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Table 1. Cell adhesion and proliferation (x10* cell count)

1 hour 1 day 6 day
Machined 3.241 £ 0.080 2.058+0.162 5.133+0.973
Magnesium 2.027 + 0.240% 1.790+0.267 4.519+0.026*

Values are Mean £S.D (n=4)
* Statistically significant difference at the p = 0.05
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Figure 2. Cell adhesion and proliferation(x104 cell count)

Table 2. Alkaline phosphatase activity (nmole/xg/min)

1 day 6day
Machined 9.222+0.706 13.324+0.704
Magnesium 7.5660.606 16.499+1.241*

Values are Mean £S.D (n=4)
* Statistically significant difference at the p = 0.05
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Figure 3 Alkaline phosphatase activity (nmole/ug/min)



V. 52 3 13

o] Aol|A] Y=FAksPES o]-83sle] AlAkgl mi1)
+ ElERlo| EcllA] wleket Z‘—i‘ﬂ_]ﬁ_%? A= 71AA
2] EJeRgollA] vkt Ao} S23) 23l zfo]
7} vk Zhe Eklekd

Z700l M3 F2Rs W7ksl] S8l mid $ 1Ak
Aol METE S0, olF Alxe] S
B7ksl7] S1sl w192 64Aol MxErE S743t
Ak 27l ddiHes mjst EL—% 7 7]
APAAE SEHOIA U] B o] ATt B R0,
19749 AaellM= SAE o= Folgh Ajol& Ko
A @8kt ol 7)ol FAEAY AEE Sl

A T 2] v
QAo AzbErt E|an wik 694 vl
EERlo|Ee] HJal| 7]APAAL A ZZZAE]
2] o gol Yol slom A

A2 23 s Wrkelr] fs) 197 6

it gl s rkelal
o] Z7] F-olu} F40] Aol g v 6
A vl ElERlo]E ARAS] MlaEoA T
o] Gkl EA SRS VAL 9
Ak & vkdlg HeRolE AJHAA A%
Saos—2 A7t ¥ =& o R BslslSirhs A
= ot

3£ ﬂﬂﬁo] 5 JJr H=o] =3 WhgollA

=93} 7jo] &
ofe] 7HA o ‘1:3

U= HopdA] Rkl =

> IS e
X

£

oA o] FAHE =

< F7] wielrt.
Elebs QZAES] F ukgS

He] 71eke s W Ee] aERA T E A

AAE 59 AFE AT HAF FH 2w

(Sa)7F 1.5 um dw 71§ 74k 2= wkgo] VER:

o o wjrzEAY AR 9ol o] vhe T uks-

o] et}

A7 3 Zeo] Wsls F7] 918l Elehw
TR, EEE BARE, AR, EARARRA,
Okl/k}i}m 1:_9] H]—H—L‘ZO] o] rt];r_ 1:]. 3_311/}
TiERe] Aol JENES APshs BF v
# YAisol Este] Wl o) vhsle] ol
WAL ARl we) QEee Euo R
Bajsis @do] WASITT Y, BAe] A9l

= WAl AR 55 A EH RS
AETIE ®H Aol WskE oplalra Znkgol
EAIS op|& = i}

g
&
_?L
ofk
fluj
12
sl
o mlu
p
oy
R
N
Y
S
o
A2
rO
ol
fuj

FET =AksE Al A RS a]a A
Ao FF % v=5 Eﬂﬂ*l@ﬁﬁﬁ ZAg &

ojde] A-An} HAle] YA x| W2 EJE}
v YEHES] 39 Aksht FA47F 600~1500 nm
oW, ThgA] T2 12~24% S8 7 W, &
Tt ElelE SAIE(TIO) HUe 255 EJER|o]
E(Ti;Ca0y) 32 kvl EJER| O] E(MgTiOy) 2F
2o AR sIHEe] A9l o g Hlom
oA gl 4

ndlE EERIolE QIEHES] 31 318H4 A
Ao oZgE kAT Adwe| glo] Zash 3t
A& 7S Ak vl 2710 oldH
oA 71 Qg Helh. Mg™*, Ca™ & AIE ¥H
471¢] integrin superfamily®} fibronectin,

vitronectin, fibrinogen 59 ligand protein®
A% 2ol gol Fad 4B she Ao U
2 et o)4 integrin-ligand “32Rgo] A
Eo| B, o)F F4 Tela $81E ek we
Ao|tt.

vklgs o]29] ofe ol wgk whgo] inte-

grin-ligand 25285 Z75k= $23F Frgo]

ﬂJ



3 1 AR P & vkgo® vy Bl
E JEUE] Asieh Afo] 7FsE A
B Blofrh, Bgh thede] s AYal 9lo] &
He] wAlgh F7b utE Z322e] 44E st
1=

A vF RS =) AAEREAY st
|5 dgehetl Slol 1 ARge] S7kekaL Qivk o
Bio] ujoke ZZA|ES olgs] gt olid
AlEE BEe A U] S TR Al 5
T ot Tk BAAEE ] AFA A
0] A} Al 1hAe] el oisl FEfEhH, A
sl ExH0) ARE Algsie] 27|19 3t ¢
EUE AW WAk 73 S olslishe

O =98 Frh P ozre] FeFowyE] dojxl
=

9

ARt G & S 93 AlE B
slol] Qlo] x719] A7} ) o] §40] A==
RE A|Zol EAEA e FRAES} 28 9 7|4

vl BJERjo|E o] ZEAEe] T4 3
el mA= GEks golr] flste] 71AEAHE
F AAE tiErro® o] vindlss BERO)E
AR ZZFMEGAES] Saos—2 AIFES] F
2 9 gkl gAe] S EE AEkslo]

Ukt 22 Ade 49k

a\]—LI

b

el skt

2. 19449k 6 o] AlESA = thetol WS
of nidls EJERIo]E oA frefshA] vt
ket

3. 644 gt g e vk
dlsr ElERjo]E RolA ol =7 viet

1)
oXET.

o] 38| ARl vl ElERlolE o]
AR ek e W) Zase] 252
I Ao vepor), taTos 7
A1 Ewe 7K Elekre nasigl] ozl of
2 vl Blehile]Ee] 2B AL i filE
AT S gk A AR JEdEsd
AFgHIIL gl olel SRRl pESsle) HaL
TPl BE SRS B A FMe Nag

Zolt}
VI. 283

1. Branemark PI, Hansson BO, Adell R,
Breine U, Lindstrom U, Hallén O, Oman
A. Osseointegrated implants in the treat-
ment of the edentulous jaw. Experience
from a 10-year period. Scand J Plast
Reconstr Surg 1977:16(Suppl. 1):7-127.

2. Kasemo B, Lausmaa J. Aspect of surface
physics on titanium implants. Swed Dent
J 1983:28(Suppl.) :19-36.

3. Lausmaa J, Kasemo B. Surface spectros-
copic characterization of titanium implant
materials. Appl Surf Sci 1990;45:133-46.

4. Olefjord I, Hansson S. Surface analysis of
four dental implant systems. Int J Oral
Maxillofac Impl 1993:8:32-40.

5. Zitter H, Plenk HJ. The electrochemical



10.

11.

12.

13.

behaviour of metallic implant materials as
indicator of their biocompatibility. J
Biomed Mater Res 1987:21:881-96.

. Williams DF. Corrosion of implant mate-

rials. Ann Rev Mater Sci 1976:6: 237-65.
Solar RJ, Pollack SR, Korostoff E. In vitro
corrosion testing of titanium surgical
implant alloys: an approach to understan-
ding titanium release from implants. J
Biomed Mater Res 1979:13:217-50.

. Tengvall P, Lundstrom 1. Physicoche-

mical considerations of titanium as a
biomaterial. Clin Mater 1992:9:115-34.
Johansson CB. On tissue reactions to
metal implants. Thesis, University of
Goteborg, Sweden, 1991.

L J, Hastings GW. Oxide ceramics:
inert ceramic materials in medicine and
dentistry. In: Black J, Hastings G,
editors. Handbook of biomaterial pro-
perties. London: Chapman & Hall:
1998. p. 340-354.

Deportet D, Watson P, Pharoah M, Levy
D, Todescan R. Five to six-year results
of a prospective clinical trial using the
ENDOPORE dental implant and a man-
dibular overdenture. Clin Oral Implants
Res 1999;10:95-102.

Buser D, Nydegger T, Oxland T, Co-
chran DL, Schenk RK, Hirt HP, Snetivy
D, Nolte LP. Interface shear strength of
titanium implants with a sandblasted
and acid-etched surface: a biomecha-
nical study in the maxilla of miniature
pigs. J Biomed Mater Res 1999:45:
75-83.

Palmer RM, Palmer PJ, Smith BJ. A

Hb-year prospective study of astra single

14.

15.

16.

17.

18.

19.

tooth implants Clin Oral Implants Res
2000511:179-182.

Testori T, Wiseman L, Woolfe S, Porter
SS. A prospective multicenter clinical
study of the osseotite implant: four-year
interim report. Int J Oral Maxillofac
Implants 2001;16:193-200.

Bowers, K.T., Keller, J.C. Randolph,
B.A., Wick, D.G., Michaels, C.M. Opti-
mization of surface micromorphology for
enhanced psteoblast response in vitro.
Int J Oral Maxillofac Implants 1992:
7(3):302-310.

Kieswetter, K, Schwartz, Z, Dean, D.D.,
Boyan, B.D.:The role of implant surface
characteristics in the healing of bone.
Cret. Rev. oral Biol. Med. 1996:7(4):
329-345.

Lohmann, C.H., Sagun, R. Jr., Sylvia,
V.L., Cochran, D.L., Dean, D.D., Boyan
B.D., Schwartz, Z. Surface roughness
modulates the response of MG63 osteo-
blast-like cells to 1,25-(OH)(2)D(3)
through regulation of phospholipase A
(2) activity and activation of protein
kinase A.J. Biomed. Mater. Res., 1999;
47(2):139-151.

FEricsson, 1., Johansson, C.B., Bystedt,
H., Norton, M.R. A histomorphometric
evaluation of bone-to-implant contact on
machine prepared and roughened tita-
nium dental implants. A pilot study in
the dog. Clin. Oral Implants Res. 1994.
5(4):202-206.

Larsson, C., Thomsen, P., Lausmaa, J.,
Rodahl, M., Kasemo, B., Ericson, L.E.
Bone response to surface modified tita-

nium implants : studies on electropo-



20.

21

22.

23.

24.

25.

26.

lished imlants
thicknesses and morphology. Bioma-
terials 1994:15(13):1062- 1074.

Wennerberg, A., Ektessabi, A., Albrekt-

sson, T., Johansson, C., Andersson, B.

with different oxide

A l-year follow up of implants of
differing surface roughness placed in
rabbit bone. Int. J. Oral Maxillofac.
Implants 1997:12(4) :486-494.

Jansen JA, Wolke JG, Swann S, Van
der Waerden JP. Application of magnet-
ron sputtering for producing ceramic
coatings on implant materials. Clin Oral
Implants Res 1993:4:28-34.

Ishizawa H, Ogino M. Formation and
characterization of anodic titanium
oxide films. J Biomed Mater Res 1995:
29:65-72.

Ektessabi AM. Ion beam processing of
Nucl Instrum Methods
Phys Res B 1995:99:610-3.

Campbell PA, Gledhill HC, Brown SR,

Turner IG. Vacuum plasma sprayed

bio—ceramics.

hydroxyapatite coatings on titanium

alloy substrates: surface characteriza-
tion and observation of dissolution pro—
cesses using atomic force microscopy. J
Vac Sci Technol B 1996:14:1167-72.
Haddow DB, James PF, Van Noort R.
Sol.gel derived calcium phosphate coa-
tings for biomedical applications. J Sol.
Gel Sci Technol 1998:13:261-5.

Burgess AV, Story BJ, La D, Wagner
WR, LeGeros JP. Highly crystalline
Mp-1(TM) hydroxylapatite coating Part
[: in vitro characterization and com—
parison to other plasma-sprayed hydro-

xylapatite coatings. Clin Oral Implants

217.

28.

29.

30.

31.

32.

33.

Res 1999;10:245-56.

Lo WJ, Grant DM, Ball MD, Welsh BS,
Howdle SM, Antonov EN, Bagratashvili
VN, Popov VK. Physical, chemical, and
biological characterization of pulsed
laser deposited and plasma sputtered
hydroxyapatite thin films on titanium
alloy. J Biomed Mater Res 2000:50:
536-45.

Hench LL, Kokubo T. Properties of
bioactive glasses and glassceramics.
Handbook of biomaterial properties. In:
Black J, Hastings G, editors. Handbook
of biomaterial properties. London:Chap-
man & Hall; 1998. p. 355-63.
Gottlander M. On hard tissue reactions
to hydroxyapatite-coated titanium im-
Ph.D.

Biomaterials/Handicap Research, Uni-

plants. thesis, Department of
versity of G. oteborg, Sweden, 1994.
Albrektsson T. Hydroxyapatite-coated
implants: a case against their use. J
Oral Maxillofac Surg 1998:56:1312-206.
Ong JL, Chan DCN. Hydroxyapatite and
their use as coatings in dental im-
plants: a review. Crit Rev Biomed Eng
2000:28:667-707.

Ishizawa H, Fujino M, Ogino M. Mecha-
nical and histological investigation of
hydrothermally treated and untreated
anodic titanium oxide .lms containing
Ca and P. J Biomed Mater Res 1995:
29:1459-68.

Larsson C, Emanuelsson L, Thomsen P,
Ericson L, Aronsson B, Rodahl M,
Kasemo B, Lausmaa J. Bone response
to surfacemodi .ed titanium implants:

studies on the tissue response after one



4.

35.

36.

3.

38.

39.

40.

year to machined and electropolished
implants with different oxide thick-
nesses. J Mater Sci Mater Med 1997:
8:721-9.

Hanawa T, Kamiura Y, Yamamoto S,
Kohgo T, Amemiya A, Ukai H, Mura-
kami K, Asaoka K. Early bone formation
around calcium-ion-implanted titanium
inserted into rat tibiae. J Biomed Mater
Res 1997:36:131-6.

Ichikawa T, Ukai H,

Murakami K. Three-dimensional bone

T, Hanawa

response to commercially pure titanium,
hydroxyapatite, and calcium-ion-mixing
titanium in rabbits. Int J Oral
Maxillofac Implants 2000:15:231-8.

Yan WQ, Nakamura T, Kobayashi M,
Kim HM, Miyaji F, Kokubo T. Bonding
of chemically treated titanium implants
to bone. J Biomed Mater Res 1997:
37:267-75.

SkripitzR, Aspenberg P. Tensile bond
between bone and titanium. Acta Or-
thop Scand 1998:69:2-6.

Fini M, Cigada A, Rondelli G, Chiesa R,
G, Aldini N,

Torricelli P, Vicentini B. In vitro and

Giardino R, Giavaresi

vivo behaviour of Ca and P-enriched
anodized titanium. Biomaterials 1999;20
11587-94.

Nishiguchi S, Nakamura T, Kobayashi
M, Kim HY, Miyaji F, Kokubo T. The
effect of heat treatment on bone- bon-
ding ability of alkali-treated titani- um.
Biomaterials 1999:20:491-500.

Henry P, Tan AE, Allan BP. Removal
of TiUnite
turned implants in the Greyhound dog

torque comparison and

41.

42.

43.

45.

46.

mandible. Appl Osseointegration Res
200051:15-17.

Albrektsson T, Johansson C, Lundgren
AK, Sul YT, Gottlow J. Experimental
studies on oxidized implants. A histo-
morphometrical and  biomechanical
analysis. Appl
2000:1:21-24.
Sul YT, Johansson CB,
Albrektsson T. The
oxide growth behaviour on titanium in
acid and alkaline electrolytes. Med Eng
Phys 2001:23:329-46.

Sul YT, Johansson CB, Petronis S,
Krozer A, Jeong Y, Wennerberg A,
Albrektsson T. Characteristics of the

surface oxides on turned and electro—

Osseointegration Res

Jeong Y,

electrochemical

chemically oxidized pure titanium im-
plants up to dielectric breakdown: the
oxide thickness, micropore con.gura-
tions, surface roughness, crystal struc-
ture and chemical composition. Bioma-
terials 2002;23:491-501.

Sul YT, Johansson CB, Jeong Y,
Wennerberg A, Albrektsson T. Reso-
nance frequency and and removal torque
analysis of implants with turned and
anodized surface oxide. Clin Oral Im-
plants Res 2002:13:252-259.

Sul YT, Johansson CB, R.oser K, Al-
brektsson T. Qualitative and quan-
titative observations of bone tissue
reactions to anodized implants. BiomaO
terials 2002:23:1809-19.

Sul YT, Johansson CB, Jeong Y, R. oser
K, Wennerberg A, Albrektsson T. Oxi-
dised implants and their influence on

the bone response. J Mater Sci Mater



47.

48.

49.

50.

51.

52.

53.

Med 2001;12:1025-31.

Sul YT, Johansson CB, Kang YM, Jeon
DG, Albrektsson T. Bone reactions to
oxidized titanium implants with electro-
chemically anion S and P incorporation.
Clin Implant Dent Relat Res 2002:
4:478-87.

Sul YT, Johansson CB, Albrektsson T.
Oxidized titanium screws coated with
calcium ions and their performance in
rabbit bone. Int J Oral Maxillofac
Implants 2002:17:625-634.

Sul YT. The significance of the surface
properties of oxidized titanium to the
bone response: special emphasis on
potential biochemical bonding of oxi-
dized titanium implant. Biomaterials
2003;24:3893-3907.

Kwon, S.Y., Takei, H., Pioletti, D.P.,
Lin, T., Ma, Q.J., Akeson, W.H., Wood,
D.J.,

inhibit osteoblast adhesion to fibronec-

Sung, K.L. Titanium particles

tin—coated substrates. J. Orthop. Res.
2000; 18(2):203-211.

Gailit J and Ruoslahti E. Regulation of
the fibronectin receptor affinity by diva-
lent cations. J Biol Chem 1988:263:
12927-12932.

Mould AP, Akiyama SK, and Humphries
MJ. Regulation of integrin alpha 5 beta
1-fibronectin interactions by divalent
cations. Evidence for distinct classes of
binding sites for Mn®*, Mg®", and Ca®".
J Biol Chem 1995:270:26270-262717.
Krause A, Cowles EA, Gronowicz G.

Integrin-mediated signaling in osteo-

10

54.

55.

56.

5T7.

58.

blasts on titanium implant materials. J
Biomed Mater Res 2000:52; 738-747.
Cooper LF, Masuda T, Yliheikkila PK,
Felton DA. Generalizations regarding
the process and phenomenon of osseo-
integration. Part II. In vitro studies. Int
J Oral Maxillofac Implants 1998:13:
163-74.

Davies JE. In vitro modeling of the bone
/implant interface. Anat Rec 1996;245:
426-45.

Owen TA, Aronow M, Shalhoub V,
Barone LM, Wilming L, Tassinari MS,
Kennedy MB, Pockwinse S, Lian JB,
Stein GS. Progressive development of
the rat osteoblast phenotype in vitro:
reciprocal relationships in expression of
genes associated with osteoblast proli-
feration and differentiation during for-
mation of the bone extracellular matrix.
J Cell Physiol 1990:143:420~ 30.

Ali SY. Mechanisms of calcification. In :
Owen R, Goodfellow J, Bollough P,
editors. Scientific foundation of ortho-
paedics and traumatology. London:
Heinemann, 1984:175-95.

Dean DD, Schwartz 7, Bonewald LF,
Muniz OE, Morales SM, Gomez R,
Brooks BP, Qiao M, Howell DS, Boyan
BD. Matrix vesicles produced by osteo-
blast-like cells in culture become signi-
ficantly enriched in proteoglycandeg-
rading metallo-proteinases after addi-
tion of [P-glycerophosphate and as-
corbic acid. Calcif Tissue Int 1994:54:
399-408.



—Abstract-

Osteoblast adhesion and differentiation
on magnesium titanate surface
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The nature of the implant surface can directly influence cellular response, ultimately
affecting the rate and quality of new bone tissue formation. The aim of this 7/n vitro study was
to investigate if human osteoblast-like cells, Saos—2, would respond differently when plated on
disks of magnesium titanate and machined titanium.

Magnesium titanate disks were prepared using Micro Arc Oxidation(MAO) methods. Control
samples were machined commercially pure titanium disks. The cell adhesion, proliferation and
differentiation were evaluated by measuring cell number, and alkaline phosphatase(ALPase)
activity at 1 day and 6 day after plating on the titanium disks. Measurement of cell number and
ALPase activity in Saos—2 cells at 1 day did not demonstrate any difference between machined
titanium and magnesium titanate. When compared to machined titanium disks, the number of
cells was reduced on the magnesium titanate disks at 6 day, while ALPase activity was more
pronounced on the magnesium titanate.

Enhanced differentiation of cells grown on magnesium titanate samples was indicated by

decreased cell proliferation and increased ALPase activity.
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