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TISSUES COMPRISING JOINTS

Permanent Regeneration
Prosthesis  Scaffold

Bone Yes Yes
Articular cartilage No Yes”
Meniscus No Yes”
ILigaments No Yes”
Synovium No No

* In the process of being developed




JOINT REPLACEMENT PROSTHESES

 Fit

— Anatomy
* Function

— Kinematics; Range of Motion
* Fixation

— Bone cement, bone interdigitation with an irregular
surface, bone ingrowth into a porous coating

* Tribology

— Kriction, Wear, and LLubrication

e Other Effects
— Stress Shielding
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JOINT REPLACEMENT PROSTHESES

* Kit
— Anatomy
e Function
— Kinematics; Range of Motion
» Fixation
* Tribology

— Friction, Wear, and Lubrication
— Cell response to particulate wear debris

Other Effects
— Stress Shielding
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Why Artificial Joints Fail
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Spice, Byron. “Particle Disease Seen As Plague on Total Joint
Replacement” Pittsburgh Post-Gazette.



J. Charnley, 1979
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MACROPHAGE RESPONSE
TO PARTICLES

PROSTHESIS WEAR
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POLYETHYLENE WEAR
PARTICLES

H. McKellop, 1994 Hip Society

The number of particles generated by a hip
prosthesis

7 x 10 particles/yr.

700,000 particles/step



NUMBER OF INHALED PARTICLES

Avg. particle burden of urban atmosphere:
10° particles/liter
Respired volume in man = 1 liter/min.
Therefore, 10° particles are inhaled/min.

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

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

5 x 10° particles/yr.



Titanium Wear
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CELL RESPONSE TO METAL
PARTICLES

Macrophages in vitro
Particles of Ti alloy not toxic; Co-Cr highly toxic
Tiinduced more release of PGE, than Co-Cr

Exp. to Ti increased the release of PGL,, IL-1, TNF,
and IL-6; exp. to Co-Cr decreased release of PGLE,
and I1L.-6 and had little effect on IL-1 and TNF

“release of Ti....worse than....Co-Cr”

D.R. Haynes, et al.,
JBJS 75-A: 825 (1993)



CELL RESPONSE TO METAL
PARTICLES

Bovine articular chondrocytes
Co was toxic to cells at all conc.
At high conc. Cr, Ti, and Ti alloy were toxic

At high conc. all metals decreased enzyme
activity

PGE, increased with conc., except for Ti alloy

W.J. Maloney, et al.,
J. Appl. Biomat. S: 109 (1994)



BIOLOGICAL RESPONSE TO
METAL PARTICLES AND IONS

Summary

» Metal particles and ions are released from TJR
prostheses; the amounts can be reduced by caretul
design and manufacturing.

e Cellular response to metal particles has some of the
same elements as the response to particles of other
materials.

* No indication yet that metal particles and ions are
responsible for profound adverse responses.



Drainage of Particles by the Lymphatics
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H. Willert, et al.



SMALL PARTICLE DISEASE:
LYMPHADENOPATHY

* Enlargement of the node

 Particles drained from tissue by the
lymphatic system are phagocytosed by
macrophages in the nodes

— histiocytes derived from cells that line the
sinuses of the node and macrophages derived
from circulating monocytes

* Sinus histiocytosis
* No adverse clinical sequelae yet noted



MIGRATION OF PARTICLES AND
CELLULAR RESPONSES
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Lymphadenopathy
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METAL SENSITIVITY IN PATIENTS

* 10-15% of population have dermal sensitivity to metal
(14% to Ni)

» Metal ions bind to proteins to form immunogenic
complexes

* Metals known as sensitizers:
- Ni>Coand Cr>>>Tiand V

* 60% of pts. with failed TJRs were metal sensitive vs.
25% with well-functioning implants

— Did metal sensitivity cause failure or did the failed

implant cause metal sensitivity?
Hallab, Merritt, Jacobs,
JBJS 83-A:428 (2001)



METAL SENSITIVITY IN PATIENTS

» “May exist as an extreme complication in only
a few highly susceptible patients (< 1%), or it
may be a more common subtle contributor to
implant failure.”

o “Itis likely that cases involving implant-related
metal sensitivity have been underreported
because of the difficulty of diagnosis.”

* Patients who have displayed sensitivity to metal
jewelry are at higher risk.

Hallab, Merritt, Jacobs,
JBJS 83-A:428 (2001)



JOINT REPLACEMENT PROSTHESES

* Fit
— Anatomy

* Function
— Kinematics; Range of Motion

 Fixation
* Tribology

— Friction, Wear, and Lubrication

 Other Effects
— Stress Shielding



Bone (Trabecular) Structure

Osteoporotic:
Normal Postmenopausal
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Bone Loss Under the Femoral Component
of a Total Knee Replacement Prosthesis:
Stress Shielding

1 year post-op
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Knee Joint Total Knee Replacement

Prosthesis
Bone

Co-Cr Alloy
Art. Cart.
Bone

Image removed due to copyright considerations Image removed due to copyright considerations

Polyethylene

Meniscus Ligament

Bone

Bone



TISSUES COMPRISING JOINTS

Permanent Regeneration
Prosthesis  Scaffold

Bone Yes Yes
Articular cartilage No Yes”
Meniscus No Yes”
ILigaments Failed Yes”
Synovium No No

* In the process of being developed




LIGAMENT DEVICES

Prosthesis
* Does not require an autogratt for support
» Sufficient strength for immediate stabilization

* Do not rely on intra-articular healing to
augment strength

Augmentation Device

e Acts as mechanical support to reinforce
autograft to increase initial strength

* Load sharing with graft tissue to prevent stress
shielding



LIGAMENT REPLACEMENT AND
AUGMENTATION DEVICES

Issues
» Strength
* [Load-deformation
* Insertion site integrity

* Tensioning



LIGAMENT PROSTHESES
HISTORICAL PERSPECTIVE

1960 Emery & Rostrup.  Tetlon tube; fraying in

tunnel
1969 Gupta and Brinker Dacron cord/rubber coat:
fragmentation
1973 James, et al. Proplast; breakage
1977 Polyethylene; breakage
1978 Jenkins Carbon fibers;

fragmentation; migration to
lymph nodes



SYNTHETIC LIGAMENTS

Device Material Indication
Prostheses
Gore-Tex PTFE (Teflon) Failed intra-art.
reconstruction
Stryker Dacron Failed intra-art.
reconstruction

Augmentation Device

Kennedy Polypropylene Augmentation of
autograit ACL



Polyethylene Fiber Braid:
Canine Model
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Olson, Eric J. et al. “The biochemical and histological effects of artificial ligament wear particles:

In vitro and in vivo studies.” American Journal of Sports Medicine, vol. 16 no. 6 (1988).




LIGAMENT PROSTHESES

* Wear/fraying occurs

» Wear particles of all synthetic ligaments
elicit production of inflammatory agents



JOINT REPLACEMENT PROSTHESES

 Fit

— Anatomy
* Function

— Kinematics; Range of Motion
» Fixation

— Bone cement, bone interdigitation with an irregular
surface, bone ingrowth into a porous coating

* Tribology

— KFriction, Wear, and Lubrication

— Cell response to particulate wear debris
e Other Effects

— Stress Shielding



	Massachusetts Institute of TechnologyHarvard Medical School Brigham and Women’s/Massachusetts General Hosp. VA Boston Health
	TISSUES COMPRISING JOINTS
	JOINT REPLACEMENT PROSTHESES
	JOINT REPLACEMENT PROSTHESES
	PROGRESSION OF OSTEOLYSIS:“HYLAMER” CUP
	Why Artificial Joints Fail
	MACROPHAGE  RESPONSETO PARTICLES
	POLYETHYLENE WEAR PARTICLES
	NUMBER OF INHALED PARTICLES
	CELL RESPONSE TO METAL PARTICLES
	CELL RESPONSE TO METAL PARTICLES
	BIOLOGICAL RESPONSE TO METAL PARTICLES AND IONS
	SMALL PARTICLE DISEASE:LYMPHADENOPATHY
	MIGRATION OF PARTICLES AND CELLULAR RESPONSES
	METAL SENSITIVITY IN PATIENTS
	METAL SENSITIVITY IN PATIENTS
	JOINT REPLACEMENT PROSTHESES
	TISSUES COMPRISING JOINTS
	LIGAMENT DEVICES
	LIGAMENT REPLACEMENT AND AUGMENTATION DEVICES
	LIGAMENT PROSTHESESHISTORICAL PERSPECTIVE
	SYNTHETIC LIGAMENTS
	LIGAMENT PROSTHESES
	JOINT REPLACEMENT PROSTHESES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


