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BIOMATERIALSBIOMATERIALS--TISSUE INTERACTIONS:TISSUE INTERACTIONS:
Tissue Response to ImTissue Response to Implant Breakplant Breakddownown

ParticlesParticles

IMPLANTIMPLANT TISSUE RESPONSETISSUE RESPONSE

DegradationDegradation
Products/IonsProducts/Ions

FractureFracture

WearWear

Metal CorrosionMetal Corrosion

PolymerPolymer
DegradationDegradation

Degradation:Degradation:
Fibrous TissueFibrous Tissue

BoBonene

FibroblastFibroblast

MacrophageMacrophage

OsteoclastOsteoclast

(Cell Con(Cell Conttractractiioonn??))

RESPONSE TO IMPLANTS:RESPONSE TO IMPLANTS:
WOUND HEALINGWOUND HEALING

InjuryInjury

MildMild Moderate/SevereModerate/Severe
VascularizVascularizeded TiTissuessue NonNon--vascvasc..

ResolutionResolution (Inflammation)(Inflammation)
NoNo

HealingHealing
Reparative (Healing)Reparative (Healing)

ProcessProcess

RepairRepair (S(Scar)car) RegenerationRegeneration
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RESPONSE TO IMPLANTS:RESPONSE TO IMPLANTS:
WOUND HEALINGWOUND HEALING

InjuryInjury

RegenerationRegeneration RepairRepair

Tissue ofTissue of LabileLabile Tissue ofTissue of
andand StableStable CellsCells PermanentPermanent CellsCells

FramewFramework*ork* FramewFrameworkork ScarScar
IntactIntact DestroyedDestroyed

RegenerationRegeneration ScarScar

** ““StStromaroma””

RESPONSE TO IMPLANTS:RESPONSE TO IMPLANTS:
WOUND HEALINGWOUND HEALING

Surgical ImplantationSurgical Implantation

Vascular ResponseVascular Response
ClottingClotting
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NeovascularizNeovascularizaationtion

New Collagen SynthesisNew Collagen Synthesis
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I. Metchnikoff 

I. Metchnikoff 

First identified 
“macrophages” and 
“microphages” 
(polymorphonuclear 
neutrophils, PMNs) 
in an organism 
around a foreign 
body 
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Smith-Peterson

In 1923 a piece of glass was 
removed from a patient’s 
back; it had been there for a 
year. It was surrounded by a 
minimal amount of fibrous 
tissue, lined by a glistening 
synovial sac, containing a few 
drops of clear yellow fluid. 

J. Bone Jt. Surg., 
30-B:59 (1948)

I. Silver

Diagrams removed due to copyright restrictions.

Photo removed due to copyright restrictions.
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Photo removed due to copyright restrictions. 

Tissue response to a 
cylindrical implant of 
polysulfone in lapine 
skeletal muscle, 2 yrs. 

post-op

Fibrous tissue

Skeletal muscle

Photo removed due to copyright restrictions. 

Synovium:
Macrophage-like (Type A) and Fibroblast-like 

(Type B) Cells
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Polyethylene

Polyethylene

Polyethylene 
implant,

6 mos. post-op

MFBGC
MΦ

Porous Coated
Co-Cr Tibial Component

(retrieved 1 yr. post-op)

Photo removed due to copyright restrictions. 

Photo removed due to copyright restrictions. 



RESPONSE TO IMPLANTS:RESPONSE TO IMPLANTS:
WOUND HEALINGWOUND HEALING

Surgical ImplantationSurgical Implantation

Vascular ResponseVascular Response
ClottingClotting

PhagocytosisPhagocytosis
NeovascularizNeovascularizaationtion

New Collagen SynthesisNew Collagen Synthesis

Tissue of Labile and Stable CellsTissue of Labile and Stable Cells Tissue of PerTissue of Permmanenanent Cellt Cellss

FraFrammeworkework FramFrameworkework ScarScar**
IntactIntact DestroyedDestroyed (fibrous encapsulation;(fibrous encapsulation;

synoviumsynovium))
RegenRegen.. ScarringScarring** Chronic InflChronic Inflammationammation

((incorpincorp.. (fibrous en(fibrous encapsulation;capsulation;
of imof implant)plant) ssyynoviunoviumm))

Chronic InflammaChronic Inflammattiionon

AcuteAcute 
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TissueTissue
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** InInccllududinging conconttraractctionion
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FIBROBLAST BEHAVIOR IN FIBROUSFIBROBLAST BEHAVIOR IN FIBROUS 
TISSUE AROUND IMPLANTSTISSUE AROUND IMPLANTS

•• Proliferation and increased matrixProliferation and increased matrix 
synthesis of fibsynthesis of fibrroblasts leads to anoblasts leads to an increaseincrease 
in the thickness and density of the scarin the thickness and density of the scar
tissue.tissue.

•• Fibroblast contraction results in scarFibroblast contraction results in scar 
contcontractracture.ure.

BREAST IMPLANTS
Capsular Contracture

Photo removed due to copyright restrictions. 

Photograph shows Grade IV capsular contracture in the right breast of a 29-
year-old woman seven years after subglandular (on top of the muscle and under 
the breast glands) placement of 560cc silicone gel-filled breast implants.



- -
-

-
-

http://http://www.www.impimpllanantforutforum.comm.com/capsular/capsular--conconttracturacture/re/

BREAST IMPLANTS 
Capsular Contracture 

What is CapWhat is Capssularular ContrContraacctture?ure?
Scar tiScar tissussue the thatat forformmss ararouound the implnd the implanantt wwhhichich ccaauusseses thethe brebreaasststs toto
hhaarrddenen ((ssimimilailarr toto whwhatat aa cocontntrraacctteded mumuscsclele ffeeelsels liklike)e) aass ththee nnataturauralllyly
foformirminngg scscar tar tiissuessue ararouound tnd thhee iimmplplaannt tigt tighhtentenss andand sqsquueezeezeses it.it. WhiWhillee
capscapsulular car coontracntractture iure iss anan unpredunpredictaictable complication, it is able complication, it is allsso the mosto the most 
ccoommmmonon cocompmpliclicatatioion ofn of bbrreeaastst aauuggmmenentattatiioonn.. 
HHoow canw can CapCapssulular Conar Conttrraaccttureure be pbe preverevenntedted??
TextureTexturedd iimmplplantsants help dehelp deteter contrr contraaccttureure becausebecause ofof thetheiir roughr rough ssuurfacerface 
which is iwhich is inntentenddeded to dito discourscourageage a ha haard crd caapsulepsule frfromom forformmining.g. 
Under theUnder the muscle (smuscle (subub-pecpecttoraorall or 'or 'pparartitiaall susubb-musmuscculular') placement of thear') placement of the 
implimplanant ret reducduces rises riskk of cof caapspsularular contrcontraaccttuure by anre by an averaveraagege ofof 88 - 10%10%.. 
WhereasWhereas overover thethe mmuusclescle (i(in frn front ofont of thethe musclemuscle oror 's'subub-mamammmmarary'y')) hahass 1010
- 25%25% or moror moree chancechance of cof caapsulepsule contrcontraacctture.ure. 

CAUSE OF CAPSULAR CONTRACTIONCAUSE OF CAPSULAR CONTRACTION

Myofibroblasts, and thMyofibroblasts, and the regule regulatatory pory prroteioteinn 
TGFTGF--ββ, were f, were foouund in tnd in thhe cone conttractracteded 
capsules around siliconcapsules around silicone breast implantse breast implants 
but not in nonbut not in non--contracted capsules.contracted capsules. 
Mature skin scar tissue did not containMature skin scar tissue did not contain
TGFTGF--ββ or myofibroblasts.or myofibroblasts. 

LossingLossing C,C, andand HanssonHansson HA,HA,
PlastPlast ReconReconsstrtr SurSurgg 91:1277 (191:1277 (1993)993)
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http://http://www.www.impimplanlantforutforum.comm.com/capsular/capsular--conconttracturacture/re/

BREAST IMPLANTS 
Capsular Contracture 

HHoow canw can CapCapsulsular Conar Conttrraaccttureure be pbe prevereventednted??
MassMassage andage and oror ccoommppressressiion.on. ThisThis isis ususually onlually onlyy done withdone with ssmootmoothh 
implimplantsants andand may bemay be ssuuggesggestedted forfor aa periperiod beod between a fetween a few weeks tw weeks to aso as 
lonlongg asas youyou have yourhave your iimmplplants.ants. Do not mDo not maasssage bruisesage bruisess!!

The "noThe "no-touctouch"h" techntechniiqueque.. This meThis meththodod iincludencludes mes meticticulouulouslslyy
rewrewashiashinngg sursurggiiccalal glgloveovess bebefoforere hhaandndlliinng ang anyy iinnssttrumerument annt andd 
implimplanantsts. Onl. Onlyy the head surthe head surggeon toucheeon touches thes the imimplanplant,t, uussing a uniing a uniqueque 
TefTeflon cuttlon cutting boaing boarrd and id and immmedmediiaately insertintely inserting theg the iimmplplanantt 
underneunderneaathth the muscle.the muscle. AllAll ofof thesethese memeasasures heures help elp ennsure thatsure that nono
foreign sforeign subsubstance attachtance attach thethemselmselvveses toto thethe implimplant, whicant, which couldh could 
inflinflame the surrounding tisame the surrounding tisssuuee andand ccaauseuse ccoomplicatimplicatioons sns suuch asch as 
capscapsulular car coontracntractture.ure.
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Hinz B, et al., J Cell Biol 157:657 (2002)

α-smooth muscle actin-fusion peptide (SMA-FP) inhibits the tension exerted by lung 
fibroblasts on silicone substrates. After washing our of the FP, cells contract again.

Video removed due to copyright restrictions.
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Chondrocytes (P2 Canine) in a Type I 
Collagen-GAG Matrix: Contraction

40 min B Kinner

Photo removed due to copyright restrictions.
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21 days

Non-Seeded: 8 days Cell-Seeded: 8 days

Non-Seeded and Cell-Seeded
Collagen-GAG Scaffolds

S. Vickers

Human Articular Chondrocytes in Monolayer Culture
IH - Green: α-smooth muscle actin; Orange: type II collagen 

B. Kinner, et al. JOR 2001;19:233

Chondrocytes 
express the gene 
for α-smooth 
muscle actin and 
this enables them 
to contract

Photo removed due to copyright restrictions.

Photo removed due to copyright restrictions.



MUSCULOSKELETAL CELLS THMUSCULOSKELETAL CELLS THAT CAN EXPRESSAT CAN EXPRESS 
αα--SMOOSMOOTH MUSCLE ACTIN AND CAN CONTRACTTH MUSCLE ACTIN AND CAN CONTRACT

•• Articular chondrocyteArticular chondrocyte
•• OsteoblastOsteoblast
•• Meniscus fibroblastMeniscus fibroblast and fibrochondrocyteand fibrochondrocyte
•• Intervertebral disc fibroblast andIntervertebral disc fibroblast and 

fibrochondrocytefibrochondrocyte
•• Ligament fibroblastLigament fibroblast
•• Tendon fibroblastTendon fibroblast
•• Synovial cellSynovial cell
•• Mesenchymal stem cellMesenchymal stem cell M. SM. Sppectoectorr,,

Wound ReWound Repairpair RegenRegen..
9:119:11--18 (2001)18 (2001)

POSSIBLE ROLES FORPOSSIBLE ROLES FOR αα--SMOOTH MUSCLESMOOTH MUSCLE 
ACTINACTIN--ENABLED CONTRACTIONENABLED CONTRACTION

Musculoskeletal CoMusculoskeletal Connective Tissue Cellsnnective Tissue Cells
•• Tissue engineeringTissue engineering Contracture of scaffoldsContracture of scaffolds
•• HealingHealing Closure of wClosure of wooundsunds 

(sk(skiinn wwoounds and bone fractures)unds and bone fractures)
•• Disease processesDisease processes Contracture (DupuytrenContracture (Dupuytren’’s)s)
•• Tissue formationTissue formation Modeling of ECM aModeling of ECM architecturerchitecture 

and remoand remoddelingeling ((e.g.,e.g., crimp in ligament/tendon?)crimp in ligament/tendon?)
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IMPLANT MATERIALS/BIOMATERIALSIMPLANT MATERIALS/BIOMATERIALS
TISSUE RESPONSETISSUE RESPONSE

Soft Tissue (that does not regenerate)Soft Tissue (that does not regenerate)
•• Fibrous capsule (scar)Fibrous capsule (scar)

Synovium: fibrous tissue interspersed withSynovium: fibrous tissue interspersed with 
macrophagesmacrophages

Wound healing response of repair (scar formation)Wound healing response of repair (scar formation) 
coupled with macrocoupled with macrophage accretion at thephage accretion at the ““deaddead 
spacespace”” -- chronic inflammationchronic inflammation

BoneBone
•• Tissue integration and tissue bondingTissue integration and tissue bonding

TISSUE INTEGRATIONTISSUE INTEGRATION 
TISSUE BONDINGTISSUE BONDING

••

••

Tissue Integration (OsTissue Integration (Ossseointegeointegrration)ation)
Apposition of tissue (bone)Apposition of tissue (bone) to the implant (coto the implant (conntact oftact of 

bone wbone wiith the surface but not necessarily bonding)th the surface but not necessarily bonding)
Regeneration of tissue up toRegeneration of tissue up to the surface of the implantthe surface of the implant 

Tissue BonTissue Bondding (Bone Bonding)ing (Bone Bonding)
Chemical bonding of tissue (Chemical bonding of tissue (vizviz., b., boone) to the surfacene) to the surface
Protein adsorption and cell adhesionProtein adsorption and cell adhesion
Biomaterials: calcium phosphates aBiomaterials: calcium phosphates and titanium (?)nd titanium (?)
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Why are there no macrophages 
on the surface of the implant? 
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Why are there no macrophages 
on the surface of the implant?

Hydroxyapatite-Coated Implants

Photos removed due to copyright restrictions. 

Photos removed due to copyright restrictions. 
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Plasma-Sprayed 
Hydroxyapatite 
Coating

Plasma-sprayed HA coating 
on a canine femoral stem,

6 mos. post-opc

Photos removed due to copyright restrictions. 

Photos removed due to copyright restrictions. 
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PROGRESSION OF OSTEOLYSIS:
“HYLAMER” CUP

Photos removed due to copyright restrictions. 

Photos removed due to copyright restrictions. 
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J. Charnley, 1979

Titanium Wear 
Debris

Co-Cr Particles

Photos removed due to copyright restrictions.

Photos removed due to copyright restrictions.



MACROPHAGEMACROPHAGE RESPONSERESPONSE
TO MOTION AND PARTICLESTO MOTION AND PARTICLES

UNSTABLE PROUNSTABLE PROSSTHESISTHESIS

ParticlesParticles MotionMotion Bone ResorptionBone Resorption
(Osteolysis)(Osteolysis)

MacrophageMacrophage
(15(15--2525µµm)m)

ILIL--11

PGEPGE22

EnEnzzyymesmes

ChemoattrChemoattractantsactants

BONEBONE

OsOsteteocloclaasstt
precursprecursor celor celllss

OsOsteteocloclaasstt

OsOsteteobloblaassttss

POLYETHYLENE WEARPOLYETHYLENE WEAR 
PARTICLESPARTICLES

H.H. McKellopMcKellop, 1994 Hip Society, 1994 Hip Society

The number of particles generated by a hipThe number of particles generated by a hip 
prosthesisprosthesis

7 x 107 x 101111 particles/yrparticles/yr..

700,000 particles/700,000 particles/stepstep
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NUMBER OF INHALED PARTICLESNUMBER OF INHALED PARTICLES

Avg. particle burden of urbaAvg. particle burden of urban atmospn atmosphere:here:
101055 particles/literparticles/liter

Respired volume in man = 1 lRespired volume in man = 1 liiter/min.ter/min.
Therefore, 10Therefore, 1055 particles are inhaled/min.particles are inhaled/min.

10% of the inhaled particles are deposited in the10% of the inhaled particles are deposited in the 
lungs.lungs.

Therefore, 10Therefore, 1044 particles are deposited in the lungsparticles are deposited in the lungs 
per min.per min.

5 x 105 x 1099 particles/yr.particles/yr.

RESPONSE TO PARTICLESRESPONSE TO PARTICLES

•• Type of mType of maaterialterial
•• SizSizee

–– mm,mm, µµm, nmm, nm
•• LocationLocation

–– Joint fluidJoint fluid
–– PeriPeri--prosthprosthetic tissuesetic tissues
–– SynoviumSynovium
–– Lymphatic systemLymphatic system

•• NuNumbermber
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RESPONSE TO PARTICLESRESPONSE TO PARTICLES

•• SizeSize
–– mmmm No adverse response.No adverse response.
–– µµmm Able to beAble to be phagocytosedphagocytosed by macrophages;by macrophages; 

macrophages release moleculmacrophages release moleculees thats that 
stimulate bone resorption.stimulate bone resorption.

–– nmnm SubSub--micrometermicrometer ((nanoparticnanoparticlesles)) interfereinterfere 
wwith function of cell organelleith function of cell organelles;s; enter intoenter into 
the nucleus and interferethe nucleus and interfere wwiitthh  geneticgenetic 
functions.functions. 
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Light Microscopy

1 µm

Transmission 
Electron 

Microscopy, TEM

Nucleus

Polyethylene Particles 
in Peri-prosthetic 

Tissues

Polyethylene Particles 
in Peri-prosthetic 

Tissues

Photos removed due to copyright restrictions.
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Particle Length (µm) 
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The total of 15 cemented and uncemented total hip replacement prostheses. 

Benz E, et al.,  
Biomat. 2001;22:2835

 

Particle Length (µm) 

Fr
eq

ue
nc

y 
(%

) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 
0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Percentile 

43% < 0.5µm

72% < 1.0µm 

Benz E, et al.,  
Biomat. 2001;22:2835

The total of 3 total knee replacement prostheses. 



PARTICLE SIZEPARTICLE SIZE

••

••

A large percenA large percentage oftage of polpolyyethethyylenlenee particlparticlees ins in 
periprosthetiperiprostheticc tistisssues are of nanues are of nanoometer simeter sizeze
–– less than 200 nmless than 200 nm

These nanometer size partThese nanometer size particles would goicles would go 
throughthrough the filters often uthe filters often ussed to captureed to capture 
particles from joint fluparticles from joint fluiidd
–– 200 nm diameter pores in the filter200 nm diameter pores in the filter 

ISOLATION OF PARTICLES FROMISOLATION OF PARTICLES FROM 
JOINJOI T FLUIDNT FLUID
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NANONANOPARTICLE TOXICITYPARTICLE TOXICITY

••

••

••

••

Particles from prostParticles from prosthheses have become smallereses have become smaller 
(from micrometer to nanometer).(from micrometer to nanometer).
Introduction ofIntroduction of nanotechnolgynanotechnolgy into medicineinto medicine 
((i.ei.e., engi., engineeredneered nanoparticlenanoparticless for variousfor various 
applications) has raised questions about theapplications) has raised questions about the
biological response tobiological response to nanoparticlesnanoparticles..
Several federal ageSeveral federal agencies (NIH, EPA) ancies (NIH, EPA) are loore lookkinging
into this issue.into this issue.
2 major causes of death are cancer and2 major causes of death are cancer and heartheart 
disease; there are idisease; there are indications thatndications that nanoparticlesnanoparticles
can adversely contribute to these processescan adversely contribute to these processes

NANONANOPARTICLE TOXICITYPARTICLE TOXICITY

““Nano'sNano's Troubled Waters:Troubled Waters:””
““Latest toxLatest toxiic wc waarning showrning showss nanonanoparticlesparticles cause braincause brain 

damage in aquatic species and highlights need for adamage in aquatic species and highlights need for a 
moratomoratoriuriumm on the releason the release of newe of new nanomaterialsnanomaterials..

•• A new study reveaA new study revealing thatling that engineered carbon moleculerbon moleculesengineered ca
cause braincause brain damage in fish isdamage in fish is one more brick in the wone more brick in the waall ofll of 
evidence suggesting thevidence suggesting thatat manufacmanufacturedtured nanonanoparticlesparticles areare 
harmful to the environment and to healthharmful to the environment and to health.. 

•• HowHow many warnings do government regulatomany warnings do government regulatorrs requires require
before they take abefore they take acction to ensure thtion to ensure that uses ofat uses of 
nanoparticlesnanoparticles are safe before ware safe before woorkers in prorkers in productionduction 
facilities are harmed afacilities are harmed and before consumers are furthernd before consumers are further 
exposed?exposed? ””

http://online.sfsu.edu/~rone/Nanotech/nanobraindamage.htm 
Genotype; Thursday, 1 April 2004; www.etcgroup.org 
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RESPONSE TO PARTICLESRESPONSE TO PARTICLES

•• Type of mType of maaterialterial
•• SizSizee

–– mm,mm, µµm, nmm, nm
•• LocationLocation

–– Joint fluidJoint fluid
–– PeriPeri--prosthprosthetic tissuesetic tissues
–– SynoviumSynovium
–– Lymphatic systemLymphatic system

•• NuNumbermber

LYMPHATIC SYSTEMLYMPHATIC SYSTEM

•• Filters out organisms and particles.Filters out organisms and particles.
•• The lymThe lymphatiphatic vessels are presenc vessels are present wherevert wherever 

there are blood vessels.there are blood vessels.
•• More thMore than 100 tian 100 tiny, ovalny, oval structustructurres (calledes (called 

lymph nodes).lymph nodes).
–– scattered all along the lymph vessels.scattered all along the lymph vessels.
–– filter out particlesfilter out particles

•• Particles that pass thParticles that pass through the lymph noderough the lymph node 
enter intenter intoo tthhe ble blood ciood circulrculaatition.on.
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Lymphadenopathy

Benz EB, et al.,  J. Bone Jt. Surg. 1996;78-A:588 

Benz EB, et al.,  J. Bone Jt. 
Surg. 1996;78-A:588 

Photos removed due to copyright restrictions.

Photos removed due to copyright restrictions.



SMALL PARTICLE DISEASE:SMALL PARTICLE DISEASE:
LYMPHADENOPATHYLYMPHADENOPATHY

••
••

••

••

Enlargement of the node.Enlargement of the node.
Particles drained frParticles drained from tissue by theom tissue by the
lymphlymphaatic system artic system are phagocytosed bye phagocytosed by
macrophmacrophaages in tges in thhe nodese nodes..
No adNo adverse clinical sequverse clinical sequelelae yet nae yet nooted, butted, but 
can concan conffound differenound differential diagntial diagnoosis ofsis of 
other diseases.other diseases.
ConcernConcern ababoutout ththe clinicale clinical sequelaesequelae ofof 
nanoparticlesnanoparticles that gain access to thethat gain access to the
vascular system.vascular system.

LOCAL AND SYSTEMIC RESPONSESLOCAL AND SYSTEMIC RESPONSES
SMALL PARTICLE DISEASESMALL PARTICLE DISEASE

•• Local CompLocal Componentonent
Particle induced focalParticle induced focal 
destruction of tissue arounddestruction of tissue around 
thethe imlantimlant

•• SystemiSystemicc ComCompponentonent
LymphadenopathyLymphadenopathy
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BIOLOGICAL RESPONSE TOBIOLOGICAL RESPONSE TO 
METAL DEBRISMETAL DEBRIS

•• Immune responsesImmune responses

PATIENT CONCERNS ABOUTPATIENT CONCERNS ABOUT 
METAL DEBRISMETAL DEBRIS

Am I allergic to my metal implant?Am I allergic to my metal implant?
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IMMUNE RESPONSE TO METALIMMUNE RESPONSE TO METAL 
IONSIONS

•• "Metal"Metal allergy" hallergy" haas been is been inncrimincriminaatedted aas
the causthe cause of failue of failure in certainre in certain patipatients.ents.

•• However, resulHowever, results obtts obtaainineded to dto daate are notte are not 
definitive.definitive.

METAL SENSITIVITY IN PATIENTSMETAL SENSITIVITY IN PATIENTS

•• 1010--1515%% of population have derof population have dermmal sensitivity tal sensitivity too memettaall 
(14(14%% to Ni)to Ni)

•• MetMetaal ions bind to prl ions bind to proteins to foteins to foorm immunogenicrm immunogenic 
complexescomplexes

•• MetMetaals kls knnowown as senn as senssitizitizers:ers:
–– Ni > Co and Cr >>> Ti and VNi > Co and Cr >>> Ti and V

•• 6060%% of pts. with failedof pts. with failed TJRsTJRs were metal sensitive vs.were metal sensitive vs. 
2255%% with wellwith well--functioning imfunctioning implantsplants

–– Did metal sensitivity cause failure or did the failedDid metal sensitivity cause failure or did the failed 
implant cause metal sensitivity?implant cause metal sensitivity?

HaHallallabb, Merri, Merritt, Jacobs,tt, Jacobs, 
JBJBJSJS 8833--A:A:428428 ((2002001)1)
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METAL SENSITIVITY IN PATIENTSMETAL SENSITIVITY IN PATIENTS

•• ““May exist as an extreme comMay exist as an extreme compplication in onlylication in only 
a fewa few highly susceptible patients (< 1%),highly susceptible patients (< 1%), oror itit 
may be a more common subtle contributor tomay be a more common subtle contributor to 
implant failure.implant failure.””

•• ““It is likIt is likeely that cases involving implantly that cases involving implant--relatedrelated 
metal senmetal senssitivity have been uitivity have been underreportednderreported 
because of the difficulty of diagnosis.because of the difficulty of diagnosis.””

•• Patients wPatients whho have displo have displayed sensitivity to metalayed sensitivity to metal 
jewjeweelry are at higher risklry are at higher risk..

HaHallallabb, Merri, Merritt, Jacobs,tt, Jacobs, 
JBJBJSJS 8833--A:A:428428 ((2002001)1)

CELL RESPONSE TO METALCELL RESPONSE TO METAL 
PARTICLESPARTICLES

••
••
••
••

••

MacrophagesMacrophages in vitroin vitro
Particles of Ti alloy not toxic; CoParticles of Ti alloy not toxic; Co--Cr hiCr highly toxicghly toxic
Ti induced more release of PGETi induced more release of PGE22 than Cothan Co--CrCr
Exp. to TiExp. to Ti increased the release of PGEincreased the release of PGE22, IL, IL--1, TNF,1, TNF, 
and ILand IL--6; exp. to Co6; exp. to Co--Cr decreased release of PGECr decreased release of PGE22
and ILand IL--6 and had little effect on IL6 and had little effect on IL--1 and TNF1 and TNF
““release of Ti....worse than....Corelease of Ti....worse than....Co--CrCr””

D.R. Haynes,D.R. Haynes, et aet all.,.,
JBJS 75JBJS 75--A: 825 (1993)A: 825 (1993)
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CELL RESPONSE TO METALCELL RESPONSE TO METAL 
PARTICLESPARTICLES

••
••
••
••

••

Bovine articular chondrocytesBovine articular chondrocytes
Co wCo waas tos toxic to cells at all conc.xic to cells at all conc.
At high conc. Cr, Ti, and Ti alloy were toxicAt high conc. Cr, Ti, and Ti alloy were toxic
At high conc. all mAt high conc. all meetals decreased entals decreased enzymezyme 
activityactivity
PGEPGE22 increased wincreased wiitthh conc.,conc., except for Ti alloyexcept for Ti alloy

W.J. MalonW.J. Maloneey, et al.,y, et al.,
J.J. ApApplpl.. BiomatBiomat. 5: 109 (1994). 5: 109 (1994)

BIOLOGICAL RESPONSE TOBIOLOGICAL RESPONSE TO 
METAL PARTICLES AND IONSMETAL PARTICLES AND IONS

••

••

••

SummarySummary
Metal particles and ions are released from TJRMetal particles and ions are released from TJR 
prostheses; the amounts can be reduced by carefulprostheses; the amounts can be reduced by careful 
design and manufacturingdesign and manufacturing
Cellular response to metal paCellular response to metal particles has some of therticles has some of the 
same elements as tsame elements as thhe respone responsse to particles of othere to particles of other 
materialsmaterials
No indication yet that metal particles and ions areNo indication yet that metal particles and ions are 
responsible for profound adverse responsesresponsible for profound adverse responses
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