint.m In addition, there
may be intraindividual variations in joint fluid waves/physical
stress distribution depending on a particular tissue location
around an implant As a result, some diversity In tissue
responses among samples from one patient has been reported
by others prevbusly.n'z‘ Further research Is needed to exam-
ine this question on a larger group of patients with identical
implants and bearing pairs.

We examined the joint pseodocapsules and SLIM from
different anatomical sites. Our ohservations of SLIM are in
agreement with the histological descriptions in a recent con-
sensus statement’® Taken together, this tissue is suitable
for the histological examination of aseptically loosened
implants as well as septically failed implants® In the sam-
ples from the site 1 {the inner part of the psendocapsule),
we observed a higher inddence of the synovial hyperplasia
The explanation might be assodated with the way in which
the pseudosynovial tissue reacts to prosthetic by-products
and joint fluid waves compared to an interface tissue from
other locations. This only variahility may be also affected by
other factors, incduding BMI or/and the duration of implant
service but we were unable to confirm this in our small
group of patients On the other hand hyperplasia of the
synovial lining cells did not show additional associations
with other ohserved histological findings.

We observed a scarce distribution of eosinophils and a
slightly more frequent distribution of mast cells which were
dispersed quite evenly in all the tissue samples. Similarly,
Salovieva et a.** found mast cells predominantly within the
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cell-rich areas of SLIM while Qui et a.™ described mast
cells mainly on the bone surface. The occurrence of mast
cells could suggest a type of delayed metal hypersensitivity
reaction.”’”*" Some of the ohserved histomorphological
changes of the tissue samples (e.g. accumulation of macro-
phages, fibrinous or necrotic exudate, perivascular inflam-
matory infiltrate) appear to be similar to the adverse tissue
reactions reported in some patients with metal-on-metal
TIA 33! At least one study suggests that the particle size
and load might be more important than the wear partide
composition in aseptic loosening and periprosthetic osteoly-
sis® However, this work did not focus on the association of
morphological patterns with reaction to metallic jons/
debris. In our cases, metal particles were found in 33% of
tissue samples contrary to other study with the absence of
metal partides in the suwrrounding tissuves in metalon-
polyethylene implants™ Metal spreading from non-metal
on-metal TJA could be associated with head-neck modularity
in our cases at least partly which was Identified as an
important source of metallic debrisfions'® We ohserved a
substantial number of samples with strong presence of
metal debris (14/39) but we did not find a corresponding
tissue response in terms of increased presence of lympho-
oytes™** even with ather ohserved parameters The metal
debris did not influence the occurrence of ensinophils, mast
cells or lymphocytes. However, as we observed metal par-
ticles at light microscopy we cannot exclude the possibility
that the very small undetectahle metal particles were pre-
sent in the analyzed tissues™ These can be detected using
special identifying techniques as mass spectrometry, X-ray
spectroscopy or scanning electron rnlcmscopy.&”‘“'35

Our study has several limitatons. The main limitation
was the small number of the patients included, and the vari-
able size of tissue samples which in addition were relatively
often at least partially necrotic Despite this, all the tissue
samples were processed and histologically examined. Finally,
two representative paraffin blocks from each sample were
selected for statistical analysis to guarantee even conditions.
We did not determine the particle characteristics to be able
to correlate them with the observed histological findings.
This could make interpretation of the tissue response to
prosthetic by-products more accurate and ap[ro;rlam“
However, as the main goal of the study was to evaluate the
intraindividual variability of the periprosthetic tissues, we
assumed that the sampled tissues were burdened with a
similar or identical particle load; this was in contrast to
studies examining interindividual variability. We collected
the samples during reoperations without any imaging navi-
gation using the map of tissue sampling from three sam-
pling places as described above. We tried to reduce the
differences related to the sampling technique by employing
the same surgeon who retrieved all the examined tissues. In
the case of metal-on-metal arthroplasties, sampling with
magnetic resonance imaging guidance could be maore suit-
able for precise histological analysis as it could help with
the tissue identification of corrosion products.**** However,
that was not the point of our study.

k-] VACULOVAET AL

CONCLUSION

Histopathological variability observed in the tissues from
three various sampling sites retrieved from a single patient
is relatively low. Our data indicate that the particular sam-
pling site does not influence the results of examination, and
two tissue samples from any anatomical site around the
joint could be sufficent for the precise histomorphological
analysis.

The only association with the sampling site found was
the presence of synovial hyperplasia in tissue samples from
around the joint. We also found some associations but with-
out connection to the sampling site: (a) higher density of
the tall endothelial cell venules in patients with cementad
TJA; (b) older patients displayed an association with higher
content of metal debris; (¢) tissues from around the TJA
with higher wear rate contains an abundance of PE
particles.
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ABSTRAKT

Cil studie

Tato prace se zabyva moznostmi a vyuzitim imunohistochemickych metod k prikazu mastocytl a
dendritickych bunék v periprotetickych tkanich u pacientd s asepticky uvolnénymi totalnimi
endoprotézami kolen a kycli. Cilem prace bylo kvantifikovat a charakterizovat distribuci mastocytt a
dendritickych bunék ve vySetfovanych vzorcich a sledovat statisticky vyznamné vztahy mezi
zminénymi buné&Cnymi populacemi a vybranymi parametry charakterizujicimi pacienta, implantat Ci
tkafovou odpovéd. Na zakladé prokazanych zjisténi byl zhodnocen mozny vztah mastocytl i
dendritickych bunék k histomorfologickym zndmkam aseptického uvolnéni a pfinos pouZitych
imunohistochemickych metod.

Material a metodika

Byly vySetfeny periprotetické tkané od celkem 31 pacientt (17 pacientl s reoperaci endoprotézy
kyCle, 14 pacientd pro reoperaci endoprotézy kolene). Odebrané vzorky byly pro ucely
histologického a imunohistochemického vySetfeni zpracovany standardnim protokolem.
K imunohistochemickému prikazu mastocytd byly pouzity protilatky proti tryptaze a CD117.
Dendritické buriky byly detekovany pomoci protilatek S100 a CD1a. Kvantifikace obou bunéénych
populaci byla provadéna ve 20 zornych polich pfi zvétSeni 400x v optickém mikroskopu. Z pouzitych
metod jsme pro statistické hodnoceni vybrali metodu senzitivnéjsi. V pfipadé mastocytl se jednalo o
tryptazu a u dendritickych bunék protilatku proti S100.

Vysledky

Mastocyty i dendritické buriky byly v periprotetickych tk&nich distribuovany pfevazné disperzné, ale
objevovaly se i ve skupinkach perivazalné nebo v blizkosti nekrotickych okrskd. V jednom
vySetfovaném vzorku bylo pfitomno primérné 60 mastocytu a 50 dendritickych bunék. ZvySena
denzita mastocytd a dendritickych bunék byla asociovana s pfitomnosti polypézné utvarené
pseudosynovialni membrany a cementovou fixaci protéz, tento vztah byl statisticky vyznamny.
Korelaci mezi kvantitou sledovanych buné&nych populaci a charakterem a mnozZstvim sledovanych
Céastic nebylo mozno prokazat, protoZe otérové Castice byly pfitomny disperzné ve vSech vzorcich.
Dalsi statisticky vyznamné vztahy vzhledem k typu materialu &i fixace implantatu, ani ostatnim
sledovanym histomorfologickym znakdm nebyly prokazany. V kontrolni skupiné pacientd byla
sledovana silna denzita mastocytd s minimalnim zastoupenim dendritickych bunék.

Diskuze

PFi¢inou rozdild v denzité¢ S100 pozitivnich dendritickych bunék mezi kontrolni a vySetfovanou
skupinou pacientll maze byt aktivace dendritickych bunék exogennimi ¢i endogennimi drahami
imunitnich proces( probihajicich po implantaci endoprotézy. Statisticky vyznamny vzajemny vztah
mastocytd, polyp6zné utvarené pseudosynovialni membrany a cementovych otérovych &astic Ize
vysvétlit jako tkarfiovou reakci indukovanou cementovymi Casticemi.

Zaveér

Z uvedenych nalezl vyvozujeme zavér o vyznamné funkéni spolut€asti mastocytd a dendritickych

bunék v patogenezi aseptického uvolnéni a periprotetické osteolyzy.
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uvob

Aseptické uvolnéni a periproteticka osteolyza patfi mezi nejCastéjSi komplikace kloubnich nahrad
vyZadujicich reoperaci. Histologické analyzy periprotetickych tkani odebranych bé&hem revizi
totalnich endoprotéz (TEP) potvrzuji pfitomnost otérovych &astic s dominantnim obrazem zaplavy
makrofagu, reakci kol cizich téles a fibréozou tkané. Problematikou histomorfologickych zmén v
periprotetickych tkanich vcetné kvantifikace a distribuce bunéénych populaci (napf. makrofagu,
lymfocytd, fibroblastl, osteoblastl) a stanoveni biologickych mediatord (napf. cytokind, chemokind,
rdstovych faktor(l) se zabyva fada praci [5, 7, 12-15, 21, 24, 28, 30, 31]. Jejich vysledky ukazuji na
dominantni roli (lymfocyto-) monocyto-makrofagického systému, receptord nespecifické imunity a
prozanétlivé signalizace. Piekvapivé mala pozornost byla dosud vénovana tak vyznamnym burikam,
jakymi jsou mastocyty a dendritické buriky.

Mastocyty jsou unikatni sekretorické buriky o priméru az 20 um obsahujici rizné mnoZstvi
intracytoplazmatickych granul ohrani¢enych membranou [18]. Hraji zasadni roli pfi alergickych a
zanétlivych onemocnénich a uplatfiuji se také pfi angiogenezi €i komunikaci mezi nervovym a
imunitnim systémem [4]. Patologicka akumulace mastocytl byva pfitomna u celé fady onemocnéni
véetné nadorl [10, 33] a patrné je i rutinni soucasti tkarnové odpovédi na pfitomnost kloubnich
nahrad [16, 26]. Aktivaci mastocytl dochazi k produkci celé Skaly cytokinl, hydrolytickych enzymd,
proteoglykanu a biogennich aminu, které se mohou podilet na ¢asné i pozdni tkanové odpovédi,
pfipadné na pozdni alergické odpovédi. Iniciace a nasledna degranulace mastocytl je mozna
prostfednictvim vazby antigenu na vysokoafinitni Fc receptory pro IgE, pusobenim anafylatoxin(
nebo jejich pfimym poskozenim napf. IéCivy [2]. Nezralé mastocyty maji mnoholalo¢naté jadro a
granula, ¢imz pfipominaji bazofilni granulocyty. Maji v8ak odliSné morfologické vlastnosti a obsahuji
jiné mediatory (histamin, tryptaza, chymaza, katepsin G, karboxypeptidaza), které reguluji imunitni
odpovéd [9]. Pro presnou identifikaci mastocytl Ize pouzit specialni histologické a
imunohistochemické metody zamé&fené na granularni mediatory &i exprimované receptory.
Dendritické buriky (DC) jsou nejvyznamnéjsi skupinou antigen-prezentujicich bunék. Reguluji jak
nespecifickou, tak specifickou imunitni odpovéd a spoluodpovidaji za udrzeni tkariové homeostazy
[32]. Jsou heterogenni ve smyslu plivodu, mista vyskytu, morfologie a funkce. Mohou byt aktivovany
endogennimi i exogennimi podnéty pfes receptory nachazejici se na jejich povrchu &i intracelularné
[6]. Po vazbé stimulu na receptory dochazi ke zrani DC, které ve zvy3ené mife produkuji MHC
proteiny, kostimulaéni molekuly (napf. CD80, CD86), adhezivni molekuly ale i fadu chemokint a
cytokinu [27]. Vzhledem ke svym ,reaktivnim vlastnostem® musi byt DC velmi pfisné regulovany.
Cilem nasi prace bylo vySetfit periprotetické tkané a popsat: 1) €etnost a charakter distribuce
mastocytd; 2) Cetnost a charakter distribuce dendritickych bunék; resp. 3) najit statisticky vyznamné
vztahy mezi denzitou sledovanych bunéénych populaci a vybranymi parametry charakterizujicimi
pacienta, implantat i tkafilovou odpovéd (pohlavi, vék, délka noSeni implantatu, BMI, typ kloubu, typ

fixace, reakce kol cizich téles, polypdzni SLIM, nekréza, vysoké cévni endotelie, otérové Castice).



MATERIAL A METODIKA

Béhem reoperaci asepticky uvolnénych TEP ky¢le (n=17, 9 Zzen, 8 muzl) a kolena (n=14, 7 zen, 7
muz() byly pacientim odebrany periprotetické tkané, obvykle $lo o membranu nachazejici se kolem
endoprotézy (tzv. SLIM) a vnitfni list pseudopouzdra. Udaje charakterizujici pacienty jsou uvedeny
v tabulce 1. Kontrolni skupinu tvofilo 10 poprvé operovanych pacientd a jejich vzorky byly
zpracovany stejnym protokolem jako tkané odebrané revidovanym pacientim (viz Tabulka 2).

Odbéry proved! jeden operatér. Design studie byl schvalen lokalni EK.

Zpracovani vzorku

Vzorky 31 pacientu byly ihned po odbéru fixovany 10% formalinem a po makroskopickém posouzeni
zorientovany, pfikrojeny a zpracovany standardni histologickou technikou se zalitim do parafinovych
blokd. Po zakladnim barveni hematoxylin - eozin byly z kazdého pfipadu vybrany 2 - 3
reprezentativni bloky a na pfipravené fezy o sile 3 - 4 ym byly aplikovany imunohistochemické

metody.

Imunohistochemické vysetreni

Pro uc€ely imunohistochemie byla aplikovana polyklonalni protilatka Polyclonal Rabbit Anti-Human
CD117 (DAKO, polyklon, synonymum c-kit, tyrozin kinazovy receptor) a Monoclonal Mouse Anti-
Human Mast Cell Tryptase (DAKO, klon AA1), ktera je enzymatickou vybavou vSech lidskych
mastocytu.

K detekci dendritickych bunék byly pouzity protilatky Monoclonal Mouse Anti-Human CD1la (DAKO,
klon 010) a Polyclonal Rabbit Anti-S100 (DAKO, polyklon). CD1a patfi do povrchovych
glykoproteint pfibuznych MHC tfidé | a s rdznou intenzitou znali nezralé dendritické a
Langerhansovy buriky a kortikalni lymfocyty. S100 protein znali Langerhansovy a dendritické buriky,
ale také adipocyty, chondrocyty, melanocyty a gliové buriky nervové tkané. Imunohistochemie byla
provadéna optimalizovanym protokolem v automatu Ventana Benchmark XT za vysledného hnédého

zbarveni jader/cytoplazmy a/nebo membrany pozitivnich bunék, viz Tabulka 2.

Histopatologické hodnoceni

V8echny preparaty byly hodnoceny v optickém mikroskopu Olympus BX45 pfi zvétSeni 20x - 400x
(Objektiv UPLFFLN40X - UIS2, UPlanFLN, 40x/0,75, 00/0,17/FN26,5). Kvantifikace jednotlivych
bunéénych typl exprimovanych specificky antigen byla vyjadfena absolutnim poc¢tem ve 20 polich pfi
zvétdeni 400x (HPF, high power field).

Statisticka analyza

K analyze obecnych trendl a vztahll mezi proménnymi v souboru dat byla pouzita Faktorova analyza
smiSenych dat (FAMD) ve statistickém bali¢ku pro mnohorozmérnou analyzu dat FactoMineR
(Sebastien Le, Julie Josse, Francois Husson (2008). FactoMineR: An R Package for Multivariate
Analysis. Journal of Statistical Software, 25(1), 1-18. 10.18637/jss.v025.i01). Tato metoda byla



pouzita z dlivodt kombinovaného charakteru datového souboru, ktery zahrnoval jak kvalitativni, tak
kvantitativni proménné. Pro hodnoceni vztaht mezi jednotlivymi promé&nnymi byla uzita analyza
variance (ANOVA), pfipadné Studentlyv t-test v pfipadé analyzy vztahu mezi kvantitativni a
kvalitativni proménnou a Pearsonuv korelaéni koeficient pro analyzu vztah(l mezi proménnymi
kvantitativnimi. VSechny analyzy a grafické zpracovani vysledk( byly provedeny v prostredi
statistického programu R (R Core Team (2016). R: A language and environment for statistical

computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.)

VYSLEDKY

1. Cetnost a charakter distribuce mastocytt

PFitomnost mastocytl byla prokazana ve vSech vySetfovanych fezech. Mastocyty byly ve tkani
distribuovany prevazné disperzné, pouze v nékterych preparatech byly nakupeny v blizkosti cév.
Intenzita zbarveni cytoplazmy mastocytl byla rovhomérna, cytoplazmaticka exprese byla granularni
nebo difuzni a umoznovala prehledné hodnoceni. V celém souboru byla sledovana vyrazngjsi

exprese tryptazy nez exprese CD117 antigenu, viz Tabulka 3.

2. Cetnost a charakter distribuce dendritickych bunék

Ve vSech vys$etfovanych pfipadech byla sledovana vyrazna jaderna i cytoplazmaticka exprese S100
proteinu a cytoplazmaticka a/nebo membranova exprese CD1a u dendritickych bunék. Vysledky
imunohistochemického vySetfeni vSak ukazaly rozdily mezi expresi S100 proteinu a antigenu CD1a.
PFitomnost CD1a” DC byla prokézana pouze u 10 vySetfovanych pacienti. V kontrolnich vzorcich
byla detekovana minimalni pfitomnost DC v obou metodach. Blize jsou vysledky
imunohistochemického vysetfeni shrnuty v Tabulce 3. U jednoho pacienta (€. 4) byla pozorovana
zaplava S100" a CD1a" DC nahromadénych v blizkosti aseptické nekrézy. Distribuce S100" DC byla
prevazné disperzni, pouze ojedinéle byly DC shromazdény v izolovanych skupinkach. Vztah denzity
S100" DC k pFitomnosti polyp6zné utvaiené pseudosynovialni membrané a cementované fixaci TEP

se pohyboval na hranici vyznamnosti (Graf 1,2).

3. Vztah mezi denzitou sledovanych bunéénych populaci a vybranymi parametry
charakterizujicimi pacienta, implantat ¢i tkAnovou odpovéd

U TEP fixovanych cementem byla napadné nizSi tkanova reakce typu kolem cizich téles s niz§im
po¢tem mnohojadernych bunék. Mezi denzitou mastocytd a vysokymi cévnimi endoteliemi (HEV,
high endothelial venules) ani loZisky nekrézy nebyla prokdzana zadna vyznamna asociace. V
kontrolni skupiné byla exprese tryptazy i CD 117 lehce zvySena oproti vySetfované skuping, avSak
pocet bunék detekovanych ve 20 HPF byl podobny u obou téchto imunohistochemickych markerd,
viz Tabulka 3. Exprese tryptazy nijak nekorelovala s expresi CD117 antigenu, ale byla signifikantné
vy$8i u vzorkud s polyp6ézné utvarenou pseudosynovialni membranou a u TEP fixovanych cementem
(Graf 3,4).

Statisticka analyza neprokazala zadny vyznamny vztah dendritickych bunék k dalSim sledovanym

znakum (pohlavi, vék, délka noSeni implantatu, BMI, typ kloubu, reakce kol cizich téles, nekréza,



vysoké cévni endotelie, otérové &astice). Mezi denzitou S100" DC a tryptaza® mastocytl byla
zjisténa slaba, ale signifikantni pozitivni korelace (Graf 5). Neboli, &im vice bylo ve vySetfovaném
souboru mastocytll, tim vice bylo také DC, coz ukazuje na moznou podobnost aktivity téchto

bunécénych populaci. Reprezentativni mikrofotografie znazorfiuji obrazky 1-8.

DISKUZE

V nasi studii jsme zjistili pfitomnost mastocytd ve vSech vySetfovanych vzorcich periprotetickych
tkani. Celkové byla jejich denzita variabilni, mastocyty byly hodnoceny v rozsahu od velmi Fidké
prevazné rovnomérné distribuce az po velmi vyrazné zastoupeni 195 bunék ve 20 HPF. V kontrolni
skupiné byla exprese znakl mastocytu vy$Si nezli u pfipadd. Neprokazali jsme vztah mezi denzitou
mastocytl a typem implantatu ¢i charakteristikami tkariové odpovédi. Zjistili jsme ale vyznamné
rozdily mezi dvéma imunohistochemickymi metodami k prikazu mastocytl (tryptaza x CD117).
v periprotetickych tkanich pfevazné disperzni a neprokazali jsme zadnou vyznamnou asociaci mezi
sledovanymi parametry a zastoupenim dendritickych bunék v periprotetickych tkanich. Pfestoze neni
mozné z prostého vyskytu mastocytd a dendritickych bunék ¢&init zavéry pro jejich funkci, je
nepochybné, Ze tyto bunky se spolupodili na procesech nezadouci tkanové odpovédi na pfitomnost
implantatu.

Klicovou roli mastocytll a dendritickych bunék jsou startovaci a imunomodulaéni funkce v ramci
vrozené i adaptivni imunitni odpovédi. Za fyziologickych stavl jsou ve tkani strategicky rozmistény
jako strézci v neaktivovaném, nezralém stavu a jejich aktivace a zvySena pfitomnost ve tkani byva
odrazem probihajicich patologickych zmén [18, 33]. K jejich detekci Ize pouzit specialni histologické
nebo imunohistochemické metody. V nasi praci byla zvolena protilatka k prikazu tryptazy, ktera je
pritomna ve vSech lidskych mastocytech, a proto je povazovana za vysoce specificky a senzitivni
marker mastocytl. Protilatka proti antigenu CD117 je rutinné pouzivana k detekci mastocytu, ale i
jinych bunéénych populaci. Nade vysledky ukézaly pozoruhodné rozdily mezi témito dvéma
imunohistochemickymi metodami k prikazu mastocytu (tryptaza x CD117). V souboru pfipadl byla
vyrazné vyssi exprese tryptazy nez CD117, zatimco v kontrolnim souboru vysledky obou metod
pomé&rné dobfe korelovaly. Vy$$i denzitu tryptdza® mastocytl v kontrolnich vzorcich oproti
vySetfovanému souboru potvrzuje i pfedchozi studie [26]. Tryptaza modifikuje fadu koagulaénich
proteinUd a je schopna vyvolat proteolyzu, kolagenolyzu. Slabsi nez v kontrolnim souboru, ale stale
dostateéné vyrazna distribuce tryptaza® mastocytii ve vySetfovaném souboru by mohla odpovidat
aktivaci a nasledné degranulaci, tedy uvolnéni cytokind a dalSich mediatort ovliviujicich proces
aseptického uvolnéni. Néktefi vyzkumnici dokonce hovofi o burn-out v dobé& odbéru tkani k imuno-
histopatologickému vySetfeni [25, 28].

Imunohistochemicky bylo jiz dfive prokdzano, Ze tryptdza® mastocyty jsou hlavnim zdrojem
rustového faktoru fibroblastl (bFGF, basic fibroblast growth factor) u chronickych zanétu
doprovazenych fibrézou, hyperplazii a novotvorbou cév ve tkani [22]. ZvySena angiogeneze

periprotetickych tkani byla v naSem souboru také pozorovana, avSak jeji rozsah nemél vztah



k popisovanym burikam. Naopak, zjistili jsme vyznamnou asociaci mezi denzitou mastocytl a
polyp6ézné utvafenou pseudosynovialni membranou.

DC byly rozptyleny ve tkani nahodné a nebyla prokazana jejich asociace k pfitomnosti otérovych
Castic dokonce ani kovovych, které jsou stale diskutovanym iniciatorem pozdni imunitni reakce a v
niz maji mastocyty dualezitou ulohu.

Zatimco tryptaza je vyhradnim markerem vSech aktivovanych mastocytl, CD117 mlze byt
produkovdna hematopoetickymi kmenovymi burikami, melanocyty, Cajalovymi bufkami,
zarodeCnymi burikami, bufkami bazalnich vrstev klUZe a duktalnimi epiteliemi prsu [10, 18].
Schopnost slabé exprimovat CD117 byla nedavno dokéazana i u nékterych populaci dendritickych
bunék [23]. Nizkou expresi CD117 v nasem souboru lze vysvétlit tim, ze CD117 znaci zralé
mastocyty, které se v tomto typu tkani témér nevyskytuji. Ackoli je denzita mastocytld v
periprotetickych tkanich vysoka, nemusi byt zrovna ve fazi detekovatelné protilatkou CD117. Prikaz
mastocytl se ukazuje spolehlivéjsi s pouzitim protilatky proti tryptaze, coz je znazornéno v tabulce 3,
kde je vyjadren absolutni priimérny pocet pozitivnich bunék.

Vzhledem k nékolika typim a stadiim DC je obtizné uréit jeden charakteristicky marker pro jejich
identifikaci. DC jsou funkéné, vyvojové i fenotypicky jedineéné buriky, k jejichz aktivaci dochazi pres
fadu receptoru, nej¢astéji TLR. V aseptickych periprotetickych tkanich byly aktivované TLR popsany
u DC, makrofagl, lymfocytl, fibroblastl, osteoblasti a osteoklastd [8, 14, 20]. TLR1/2 a TLR6
dendritickych bunék jsou aktivovany strukturami polyetylenovych &astic, ale i vnitfnimi drahami
fagocytdzou poskozené buriky a slouzi jako induktory zanétu produkujici zejména interleukiny [8, 17,
19]. K rozpoznani cizorodého biomaterialu vd8ak mohou DC pouZit i jiné receptory (napf. CLRs, FcR,
CR, integriny a dalsi), z nichz nékteré nejsou specifické vyhradné pro DC. Jedna se napfiklad o
receptor CCR4 (TH2 lymfocyty, NK lymfocyty, monocyty), CCR6 (T lymfocyty, B lymfocyty), CX3R1
(TH1 Ilymfocyty, Th17 lymfocyty, NK lymfocyty, monocyty) a CCR2 (T lymfocyty, B lymfocyty, NK
lymfocyty, fibroblasty). Stimulace téchto receptorl indukuje tvorbu zanétlivych cytokinl a chemokin(
[3, 6, 11]. Mnohé z vySe uvedenych markerl Ize detekovat jediné prdtokovou cytometrii,
imunofluorescenci & PCR metodami [1]. Pro ucely imunohistochemie nejsou doposud mnohé
markery stale dostupné. Pfesto je imunohistochemicky prikaz DC nejlepSi volbou pro moznost
srovnani cytomorfologického obrazu, jejich distribuce a tkanové denzity. K imunohistochemické
detekci DC byly pro nase ucely vybrany protilatky S100 a CD1a, jejichz hodnoceni bylo zalozené
nejen na pozitivni expresi konkrétnich antigend, ale také na jejich nezaménitelnych
cytomorfologickych znacich.

Histopatologické hodnoceni ukazalo rozdily mezi vysledky pouZitych metod s dominantni expresi
S100 proteinu, ktery znagil véechny dendritické buriky. Nepomé&r mezi denzitou S100" a CD1a" DC
Ize vysvétlit tim, Ze zrald stadia DC neexprimuji antigen CD1a, jsou tedy CD1a". Vy3S8i pfitomnost
zralych DC by mohla znamenat aktivaci DC nékterym z vySe popsanych mechanismu. Pfi hodnoceni
denzity S100° a CDl1a" DC ve vySetfovaném souboru nebyla prokdzana vzajemna zavislost.
Imunohistochemické studie zaméfené na DC ukazuji, Zze obecné je denzita DC vyssi v patologicky
zménénych tkanich [29], coZ je v souladu s nadimi nalezy. V kontrolnim souboru byly S100" a
CD1a’ DC zastoupeny minimalné.



Vzhledem ke slabé pozitivni korelaci S100" DC a tryptaza® mastocytd lze usuzovat na jejich
vzajemnou soucinnost v procesu aseptického uvolnéni. Vyssi pfitomnost mastocyttd v kontrolni
skupiné Ize vysvétlit jinym typem zanétlivé reakce, ktera doprovazi terminalni stadium osteoartrézy.
Vedle hlavni role vrozené imunitni reakce se mohou zralé DC jako antigen prezentujici bunky
ucastnit spole€né s mastocyty také pozdni reakce precitlivélosti, zejména v pfipadé tkanove reakce
na kovové castice [19][16]. V naSi studii se statisticky vyznamna asociace dendritickych bunék s
kovovymi Casticemi nepotvrdila, zfejmé pro nizkou zatéz tkani kovovymi Casticemil/ionty. Vztah k
pfitomnosti cementovych &astic byl pouze na hranici signifikance.

Nase studie ma nékolik omezeni. Méli jsme k dispozici omezené mnozZstvi pfipadl a kontrol. Ackoliv
ma vétSina podobnych studii stejny nebo dokonce niz§i pocet prfipadl, je evidentni, ze pro
multivariaéni analyzy by byl vyhodnéjsi vétSi pocet pacientl. Dale by bylo nesporné pfinosem,
kdybychom meéli homogennéjsi skupiny pfipadl nejméné z pohledu typu implantatu, resp. rozlozeni
pfipadll z pohledu délky protézy in situ. U pozdnich selhani se do procesli nezadouci tkarnové
odpovédi promitaji také senescenéni bunécné déje, jako napf. aktivace signalnich drah sméfujicich k
apoptéze bunky ¢&i aseptickda nekréza, které mohou vyznamné omezovat validitu
imunohistochemického prikazu konkrétnich antigend. Vysledky imunohistochemie pfimo zavisi na
disledném dodrzovani postupl preanalytické i analytické faze. Zde jsme se snazili eliminovat rizika
okamzitou a spravnou fixaci tkané, dostate€nou optimalizaci antigenl a pouzitim senzitivnich
detekénich systému. Interpretace vysledk(l by dale mohla byt ovlivnéna vybérem protilatek a jejich
klonu. Pro optimalni vysledky je proto dllezité dal hledat protilatky s maximalni moznou senzitivitou a
specifitou. V neposledni fadé by bylo mozno ziskat kombinaci simultanniho imunohistochemického
barveni (2 nebo 3 protilatky soucasné) prehled o distribuci a vzajemném vztahu bunék ¢i jejich

mediatord v jednom tkanovém Fezu.

ZAVER

Tato prace popisuje distribuci a denzitu mastocytd a dendritickych bunék v periprotetickych tkanich
ziskanych pfi revizi asepticky uvolnénych endoprotéz kolena a kyCle. NejvyraznéjSim zjisténim bylo
nalezeni statisticky vyznamného vztahu mezi denzitou mastocytd a polypdznim utvarfenim
pseudosynovialni tkdné a cementovanou endoprotézou. Vysledky pouZzitych imunohistochemickych
metod ukazaly, ze k priikazu mastocyt(l v periprotetickych tkanich je spolehlivéjSi a vhodnéjsi pouziti
tryptazy nez CD117. Stejné tak v prikazu DC je lepSi pouziti protilatky S100. Nalez imunologicky
vyznamnych populaci v okoli implantatu je nespornou znamkou jejich funkéniho postaveni. To vSak

bude nutné studovat jinym zplisobem a jinymi metodami.

Podékovani: Studie byla podpofena z prostfedkd MZ CR — RVO (FNOL, 00098892).
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Obrazek 1: Pozitivni exprese tryptazy v cytoplazmé mastocytu (Sipky). Ve spodni €asti obrazku
superficialni pseudosynovialni vrstva. Pacient €. 3, tryptaza, 200x

Obrazek 2: Cytoplazmatickd a membranova pozitivita CD117 v mastocytech (hnédé zbarveni, Sipky)
a obrovské svétélkujici polyetylenové Castice. Pacient €. 5, CD117, polarizace 400x.

Obrazek 3: Prikaz dendritickych bunék exprimujicich CD1a (Sipky), ve tkani volné roztrouseny
makrofagy s vyraznymi jadry. Pacient ¢. 8, CD1a, 400x.

Obréazek 4: Dendritické buriky (8ipky) v terénu velkych polyetylenovych &astic a okolni makrofagickou
reakci. Pacient €. 24, S100, 400x.



Grafy:

—

S — - — o e
e S .
R ——
———

o empe——" v — -

D e T

-
B — L — . —

- g ———
TR ——— | —
- —— .




Tabulky 1 - 3:

Tabulka 1 Seznam pacientu

o ] >
3 s s o 3 g S g g ]
- & 3 g2 3 = X = S 9
g5 | g | ¢ | 2| 3| 8 | 3 | 8§ | gt
A g% SR I
& E E
1 z koleno 12,1 89,8 22,5 C MoP ne
2 z kycel 19,1 51,1 22 NC MoP ne
3 m koleno 14,2 78,5 22,7 C MoP ne
4 z koleno 16,1 65,5 30,8 C MoP ne
5 z koleno 16,5 77,6 34,9 Cc MoP ano
6 m koleno 1,2 69,1 39,6 C MoP ne
7 m kycel 4,2 74,7 22,6 C MoP ne
8 z koleno 16,8 64,5 36,5 C MoP ano
10 m koleno 2,3 66,7 35,9 Cc MoP ne
11 m kycel 18,2 68,9 34,1 NC CoP ne
14 m kycel 17,0 59,3 32,8 NC MoP ne
15 z kycel 16,1 67,6 21,5 NC MoP ne
16 z koleno 10,8 67,5 29,7 C MoP ne
17 m koleno 16,7 78,4 27,8 C MoP ne
18 m kycel 11,6 74,5 30,3 NC MoP ne
19 z kycel 21,4 73,1 29,5 NC MoP ne
20 z kycel 13,5 60,0 34,1 H CoP ne
21 z kycel 12,5 67,4 30,9 NC CoP ne
22 m kycel 14,0 52,8 26,2 NC MoP ne
23 z koleno 16,8 85,4 25,0 C MoP ne
24 z kycel 20,0 74,5 24,1 NC MoP ne
25 z kycel 18,7 81,3 20,4 H MoP ne
26 m koleno 14,7 74,1 25,4 C MoP ne
27 m kycel 11,5 60,1 26,6 NC MoP ne
28 m kycel 10,3 81,9 26,3 H MoP ano
29 z kycel 19,8 69,5 27,9 NC MoP ne
30 m koleno 15,6 71,4 30,6 C MoP ne
31 z koleno 18,6 85,1 31,6 C MoP ne
32 m koleno 4,8 58,0 35,9 C MoP ne
60 m kycel 12,6 81,2 27,1 C MoP ano
61 z kycel 18,3 71,7 38,2 NC MoP ne

Vysvétlivky: Z = Zena, m = muz, C = cementovana, NC = necementovand, H = hybridni, MoP = kov-polyetylen,

CoP = keramika-polyetylen




Tabulka 2 PouZité protilatky a protokol ve Ventana Benchmark XT

Primarni Detekce Redéni Inkubace Protokol, provedeni
protilatka
CD117 Mastocyty 1:400 30 min, pokojova teplota CC1 standard

iVIEW DAB Detection Kit
Tryptase Mastocyty 1:100 30 min, pokojova teplota CC1 standard

iVIEW DAB Detection Kit
S100 Dendritické buriky 1:600 15 min, pokojova teplota CC1 standard

iVIEW DAB Detection Kit
CD1la Dendritické buriky ready-to-use | 30 min, pokojova teplota CC1 standard

iVIEW DAB Detection Kit

Tabulka 3 Pocet pozitivnich bunék ve 20 HPF

Kvantifikace Nejnizsi pocet Nejvyssi pocet Primérny pocet
bunék v jednom bunék v jednom bunék u jednoho
preparatu preparatu pacienta
Protilatka
= Tryptase + 5 195 60
SE [cpb117+ 1 85 22
o0
2 § S100 + 1 327 50
[)
(12 CDla + 0 420 8
Tryptase + 74 183 124
£ & [coii7+ 61 170 106
Sa
£ 2 S100 + 10 3
Y (%]
CDla + 0 2 -
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Abstract:

Background

Wear related and non-wear related particle identification and the characterization of the inflammatory
responses in the periprosthetic soft tissue, bone, and SLIM (synovial-like interface membrane) play
an important role in the identification of biological pathways contributing to implant failures in joint
arthroplasty. The diagnosis of the morphological and chemical characteristics of the wear particles is
a challenging task in orthopaedic pathology because of the variation of the composition and
combination of the wear particles, and the addition of endogenous crystals, blood by-products, and
other foreign particles. The purpose of this study is to present a comprehensive histological particle
algorithm (HPA) as a practical guide to particle identification by conventional histological
examination.

Methods

The cases used for particle analysis were selected retrospectively from the archives of two
institutions and were representative of the wear and non-wear related particle spectrum. All particle
categories were described according to their size, shape, colour, and properties observed at
conventional light microscopy, under polarized light, and after histochemical stains when necessary.
Results

All implant wear related and non-implant related particles were described and illustrated in detail by
category. A patrticle scoring system for the periprosthetic tissue/SLIM is recommended and structured
with the following principles: 1) Wear particle identification at light microscopy with a two-step
analysis at low (40x and 100x) and high magnification (200x and 400x); 2) Identification of the
predominant wear particle type with size determination as nano-particle aggregates, micro-, macro-,
and supramacro-particles; 3) The presence of non-implant related endogenous and/or foreign
particles.

Conclusions

The HPA should be considered a standard for the histological analysis. It provides a basic, useful
tool for wear and non-wear particle identification at routine light microscopy examination and aims to
be non-technically burdensome, reproducible, and user friendly. The HPA can also be used to
reduce intra-observer and inter-observer variability to provide a common platform for multicentric
implant retrieval/radiological/histological studies and valuable data for the risk assessment of implant
performance to regional and national implant registries and government agencies.

Key words:
arthroplasty, histological particle algorithm, orthopaedic implant wear particles, periprosthetic tissue,
synovial-like interface membrane, wear particle identification.

Background

The identification of particulate wear material and its differential diagnosis with endogenous
crystalline and non-crystalline materials in the synovial-like interface membrane (SLIM) and the
periprosthetic neo-synovial membrane of orthopaedic implants is important for the evaluation of
clinical outcome, radiological and biomechanical analysis correlation, biological mechanisms of
implant failure, and medico-legal purposes. The role of wear particles in bone resorption leading to
aseptic loosening/osteolysis, one of the most important causes of orthopaedic implant failure up to
the present time, was first described by Willert and Semlitsch in 1977 [1].

Wear particles in orthopaedic implants are generated by different wear mechanisms divided into two
major categories: 1. Mechanical, subdivided in abrasion, erosion, adhesion, and surface fatigue; 2.
Mechanical with an additional element of active chemistry, oxidation and/or corrosion [2]. They can
originate from the prosthetic implant contact surfaces, either bearing surface or component’s
junctions such as acetabular cupl/liner, head/neck, neck/stem, body sleeve/stem, stem/acetabular



cup, and others. The majority of the particles are generated mechanically by abrasion/adhesion
between two surfaces although recently the mechanism of corrosion has emerged as the leading
factor in the occurrence of adverse local tissue reactions to implant wear/adverse reaction to metal
debris (ALTR/ARMD).

In the histological examination of the neo-synovial membrane or the SLIM, any wear particle is
defined as a microscopic particle of any size, shape, contour, colour, and chemical composition.
Wear particles, however, can also represent aggregates of smaller particles, especially of nano-size
and also admixed to or coated with adherent organic substance, such as blood-derived products or
synovial fluid proteins forming a protein corona [3-5].

In the past forty years, histological classifications of wear particles released from orthopaedic
implants and observed at conventional light microscopy examination with and without polarized light
have been published and used for clinical diagnoses and research studies, usually modifications of
the classification reported by Mirra et al [6]. In the last two decades, a progressive change and
evolution of implant materials has made the original classification not suitable to address all the
diagnostic challenges provided by these new materials. Moreover, the identification of wear particles
and the measurement of their total burden has become more difficult or impossible to be determined
with accuracy by conventional light microscopy due to the size of the particulate material, well below
the resolution limit of the optic microscope, the morphological similarities of some of the materials,
and the presence of a mixture of particles from different materials present in the cytoplasm of the
macrophages.

The histological analysis of periprosthetic tissue removed during implant revisions, although still not
mandatory in many countries, has been considered of paramount importance in the classification of
the biological reactions to implant wear particles and the identification of new types with possible vast
medical and economic consequences for public health, as exemplified by the increasing number and
type of joints replaced (hip, knee, shoulder, elbow, wrist, ankle), the projected increased number of
orthopaedic implant revisions in the future [7]. A recent example has come from the introduction of
the metal-on-metal (MoM) bearing surface either in hip resurfacing arthroplasty (HRA) or total hip
arthroplasty (THA) with or without cobalt-chromium (CoCr) metallic adapter sleeve (MAS) and in
Non-MoM THA implants with CoCr dual modular neck (DMN) followed by the unintended occurrence
of adverse local tissue reactions causing a higher rate of revision operations and need of long-term
follow-up [8].

The first analysis of the implant wear material and of the host reaction is almost always performed by
conventional light microscopy on paraffin embedded tissue and usually by a general surgical
pathologist. Therefore, a classification of the materials which is reproducible and accurate within the
limits of the optic microscope resolution and also of limited methodological complexity is necessary
for providing a standardized and comparable diagnostic tool which can be expanded further with the
use of additional, sophisticated analytical techniques when necessary.

A Histological Particle Algorithm (HPA) is presented here in detail with the intent of providing a useful
and reproducible guide for the identification of wear particulate material and also for the differential
diagnosis with non-prosthetic endogenous materials such as crystal deposits and degradation
products of organic substances, especially blood-derived and foreign particles/grafts from different
sources (Figure 1 and 2). It has been reported before in a condensed version [9, 10] and more
recently in a manual for the histological diagnosis of pathologies associated with orthopedic implants
[11].



Methods

The HPA is fully described with illustrated examples of each category of implant wear particles and
endogenous/foreign particles generated in different implanted joints. The cases were selected
retrospectively from the pathology archives of the Hospital for Special Surgery, NY, NY, USA and the
Centre with Focus on Orthopaedic Pathology, Trier, Germany and examined by three orthopaedic
pathologists (GP, SS, VK) with consensus histological diagnosis. Approval for the use of the
periprosthetic tissue was obtained by the Institutional Review Board, Hospital for Special Surgery
(Protocol Number 26085) and the Ethics Commission of the Medical Board of Rheinland-Pfalz;
Mainz, Germany [Case Number 837.230.15 (9998)]. All particle categories were described
according to their size, shape, colour, and properties observed at conventional light microscopy,
under polarized light, and after histochemical stains when necessary. The criteria used in the HPA for
particle identification are based on the ones previously described in the scientific literature.

Implant data

All cases described were culled from archival material. The prosthesis and its time of implantation
were known in each case and each implant was available for inspection at gross examination. The
material composition of the joint prostheses covered the full range of the implant material spectrum
(polyethylene, metals, ceramics, silicone, hydroxyapatite, polymethyl methacrylate orthopaedic
cement).

Macroscopic examination and processing of tissue samples

The macroscopic examination, fixation in 10% buffered formaldehyde and processing of the tissue
collected at surgery were performed according to a standard protocol. Depending on the wet tissue
sample size/weight and/or tissue mapping locations, up to 10 tissue blocks (1-2 sections/block) were
selected per case and routinely processed, embedded, cut at 4 to 5 ym and stained with hematoxylin
and eosin (H&E) and additional histochemical stains when necessary. In selected cases, 0.35 pm
thick sections were stained with 0.1% toluidine blue in borax buffer after fixation in 2.5%
glutaraldehyde for 24 hours and trimming with preservation of tissue orientation transferred to sodium
cacodylate buffer, processed through a standard cycle and embedded in epoxy resin. We retain that
location mapping of periprosthetic tissue retrieval has value and also provides more accurate
information of the wear distribution. This method has been previously described in detail [11] and
has been used for the quantitative and qualitative assessment of ALTR inflammatory infiltrate and the
identification of large aggregates of corrosion products [12-14]. However, it can be time consuming
with a higher technical and professional cost to be applied routinely to all specimens and its benefits
have also been recently investigated on non-MoM total hip and knee arthroplasty specimens showing
comparable results without the use of a mapping chart [15].

Histological analysis

The hematoxylin and eosin (H&E) staining and Prussian blue reaction (PBR) were carried out using
the Leica ST 4040 staining module; nuclear staining was undertaken with Harris hematoxylin (Harris
hematoxylin, Surgipath, Richmond, Illinois, USA), the background staining was performed using
eosin (eosin Y, Sigma-Aldrich, St. Louis, Missouri, USA). PBR reaction was performed according to
the Mallory’s method and Oil-red-O staining manually following a standard protocol [16].

Particle analysis

Implant wear particles are derived from polyethylene, metallic debris (conventional and corrosion),
ceramics, and polymethyl methacrylate orthopaedic cement (PMMA). The great majority of these
particles are generated by the two-body adherence/abrasion wear when material is removed or
displaced from the softer surface by irregularities of the harder surface or by the three-body abrasion
wear when some form of other particles generated by materials used to fasten the implant to the
bone (PMMA) or particles generated by the wear of a primary implant components which remain



after the implant revision (i.e. ceramic particles after a fracture of a ceramic femoral head or liner).
Wear particles with an additional element of active chemistry, oxidation and/or corrosion can be
prominent in some implant tribological configurations [2].

Non-implant related particles present in the periprosthetic tissue are divided in two main categories:
endogenous particles and foreign particles/bone grafts. Endogenous particles

The endogenous particles are those microscopic particles which have been produced by the body in
the synovium/SLIM, frequently secondary to metabolic diseases, disturbances or blood-derived
products, and degenerative processes. The majority of them are of crystalline nature and are
detected either in the synovial fluid or in deposits into the articular soft tissues (synovium,
meniscus/labrum, capsule). For the analysis of endogenous particles, a light microscope fitted with
polarized filters and a first order red compensator is sufficient [17]. Crystals are detected because of
their birefringence which is evident with the use of compensated polarized light microscopy (CPLM).
Foreign particles and bone grafts

Foreign particles are derived from absorbable and non-absorbable surgical sutures, fixation
devices/scaffolding materials (metal, plastic, composite materials), joint spacers, skeletal substitute
materials, visco-supplements, and drug carriers.

Definitions of particle size and shape

The most difficult issue of the classification of wear and prosthetic material particles generated by
orthopaedic implants is to translate the size range of the particles into equivalent words to provide a
practical and easily reproducible classification. This issue is not trivial because different
morphological features of the particles and in particular their size can signify an increase in the
macrophage inflammasome activation with subsequent cytokine release and therefore have an
important clinical significance, at least for metallic particles [18]. We propose the following sub-
division for the most common wear materials observed at conventional histological examination:

a. Polyethylene: nanoparticles, non-detectable (<1 um), microparticles (1 to <10 ym), macroparticles
(= 10 pm up to 100 ym) and supra-macroparticles (>100 ym). For an approximate determination of
particle size, nano-aggregates and microparticles are usually identified in macrophages, macro-
particles in giant cells, and supra-macroparticles are surrounded by giant cells or free in the neo-
synovial stroma/bone marrow;

b. Conventional metallic debris: they are predominantly of micro-size (1 to <10 um) and occasionally
of nano-size (<1 ym) and macro-size (= 10 ym). Their shape can be defined by the ratio (r) between
the length and the width of the particles: round (1<r<1.5), ovalfirregular (1.5<r<2.5), needle/rod
shaped (r>2.5);

c. Corrosion metallic debris: round/globular nanoparticle aggregates (tribocorrosion) <5 ym; irregular,
small nanoparticle aggregates (mechanically assisted crevice/fretting corrosion) <10 uym usually as
break-down fragments of larger aggregates; large nanoparticle aggregates >10 ym (mechanically
assisted crevice/fretting corrosion). Round/globular and irregular nanoparticle aggregates are
identified in macrophages; large nanoparticle aggregates are identified in multinucleated giant cells
and when very large, they are surrounded by giant cells or embedded free in the neo-synovial
stroma;

d. Ceramic: nanoparticles (<1 ym), microparticles (1 to 10 pm), macroparticles (>10 ym up to 100
pm) and supra-macroparticles (>100 um). Nano and microparticles are present in the macrophages
and macropatrticles in giant cells where supra-macroparticles are surrounded by giant cells or free in
the tissue stroma;

e. PMMA: Large particles surrounded by giant cells dissolved during tissue processing cycle and
appearing as empty lacunae with small aggregates of radiographic contrast agent present; medium
and small size particles engulfed in giant cells and dissolved as well; particles of radiographic
contrast agent in macrophages (barium sulphate, zirconium dioxide) especially numerous in cases of
third body wear failure.



In this analysis, the particle sizes were determined using computer-aided interactive morphometric
analysis, Leica DM 2005, microsystems framework 2007.

Results

Implant wear particles

Wear particle characterization of orthopaedic implant wear is the most challenging component of the
histological examination of the periprosthetic tissue and it is often time consuming, especially when
multiple specimens/case and several cases have to be examined in a single session. The most
frequent combinations of wear materials occur according to the implant bearing surface: metal-on-
polyethylene (MoP), ceramic on polyethylene (CoP), metal-on-metal (MoM), and ceramic-on-ceramic
(CoC); a MAS, either of CoCr or Ti can be added to metallic/ceramic heads and cement can be
present around the femoral and/or the acetabular component.

Polyethylene (PE)

The term polyethylene usually refers today to its ultra-high molecular weight type (UHMWPE) with an
exceptionally high molecular mass, defined by the American Society for testing and materials as a
molecular weight higher than 3.1 million g/mol [19]. Today, the most common subtypes analyzed at
the time of revision according to the year of implantation and type of prosthetic device are the first
and second generation of highly crossed-linked polyethylene subject to different regimens of
radiation for sterilization and remelting/thermal heating for oxidation stability and in the future also
with the addition of an anti-oxidant stabilizer, such as vitamin E [20]. The use of highly crossed-linked
polyethylene is not homogeneous among the different joint implants and the detailed information of
the dose of radiation and of the use of remelting or thermal heating is usually not known. Therefore,
caution needs to be exercised to attempt defining modalities of implant failure when analyzing PE
particulate wear at light microscopy examination because its chemical state cannot be determined at
light microscopy examination and requires examination of the implant PE component with use of
specific analytical methods.

PE particles of variable size are detected at light microscopy examination under polarized light:
Microparticles:

PE microparticles are usually located in the cytoplasm of the macrophages; they measure between 1
and 10um and are predominantly needle-shaped showing granular, slightly eosinophilic cytoplasm
reactivity (Figure 3A).

Scanning electron microscopy (SEM) analysis has shown that particles of UHMWPE are round or
elongated and that the former are in large majority submicron in size and therefore non-detectable at
polarized light microscopy examination with predominance of the latter often around to 10 uym in
length [21, 22]. They are visible at x400 and x200 under polarized light. The detectable number of
particles is also dependent on the polarizer and analyzer components used for the analysis. Oil red O
staining provides positive staining of cytoplasmic, micro-particulate PE (Figure 3B1, although it is
non-specific and stains also phagosome membranes filled with metallic hanoparticles generated by
tribocorrosion in MoM bearing surface implants (Figure 3B2).

Macropatrticles:

PE macro-particles measure between > 10 ym and <100 um; they are clasp-shaped and usually
located in the cytoplasm of multinucleated giant cells (Figure 3C). They are detected at x100 and x40
magnification.

Supra-macropatrticles:

These particles are detectable at x25 magnification, especially under polarized light. Their shape is
variable and frequently curved and they are surrounded by multinucleated giant cells or free in the
stromal tissue with size ranging from 100 ym up to >2000 um (Figure 3D). Particles larger than 1000
Um may be also detected at macroscopic examination.



Non-ferrous metallic particles

Conventional metallic particles

Non-ferrous metals and their alloys are used predominantly in joint endoprosthesis, where ferrous
metals (i.e. steel) are used considerably less at the present time [23]. The most used non-ferrous
metals in joint prosthesis are: aluminum, cobalt, chromium, molybdenum, nickel, niobium, tantalum,
titanium, vanadium, zirconium. These metals are used in various combinations and alloys.
Conventional metallic wear particles are predominantly very small particles and have an average
diameter ranging from 0.05 ym to <5 ym and occasionally >5 um especially in cases of component
displacement or massive abrasion by third body wear. The shape is predominantly rod/needle-like,
but can vary from round to polygonal, sharp-edged. Their colour varies from grey to jet black.
Conventional metallic debris can be admixed with either polyethylene (Figure 4A) or ceramic debris
and appear in micro and macroparticulate form in cases of marked edge loading of the acetabular
rim (Figure 4B). It is important to emphasize that CoCr particles, either generated by tribocorrosion
or even by edge loading can be completely oxidized during H&E staining and can appear pale
green/yellowish or brownish at light microscopy examination, in contrast with the charcoal-grey/black
appearance of non-oxidized conventional metallic particles at surgery and macroscopic examination
(Figure 4C). Conventional metallic particles cannot be distinguished at light microscopy examination
from wear debris from ceramic implants of surface oxidation by thermal diffusion type.

Corrosion metallic particles

After having been determined as a potential cause for hip implant failure in the late nineties [24], a
renewed attention has been recently devoted to implant corrosion products because of the adverse
local tissue reactions/adverse reaction to metallic debris (ALTR/ARMD) associated with MoM HRA
and THA [25] and MoM large head THA implants with or without CoCr MAS [26-27] or without
metallic adapter sleeve and also nhon-MoM THA implants with CoCr DMN [28-30] or with other MoP
THA configurations [31, 32]. They are mainly produced either by tribocorrosion at the MoM bearing
surface or by mechanically assisted fretting/crevice corrosion at the two above mentioned junctions
[33]. They can be associated with a variable amount of conventional metallic particles generated by
abrasion through implant edge loading and/or impingement. Their shape varies from round/globular
to irregular or rod/needle-like and they usually appear characteristically greenish/yellowish and when
in large aggregates of nanoparticles or macroparticles of variable size (1 ym to 500 ym) and
associated with black/reddish streaks (Figure 4 D). Their metal composition varies according to the
type of implant and of the wear pattern [34]. Semithin sections prepared for electron microscopy
analysis show nanoparticles present in the cytoplasm of macrophages in MoM HRA (Figure 4E), in
MoM THA with CoCr MAS with a giant cell containing a large aggregate (Figure 4F), and Non-MoM
THA with CoCr DMN (Figure 4G). Corrosion particles can be generated also at MoM interface of
fixation device components, as shown in Figure 4H.

Ceramic particles

Ceramics are generally employed in joint replacement arthroplasty as combinations of CoP bearing
surface in hip, knee, shoulder, elbow, and ankle implants or CoC bearing surfaces in hip implants.
They are classified as: 1. Oxidized ceramics, composed of aluminum oxide ceramic (Al203),
zirconium dioxide ceramic (ZrO2), or alumina matrix composite (mixed oxide ceramic) with
components such as yttrium oxide (Y203), strontium oxide (SrO), and chromium oxide (Cr203); 2.
Non-oxide ceramics such as silicon nitride (Si3N4); 3. Hard coating on metals, such as titanium
nitride (TiN); 4. Surface modifications of metals such as a zirconium alloy with 2.5% of niobium
through surface oxidation by thermal diffusion; 5. Calcium phosphate ceramics such as
hydroxyapatite and tri-calcium phosphate [35, 36]. Wear-induced ceramic particles usually occur in
the size range of 20-100 nm up to several ym, as shown in Figure 5A. In the case of oxidized
ceramic component fracture (Figure 5B) so-called supra-macroparticles with a size up to a few mm
can also be detected. The birefringence of the microparticles varies from absent to weak, and they



exhibit variable shape from globular to irregular-polygonal with sharp edge and colour, from clear to
yellowish/greenish and grey/black according to the type of ceramic of the implant component(s) [37].

Hydroxyapatite (HA)

The HA surface coating often used especially in metal materials (mostly in metallic surfaces)
facilitates the osteointegration process of the prosthesis. HA is usually completely replaced by the
periprosthetic bone formation and can only be detected by hard grinding techniques in the early
phase following implantation and very infrequently as a particulate material in the SLIM.
Hydroxyapatite presents as pale grey to greenish, polygonal amorphous extracellular particle with a
size 25 up to 120um which can also be associated with calcium deposits (Figure 5C).

Polymethyl methacrylate particles (PMMA)

In the conventional histological tissue preparation, PMMA particles are chemically dissolved during
tissue processing. They are identified at light microscopy as empty, multivacuolated cavities of
variable size lined or engulfed by multinucleated giant cells (Figure 5D).

Radiographic contrast agent (zirconium dioxide and barium sulfate)

In the vacuoles of the PMMA, which has been dissolved during tissue processing, only the additive,
radiological contrast agent zirconium dioxide or barium sulphate is identifiable (Figure 5D). They are
detectable as small, aciniform aggregates of round, slightly birefringent particles with a dark border
and a clear center. They can be numerous in the cytoplasm of macrophages, especially in cases of
third body-wear and be an indicator of this mode of implant failure (Figure 5E). Differentiation of
zirconium dioxide from barium sulfate is not possible with certainty at light microscopy examination.

Non-implant related particles

The non-implant related particles present in the periprosthetic soft tissue and/or SLIM are
represented by endogenous particles, for the large majority crystals and material related to blood
products and foreign particles, derived from surgical sutures, fixation/reconstruction devices, joint
spacers, skeletal substitute materials, visco-supplements, and drug carriers.

Endogenous particles

Endogenous particles are identified by the use of polarized light for the identification of crystals and
PBR for the identification of hemosiderin/blood products.

Calcium pyrophosphate

Calcium pyrophosphate (CPP) exists in the form of characteristically rhomboid shaped crystals
admixed to cuboid, parallelepiped, and also needle-shaped forms, approximately <1 ym to 1 ym in
size [17]. CPP deposits exhibit a weak positive birefringence under compensated polarized light (pale
yellow with the long axis perpendicular to the compensator and pale blue when parallel) and are
characteristically embedded into a reddish, homogeneous matrix (Figure 6A). In the periprosthetic
soft tissue and/or the SLIM, deposits of calcium pyrophosphate crystals can also be detected in
proximity to the macrophagic/giant cell reaction to wear debris.

Urate

Sodium urate crystals are present in the H&E section in the form of haphazardly arranged short
fascicles of needle-shaped, empty spaces corresponding to dissolved urate crystals, embedded into
an amorphous, greyish matrix and surrounded by a macrophagic/giant cell reaction (Figure 6B).
Since urate crystals are water-soluble, negatively birefringent urate crystals (bright blue with the long
axis perpendicular to the compensator and bright yellow when parallel) may only be detected directly
in the native preparation or in histological section before paraffin removal [17], although some
residual crystal fascicles can be present after staining in large tophi. The particle size can range
between 5 and 25 um.

Oxalate



Deposits of calcium oxalate in bone and other tissues is known as oxalosis and it is a secondary to
the occurrence of primary hyperoxaluria (PH) due to an autosomal recessive hereditary disorder of
the metabolism of glyoxylate, most frequently caused by a enzyme deficit of alanine-glyoxylate
aminotransferase (PH type I) located in the hepatic peroxisomes which causes excessive oxalate
production with involvement of the kidney, the excretory organ [38]. The crystals appear as pale
green or pale yellow arranged in clusters of broken plates or radial rosettes embedded in a fibrous
stroma and are birefringent under polarized light (Figure 6C).

Cholesterol

Cholesterol crystals are dissolved during tissue processing and typically appear as haphazardly
arranged small fascicles of empty clefts (Figure 6D). The formation of the crystals in the
periprosthetic neo-synovium occurs in arthroplasty after a relative long time of implantation and often
in long-standing chronic bursitis with a marked particle-laden macrophagic infiltrate with abundant
necrotic cell debris.

Hydroxyapatite (calcinosis)

Soft tissue deposition of hydroxyapatite can occur in a single or multiple locations and can be related
to a number of systemic disorders such as familial or idiopathic tumoral calcinosis, associated with
autoimmune rheumatologic disorders and in particular scleroderma, and metabolic conditions such
as renal failure with dialysis, hypervitaminosis D, and other disorders of the calcium/phosphorus
homeostasis. Although almost any joint can be affected by calcinosis, the shoulder is the most
commonly involved region where calcific tendinitis and/or bursitis can occur [39]. The crystals appear
spherical and targetoid and are lined by a macrophagic/giant cell reaction (Figure 5E). Deposits with
stromal reaction in the bone marrow associated with brisk osteoblastic activity and thick osteoid
seam can also be observed in cases of periarticular tumoral calcinosis associated with scleroderma
(Figure 6F).

Hemosiderin

Hemosiderin deposits, usually secondary to chronic bleeding in the periprosthetic soft tissue or
traumatic events such as implant dislocation or periprosthetic fracture, appear as course, granular
golden brown deposits in the macrophagic cytoplasm (Figure 7A). In the Prussian blue reaction,
hemosiderin deposits stain intensely dark blue (Figure 7A, inset). Hemosiderin deposits in
macrophages of the SLIM may also be present combined in conjunction with prosthesis material
wear particles and might be difficult to differentiate without the PBR stain from ceramic and/or
metallic corrosion particles especially if they have a granular size.

Gamna-Gandy bodies

Gamna-Gandy (G-G) bodies are defined as small, spheroidal or irregular yellow-brown foci,
consisting of dense fibrous tissue and collagenous fibers encrusted with iron pigments and calcium
salts (Figure 7B1 and 7B2). They were first described in the spleen early in the twentieth century and
were erroneously considered to be caused by fungal infection. Now G-G bodies are considered to
result from organization of small hemorrhages and have been characterized by scanning electron
microscopy and x-ray fluorescence spectroscopy with demonstration of their crystalline nature and
chemical structure of CaPO4-FeOH [40]. G-G bodies are a well-recognized finding in atrial myxomas
where they form linear arrays of mineral-encrusted fibers, often at the edge of resolving
hemorrhages. Their definition has been expanded to include all the formations of connective tissue
fibers admixed to iron pigments and calcium salts, irrespective of size or form.

Formalin pigment

This pigment is produced by acid acting upon hemoglobin and is known as formalin pigment or acid
hematin. The appearance is black to brown with amorphous to microcrystalline granules (Figure 7C).
Formalin pigment granules can be present in the H&E stained histological sections of periprosthetic
tissues fixed in formalin having a low pH [41].

Lime (calcium carbonate)



Calcium carbonate, as one of the most important forms of lime, appears in the form of basophilic,
non-birefringent coagulative deposits (Figure 7D). Calcium carbonate is present mostly embedded in
a fiber-rich connective tissue with scant macrophagic/multinucleated giant cell reaction and can be a
consequence of an inflammatory process and/or tissue necrosis. The particle size is usually larger
than 1mm.

Bone tissue detritus

The bone tissue fragments are often surrounded by macrophages and osteoclast-like giant cells,
particularly in detritus synovitis as a consequence of osteoarthritis, necrosis, and especially rapidly
progressive osteoarthritis. In SLIM, the cause can be bone fragmentation secondary to osteolysis
with or without fracture and also bone milling during surgery, the so-called cutting-grinding effect, as
a by-product of the surgical operation. The particle size usually ranges from 5 to >300 uym (Figure
7TE).

Foreign particles

Foreign particles are predominantly generated by fixation/reconstruction devices and by materials or
substances used as fillers or carriers to alleviate the symptoms or complications of joint arthritis and
arthrosis.

Surgical sutures (absorbable and non-absorbale)

Surgical sutures are usually easy to identify because of their high birefringence and tubular structure
in longitudinal, oblique, and cross section or even filamentous structure. Absorbable surgical
sutures, however, can be more challenging especially when broken in small fragments because of
their heterogeneous birefringence and appearance (Figure 8A).

Fixation/Reconstruction devices/materials

Fixation devices which can break down and can represent a differential diagnosis with supra-
macroparticulate PE are fixation plastic screws and/or anchors, although they differ for birefringence
properties and shape (Figure 8B).

Debris released by broken metallic devices, such as metallic plates or acetabular screws cannot be
distinguished from metallic wear debris and a clinical history and examination of the explanted
hardware is essential for the correct histological diagnosis.

Among the reconstruction materials, an interesting example is represented by the ABC (Active
Biosynthetic Composite Ligament), introduced as a scaffold class ligament in 1985 for primary
reconstruction of the human anterior cruciate ligament, composed of interwoven carbon and
polyester unit material. The artificial ligament failure usually occurs because of stretching and
breaking of the fibers secondary to mechanical or fatigue factors [42]. At histological examination
carbon fibers appear jet black with a cylinder-like shape and do not polarize. The diameter is
approximately 5-8 ym and the length of the fibers is variable; in the non-fragmented state, it can be
up to several mm. They are embedded in a fibrous matrix, without presence of a macrophagic
response (Figure 8C). A distinct granulomatous foreign body reaction has been described in a single
case report [43]; however, examination of the histological picture provided shows only fibrous
reaction around the carbon fibers without cellular response.

Joint spacers

Silicone elastomer is the most common joint spacer and has been used for decades as an inert
spacer for small and medium-size joints, such as fingers, toes, metatarsal-phalangeal, thumb, wrist
and elbow [44]. In the so-called silicone synovitis polycyclic, irregular and rectangular macroparticles
up to several mm are present in synovial or capsular location, usually resulting from a fracture of the
prosthesis with fragmentation and subsequent development of a foreign body giant cell reaction.
These fragments are pale white and can be partially dissolved through tissue processing and
histologic section staining. They exhibit a variable degree of birefringence under polarized light
(Figure 8D). Other materials have also been used as spacers causing a similar reaction, such as
porous polyurethaneurea [45], shown in Figure 8E.



Injected foreign materials (visco-supplements and drug carriers)

Foreign body-induced cases of synovitis are typically observed following applications of intra-articular
substances/drugs. Histologically, the specification of the material (in most cases the drug substrate)
is not possible unless a detailed clinical history is available, although certain materials, such as visco-
supplements, provide a distinctive foreign body reaction of palisading macrophages admixed to
multinucleated giant cells (Figure 8F).

Skeletal substitute materials

Although strictly not part of the particle algorithm, skeletal substitute materials are also used to fill
voids around failed joint prostheses and/or increase osteointegration and their recognition at
histological examination is important to interpret correctly the pathological findings of the specimen
[46]. Among those frequently used are demineralized bone matrix (Fig 8G) and soluble calcium-
based granules (Fig 8H).

Differential diagnosis of particle laden macrophages and other macrophagic diseases in bone
A challenging differential diagnosis can occur in presence of bone marrow macrophagic infiltrates
which are characteristic of other conditions, such as lysosomal storage diseases [47] and other
macrophagic disorders, such as Erdheim-Chester disease (polyostotic sclerosing histiocytosis) [48],
especially when limited tissue is available or in consultation practice without a detailed clinical
history.

Although the diagnosis should be known clinically before the occurrence of a joint prosthetic revision,
exceptions can occur because of mild forms of the storage diseases with adulthood onset or
misdiagnosis because of their rare occurrence. However, careful examination of the macrophagic
infiltrate provides clues to differentiate these conditions at light microscopy. The particle laden
macrophagic infiltrate is usually composed of packed, polygonal macrophages with abundant
cytoplasm infiltrating the bone marrow with an easily identifiable particle loading of PE, metal,
orthopaedic cement, complex mixed wear (Figure 9A, PE particles and Figure 9B, conventional and
corrosion metallic particles). The macrophages in the lysosomal storage diseases contain the
substance which cannot be digested because of the enzymatic defect, such as in Gaucher’s disease,
in which they show characteristic crumpled tissue paper-like cytoplasm (Figure 9C). In polyostotic
sclerosing histiocytosis, the macrophages are lipid laden with abundant foamy cytoplasm and
admixed to an inflammatory infiltrate predominantly composed of lymphocytes and plasma cells
(Figure 9D) and if present, the cancellous bone is sclerotic with evident osteoblastic rimming (Figure
9D, inset).

Discussion

In general, an algorithm is a logical sequence of actions to be performed for solving a diagnostic or
therapeutic problem and is widely used in guideline-oriented medical practice. What is proposed here
is a “histopathological particle algorithm” based on already known, particle-defining criteria which
provide a guide to implant wear as well as non-implant related endogenous and foreign particle
identification in the periprosthetic tissue and SLIM using conventional histology examined at light
microscopy with the aid of simple histochemical stains when necessary. This simple, although
comprehensive flow chart aims at providing complementary information to the diagnostic
classification of the neo-synovial and SLIM reaction to implant wear. The characterization of these
particles is defined in accordance with a classification based on staining characteristics, properties
under polarized light, and size. The particle algorithm is also designed to assist non-specialized
surgical pathologists, orthopaedic surgeons and the material scientists in the identification of
particulate material in the periprosthetic tissue and SLIM with minimal methodical complexity.

It needs to be emphasized that the particle algorithm constitutes only a guide to identification of
implant by-products on a descriptive level by conventional histological examination. Particularly for
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metallic and ceramic materials but also for the different types of UHMWPE, the definitive material
identification, chemical composition and oxidative status is only possible through the use of physical,
high-resolution procedures, for example energy dispersive X-ray spectroscopy (EDS) and Fourier
transform infrared spectroscopy (FTIR) [32] or synchrotron micro X-ray absorption spectroscopy
(XAS) and X-ray absorption near edge structure (XANES) [49]. For detection of low concentration
elements in nano-size wear particles, even more sensitive analytical techniques need to be used,
such as transmission electron microscopy (TEM) and TEM-EDX element mapping, scanning electron
microscopy (SEM), backscatter scanning electron microscopy (BSEM) and BSEM-energy-dispersive
X-Ray spectroscopy (EDS) element mapping examination, X-Ray diffraction spectrometry (XRD)
examination and single particle-inductively coupled plasma-mass spectrometry (SP-ICP-MS), as
recently reported [39]. The use of analytical nano-technology is also advocated for complex cases in
which several revisions have occurred with different bearing coupling and/or use of materials for
implant adherence [50]. It needs also to be taken into account that wear particles are tridimensional
objects and that for a correct interpretation of their shape and volume, SEM stereoscopy has been
shown to provide the most reliable results [51]. The use of these techniques is particularly important
for research purposes and also for the determination of different toxicity/immunogenicity of the
particles generated by in vitro wear simulation or in vivo for clinical and/or legal purposes. It is also
important to highlight that wear particles generated by new implant configurations can be missed or
misdiagnosed at light microscopy examination. One recent, noteworthy example is represented by
the metallic nanoparticles generated by MoM implants which were originally described in 2005 as
“cytoplasmic pseudo-inclusions which did not resemble wear debris” [52] and therefore were not
counted as metallic wear particles or considered as possible cause of the adverse reaction named
aseptic lymphocyte-dominated vasculitis-associated lesion (ALVAL). The first study that correctly
characterized the cytoplasmic pseudo-inclusions as metallic wear nanoparticles analysed by TEM
and SEM was published six years later in 2011[53].

The evaluation of the tissue response pattern(s) is also performed in addition to the wear and non-
wear particle identification for a comprehensive pathological report. The correlation between type of
particulate wear and inflammatory response can be important for the choice of the most host-
compatible materials and tribological pairings [54]. Due to rapidly advancing developments in
prosthesis materials and prosthesis design, new types of wear particles and associated inflammatory
response patterns can be detected in the periprosthetic tissue and SLIM by histological examination.
These response patterns are determined by biomechanical factors (prosthesis design, loading mode,
positioning of implant components, and joint fluid waves), particle properties (composition, size,
surface, total burden), and host factors (genetic, immunological, protein corona of particles). For the
tissue response classification which goes beyond the scopes of this report, we refer to our previous
publications which described it in detail [6, 7].

A particle scoring system is advisable to summarize the most important information for the material
scientist and the orthopaedic surgeon: 1) Predominant prosthetic particle material; 2) Minor
wear/non-wear components; 3) Non-implant related particle material type, if present. A semi-
quantitative scale of four grades is suggested for the analysis of the particle burden following the
microscope magnification set: 0, no identifiable particles; 1 at x400, 2 at x200, 3 at x100, 4 at x40
and x25. It is important to consider that the particle score can be affected by the uneven particle
distribution in the periprosthetic tissue, the amount of tissue retrieved at surgery, and the extent of
tissue sampling at macroscopic examination. A “web-based particle algorithm” would be desirable for
assuring the constant updating of particle identification associated to the inflammatory response
patterns. This tool would be particularly useful to provide information on potential new alternative
bearing materials in different stages of pre-clinical examination/use, such as polyethereretherketone



which has been recently described in animal/human retrieval studies [55]. The proposed particle
algorithm will also need further studies for the assessment of its internal and external validity.

The differences in crystalline deposits in the SLIM, the wide variety of prosthesis materials and the
diversity of material combinations and particle pathogenesis mechanisms explain the high level of
morphological particle heterogeneity in the periprosthetic tissue/SLIM which makes the process of
particle identification for diagnostic purposes challenging, especially when the particle burden is
below the resolution power of the optic microscope. The pathology report, issued primarily for the
clinical practice and management of the patient and also in consultation practice for diagnostic and/or
legal purposes should include the following sections. Macroscopic description: a. Neo-synovial and
capsular tissue configuration, consistency, colour, three dimensional measurements, optional weight
of the wet specimen, bone tissue sampling if present; b. Description of the removed implant
components if available with specification of manufacturer and type (basic prosthetic alloy, bearing
pair, modularity, and component serial number optional when available) and according to the
expertise of the examiner or with the assistance of a biomechanical engineer, a description of basic
wear analysis at naked eye or with the use of a dissecting microscope. The terminology used for the
implant description should be as precise as possible, using the technical documentation provided by
each manufacturer. Consultation of the operative report can also provide confirmation or additional
information on the implant components not removed at surgery; Microscopic description: a. Tissue
morphology with presence/absence of tissue necrosis/infarction (thickness measurement) and
apoptotic cell necrosis with semi-quantitative assessment (slight, moderate, marked); b. The
description of the wear particulate and non-wear particulate material, according to the criteria
previously described and mention of the dominant and secondary implant wear material(s); c. The
description of all cell types present with semi-quantitative analysis and relation to the particle wear,
including macrophages, fibroblasts, endothelial cells (flat, tall) and the inflammatory cells of the white
series: neutrophils, lymphocytes, plasma cells, eosinophils, mast cells. Immunohistochemical and
immunofluorescence studies can provide additional, more specific information when necessary;
Diagnosis: The diagnosis is centered on the type of periprosthetic tissue/SLIM present according to
the classification previously reported [6] with the optional addition of the particulate material(s) as
described microscopically. A case comment can be added to highlight a discrepancy with the clinical
diagnosis, special features, and indications for a specific clinical follow-up.

Conclusions

Due to the continuous developments of new materials and combinations in orthopaedic prostheses,
we believe that a web-based particle algorithm would be the ideal set up to assure the constant
updating of the materials used for accurate particle identification in the periprosthetic tissue/SLIM.
The histological particle algorithm for detection and identification of wear and non-wear particulate
material in joint arthroplasty should be considered a standard for the histological analysis. It provides
a basic, useful tool for wear and non-wear particle identification at routine light microscopy
examination and it is time-saving and low-cost.

The algorithm can also be used to reduce intra-observer and inter-observer variability in order to
provide a common platform for multicentric implant retrieval/radiological/histological studies and
valuable data for the risk assessment of implant performance to regional and national implant
registries and government agencies.
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Figure legends

Figure 1 Histological particle algorithm: Implant wear particles. These particles are identified in the
periprosthetic tissue/SLIM by type, color and size.

Figure 2 Histological particle algorithm: Non-implant related particles. These particles in the
periprosthetic tissue/SLIM are of endogenous and/or foreign origin.

Figure 3 Polyethylene (PE) particles. A) Osteolysis with diffuse macrophagic infiltrate containing PE
micro-particles (x200), birefringent PE micro-particles under polarized light, upper right inset (x400),
total ankle replacement implant, lower right inset; B) 1. Oil red O positivity for PE particles in MoP
TKA implant (x200); 2. Oil red O positivity for tribocorrosion metallic particles in MoM HRA implant
(x200); C) Macroparticulate PE (black arrows) in multinucleated giant cells (x200); birefringent
particles under polarized light, upper right inset (x200); left unicompartmental knee implant with large
area of abrasion/delamination (blue arrow), lower right inset; D) Supra-macroparticulate PE particle
lined by multinucleated giant cells in a case of failed total elbow prosthesis (x200); birefringent
particle under polarized light, inset (x200).

Figure 4 Metallic non-ferrous particles. A) Conventional black metallic particulate debris (white
arrows) in MoP implant x400; birefringent PE debris is evident as blue, needle-shaped particles
under polarized light, inset (x400); B) Macrophagic and giant cell reaction to conventional particulate
metallic debris with irregular macroparticles in multinucleated giant cells (blue arrows) with empty
lacunae of methyl methacrylate orthopedic cement (black arrow) (x200); femoral head with a large
band of abrasion (white arrow) secondary to impingement on the distorted and cemented acetabular
rim (green arrow), inset; C) Oxidized metallic particulate debris in MoM HRA implant macrophages
filled with tribocorrosion nanoparticles and rod/needle-shaped edge loading larger particles (black
arrows) (x400); femoral head with osteolytic cavity (white arrow) and neo-synovium with charcoal-
gray color, indicative of metallic debris from edge loading , inset; D) Deposits of large aggregates of
greenish corrosion products in enlarged trochanteric bursa of a MoM THA implant with MAS
generated at head/neck junction by mechanically assisted fretting/crevice corrosion x100; details of
particles with green (CoCr), red (blood-derived) and black (titanium) layers, inset (x400); E)
Macrophagic infiltrate containing predominantly tribocorrosion metallic nanoparticles in MoM HRA
implant, semithin section, toluidine blue (x400); macrophagic infiltrate, H&E stain, inset (x400); F)
Macrophagic infiltrate containing predominantly tribocorrosion metallic nanoparticles (white arrow)
and crevice/fretting corrosion large particle aggregate in a multinucleated giant cell (black arrow) in a
MoM THA implant with MAS, semithin section, toluidine blue (x 400); macrophagic infiltrate, H&E
stain, inset (x400); G) Macrophagic infiltrate containing crevice/fretting corrosion, irregular metallic



nanoparticles in a non-MoM THA with CoCr DMN, semithin section, toluidine blue (x400); giant cell
with a large aggregate of nanoparticles (white arrow), semithin section, toluidine blue, upper right
inset (x400); macrophagic infiltrate H&E stain, lower right inset (x400); H) Corrosion products
generated by fixation device (x100). Metallic plate and metallic screws with corrosion observed at the
screw head/threaded body junction (white arrow), inset.

Figure 5 Ceramic/ Polymethyl methacrylate (PMMA) orthopedic cement particles. A) Ceramic
particulate debris, small and large (black arrows) particles (x400); fractured alumina ceramic liner in a
ceramic-on-ceramic hip implant, inset; B) Ceramic particulate debris and scattered black particles of
conventional metallic debris (white arrows) (x400). Edge loading of the ceramic liner (white arrow) in
a zirconia toughened alumina ceramic-on-ceramic hip implant with Ti metallic adapter sleeve, inset;
C) Hydroxyapatite. Macrophagic/giant cell reaction to deposits of hydroxyapatite (black arrow) with
calcification (white arrow) (x400); D) PMMA orthopedic cement. Large vacuoles of orthopedic cement
dissolved in tissue processing and containing residual particles of radiographic contrast agent (blue
arrow) are lined by multinucleated giant cells (x200) and a smaller vacuole is engulfed by a
multinucleated giant cell (black arrow) (x400); E) Macrophagic infiltrate containing numerous particles
of radiographic contrast agent, indicative of third body wear implant failure (x400).

Figure 6 Crystal Deposits. A) Calcium pyrophosphate (CPP). Synovial sclerosis with large amount of
CPP (x100); CPP positive birefringent crystals with rhomboid shape under polarized light, inset
(x200); B) Monosodium urate. Macrophagic and giant cell reaction to fascicles of dissolved urate
crystals (black arrow) (x200); residual negative birefringent crystals under polarized light, inset
(x400); C) Oxalate. Deposition of oxalate crystals in bone marrow in a case of primary oxaluria
(x200). Positive birefringent crystals under polarized light, inset (x400); D) Cholesterol. Clefts of
cholesterol crystals in long-standing chronic bursitis with macrophagic reaction with numerous foamy
forms to particulate wear debris of MoM THA implant (x200); E) Hydroxyapatite (calcinosis).
Spherical and targetoid deposits of calcium hydroxyapatite in calcific bursitis of shoulder joint (x200);
F) Hydroxyapatite (calcinosis). Bone marrow stromal reaction to deposits of calcium hydroxyapatite
(black arrow) with brisk osteoblatic activity and thick osteoid seam (white arrow) in a femoral head
with periarticular tumoral calcinosis in a case of long-standing scleroderma. Undecalcified bone
section, Goldner's Masson trichrome stain (x200) with black calcium hydroxyapatite deposits evident
in the inset (blue arrow), Von Kossa stain (x200).

Figure 7 Hemorrhage byproducts and calcific/osseous deposits. A) Hemosiderin pigment in neo-
synovium (x100); hemosiderin deposits positive for PBR, PBR stain, inset (x100); B) Gamna-Gandy
bodies in failed MoP THA with hemorrhage secondary to multiple dislocations (x400). Positivity to
PBR reaction, PBR stain, inset (x400); C) Formalin pigment artifact, negative for PBR reaction, PBR
stain (x100); D) Lime (dystrophic calcification) in periprosthetic neo-synovium of a case of hip implant
failure (x200); E) Neo-synovium of a failed MoP THA implant for aseptic loosening/osteolysis with
abundant osseous detritus embedded in the superficial layer (x100).

Figure 8 Non-implant wear, foreign particles/bone graft. A) Absorbable surgical suture.
Macrophagic/giant cell reaction to deposits of absorbable suture material (x200). Birefringent suture
under polarized light, inset (x200); B) Fixation Device (interference plastic poly-DL-lactide screw).
Macrophagic/giant cell reaction with palisading macrophages to plastic screw material implanted for
anterior cruciate ligament reconstruction (x200). Focal birefringence under polarized light, inset
(x200); C) Scaffold composite material (carbon and polyester). Reactive fibrous tissue with
embedded fragments of carbon fibers from a scaffold class anterior cruciate ligament (x200); D) Joint
spacer material. Macrophagic reaction to silicone elastomer particles from a finger prosthetic implant
(x200); particles are non-reactive under polarized light, inset (x400); E) Joint spacer material. Florid
giant cell reaction to particles of porous polyurethaneurea (x200). Particles are reactive under
polarized light, inset (x400); F) Visco-supplement reaction. Palisading macrophages and giant cell
(black arrows) reaction to hyaluronan deposits (white arrow) (x100); G) Skeletal substitute material.



Demineralized bone matrix of allograft implant with intervening fibrous tissue (x200); H) Skeletal
substitute material. Porous tricalcium phosphate bone substitute (x200).

Figure 9 Differential diagnosis between particle laden macrophagic infiltrate and other macrophagic
diseases in bone. A) Implant aseptic loosening (osteolysis). Dense macrophagic infiltrate in the bone
marrow in a MoP THA implant (x200). Birefringent PE microparticles under polarized light, inset
(x400); B) Implant aseptic loosening (osteolysis). Diffuse macrophagic infiltrate containing
conventional and corrosion metallic particles in a femoral head of a MoM HRA implant (x200); C)
Gaucher’s disease. Macrophagic infiltrate in the bone marrow of a femoral head (x200). Details of
the macrophagic crumpled cytoplasm, inset (x400); D) Erdheim-Chester disease. Bone marrow from
proximal tibia with foamy macrophages and mixed chronic inflammatory infiltrate (x200). Mixed
chronic inflammatory infiltrate and adjacent sclerotic cancellous bone with osteoblastic rimming, inset
(x400).
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