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Ov<>r a million of total joint arthroplasty (T.JA) surgeries are performed a nnually 

to improve quality of life of the patit•nls by relievi ng pain and offering increased 

mobility via restoration of joint functions. However, the TJA fails after few years 

caus ing pain, reducing the joint range of movement:;, and finally resul ting in a re

vision OJ)('ral ion. The main reasons for the revi;;ion are degradation and fa ilure 

of implant b io mate rials. This study ai ms at development of biomatcrials for joint 

re placements being more successful. A preliminary cvaluatiou of the wear-related 

failure of polyethylene g lenoid coinpon<•nts o n the basis o f the retrieval exam ina

tion and wear s imulations were performed. Degradation of implant materials was 

a lso assessed based on examination o f the mechanical properties of the retrieved 

p rostheses. Host response to the wear products was a lso discussed. The a mount 

of wear was measured according to AST~I standa rds and volumetrically by us

ing a laser scann ing system. Furthen no r<', the implant surfaces were analyzed 

by ;;canning e lectron microscopy (SE~!). The effect of the in vivo degradation on 

material properties was evaluated ba..~ed on nanoindcntation us ing of atomic force 

microscope (AF~ l). 
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The sir;nifil'ant wpar· c•vidl'ncC' wa~ found in th<' prC'~<'nt sLudy. Tlw volumC'tric 

wear rate Vtlr if'd from !:i.9 to :lQ.l mm:! :vr. The maximum linC'nr w0ar ratps f'X 

cccd 0.2nun1yr. tl1ultidin•ctional scratchc;;, flakes. pitt i n~ areas, and s11rface mi

cronacks, which most lik<'iy result from subsmf::tc·f' fatigue, wPn' observed iu the 

SEJ'vl ana lysis. Ba~ed ou the nanoiudentation results, it was fouud that that tiH· 

nwchanical pror)('rtie,; IHtvC' chan~ed du<> to ci<'graclation process of the polynwric 

implants. 

From this study. it can bC' conclndPd that sip;nificnnt polyethyl<•ne wear and d<-•gra

dation do appear in T .J A an cl may contribute to limited long-term smvivorship 

of the irnplanl s. 

Key words: PE degradation, '1111!£LI', debns. bone-unplrml inl.eJjare, lutnl jumt re

plocc~ ment 

1. Introduction 

Joiut diseases. such as rhcmmtto icl arthritis au cl ostcomthritis CHll result 111 

pain and decreased fund ionali ty or lll!ma11 articular joittLs [L3[. If non-surgical 

treatments H l'C'' no t successful, a joint replacement must be considered. This 

is a good treat men !., as is demonstrat cd hy Llw long-! erm results. However, 

complications can occm clue to the mechanical and geometrical mismat eh of 

t he components and nat mal tissues. In artificial joint the load distribution 

is c·hangcd trelllcndously, many interfaces an' int rod need and the lubrication 

propNii<'s are ci<'CH'O.S<'cl. These factors can c·ause implant failme , its wear. 

botH' morphology acln.ptat ions and loosening of the components [13, 29, 39[ 
T lw mai n function of ht tntan joints is to p rovide a large' rang<' of mobility 

to fu lfil ' Daily Livi11g' !.asks [15[. Doing these tasks can result in h igh joint 

load ing allCl wany i11tcrfacc motions. which in the long-term dent and the 

mos t of t hesc joints. For c·xam p lc . d m ing clown-hi ll walking the knee joint 

can undergo a contact force' of 8 t imes body weight aml it is cstiutal<·d that 

a ty pical human joint ex periences one m illion loading cycles eadt year [21[ . 
A high strength material and contact area large 0nough m ust t akC' care of high 

contact forces, w hcrcas the amount of load cycles require good lubrication 

properties between ( lw artic:ulat i ng s m faces and fat igue' resistant , deformable 

materia ls. 

Prostheses a rc designed to m imic the a11at ornicaljoint st ructure and func

t io n as nntch as possible using avail able enginC'ering techniques and mat er ials 

[31[. The affected and painful joint s ur face::; arc re 111ovecl a nd replaced by two 

com ponents, which restore tlte concave and convex g<'ometr,v of articula t ing 

sur face of nal ura.l joint . The concC\vc eo m ponent material consistl:> ma inly of 
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l IH' ult ra-hip,lt-Jnol<'cular-wC'igltt polyethyl<-ne ( UHM\VPE). For convex side 

of the artificial joint. the metal (CoCr a lloys) or ceramic (aluminum ('('HLmic) 

componcut is 11sed. These components arc C'quippcd wit h short o r long stems, 

w hich can lw f1xC'd to 1 hC' tral)('cula,r bonC' by means of bone ingrowth to 

a porous surface witl1 or without porous hydroxyapatite (HA) coating or by 

Jllcans of pol.\·-nwthylmcLwrylalC' (Pl\ll\1.1\) cement 1131. To fixate l he pros

( lwtic components a s mgcon has to remove not only afi'ect C'd a ucl pR in ful joinl 

surlac<'s. !m t also lots of hcalt hy bone. Art <'r i uscrt ion o f a prosthesis a bone

prosthesis structure is a composite stmcturc. This implies that it consists of 

separate substmctmcs \\'ith different chstic and p.;comet rical propert ies l hat 

arC' boncl<'cl to cad1 ol her. T hese difl'crcnccs result in a change of load clistri

hl llion in the arti ficial joint, as compared to the natmaljoinl ll3l. l n nalmal 

joint s l lw loads arc distribu!Pd over the cnl ire noss sect ion of t he proximal 

part of t liC' hone (i .e. fr' Jlll\1'). ln Llv' r·a,sc of nu a r ti.Fi.cial joint. tltc load is 

partially t ransfonnecl l hrough slwar across the bone /cement ; prosthesis in

tNfacC's IJ3J. Tl1is altered lond transfN kads to iiJCn·ascd slrC'sscs at the 

('('llll'llt prost ltcsis interface ami unloacl iug of the bone away fro111 the pros

( lwsis. Tit(' intNI'acC' shear st resses cne furl hPr in c:reasC'cl due to t he stiffness 

ratio !)('twcen l h C' prusti!C'sis and the hone. lypically o f the order of 10:1 auc.l 

!J ip,lH'r. l n aclcl it ion, t.h<' bcndinp, clisplac<' ll\l'nls in l he bone !':i\UTOU!Hl ing the 

stem arc red need I H'Ca\ ISC' of relat i vc ly h igh flex mal st i ffnC'ss of t lw prosthesis. 

The chang<' in load distribution increases stresses in some regions and reduces 

t lwm in oLI!Ns. Areas that sec hig her lmtds, 111ay expnicncc· an incT<'a.'ie in 

hone mass. while areas l hat seC' a reduction in load may C'xperiC'IJC<' a de

crC'aS<'. l\ Io rC'OV<'r. wi!Pn t.hC'n' is a inaclcqualc proxi iWtl fit o f the stem, either 

initial lv as an cfl'C'cl of bone prC'pamt ion , o r g radua lly postoperativcly as thC' 

d l'ect of stem s ubsidence. lhc proximal load tran::;fer is bypassed in favor of 

cl isl a! load l ransfN. This "bypass" mechanism a,<; well as stress sh iC'ld i ng ea, use 

failun· of l be artl1roplasty I J 31. 
From contparing a na tomical and ar t ificialjoint s, it can be concluclccl that 

wh ile healthv lmman joints a rc lubricatC'cl by fluid f-ilm. all current art ifi.cial 

joint with r!:'lativcl.Y hard bearing surfaces a rc lubricated by t he boundary 

and mixed lubrication, which results in wC'ar and wear debris from a r ticu

lating surface::; 1101. Wear rC'slllts in late loosening of prostl1C'Lic: co1nponent.s 

133,391. \Near part ic:lcs from the art icula.t ing surfaces can arise duC' to t he 

decreased lubrication properties. smaller coutact. a reas a nd hig her contact 

loads afLcr a joint rcplaccuwn t. . .1\t. tllC' interfaces. wear is triggered by inter-
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face debonding in combinalior1 wit.h dynamical loading, where ~mface and 

material properties and the presence of other small particles clet.enn inc the 

progre~sive character of the wear ratcs. The implant material ~ubjccLecl to 

vC'ry demanding conditions such a,.<; high strPsscs and high cycle loading cou

pled with aggrcs~ive body environment degrades in time, loosing its proper

tics :;uch M ~treugth and wear and corrosion resistance. 

This study aims aL df>velopmPnt of more succesful biornaterials for joint rf>

plac:ement~. A prf>liminary eval11ation of t lw wear related failure of polyethy

lene glenoid components on tlw basis of the retrieval examination and wear 

simulations were performed. Degradation of implant materials was a!Ho as

ses~ecl ba:;ed on examination of the mechanical properties of the retrieved 

prosthese~. Ilo~t response to the wear products is a lso discussed. 

2. In Vivo Wear 

The inve~tigation of in vivo wear of polyethylene in T.JR was performed 

on the basis of the examination of the glenoid component retrievals. 

Only few studies have been performed to assess the wear of glenoid com

ponents J7, 9] in comparison to plenty of studies concerning hip and knee re

placements. From gross ('Xamination of retrieved glenoid components, Scarlat 

and Matsen J28l found that none had the same surface and shape as before 

implantation, even after 1 year of functioning in a patieut. body. Gilb 171 
and Cunther et al. 191 concluded that the abrasion, burnishing, pitting, and 

delarnination were found a..s the most predominant modes of glenoid polyethy

lene wear. Moreover. some ret rieved components were worn out completely 

and some of them were fractured 1251. All the~e studies haw been mostly 

concentrated on the qualitative a:;sessmcnt of the polyethylcne wear on the 

ba:;c of visual observations of retrieval implants. However, the quantitative 

assessment of in vivo wear performance of total shoulder replacement has not 

yet been reported. 

This study aims to evaluate the wear related failure of polyethylenc 

glenoid components on the basis of the retr ieval examination. 

Six glenoid components were retrieved and examined (five all-polyethylcne 

and one metal-backed) (Fig. 1). All components were originally fixed with 

bone cement. A mean time of in vivo use for all components was about 

J 0 years; with t he shortest 7 and longest 14 yrs. Main reason for all revisions 

was glenoid component lucency. 
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No. l No. 2 No.3 

No. 4 No.5 No. 6 

F IGURE l. H.c tr icvals of t he gleno id component ::; 

To measure volumetric wear and w<·ar dept h of the ret rieved compo

nents a laser ::;canning system wa.'i used. T he art icular surface of each com

ponent was scanned wi th accuracy of about ±611m using a laser scanner LDi 

(Laser Design Inc, Minncapolis) . The results of measurements have been 

used to generate geometrical models of t he retrievals using CAD software 

Pro/ Engineer. These models have been subsequently used to determine the 

maximum depth and the volume of wear for each component according to 

method presented by Swic,>szkowski et. al. 130] . All six retrievals were examined 

using the scanning electron microscope (SEM). The retrievals were examined 

using this technique for ana lyzing wear scar locations, wear topography and 

stress-rela ted gross microcracks. For SEM observations t he surface of the 

components was sputter-coated with a gold film (20 nm). Observat ions were 

carried out, using various microscopes (Balzers SCD040, JEOL, Peabody, 

MA ) a t magnifications from 10 to 4000 x . 

Additionally, the components were evaluated visually for Pvidence of a po

lyethylene wear such as abrasion , pit Ling, scratching , burnishing and dclam

ina tion, according to the method proposed by Gunther et a l. [91. 
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It has been fouucl in t h<' prc~c11t study that the volumetric wear rat(' 

varie~ from 6.9 to 30.4 mn1:J 'yr. T!Ie Jllaximum linear wear rates for Llw ana

lysed retrievals exceed 0.2 mm / yr. From the ~canning l,lectron micrographs of 

the cxpo~ed ~urft-tces of the retrieval::; it wa.<; found that fine multidirectional 

semi cite::; were dominaut in a ll retrieval::; (Fig. 2). In addition to the scratch<'~. 

flakes and rim nosion al~o an' ob::;crvl'cl. Moreover, two imp lant ~ liad pit tin~ 

areas and surface rnicronacks. which mo~t likely re~ul! from subsurface fa

tigue. 

(a) (b) 

FIGURE 2. SEM of the reLri<'vals No. 5 (a) and No. 2 (b) showing: multidircct ional 

scratche:, (A), Hakes (13) , cracks (C) and rim erosion (D) 

Polyet.hylcne de-lamination was observed for metal hacked component. 

The same compoueut was completely worn out to the metal backing in SO IIIC' 

plac·es. Yellow colour of polycthy lC'nc observed in this case give~ indical ion 

of its extensive oxidation. IL wa~ found that t lw inf0rior part~ of the all 

components had the highest daitl<:tges ( fom fro111 s ix cmuponcnts) . 

3. In Vitro Wear 

T here arc many factors influencing t he wear in total joint replacements, 

l.f'. clc~ i gu-mechanical factor~ (the geornetries of the prosthc~cs, su rfac:f' rough

ness and hardness, loading, motion and lubrication condition), the material 

factors (material properties, manufacturing process, sterilizat ion method and 

atmo~pheric exposure l hat can lead to oxidative degradation) , pati0ut fac

tors (weight.. activity and bmw properties) and ~urgical factor~ (po~itioning 

aud fixation method). Thi~ ~tudy i:::; mainly concentrated on effect of implant 

p,<'ometry on t he PE wear :::; ince i l i~ con~idered 1 o be one of t.he major fac tors 

influencing the generation of wear debri:::; 1381. 



http://rcin.org.pl

JN V I VO DP.C:l{t\0/\TION ANTl 'A'r-;i\F{ OF BIOM.I\TEIU/\LS... 103 

To test in vitro wear pC'rfonuauc:e of the total shoulder arthroplasty 

a newly designed shoulc!N .ioint simulator 1321 was used (Fig. 3) . In a pre

liminary test t lw wear performance of currently used gknoid and humeral 

COl!lponents was tC'stC'cl in the shoulder wear simulator. TlH' six cxaminc'd 

prosthetic: compmwnts w0rc cttstom-mauufadmecl front med ical gradE' ma

t<'rinls. Three humeral heads were made of 3161 with a diameter of 44 mm, 

anrl surface finish Ra= 0.05Jtnl. Tlm~<' g,lC'noid components were made of 

LHi\lvVPE (Chirulcnl020. PolyHiSoliclur GmbH, Vrcc!C'n, Germany). The 

articttlar surfaces of the glenoid components have the following radius of 

cttn·at ure: 27. 2d and 22 mm. All components have t.he sam0 thickne ·s of 

7nJnt and th<' santc' roughness of Ra= O.lJLm. Before testing , all UHi\'I\iVPE 

components were t rcatecl by a gamma sterilization method wit.h a ra.diat ion 

dose of 26.8 kGy. Additionally, the component:; were placed in containe r of 

deioniscd water for 3 weeks ])('fore testing to establish an equilibrated fluid 

absorpt ion le-vel. 
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F'ICURE 3. Shou ldPr wear simulator (;<) and load and mot ion profi le,; for abduc

t ion add uction ohtninccl for I he pali<•nl wit h a total :;houldl'r prosthesis (b) 

All tests were performed under physiological loads, with maximum force 

of G50 N, synchronized to the a bduction/ adduction movement. T he te:;ts ran 

for 3 million cycles. The cycliug frequency was 1Hz. During one cycle the 

head rotates from 0° to 90° and back to 0°. The tests were performed with 

newborn calf scrum (Hcclone®) a.<; a lubricant . The temperature of th<> lu

bricant was maintained at 37° ± 3°. During t he tests the frictional torque, 

applied load, rotation angle of the s ha ft and t.e.-t envi ronment. temper ature 
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were continuously recorded. After the tests were completed, the glenoid com

ponents were inspected for wear. 

Wear rates were determined according to ASTM standarcl (ASTM F1714-

96) [1 ]. This Lest protocol uses weight loss method for evaluating a wear per

formance of polymeric components of human joint prostheses. Every 250 000 

cycles the glenoid component was removed from the simulator, cleaned, dried 

and weighed in order to determ ine ma..'is loss. A soak control component was 

also used to correct the mca.sured mass loss clue to fluid sorption. During 

the test this control component was placed in the temperature conditionrcl 

chamber soaked with the same type of t he lubricant. AfL0rwards a gravinwt

ric wear of the test specimen was calculated from the fo llowing equation: 

(3.1) 

where: W1 initial weight of the tested component, W2-final weight of the 

tested component, S 1 initial weight of control specimen, S2 final weight 

of control specimen. 

T he gravimetric weight loss (wear) of the glenoid components as a fun e

t ion of tlw number of cycles is shown in Fig. 4. The weight loss of 38 mg was 

found for the first 27 mm g lenoid component after 3 million cycles. For t ltc 

conforming joint the PE wear of 54 mg was obtained after 3 million cycles 

(Fig. 4). 
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F'rGURE .J. Gravimetric wear of the glenoid components during :3 million cycles 

of t he tests for the 27 nun and 22 mm glenoid components 
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Iu this study. a significant. (ranging from 38 mg to 54 mg), nonlinear loss of 

the weight was found. Assuming a polyethylene density of 0.946 mgj mm3 and 

1 million cycles as one year in vivo eo m ponent use, the calculated volumetric 

wear rate is between 13.4 mm3 / yr and 20 nm13 / yr. 

4. Degradation of UHMWPE 

Alt'l10ugh ultra high molecular weight. polyethylene (UHMWPE) has been 

used for bearing surfaces in total joint replacements for over 30 years, during 

the last 10 years a large number of reports of failures have been published [34]. 

The major facLor responsible for these failures is oxidative degradation in

duced by sterilisation with !'-irradiation. The irradiation results in generation 

of free radical in polyet hylene. These free radicals may react with the oxygen 

that could diffuse into polyet.hylenc during shelf storage and/ or in vivo, caus

ing the polymeric chain scission , in turn, this will lower the molecular weight 

of PE, increase the density, stiffness and brittleness, and reduce the fracture 

strength and elongation t.o failure. Any of these changes could dramatically 
affect the wear resistance. 

T he efFect of the in vivo degradation on material properties was evaluated , 

ba.'-wd on nanoindentation using of atomic force microscope (AFM). 

Traditionally, AFl\ I has been used to measure the nanometer-scale to
pography of surfaces through direct contact betvwen a sample surface and 

a probe Lip mount.ecl on the end of a cant ilever microbeam. Development. 

of t he AFM's imaging capabili t ies has focused on the tip-sample interaction 

forces, leading to the utilization of the AFM as a surface force apparat us. 

Iu this mode, termed force mode, the AFM monitors the interaction forces 

a.s a function of the perpendicular distance t raversed by the tip relative to 

the sample surface 1341. A plot of the tip deflection signal versus the verti

cal motion of the piezo-actuator, termed a force curve, contains information 
regarding the nanoscale response of the materiq.l to indentation. 

T he polyethylene samples were prepared from different regions of the re

trieved glenoid component (Fig. 5) . Nanoindentation was performed on t he 

samples using the AFM diamond tip. The probe tip was lowered into the con

tact with samples. Triangular impressions were produced in the samples due 

to the triangular cross-section oft he probe t ip (Fig. 6). The cl istance from the 

apex to the base of each triangular impression was taken as a measurement 

of the plastic indent size. The fo rce curves produced from each indentation 

were obtained (Fig. 7). 
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PE_WS3 

FIGURE 5. The glenoid component with the selected regions of samples acquisition 

FIGURE 6. Triangular impression after nanoindentation for different, samples 
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f3as<'d on tlw forcr-dis placemcnl cmve:-; it can be cone! udcd that I he m ico

mc('hanical properties of the polycthyletw arc different for different region of 

the implant aftl.'r iu vivo use. i\ faterial from t he region of high wear cvitkncc 

(PE_ W S and PE _ WS2) is stiffn t han material coming from rc'gion :;bowi ng 

kss W<'ar (P E_ \VS4 and PE_ \VS3). Generally, the st iffness of the impla nted 

tnat cri<tl after in v ivo exploit a tion , incrca.scd. It can he rc:-;ult s of tltc PE 

d<'gradat ion cl ue to its oxidation. 

5. H ost R esponse t o W ear P a r t icles of Biomat eria ls Used in 
Ar tificia l Joints 

5.1. Wear P a rticles: Sm a ll Size- Huge problem 

Wear particles arise on the articulating surfaces of the artificia l joint 

and a lso on the surface hctvveen botH' and implant. They can migrate from 

t hes<' bearing surfaces inl o clo~:>e contact with living tissue~:>. The greatest 

number o f particles isolated from pcripro:-;thct ic tissue are less than lflln in 

t lte s i%<' 12, 5, 12, 231 , so they an' actually minute. The particles with :;ma ll 

size arc the most biologically act ive. It wa::; shown. t hat particle between 0.3 

to l Ofttn can slimulaLe tnano phag<':-; 181 , what jeopardize::; the stabil ity of 

implant, b<.'ginning the cascade of inflammatory event::;. 
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Besides the size of particles, very important is a lso concentration of wear 

debrii:i in tii:isues . It war:; experimentally verified that. the number of 1010 

particles per gram of tissue is related to the osteolysis ]23] . This is a huge 

number, but when considered the mean size of par ticles, it is not so big. 

5.2 . Histology of P eriprosthetic T issue 

Histological studies of periprosthetic t issues, obtained from patients who 

have had rev ision surgery due to aseptic loosening, have indicated a chronic 

inflammatory reaction . Dense fiu rous tissue with signs of inflammation is 

often seen around loosened implants. Fibrous t issue with a huge number of 

wear particles, engulfed by macrophagcs and surrounded by multinucleate 

giant cells, is common characteristic event in pcriprost het ic tissue. Fibrous 

tissue, which arir:;es around Ulli:itable implant, is compor:;ed of d ifferent cell 

types r:;uch ar:; fi broblasts. macro phages and also lymphocytes ( w hi eh migrate, 

when infl ammatory react ion starts) (Fig. 8). 

FIGURE 8. Microscopic examination of hematoxylin and eosin sta ining of tissue 

from a failed total h ip repla<'ement shows macrophages containing polyethylene 
wear particles that are seen as white fibers and AakPs under polarized light (after 

T.M. Wright, a nd S.B. Goodman) l40] 
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5.3. Evoking Inflammatory Reaction 

\Year particles in nitical size and concentrations can lead to developing 

chronic inflammatory response. Wear particles are flowing in synovial fluid 
and with this fluid they can migrate. They arc present between two su rfaces 

of artificia l joint (place where they are created), between human tissues and 

artificial joint pieces; therefore they can get in contact for example with 

synovial membrane, bone t issue and so on. 

VI/car particles, because of their small size, arc able to evoke inflammatory 

reaction. Although the implant materials arc biocompatible in the bulk form 

they may loose that feat me when they are in lhe form of particles. When wear 

part iclcs arise in tissue environment , they are treated by the host immune 

system as a foreign body. The body 's defense system attempts, unsuccessfully, 

to digest the wear particles (as it would digest an organic molecule). 

The appearance of wear particles around worn implant , contributes to mi

gration of monocytes from blood to t issues which are under the influence of 

wear particles. l\1onocytes are white blood cells, which can defend the organ

ism against foreign bodies. Monocytes can differentiate into macrophages, 
which have abili ty towarcb phagocytosis the process of engulfing foreign 

bodies and digestion them inside macrop!Jages. T herefore in case of presence 

of wear particles process of phagocytosis is used as well. Macrophages a re able 

to phagoc,vlo. c wear debris at the bone-implant interface I8J, what was ana
lvt ically confirmed using TEM 1221. Wear particles were observed inside the 

cells of macrophages, in the cytopla.'>m [221. Macropltagcs a rc t he key cells in 

the proce!::is of biological response to wear particles 122]. They starl a cascade 

of events which leads subsequent ly to the aseptic loosening of implant . 
l\1acrophages after phagocytosis of wear part icles are able to more in

tensified !::iy11thesis of infl ammatory mediators, !::iuch as IL-l , IL-6 and TNF 

14, 8. 23. 33]. These cytokines are considered a.'> t lte most significant for biolo

gical response to wear particles. They are involved in the first step of inflam

matory process. These cytokines have influence on every cell type present in 

fibrous t issue. They act a.<; mediators, t ransmi tt ing the information abou t for

eign bodies inside t he t issue. They can activate other cell , stimulate cells to 

release other cytokincs, other mediators, they boost inflammatory aggressive 

reaction. 

T he most undesirable and final consequence of the inflammatory reaction 

evoked by wear particles is osteolysis intensive bone resorption around irn-
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plant. Thr conti nuous ly growing amount of wear particlrs appearing in I he 

periprosthctic tissue can increa.-;e level of ad ivatcd cells, contribute to int en

sified migration of monocytcs from blood to Llw Larg<,t I issue and lead to 

chronic inflarnntation. Activated cells occupy larger space at I he cost of hone 

mass. They rf'lcase larger amount of inflammatory mediators what can act i

vatc bigger amount of cells. The positivf' feedback is prcsf'nt and incviLahk. 

Developing inflamed fibrous tissue precludes osseointcgration. Implant sm

roundecl by this t issue has no connection with bone, no support. Fibrous 

tissue cannot withstand stress and pressure to which it is exposed. tltcn'

fore implant becomes unsta.blc. 1\ licromotion can lead to more intf'nsify wear 

process , more aggressivP chronic reaction and subsequf'ntly to necessity of 

revision. 

5.4. Processes Contributing to Osteolysis 

\Yea r particiPs may contribute to bone mass dccrelllf'Jti by many modes, in 

direct or indirect way. The most import ant are: osteoclast activation and os

teoclast clifff'l'cntiation, induction of matrix nwtalloprot.eittasc synthesis and 

also inhibition of new botH" forlllal ion. 

Wear particles can dirf'ctly or indirectly stimulate osteoclasis to active 

bone resorption what wati confirmrd hy the kvcl of '15Ca release by thf' cul

ture of mouse ('alvaria bone samples 1371 after expmmre to wear particles. 

Ost<'ocla...'it.s arc able t.o engulf partic:IPs, which results in t lwir activat ion 1361. 

Cytoki nes n'IPasccl aftrr cant act with wear particles can st i mulat e ost eocla.st 

survival and prevent them front apoptosis 11"11 . 

\Year part ides a.-; well can stimulate rccruittnent of ostcoclatil precursors 

and their differentiation into mat ure osteoclast, which can digPst boue t issue 

directly and indirect ly IGI. Macrophages which have had phagocytosed wear 

particles can clifl'C>rentiate into active ostPoclast ic cr lls (after add ition of 1,25-

dihyclroxy-vitamin D3 into couditioning medium), which havf' the capacity 

of bone n•sorption 126, 271. 

1\.lany inflammatory llleciiators synthesized clue to rcspom;e to wear de

bris can ind ucc production and activation of zylllogens of matrix m eLalio

protcinasPs. The matrix met a lloprotcinascs ( MMPs) are prot!:'olytic enzymes 

Lhat contain a zinc ion at their active sites. These enzymes can degrade col

lagen, clastins and other components of the extracell ular matrix. Every kind 

of comwct ive Lissue consists of cells and big amount of cxt racPiiular lllal rix, 

wh ich can be digested by 1\I I\.!Ps. Also bone tissue on the bone-implant. in-
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t er face call be de!:it royed by tltc'se enzymes. The degradation of bone matrix 

wit hont a cotnpensalory ill crease ill bone matrix synthesis results in net bone 

loss. 

\\'ear particle can have influence on osteobla!:ils- bone forming cells. Os

teoblast can be· affected by the cytokines which were released by other cells 

due to wear particles influc'HC'l'. The proinflamrnalory cytokines can inh ibit. 

procollagen m RN i\ expression and subsequent-ly can lead Lo redllct.ion of 

type I collagen synt ltesis 119\, which is one of the most important structural 

proteins of the bone 1nass. 

However wear particles can also have a direct impact ou osteohlasts [171. 
Th<' osteoblast have beell shown to have abilit.v to internaliz:e particles smaller 

than l /-till, I 1 J I which is the siz:e of most wear debris. It was shown t hat wear 

particles can be phagocy tosed by osteoblast 117,35] what can change it.s mor

phology, mC'labolic activity (inhibition of collagen s:rnt hesis). It wa:.; reported, 

that wear part iclcs may decrease the grovvt h rate of human m;teoblastic cells 

in culture 118]. 
Jnhi bit ion of osteoblast ahili t y to new bone deposit ion is not. connected 

dirC'C'tly wit I! osteoh·sis. but it con! ribute:,; to net bonr loss. \i\Tcar particles, 

what was shown earlier. promot.(' bone digC'st ion, when new bone cannot be 

synt IH'si?.cd apprcciablc bone loss is pr<'sent. O::;t.coblas ls cannot compensate 

the bone damage. 

All t.hPs<' nH'chanisms contribute' t.o osteoly:,;is which , together with cyclic 

loading. leads lo as(•pt ic loosC'ning, oft he implaul. 

6. Conclus ions 

This study shows that presently, it is not possible to replace the natu

ral joints by engitwering ma tNials and designs wit h the same effcct.iveness. 

Compl ications occur within several years, as a rC'sult of the introduction 

of int<'rface:-:; , clccreasccl lttbricat ion properties and a changed load clistribu

t ion 12 J , 241. The significant wear evidence of the implants was found in the 

prrsc'nt study. 1\lultidircctional scratches. flakes. pitt ing areas, and surface 

microcracks. which most likely re~mlt from suhsmface fat igue, were observed 

in the SEM a.ualysis. BasC'd on the nanoindentation result::;, it was found 

that the mechanical properties have changed due to degradahon process of 

t lw polymeric irnplant.s. 
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l\ loreovt'r, the wear process generates wear particles strongly infl ucuci ng 

condition of the bone-implant interface. Biological response to wear dC'bris 

is related to the size of the particles , the composition is not so important in 

general. It is more' a size issue and a volume issue. than it is a material issue. 

Intensive bone loss without new bone production , intensiw inflammatory 

fibrous tissue development in rt>sponse to small wear patticlcs lead to massive 

osteolysis. Wear particles remain one of the most important problems in total 

joint repla('cment. Many cft'ort::; were clone to improve biomalerials feat ur<'s, 

reinforce wear rat e. Despit e technological efforts wear proc·ess is inevitable 

in artificial joint, where stresses are so high. Therefore we need to learn 

more about biological response t.o wear particle::; of clifl'erent biomatcriab. 

We should undcrstanrl procC'ss which leads to osteolysis, implant loosening, 

and then we can try to weaken , modulate' or subsequently slop this process. 

From this study. it can be concluded that significant polyethylcne wear 

and degradation do appear in T JA and may contribute to limited long-term 

survivorship of the implant::;. To improve total joint replacements in terms 

of long term component fixation and wear propC'rt ies, future work should be 

concentrated on the design of advanced prosthetic materials, which will have 

better wear and degradation resistance and will better mimic properties of 

natural bonP and cart ilage tissues. 
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