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Effect of particle size on biological response by human

monocyte-derived macrophages
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Ultra-high molecular weight polyethylene (UHMWPE) wear particles from artificial joints induce
osteolysis and the subsequent loosening of implants. Studies have reported that particles in the size range
of 0.1-10 pm are the most biologically active in macrophage immune response. To develop prosthetic
joints with greater longevity and durability, it is crucial to understand the deleterious effects of wear
particles. In this study, to evaluate the effects of particle size on the activities of human monocyte-derived
macrophages (HMDMs), seven differently sized particles of polymethylmethacrylate (PMMA), in the
range of 0.1-20 um, were prepared. Viability and the secretion of cytokines were evaluated after
phagocytosis of each size particles by HMDMs. Differences in the viability of HMDMs after phagocytosis
of particles sized 0.16-9.6 um were statistically significant. Proinflammatory cytokine production of both
tumor necrosis factor-o and interleukin-6 by HMDMs was strongly induced by 0.8 um PMMA particles.
Consistent with the fact that macrophages are known to respond to pathogens measuring approximately 1.0
um in size, in this study, PMMA particles measuring 0.8 pm in size induced an immune response. This
work provides fundamental data for the designing of surface profiles of prosthetic joints, Which may

expect the lower incidence of immune response.
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(Biosurface and Biotribology, DOI: 10.1016/j.bsbt.2016.02.003.)



Textured bearing surface in artificial joints to reduce

macrophage activation

R AR A ER 2R R F
R%ZF A AR ER  aildRE Wm HA&
KR%ZFe A AR O R AR WA
KFZBe B 2B 2 0F 58 FY e T EEX
ERRKFRFPERELEN 2R —HHIE

JUNPEZRRRFTHE #Hix HEHZ

A iy B R A KK
JUINRZRFREE 2N R B e AR EE
A iy B R Al Bl S

7 Ay B e AR 5L
AmA R B MTETH

Micro slurry-jet erosion has been proposed as a precision machining technique for the bearing surfaces of
artificial joints in order to reduce the total amount of polyethylene wear and to enlarge the size of the wear
debris. The micro slurry-jet erosion method is a wet blasting technique which uses alumina particles as the
abrasive medium along with compressed air and water to create an ideal surface. Pin-on-disc wear tests
with multidirectional sliding motion on the textured surface of a Co—Cr-Mo alloy counterface for
polyethylene resulted in both a reduction of wear as well as enlargement of the polyethylene debris size. In
this study, primary human peripheral blood mononuclear phagocytes were incubated with the debris, and it
was elucidated that the wear debris generated on the textured surface regulated secretion of the
proinflammatory cytokines IL-6 and TNF-a, indicating a reduction in the induced tissue reaction and joint
loosening.
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(Surface Topography: Metrology and Properties, DOI: 10.1088/2051-672X/3/044005)



