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Relevance to Musculoskeletal Conditions: Endochondral ossfication is

important for the successul ossointegration of an implant. By understanding

the role that surface roughness and composition play in this process, letter

devices @n be developed.

Intr oduction: Implant composition and surface roughness ae two faciors
that diredly affect the interaction of an implant with surrounding tissues. We
have previoudy reported that commercially pure titanium (cpTi) sufaces
prepared by electropolishing, grit-blaging, plasna spraying, or sputter-coating

affected chondrocyte proliferation and differentiation in both a suface
roughness- ad a cell maturation-deperdent manner (1,2). The am of the
present study wasto determine if surface topography ard implant composition

affect chondrocyte differentiation and locd factor production. Cells at o

distinct states of tiondrogenic mauration were cultured on the surfaces of

cpTi or Ti6AI4V (Ti-aloy) disks that had been machined to produce a rough

surfa@ or polished to produce a smocth surface, that had comparable average
roughness(Ra) values o cpTi sufaces produced by eectropolishing and grit-

blaging, but differed in suface topography.

Materials and Methods: cpTi (Ti) and Ti aloy (Ti-A) diskswere machine-

polishedto have an Raof 0.22-0.24 um for smooth (S)wfaces or machid
to have an Ra of 3.4-4.2 um for raugh (R) surfaces. The disks were ait to fit

into the well of a 24-well culture dsh. Characterization of the surfaceswas
performed by profilometry, Auger and FT-IR spectroscopy, and scanning

electron miroscopy (SEM). Confluert, third passage rat costochondral

resting zone (RC) and growth zone (GC) cartilage cells (3) were submssaed

onto the dsks and o tissue culture polystyrene (plastic) and cultured in
DMEM containing 10% FBS, 50 pg/ml sodium aserbate, and 1% antibiotics
until they reached visud confluence on plagic. Cell morphology was
asesed by SEM. Cell proliferation was neasured by cell number and [*H]-

thymidine incorporation; cell differentiation by akaline phosphatase specific

adivity (ALP), collagen production by [*H]-proline incomoraion and
proteoglycan sifation by [*S]-sulfate incoporaion. TGF-B releae into the
mediawas neasured usng an ELISA kit (Promega Corp.), while PGE; rdease
was asssed using a RIA kit (NEN Research Prodwcts). — Statistical

differences weradetermined by ANOVA, pos-hoc testng was performedby

use of the Student’ st-test with Bonferroni’s modification.

Results: Surface raughness ad disk composition had an effect on cell

number and proliferation of both RC and GC cultures. Compared with the
pladic cortrols, @l number and proliferation were decreased on the rougher

surfaces,but the effect was geater on T-R. Moreover proliferation of GC on

Ti-R was sgnificantly less ttan on Ti-A-R. GCellular ALP was educed on

rough implant surfaces forboth RCandGC. In cortrast, cell laye ALP for

the RCcultureswas reluced onthe raugh surfaces buenzyme adivity for the
GC cutures wasincreased on the Ti-R surface. % Collagen synthesisby the
RC cultures was kss onTi-R, while that ofthe GC cultures was increased.

Proteoglycan sifation was nhibited on al surfaes compared to plastic, but

both RC and GC aulturesproduced lessproteodycan on Ti-R than onTi-A-R.

PGE; production by both cell types was enhanced on both types of rough

surfaces. Moreover, RC dltures produced more TGHB1 on the rough

surfaces han on the smoothsurfaces and more oni-R than on Ti-A-R (Fig.
1). In contrag, TGF-B release by GC cell s wasonly enhanced on Ti-R.
Discussion: This gudy shows that matined sirface raughness affects
chondrocyte proliferation, differentiation, matrix synthesis, and locd factor
production, and that these rameters are additionaly affected by chemical
composition of the neteria. Moreower, the reture and extent of he cell
response is dependent on the stage of cel matuation.  Enhanced
differentiation of GC grown on rough vs. snocth and on cpTi vs. Ti-aloy
was irdicated by decreasd proliferation and increased ALP and matrix
synthesis For RC, the effect of surface rghnesswas smilar whether the
surfaes were madined (this study) or grit-blased (1). In oontrest, GC
exhibited an increase incell layer ALP on machined rough cpTi, whereas on
grit-blasted surfacesof equivalent Ra cell layer ALP was not affected. Locd
facor production supports the hypothesis that surface morphology and
chemistry modulatess RC and GC differentiation through autocrine and
paracrine mechanisms Thiswas paticulaly evident in GC cultures; TGF-B1
production was increasedonly on Ti-R. The resilts of this gudy suggestthat
during endochondral bone formation adjacent to implant surfaces, average
roughness, but not necessaily topograply, ma promote chondrocyte
differentiation, and at a more mare stae of dondrogeness, demical
composition of he material may play an adlitional important role.
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Figure 1: TGF-B1 production by RC cdlls during culture on Ti and Ti-alloy
disks. RCswere cutured on plastic, cpTi (Ti-S, Ti-R), or Ti alloy (Ti-A-S,
Ti-A-R) disks for 24 hours after they hadreached confluence on pladic. At
hawest, the media were collected, and TGF-B1 content measured by ELISA.
Valuesare the meant SEM of six cultures. *P<0.05, pladic vs. disk surfaces;
#P<0.05, Ti-A-R vs. T-R; ¢P<0.05, Svs. R sirface.
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