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ABSTRACT

The biocompatibility of the precipitation-enhancing anodic
oxidation on titanium implant material

The studies regarding the surface of titanium imipleave focused on
reducing the healing period of osseointegratiomftbe early machined surface
to the modified surface of numerous methods. Titanas a bioinert material is
material of choice due to bioinertness of titanioride. Moderately roughened
surface of titanium is mainly anchored by biomeata@nbonding. In order to
achieve biochemical bonding, coating technique tbeen developed. However,
hydroxyl apatite coating as a biochemical bondiag potential drawbacks like
inconsistency of the crystallinity and delaminatfoom the titanium surface.

Chemical modification of titanium surface is stutli@ vitro such as
alkali heat treatment, and anodization. The aimth&f present study was to
analyze the biocompatibility of a novel anodic @tidn, which is called
precipitation-enhancing anodic oxidation, compaséth anodized and machined
surface of titanium.

Specimens (10mmx10mmx1m, 5mmx5mmx1mm) are fabdcavéh
commercially pure titanium and different surfaceatments are done such as
machined, anodic oxidation, and precipitation-ewmiram anodic oxidation. Phase
analysis, SEM, cell proliferation, bioactivity, andTT test are examined to
compare the biocompatibility of the specimens.

The results of the studied showed as follow

1. Phase analysis showed that anatase form of W& found in Group 2

(anodic oxidation) and Group 3 (precipitation-ernting anodic
oxidation), not in Group 1 (machined surface)

2. SEM photographs of Group 2 and Group 3 revealeitklieasize of the

orifices was varied from 0.2um to 3um, predominaiitithe range 1-

2um. The pore structures were arranged irregularighout any



direction and the periphery of the pores were edilightly. The
thickness of TiQ were expected to be around 7-10pum.

3. Caell proliferation, Bioactivity test, and MTT tedtsthis study confirm
that precipitation-enhancing anodic oxidation hateptial affinity and
non-toxic to cell attachment and growth.

This preliminary work tried to observe the biocottipiéity in novel anodic
oxidation compared with anodic oxidation and maetiritanium. After this
preliminary study was done, more questions like twisathe composition of
precipitant, how well dose the precipitant remairbone after the insertion of the
implants, and what is the role of precipitant tdamce the osseointegration in
living bone, need to be answered in the futureystud

KEY WORDS: Anodic oxidation, Precipitation-enhargianodic oxidation, titanium

oxide, implant surface
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. INTRODUCTION

The studies regarding the surface of titanium imipleave focused on
reducing the healing period of osseointegratiomftbe early machined surface
to the modified surface of numerous methbd3he definition of the
osseointegration has also been changed alonghvettidvelopment of the surface
science in implant dentistry. Branemadefined that the osseointegration could
be a direct structural and frictional connectiomzen ordered, living bone and
the surface of a load-carrying implant. Albrektssemaf in 1987 stated that
osseointegration might be a direct contact betveetaded implant surface and
bone at the light microscopic levdlhe zone of amorphous material consisted of
proteoglycans and glycosaminoglycans, has beendfdagtween the titanium
oxide and bone matrix. Therefore, weak van der $hahding, direct chemical
bonding, or a combination of the two are considdcethfluence the quality of
osseointegration. The mechanism of the enhancisgoasegration by either
modifying the design or changing surface charasties of the implant has been
developed and introduced to the market by dentalant companies without
clinical documentation imdvancé.

The clinically proven machined surfdosas questioned in the area of

the poor bone quality; therefore, the roughenedaser either additive or



subtractive method had been paid attention to w@ehistable and rapid
osseointegration. Wennerberg ef gointed out that the certain degree of
roughness always exists in surface of implant ewenachined surface. Implants
with the roughness approximately 1.5um in Sa valbewed stronger bone
response than smoother and rougher implants.

Titanium as a bioinert material is mainly anchored bone by
biomechanical bonding. However, bioactive materglsh as hydroxyapatite,
bioglass, and calcium phosphate ceramics have fmtdn elicit a specific
biological response at the interface of the materfach results in the formation
of a bond between tissues and materials so caliedhémical bonding.
Hydroxyapatite surface coating on titanium is thuug be advantageous because
both mechanical properties of titanium and bioclami bonding of
hydroxyapatite to bone can be utilized in one plad&e concerns regarding
hydroxyapatite plasma spray coating have beenddlies the crystallinity of this
coating are different among the implant system@ldmination of coating layer
may happen in clinical ud€. Therefore, chemical modifications of titanium
which may lead to bioactive material were attemptedtudyin vitro. Surface
modifications have consisted of alkali (NaOH) aneath treatment, ion
implantation with calcium, or anodizing with elasiyites containing phosphorus,
sulphur, calcium, or magnesium.

Moderately roughened surfaces are currently potnmarket by most of
the implant companies even though machined surfaeeslinically successful in
long-term study:*® In orthopedics, smooth surfaced implant placedkaletal
bones usually tend to be encapsulated by fibraasudi and show only weak
bonding to bone in animal experiments even undevagied conditions® Alkali
and heat treatment had been developed alternativgdroxyapatite spray coating
method in orthopedics. The surface of the titaniioanms bone-like apatite in
simulated body fluid (SBF) after alkali and heaatment. Apatite formation on
the surface of alkali and heat treated titaniumafsetppears to occur in vivo, and

leads to bonding to living bor. Histological and histomorphological



evaluations in the animal study showed that dibecte contact with the implant
surface was significantly higher in the alkali ahdat treated implants than
control implant without any treatmeritsin another study by the same group, the
bone-bonding shear strengths of the implant weetuated using push-out test.
The result of the study supported that the early stnong bonding to bone of
alkali and heat treated titanium was expected tiareated on&’

One of modifying the surface characteristics oflanpcan be achieved
by varying properties of the oxide films. Oxide éay normally form a protective
film on titanium at the time of exposure to air amdter content. The chemical
composition of oxide films consist mainly of TiOa polymorphic substance
presented in three crystalline phases; anatasks, ramd brookite with different
properties and structures.

Crystallinity and thickness of the oxide film arensidered to play an
important role in corrosion resistaritetherefore, the procedure of anodizing the
titanium surface was introduced to improve the igalf oxide layer® In the
study of Sul et al, the anodic oxide formation wakienced by anodic forming
voltage. The oxide thickness varied slightly acaogdo the measuring areas and
was thicker at thread-flanks than at the other omeak areas of the screw
implants. Moreover, an increase of the anodic fogmnioltage related to generate
the pore or crater in irregular shapéhe surface roughness, oxide crystallinity,
and surface composition of the anodic oxide wengeddent on the voltage,
current density and concentration of the electedfffChanging the concentration
of electrolyte can influence the crystallinity ofide layer which is related to the
calcium and phosphorus concentration.

Anodic oxidation is thought to be an effective wiay enhance the
osseointegration by modifying the thickness, stmest composition, and
topography of titanium oxide. The long-term clinicge of anodizing surface is
expected in the future. Precipitation-enhancing danooxidation has been
developed to combine the advantage of the topograf@atures of anodic

oxidation with chemical modification of the surfadéne aim of the present study



was to analyze the biocompatibility of a novel anamkidation, which is called
precipitation-enhancing anodic oxidation, compaséth anodized and machined

surface of titanium.



[I. MATERIALSAND METHODS

A. Specimen preparation

Commercially pure titanium (grade Ill, ASTM F67 @Adheny,
Pittsburgh, Pennsylvania, USA) was used to fal@igdtes (L0mmx10mmx1m,
5mmx5mmx1mm) as specimens. For the group 1 as thehinmed surface,
specimens were polished with SiC paper of grit #8600 cleansed ultrasonically
in acetone, ethanol, and distilled water in oraerl0 min respectively.

For group 2 of the anodic spark deposition, the@dare of the surface
treatment was as followed. Titanium plates wereished and cleansed
ultrasonically after 1Imm diameter of hole was matléhe corner of the plate.
Titanium wire was placed to hold the plate in thamber. The titanium plate and
platinum plate were connected at the anode anctdbi@de respectively. The
electrolytes consisted of 0.04M beta-glycerol plmage disodium salt n-hydrate
(C3H7Na206P-nH20, Fluka, Buch, Swiss) and 0.4Miwalcacetate n-hydrate
((CH3CO00)2Ca-nH20, Junsei, Tokyo, Japan) in distiater.

250V (constant voltage) for 3 min was chosen aglization (anodic
oxidation) condition by using power supply (Gene6@-2.6, Densei-Lambda,
Japan). During the anodization, the electrolytesevatirred with a magnetic bar
in order to reduce the formation of the gas evapmra

For the group 3 of precipitation-enhancing anodiidation, the
composition of the electrolytes were modified fridme one that used in group 2,
but the anodization condition was same as grouf-a2. the control group,
polystyrene coated glasses (10mmx10mmx1lm, 5mmx5mmm1l were

fabricated by cutting the slide glass and werended ultrasonically.



Table 1. Surface treatment methods for groups

Group Surface treatment

Group 1 Machined surface

Group 2 Anodic oxidation

Group 3 Precipitation-enhancing anodic oxidation
Group 4 Glass, control

B. Phase analysis

X-ray diffraction analysis was conducted over ans@nge of 10-80° at
a scan rate of 4 °/min, using the K ray of a Cwgdtirto identify phases of
specimens (XRD, X-ray Diffraction, D-Max Rint 240oudtel, Rigaku Co., Japan).
The JCPDS (Joint Committee on Powder Diffractioan8trds) cards were used

to index the X-ray diffraction peaks.

C. SEM (Scanning Electron Microscopy)

Scanning electron microscopy (SEM, S-2700 modetadti, Japan)

was used to evaluate the surface morphology ofdled group of specimens.
D. Cdl proliferation

6 Specimens per group were placed to 6 well ptatéhe evaluation of
the cell proliferation. Cells (ST2) were cultured i-MEM (Modified Eagles's
Essential Medium, Gibco, USA) containing 10% FB®téF Bovine Serum) in a
37°C, 5% CQ incubator. 100 of 1x1CGcell/m were seeded onto specimens
in 6 well plate. The cells were cultured in €i@cubator for 2, 4, 6, and 8 days.
The medium was replaced every 2 days. Cells wetsecded from the specimens
by adding 1 ml of trypsin and supernatants were removed by the

centrifuge. After mingling 1ml of the medium, the number of cells in each



20 pl was counted 10 times by the Haemocytometer aralarage value of the

counted number had calculated for comparison argomgps.
E. Bioactivity test

The 4 specimens for each group were selected aadeglin 2
specimens per vial for 2 vials per group. The wiak filled with 20 ml of a SBF,
and kept in the water bath at 87 SBF was replaced every 2 days. Specimens
were removed from vial at 2, 4, 6, 8, 16, anadiﬁiay, respectively. The surface
morphology of specimens after bioactivity test wasgestigated by scanning
electron microscopy (SEM, S-2700 model, Hitachpaiyg.

F.MTT test

MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny terdaam bromide]
assay was performed to quantity cytotoxicity of cspeen. MG-63 cells and
DMEM were also used in MTT method. Specimens wérasonically degreased
in 95% ethyl alcohol for 1 minute. The extracteglld of specimens was made
by autoclaving with DI (deionized) water (121 , luho Cells were plated in
96-well at a density of approximately 10,000 celdl, in medium for 24 hours
in a 37C , 5% C® incubator. After incubation, exteattiquid was put in the
well (0.18 ml/ well) and incubated in aB7 , 5% £O cubator. h control, only
DI water was put in (0.18 ml/ well). After 5-hourcubation, 0.05 ml of MTT
solution at concentration of 1 mg/ml in phosphaiéfdred saline (PBS, Gibco,
USA) was added to each well and allowed incubdioriurther 4 h. Since living
cells metabolize the MTT in their mitochondria godm blue formazan crystals,
0.05 ml of DMSO (dimethylsulfoxide) was added tcteavell to dissolve the
formed crystal. The wells were read at 570 nm oEBEISA plate reader and the
percentage of cell viability was calculated. Calbility of each groups were

compared with control group. Statistical analysiaswperformed by two-way



analysis of variance (ANOVA) with Duncan’s multipignge test to a significance
level of P<0.05.
Cell Viability = (spectrophotometric absorbance gfoup 1, 2 and 3 /

spectrophotometric absorbance of group 4) x 100

Table 2. Composition of SBF (pH; 7.4)

sequence medium €1
1 NaCl 7.996
2 NaHCQ 0.35
3 KCI 0.224
4 KoHPOy-3H,0 0.174
5 MgCh-6H,0 0.305
6 1M-HCI 40 ml
7 CaC} 0.278
8 NaSO, 0.071
9 NH2C(CH20H) 3 6.057

10



Figure 1. Schematic diagram of the equipment fadanoxidation.

legend

1. electrolytic cell

2. electrolyte

3. anode (specimen)

4. cathode (usually Platinum (Pt) plate)
5. stirrer (magnetic bar)

6. DC power supply
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1. RESULTS

A. Phase analysis

X-ray diffraction analysis was conducted over ans@nge of 10-80° at
a scan rate of 4 °/min, using the K ray of a Cgdaro identify phases of
specimens(XRD, X-ray Diffraction, D-Max Rint 240 de, Rigaku Co., Japan).
The JCPDS(Joint Committee on Powder Diffractiom8égads) cards were used
to index the X-ray diffraction peaks. The crystéiusture of specimens was
investigated by using X-ray diffraction analysis.

In group 2 of anodic oxidation, anatase structdrg&i@, was found at
the diffraction angle, @ of 25.3 at the first peak but not in group 1 (F2).
Titanium as a substrate was shown at the diffractiogle of 35,40, and 54 (Fig.
3) In group 3 of precipitation-enhancing anodicdation, anatase structure of
TiO, was also found at the diffraction angle of 25.8)(B). The peaks showing
Titanium substrate was found at the angle of 35,af@ 54 respectively. This
results indicated that the crystal structure ofdhsup 2 and group 3 was similar
and not influenced by the precipitant on the swfaicgroup 3.

EDS (Energy dispersion spectroscopy) was used deroto understand the
composition of the precipitant of the group 3. Bueface areas of X-ray beam for
EDS were greater than the size of the precipitdnGmup 3, therefore it is
impossible to examine the composition of the pitsip. However, the
comparison between the group 2 and group 3 with B2$ implicate that the
composition of the surface consisted of calciunggpihate, and other elements.
There was no distinct difference of composition edéments found between

Group 2 and Group 3 in Table 3.

12



Table 3. EDS analysis of group 2 and group 3

specimen Group 2 Group 3
precipitation elements P:Ca P:Ca
atomic ratio 1:2.22 1:1.84

Ca:0:P=_20.90:68.58:10.52
EDS on the Group 3.

350 —-
300 —-
250 o
200 —-
150 —-

100 4

intensity (arbitrary)

-50

diffraction angle, 28

Figure 2. XRD pattern of commercially pure titaniimachined surface).
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T: titanium, A: anatase (beta titanium dioxiderdagbnal) (TiQ)
Figure 3. XRD pattern of anodic oxidation.
40 - T
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% 20 —
z A T
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0 -
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diffraction angle, 26
T: titanium, A: anatase (beta titanium dioxideragbnal) (TiQ)
Figure 4. XRD pattern of precipitation-enhancingaio oxidation.
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B. SEM (Scanning Electron Microscopy)

Figure 5 and figure 6 showed SEM photographs osthéace of anodic
oxidation at the magnification of<3,000 and X 30,000 respectively. The
surface showed a rough surface topography withrarpsfeatures and the surface
contained numerous open pores or crater structgesgrally round shape, with
different sizes around 2-3um diameter. The sizéheforifices was varied from
0.2um to 3um, predominantly in the range 1-2um. Ppbee structures were
arranged irregularly without any direction and fexiphery of the pores were
erupted slightly. The thickness of Ti@vere expected to be around 7-10um.

Figure 7 showed SEM photographs of the surface teleaby
precipitation-enhancing anodic oxidation at the nificption of X2,000 and
respectively. The topography of the specimens ougr3 was similar to that in
group 2 in terms of the number and size of poresvéver, the whitish granules
were shown to be attached on specimens in groust 3he magnification of
X20,000, the granules also found to be attachedeénsf the craters or pores.

The size of the granules were varied in the rang®.0m to 0.45um.

15



e ). .
18.0kV X3.00K 10.8sm

left: X3000 right< 3000 with oblique angulation
Figure 5. Anodic oxidation of specimen: cp-Ti grdd€¢ASTM F67)

18.8kV X38.8BK 1.00msm

Figure 6. Anodic oxidation with the different mafication (< 30000).
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left: %<2,000, right< 20,000

Figure 7. Precipitation-enhancing anodic oxidatiérspecimen: cp-Ti grade Il
(ASTM F67)
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C. Cdll Proliferation

A two-way ANOVA was usedto compute whether significant
differences exist between cell proliferation of dreups to the day 2, 4, 6, 8 and
Duncan’s multiple range test was used to test veigmificant differences of cell
proliferation happens at the observation periock differences between 4 groups
of cell proliferation were statistically significeland the significant differences
were existed at the observation period.(P<0.05)

Duncan’s multiple range test revealed that the patliferation was
significantly increased between day 4 and day 6afbgroups. In group 2 and
group 4, the significant cell growth was also folnedween day 6 and day 8.
Results of Duncan’'s multiple range test for grogh®wed that there were
significant differences between group 2 and growh 8ay 2 and day 4. The cell
proliferation of group 3 was greater than that mfup 2 at day 2 and day 4. At
day 6, significant differences existed between graand group 3, the number of
cell counted in group 3 was greater than that otigr2. At day 8, there were no
significant differences shown among groups. Thestleaumber of cell

proliferation was found in group 2 during the olsgion period.

18



mean of the cell proliferation

((mean=*104)/5)
12000
10000
8000 —e— Groupt
6000 —a— Group2
Group3d
4000 —<— Group4
2000
0

Day?2 Day4 Day6 Day8

Figure 8. Mean of the cell proliferation at day26, and 8 for groups.

19



D. Bioactivity test

Figure 9 showed SEM micrographs of the specimereach group at
the day of 2, 8, 16, and 32. After 2 days in SBé&cjpitants layer attached were
observed only in Group 3. At day 8, 16 precipitactald be found on all of the
groups as cluster shapes. At day 32, powder-shapadtures transformed to
rod-shaped structures in Group 2 and 3, but ingrband 4 no changes were

observed.

Immersion day 2 Immersion day 8 Immersion day 16| mmeérsion day 32

Group

Group

Group

Group

3

9

Figure 9. SEM micrographs of specimens at day 268and 32 for groups.
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E.MTT test

The values of spectrophotometric absorbanceach group can be
considered equivalent to the number of cells sediim the observation period. A
two-way ANOVA with Duncan’s multiple range test waasrformed to evaluate if
the statistical significances can be found amorayps and observation period.
There was a significant differences noticed betwgeups and time at P<0.05.
However, Duncan’s multiple range test revealed thate were not significant
differences among groups at 24 h, but significaffierences at 48 h. The value of
optical density for group 2 was significant statelly higher than that for control
group(group 4) at 48 h. There was no significaffedénce between group 1 and

group 2 and group 3.
Considering the time factor, all of tested group aontrol group

showed that the value of the optical density ah2das greater than one at 48 h.
Duncan’s multiple range test showed that the siedissignificances were found
all of groups tested between at 24h and at 48maly be concluded that ion
release expected from all tested materials suchachined, anodization, and
precipitation-enhancing anodic oxidation were fiog amounts to jeopardize the

cell survival.
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Figure 10. Mean of cell viability (%) at 24h and®r groups.
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V. DISCUSSION

The concept of osseointegration has been evolveddgh the efforts of
the numerous researchers to find the way to retheédealing time and secure
the long-term success of the restoration suppdiyednchored implants. During
the late 1960s, it was believed that successfulifgeaf implant with bone
occurred in case of the implant was encapsulatéd fillrous tissue. The fibrous
periimplant membrane with its shock-absorbing featuas preferable to implant
fused to bone. But this fibro-integration endedadi high clinical failure rate so
it is no longer considered adequate interfacenfyants™®

Branemark defined that osseointegration as a c¢tistructural and
frictional connection between ordered, living bomaed the surface of a load-
caring implant.” Albrektsson et al. in 1987 statkdt osseointegration is a direct
contact between a loaded implant surface and btie dight microscopic level.
Performing a clinical mobility test and radiograpkvaluation has been proposed
to demonstrate osseointegration clinically. Mobiiaplant is definitely not
osseointegrated, unfortunately the presence atalistability cannot be taken as
conclusive evidence of osseointegration. Periotest Resonance frequency
analysis can be utilized to evaluate the statumpfant placed in bone, however
there is limitation of those method in daily praetiRadiolucent zones around the
implant are a clear indication of its being anchlarefibrous tissue, whereas the
lack of such zones is not evidence for osseointiegralhe reason for this was
that the optimal resolution capacity of radiograpsyin the range of 0.1 mm
whereas the size of a soft tissue is in the rariggl mm, therefore a narrow
zone of fibrous tissue may be undetectable by gmdjshy’ Some studies
mentioned that the implants are usually supported lcomposite of calcified
bone, unmineralized osteoid matrix, and connedtssue. The true nature of the
interface between implants and bone is yet to bercéned. Nevertheless,
ultrastructural investigations between implants dmhe in areas of osseous

integration reveal a zone of amorphous materidhatinterface of implant and
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bone. This material has been reported to consistpmiteoglycans and

glycosaminoglycans as indicated by histochemi@hstg techniques. The exact
chemical nature of interface that forms betwees #morphous layer and the
metallic implant surface is yet to be determinécads been theorized, however,
that weak van der Waals bonding, direct chemicaldbwg, or a combination of

the two may be present. Moreover, it is still comérsial whether commercially

pure titanium forms a direct chemical bond to bthe.

Machined titanium surface demonstrated the longrteuccess rate of
restoring fully edentulous patient at early studmdsere the bone quality and
guantity was appropriate such as anterior mandiblee clinical results of
machined surfaced implants could be compromisedrtegs with less dense bone
like the posterior maxill&*

In an attempt to improve the quantity and quatitythe bone-implant
interface, numerous implant surface modificatioagehbeen used. The method of
surface modification can simply be categorized Itlyee subtractive method or
additive method. Subtractive methods consistectiof @iching, sandblasting, TiO
blasting, and SLA(sandblasting and acid etchingpe $pecific features of each
methods above were different, but in general th&ixaf the titanium surface
was removed to form the designated characterisfithe implant surfaces. On
the other hand, Additive methods were TPS and Hatieg as well as sintering
of spherical titanium allo§? In these methods, particulate titanium alloys or
hydroxyapatite would be attached on the surfacesingilants under high
temperature and pressure. The characteristicseo$uhface could be dominated
with the biochemical properties of the coatingd, stoongly related with those of
titanium itself.

Hydroxyapatite coatings on titanium were paid rdten due to the
advantage of the mechanical properties of titanamd biochemical bonding
potential of hydroxyapatite in one placeThe properties of hydroxyapatite
coatings on titanium are not same among the imgigstems. HA-coated implant

systems available in market varied with regarchhiiochemical composition of
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their HA coatings. HA coatings comprise varying qegitage of crystalline
hydroxyapatite, tricalcium phosphate(TCP), and guhous calcium phosphate.
Kim et al. reported that the crystalline naturéH@f coatings in 4 different brands
(Calcitek, Bio-vent, SteriOss, and Lifecore Bionead) ranged between 30% and
66%, with varying percentages of crystalline HA,P @nd amorphous calcium
phosphate. It is believed that more crystalline iRvalant coating contains, better
resistant to dissolution of coating will be. Corseady, increased concentrations of
amorphous calcium phosphate and TCP are thoughtpremispose the
hydroxyapatite coating to dissolutiéhSeveral studies showed that HA coated
implants compared with non-coated titanium impldrad demonstrated superior
early bone contact and reached shear bonding stréaste’* However, whether
these advantages of hydroxyapatite coatings omiuita can persist clinically is
controversiaf?’

The modified topography either subtractive or adéditmethod of
titanium were compared, in animal and human clingtadies, with control of
machined surface of implant regarding removal tergalues, bone to implant
contacts, Periotest, and RFA. Summarizing thes#estpit can be concluded that
titanium implants with modification achieve a sifijgantly faster and better
anchorage in bone when compared with titanium imglavith smooth or fine
structured surfac&:?"?3%

Smooth surfaced implant placed in skeletal borseslly tend to fail
due to fibrous encapsulation, therefore the chdmmalification of the implant
surface were needed to achieve the clinical sucokessaplant. Alkali and heat
treatment has been studied alternative to hydradytep spray coating
method™*** The mechanism of hydroxyapatite formation on tte€ON and heat
treated titanium soaked in SBF (simulated bodydjlwvas explained as follow.
NaOH-Ti surface possessed the capability to indac€a-P coating on the
titanium surface. Octacalcium phosphate (OCP) alyswere first grown on a
NaOH-Ti surface, followed by hydroxyapatite (HA) thvi a preferential

orientation on OCP. It is found that two factorsirolled the growth of Ca-P
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crystals on NaOH-Ti from SBF. First, the surfacerpmmlogy of NaOH-Ti
characterized with crevices seems to be benefioiainducing a Ca-P coating
from SBF; second, the basic hydroxyl, Ti-OH, ratlitas increased in NaOH-Ti
with the increase of treating time and concentratizvhich facilitate the
nucleation of Ca-P crystaf8.However, Clinical usage of the implant surface
treated with alkali and heat treatment was notiphbd in the literature.

One aim of current implant researches is to desigasurface with
topographical and chemical properties that accelethe healing period of
osseointegration. Anodic oxidation is one technituesurface modification of
titanium and results in an increased thicknesshef rative oxide layer and
changes surface topography? That is why anodic oxidation can be considered
as additive method of surface modification.

The characteristic properties of the anodic oxafaisurface of dental
implant in market are summarized as follows: (1§ #urface consisted of an
essentially pure partly crystalline TiO The oxide thickness increased
continuously from 1-2 um at the upper part to 7400 at the apical aspect of the
implant; (2) The surface roughness and area inedeasntinuously from the
flange to the apical part of the implant, wheregae roughness was 1.2 um and
area increase compared with an ideally flat surigas 95 % ; (3) The surface
showed a rough surface topography without sharuifes; and (4) The surface
(apical portion) contained numerous open pored) witfices predominantly in
the range 1-2 prit:* Ivanoff et al. showed that histological biopsiashuman
jawbone demonstrated a significantly higher borgpoase for anodic oxidized
titanium implants than for implants with a turnegiface. The reason for this
result may depend on one or multiple differencethefsurfaces between test and
control implants: (1) the thicker oxide layer its€P) increased surface roughness,
(3) different surface morphology in terms of potgsor (4) change in crystal
structure®® Schiipbach et al. reported that the clinically iegd oxidized
implants showed evidence of bone growth into thee@oincluding pores with

small diameters (< 2 um), of the surface oxide Haygh SEM. The authors
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mentioned that those findings indicate the estaivlent of a strong interlock
between the bone and the oxidized titanium implaritich is suggested to be
beneficial performanc¥.

Precipitation-enhancing anodic oxidation has bedsveloped to
combine the advantage of the topographic featufeanodic oxidation with
chemical modification of the surface. This reseamdn be regarded as
preliminary experiments to see the biocompatibiitythe novel anodic oxidation
compared with anodized and machined surface oiitita.

In phase analysis, the oxide layer of TiOr group 2 (anodic oxidation)
and group 3 (precipitation-enhancing anodic oxaigtirevealed the anatase
structure of TiQ was found at the diffraction anglep 2of 25.3 at the first peak.
It is well known that exposed surfaces of titanispontaneously are covered by a
3-6nm layer of titanium oxide, mostly as amorpharditania®® TiO, is known
for its polymorphism mostly anatase, rutile, anddbite. Brookite is less-
common phases. Anatase has been identified asédtestable form of Tigand
can be converted rutile, stable form and bioirer700°C*® Metastable form of
TiO,with high surface energy is thought to elicit maive cellular responses
than stable form of Ti® (Figure 3, 4)

SEM photographs (Figure 5,6) of the surface of a@namkidation
showed a rough surface topography without sharpufes and the surface
contained numerous open pores or crater structgesgrally round shape, with
different sizes around 2-3um diameter. The sizéheforifices was varied from
0.2um to 3um, predominantly in the range 1-2um. hekness of TiQ was
expected to be around 7-10um. These findings weaedordance with the study
by Hall and Lausma#.

SEM photographs (Figure 7) of the surface treatgdotecipitation-
enhancing anodic oxidation showed that the topdgrapf the specimens in
group 3 was similar to that in group 2 in termdhe# number and size of pores.

However, the whitish granules were shown to bechéid on specimens in group
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3. The composition of the precipitant was specdlatebe calcium and phosphate
by EDS analysis. (Table 3)

Zhu et al’ reported that anodic oxide film containing Ca @Pbf
titanium can be obtained with the electrolyte, OMdZalcium glycerophosphate
and 0.15 calcium acetate, current density 7GA/and final voltage 350V.
However, the surface of anodization of Zhu's stdéy not contain the whitish
granule on the titanium showed on Figure 7 in $hisly.

Calcium ion-deposited implants using macro arc atxh tested in the
animal study, the results showed fast and strorggadstegration. Plausible
explanations of the role of calcium in bone physigl were summarized by Sul
et al. (1) Ca may facilitate the attachment ofétisteoblast) via activation of
integrin structures and thereby bind to RGD donfairginne-Glycine-Aspartic-
acid) of adhesive proteins (fibronectin, vitronectbsteopontin). (2) surface Ca
chemistry of Ca implants incorporated into Ji®ay form an electrostatic bond
with polyanionic C& binding proteins such as proteoglycan, osteocalcin,
osteopontin and osteonectin in bone matrix. (3x&#ns in the Ca implant may
provide the binding sites involved in any stageshaf biologic mineralization
pathway for a variety of Ca phosphate mineral fotiiEhe important role of Ca
in the process of osseointegration explained aloag support the concept of
developing the precipitation-enhancing anodic axite which possessed
precipitants of Ca and phosphate attached on tifi@cguof anodic oxidation.

Cell proliferation, Bioactivity test, and MTT testm this study
confirmed that precipitation-enhancing anodic ofimahad a potential affinity
and non-toxic to cell attachment and growth. Howgtreere were no significant
differences between anodic oxidation and precipitaénhancing anodic
oxidation at the longer observation period such&scell proliferation, 32 day in
SBF, MTT test 48 h. Cell proliferation at the eadlyservation periods such as
day 2 and day 4 showed that there were signifigagriéater cell proliferation in
group 3 than that in group 2. The cell proliferatiof group 3 was greater than
that of group 2 at day 2 and day 4. This resulthinizp speculated that the role of
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calcium in bone physiology facilitated the attachinegnd initial growth of cell in
group 3 which contained lots of precipitants on $ueface®® Bioactivity test
also showed that apatite precipitation was indwed the group 3, not the other
groups at the early observation of day 2. For adiige material, the ability of
the surface to induce apatite precipitation as aglthe rate of apatite formation
is very important. The composition of the apatitegpitant was not evaluated in
this study. Jonasova et al. showed that the tilargan form a bone-like apatite
layer on its surface in SBF when it is treated @OW3° The morphology of
precipitant in the study of Jonasova was similaore in this study. Therefore, it
could be concluded that the precipitation-enhanengdic oxidation was more
bioactive than other surface treatment in this expent.

This preliminary works tried to analyse the biocatplity in a novel
anodic oxidation compared with anodic oxidation andchined titanium. The
results of this experiment may open the possihilftgeveloping the novel anodic
oxidation of titanium which contains a lot of preitants thought to be calcium
and phosphates. However, after this preliminargystwas done, more questions
like what is the composition of precipitant, howllgose the precipitant remain
in bone after the insertion of the implants, andainb the role of precipitants to
enhance the osseointegration in living bone, reemhito be answered in the

future study.
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V. CONCLUSION

The purpose of this preliminary study is to evadudie biocompatibility
of the surface modification of titanium, which ialled precipitation-enhancing
anodic oxidation, with machined surface and anodidation of titanium plate.
Specimens (10mmx10mmx1m, 5mmx5mmx1lmm) are fabdcatsith
commercially pure titanium and different surfaceatments are done such as
machined, anodic oxidation, and precipitation-ewmiram anodic oxidation. Phase
analysis, SEM, cell proliferation, bioactivity tesind MTT test are examined to
compare the biocompatibility of the specimens.

Within the limitation of this study, the followingpnclusion may be made;

1. Phase analysis showed that anatase form gfiWia® found in Group 2
(anodic oxidation) and Group 3 (precipitation-endiag anodic
oxidation), not in Group 1 (machined surface)

2. SEM photographs of Group 2 and Group 3 revehiatthe size of the
orifices was varied from 0.2um to 3um, predominaintlthe range of 1-
2um. The pore structures were arranged irreguigthyout any direction
and the periphery of the pores were erupted sjightle thickness of Ti©
were expected to be around 7-10um.

3. Cell proliferation, bioactivity, and MTT tests this study confirmed that
precipitation-enhancing anodic oxidation had a i affinity and non-
toxic to cell attachment and growth.

This preliminary works tried to observe the biocanilpility in a novel
anodic oxidation compared with anodic oxidation amachined titanium. After
this preliminary study was done, more questions lat is the composition of
precipitant, how well dose the precipitant remairone after the insertion of the
implants, and what is the role of precipitant tdvamce the osseointegration in

living bone, remained to be answered in the fusuely.
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