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— Abstract

EFFECT OF VARIOUS INODIZING CHARACTERISTICS ON BONE INTEGRATION
OF TITANIUM IMPLANT SURFACE DESIGN

Soo-Ryun Cha, Jun Lee, Seung Ki Min
Dept. of Oral & Maxillofacial Surgery Schoo! of Dentistry, Wonkwang University

The aim of this study is to investigate the effect of anodizing surface to ossecintegration of implant by
using of resonance frequency analysis (RFA), quantitative and qualitative assessment of an anodically
modified implant type with regard to osseous healing qualities. A total of 96 screw-shaped implants were
prepared for this study. 72 implants were prepared by electrochemical oxidation with different ways. 24
(group 1 SP) were prepared at galvanostatic mode in 0.25 M sulfuric acid and phosphoric acid, 24 (group 2
GC) were prepared at galvanostatic mode in calcium glycerophosphate and calcium acetate and 24 (group
3 CMP (Calcium Metaphosphate) Coating were prepared at galvanostatic mode in 0.25M sulfuric acid and
phosphoric acid followed by CMP coating. Rest of 24 (control group were as a control group of RBM sur-
face.

Bone tissue responses were evaluated by resonance frequency analysis (RFA) that were undertaken at 2,
4 and 6 weeks after implant placement in the mandible of mini-pig. Group 1 SP (anodized with sulfuric
acid and phosphoric acid implants) demonstrated slightly stronger bone responses than control Group
RBM. Group 2 GC (anodized surface with calcium glycerophosphate and calcium acetate implants) demon-
strated no difference which were compared with control group. Group 3 GMP (anodized and CMP coated
implants) demonstrated slightly stronger and faster bone responses than any other implants. But, all
observation result of RFA showed no significant differences between experimental groups with various sur-
face type.

Histomorphometric evaluation demonstrated significantly higher bone-to-implant contact for group 2 GC.
Significantly more bone formation was found inside threaded area for group 2 GC.

It was concluded that group 2 GC (anodized surface with calcium glycerophosphate and calcium acetate
implants) showed more effects on the bone tissue responses than RBM surface in initial period of implanta-
tion. In addition, CMP showed a tendency to promote bone tissue responses.

Key words: Anodized surface, Resonance frequency analysis, Calcium metaphosphate, Resorbalbe HA
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tive methods (titanium plasma spraying, HA coating)
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ol g 2AAZYY FAWMLE 2 implant HEEE
AZste WA implantFHe IUE] A2HbY, 13
I 71AR EAMez AAY (torque test)ZAH ol
Tt

ol ﬁ:rl-‘l] AL FFAs o s Al 29 7t
HA blastlng (RBM) W4lo = Ag¥ ¥4
= 2 adtel dfalA 3AH) Z5FE o
THYE B -’Fi]ﬂlﬂ H7HE ot 7] 24A 534
A HA R N wA S-S Bl % 330 7Y 932
3 3 J=s geldsta Fristuat

APFES 15~20Ked oA ¥ 1d o7E 8 A5
PWG (Prestige World Genetics) Micro-pig 127H]&
ARSI o e A E AHEE (PWG Genetics Korea,
Ltd)ell A Ab&ate] A7 el o #55 &l F 43
o AHg-3taTt.

2) A8 A=
%‘- off AR A ZAE= GSII (Osstem, Korea) & &
7, 3.5mm, Z4°], 6mm A7I1FeH d¥dgog FE A
% AR 296709 AZHEES 7}7) UE 47}A] W o
EHA 3t 7 FHZ 24708 Uo] A3sigint,

(1) 48 1 (Group 1 SP) - 43443} (34F + <4h
Al

AR E A A o2 AzEon Ag e
2 0.25M, <14 Q. 25M«] FEZ 300VY] Agoz A
gt dafde] £xe 10~20TE #2815 (Fig.
1).



(2) A& 27 (Group 2 GC) - ¥4k} (CaGP + CA)
AT

BoAHe gFisle o Az Had
calcium glycerophosphate (Wako Pure Chemical
industries Ltd., Korea) 0.02M¥} calcium acetate
(DUKSAN Pure Chemical Co. Ltd., Korea) 0.1M9]
FEE 350V Aoz Agsigit (Fig. 2).

(3) 4% 3T (Group 3 CMP) - =4k} (84 +
AH + Calcium metaphosphate (CMP) coating A 2l
ghAbE} Qlate] Tatgalo oFAbel R A EH AlH

ol Sol-gel coating BE o443t AlHE AF3%T

»
B

L% T

Fig. 1. Anodized with sulfuric acid + phosphoric acid
(Group 1 SP).

Fig. 3. Anodized with sulfuric acid + phosphoric acid
(300V) & CMP coating (Group 3 CMP).

<

ceet bFABIG Rl2jghdo] elERlE SRl ojxls o8

CMP sol& @487 g8l Ca 3592% 0.015 mol
Ca(NOs)2 4H20 (Aldrich Chemical Co., 9%)E, P &
F9o2 0.03 mol (0C2H5)3P (Fluka Chemical Co.,
97%)% AH3ldon, CMPE Ca/P o Eul7} 3514&
H|2 .59 A8 wet (Fig. 3).

(4) Y= (Control RBM) - HA Blasting (RBM) A
2

40~80 mesh® HA (hitemco medical applications,
inc) YA ol&akd A|H S AZegon Ao }E
3HE HA 9448 A7 8t (Fig. 4).
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Fig. 2. Anodized with Calcium Glycerophosphate +
Calcium acetate (Group 2 GC).
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Fig. 4. RBM surface (control RBM).
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% 1271)9] PWG micro-pigE 22} 4nle|d 23%, 4
FE, 6502 U] Adaiyt)

n} A atropine sulfate(0.02~0.05mg/kg) & 2538t
o BAEHE dAgn Ketam1ne+Acepromaz1n
(20+2mg/kg) & =53 F 71 U A4#HE A3t
Isoflurane (1nduct10n- 3~4%, maintenance:
0.5~2%) 2.2 A4nt & AlYatict.
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4 %5 EM71E Osstell™ mentor
(Integration Diagnostic Ltd., Sweden)Z YZHE 2|

Fig. 5. Osstell™ mentor (Integration Diagnostic Ltd., Sweden).
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Aol Smartpeg™ & AZsl Y JNETE 2480 2
e Fore dFsHd JZIE FFA A4 (19Q -
implant stability quotient)2X% 0~1002.2 EA|¥ch
(Fig. 5). JZHE Ag & 747} b3l 2438k Azl
Hogs A N9 FH#Y FHE Tl w3 A
7o w} 25, 45, 65 £ S 54 A3y

E
HEHEZL X8H 1.5 cm diameters] AU S dAJsle]
dental CT (Alphad® Asahi roentgen IND. Co.,
Japan)E °]&3td HFAh. 89 212 80 kvp, 5
mA R, xF AL 15 23 ZE A9 diEe
0.1 mm x 0.1 mmz AAst] A|H & <& 512 F9] 4
FE 531 942 dem ¥4 (format) o2 #99
FEE Ha %x"”% UL Dicom viewer T2
(Ondemand 3 application®, Cybermed, Korea)& AM&
s9a, $E§ TUE (WIDE®, Korea) 4ol H 182
4319, dicom viewer Z2IH Aol dZPdE] =
Ao 952 FAW A %1%“3«1 &5 249 g,

DA AoIA] 2 WA A FH0Z AE $E 25
mm 2R ekl YR AdN SEAE Zetol A2 44
2 22AT TYYES 3P NS Eam gow 2

A AESE F4L 7]FCE 55 mm X 55 mme
o #jget= 55 X 55 pixel sizeE ROIZ AA3slx

E H{ZH H)& 97}

4 ];\1 A33lE 2o X #4& ADX
4000 potable digital X-ray (Dexcowin, &+=) & o] &3}
o] 60 kvp, 1 mA, 0.1 sec9] Zdztel| gA WAA 29
< o193, o] & AA YZYE Tdd U 2 YZUE
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kAl S B 49 Adae 29
b §495 AU, B A e £ 4
£F A9 AU 930 §ES BeHAT,

5) ZAASEA B4

2F, 4F, 65 AAG UZHE SHAEL FA] 10%
4380 647t nFsRen AL AFE B3 25 A
71 % glycometacrylate resin (spur low-viscosity
embedding media, Polyscience, Warrington, PPA,
USA)e] Erjstgct. 84170 A8 high-precision
diamond disc (low speed diamond wheelsay 650,
SBT, San clemente, CA, USA)& A48l YJ=ZTE %
2410 2 200mmFAE B ¥ HEH O lapping
and polishing machine (OMNILAP 2000, SBT, San
clemente CA, USA)E AHE3to] 30mFAR Anksl
g 4 dZdE F 249 EFdol=E A Fstd

Villanueva osteochrome bone stain (San Clemente,
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D. Thickness modulation

B. First Window

Ciotst g9 AS|0F Ma|digio] YZEE SR ojils ¥F

CA, USA)E A ¥ Fdn4 (Olympus BX50,
Tokyo, Japan)S.2 #&3l¥ch YEZHE F99 AAE
NMzg FHEez 2337 Y8 computer-assisted
histomorphometry& o143}t (Fig. 7).

3. £A4| Ag|

A7 EH& Z2HH JZHE Y AF(ISQS =
2 A&sA B o7 73 BIC ratiod] 3 Aeldlod 3
T3 EFHAE 7615 2L, B3E Minitab Release 12.1

for Win XP Z21%& 019- 3] ANOVAE Al3sle] 2
A 94 A5E 7339 One-way ANOVAE
53 BAARE APt J=HE FH Ao g2
Zt AZ&gkel 4237 E Pearson s product-moment

correlation coefficient tests& E3l AAsHt. Fo4
T 95%A FAEA

S48 #7teke)

C. Line modulation

E. Density measurement

Fig. 6. Bone density evaluation.
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Fig. 7. Histomorphometric evaluation of bone-to-implant contacts ratio. using an image-processing program (Adobe

Photoshop®), false color images of the undecalcified ground sections were prepared interactively.

AA 9670l JEJE F 2209] YEJBESL FFHH
Asjeiglon IR 43T TR YZIEES e
2 A% st

2. 3Ys AEEY XIF(1SQ)

U 2F (group RBM)<& 49 ’31 T AZHE FPAFF

A7k B 75 ARG 27F 79, 4F F 69, 65 F
82% JERISIE. 48 17 (group 1 SP)& 44 3 ¥ ¢
ZUE FPAEF A47t " 6% 27F 11, 4F F

78, 65 ¥ 822 U&7 E} |ekshint A Ve 4
3 oF (group 2G0)L A A B ougE THAES
A7t B 160192 2F F 76, 453 F 71, 65 F 82
243 Hw:} & $A5 veitt A8 37 (group 3
CMP)2 A4 2 & JZHE Y Ag7t Hd 75 G2
W 23 & 73, 4—1- 270, 65 & 83% Yl glxTEY
Elwd £ A2 dehdon 44 2panks 2e &
AZE B} (Table 1).
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FERESSEEEEE X
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Table 1. Mean values of resonance frequency measurements (ISQ) after implant insertion, at 2, 4 and 6 weeks
{Mean value£SD)

Weeks Immediate after 9 4 6
Group __Implant insertion
Control RBM 75.55+8.83 79.00+3.85 69.50%16.76 82.88+£3.52
Group 1 SP 76.45+5.83 71.50x5.78 78.50+4.04 82.80+£3.04
Group 2 GC 76.73£4.41 76.88+5.69 71.83+12.86 82.00%4.50
Group 3 CMP 75.68+7.74 73.25%9.36 70.161+5.23 83.63+2.97

Control RBM: RBM surface

Group 1 SP: Anodized with sulfuric acid + phosphoric acid (300V)

Group 2 GC: Anodized with Calcium Glycerophosphate + Calcium acetate (350V)
Group 3 CMP: Anodized with sulfuric acid + phosphoric acid (300V) & CMP coating

Table 2. Bone density around implants according to time & group (£ standard deviation)
~ Types 7 Weeks 2 4 6 8
1643.8 1645.4 1636.8 1726.7
Control BM y ’
onie ot R (£112.6) (+£74.8) (£73.5) (+71.2)
Group 1 SP 1464 1707.9 1730.5 1996.8
(+69.4) (£74.9) (+54.2) (£70.5)
Experimental group Group 2 GC 1586.1 1883.8* 1794 .3* 2100.1*
_oup (£76.5) (+£73.5) (£77.1) (£77.1)
1745.1 1843.2 1359.1 2115.5*
Group 3 CMP (£60.3) (£66.0) (£58.4) (£67.3)

6 weeks

4 weeks 8 weeks

Fig. 8. 3-D Morphology.
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Table 3. Mean bone-implant-contact ratio at,2, 4 and 6 weeks

(Mean value+SD)

Weeks
Group 2 4 6
Control RBM 42.80+14.59 67.23+15.87 70.45+11.34
Group 1 SP 51.35+8.82 63.44+7.59 73.67+9.84
Group 2 GC 60.63+18.96* 75.27+11.65* 78.22+7.94
Group 3 CMP 45.084+9.13 67.94+15.55 76.43+5.88

Control RBM : RBM surface

Group 1 SP: Anodized with sulfuric acid + phosphoric acid (300V)
Group 2 GC: Anodized with Calcium Glycerophosphate + Calcium acetate (350V)
Group 3 CMP: Anodized with sulfuric acid + phosphoric acid (300V) & CMP coating

*p €0.05 by ANOVA

809%
70 %
809 4
50 %
40 % 1
309 -
20% -
109
0% -

Fig. 9. Evaluation of the bone-to-implant contacts ratio
showed a sharp increase over time for experimental group
2 during the first half of the overall observation period. For
the anodically roughened implant groups, an even increase
was seen.,
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Bl ok, 3t QAbE Aajd oz ALgsle g 4
3} 2] & & YZHE calcium metaphosphate(CMP)
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424

SUEF2R(BIO] o)t 9
A% Wad PIe uoln 3

Sfriolghe fole dole 23 Ha1E we Yz
E HgrAtole] ARAQ] 724, 7154 ‘d@i A 2] 5]
gd-r,]. ttzs], oM]-;GoE —-—Ozl-o 7] 4 5 A
gl o189/ = (alloplastic mater1a1)7}
F58% HolHA AnsAd 13Hy fAHe HFelz
Bolslo] o I AL YZBES] A7 A9
dolups] Ay £ =gt ddo| gt Y2 <
Be YZYEY o], Fef, THA ] I3 g T
23} Qe A2ud M e uer) T o
g olewr A e HE AR Ve E S
Ak, o34 obg & FEE za32 ojFoiA] = °] 244
A& Aolrt, AH7IE B LAH FHFo| 44T
of e} o]z 3 Fo] %—7}?‘?}‘1}]& Az YJELEY ;‘7]
1HHF oA FE S AU M e YEUE B
9,] H §}oﬂ o]-@zg < O%o]o];u]— 5] ;q o] :-é'—.ﬁ.il_,] ot)\}
e F 3}71] 5“4 7] e 71AHQ Al =
Ll

E :t‘ﬂﬂr +7u é?%ﬂ 4&6}3 KRR

fd

i

(U

_{

42

=

r
io

rd 4
L
°H
&
_>,L
U
B

0
ro,
034,
i

0
i?ﬁ
o
2
N
)
2
ih3

flo v lo & nfy _E

o X ¥ R
rf
L
_,_.
2 n
mﬁ
mo
}m
ok,
2_
%
2 o
1,
i
kﬂ
Rl
0,

Hdo ox do & I oo o mio
19 oS ks ot

ElEH??J AA A2 1A
5} »]“*ﬂr BA7} °‘E} HElg2 37] £2 2d =34
1.5~10nmFA ¢} 2tet sj=to] we Alzhid] ==,



Elely B89 9 279 714 dE0 2 9l 7147
FAEE 41 e ez gEA s v Helgsd gE
¥ §Ee $5e A A AR gA ez A X3t
£ JZgE YR 7P de] AHSEHT YT dZFE
7t FRZo Y EE e YZTE I A9 o2
A 240 mepd A dt) 58] JEPEE FUA WA
o og FHEe = AR dHAL ¢

o}, Abbreksson 59& Z3¢]
F R BAE S5 93
3 FHg 7H ¢
=] g,
JTREd tha TN WAL LAY 24
Aol FRAEHEA, AU Ee FAMEW
44 A EHI Ak

2 ol
=

re

W}

ol
A

A
B

ry

=,

i

o,

iz

g

jimt >
b o
R A=)
2
to
ol o
N
<
)

t‘ll‘ m&‘;
o %
i

o -2 1

ied

oo
Ly
R
o
k1
>,
off

c o
ol
)
2
s
4
o X2
i

m 2L 2 (o

o,
e
_Ql_;
2
o,
£ ook
2
M,
~ 2
re
4
o
L
o,
il
o
of¥ %o
A
oo
{44
2,

~
(W
jm Ho

dpe 22 gy o

?L‘

mjo
o o
T o2,

O O

F7He AA Y S-YEUE
2 Bojn] B3 A< oJxgES] 39
g A X FEE FoIN BAEY F
Z & 9t} osteocalcin® 2L T4
AR UM o F7hgch? T Bt A
ofg] 712 thE A1 Aol i
s yelAA A Elolely WY g
TYdTE AME S Tejold M2 UE B F450 3
g7t Ao P5ods 2t E 4 QUh?. geky
AEHES] SHEE 73] fl3te] EHE EHY A
A718 Z7HIF1E oy Wl AMgEo] gtor F7bHel
AW (subtractive methods-sandblasting, acid
etching)oltt BE71A ol A7hbAl (additive methods-
titanium plasma spraying, HA coating) 22 %H] A
718 d& F rh

Helge ZHde Adxoz A7 B3 3ol 4
ap ojejgh Abstetd] ojaf AEFAES FH E4o] Uehd
t}, £4 ElelE (commercially pure titanium)2] EHd]
A AdR oz EAste e FAE 1.8-17TnmelH
3}8hA 2AL £2 TiO: 2 o] R4 gick. YZFHE A
o] Abstahe wro AT|ARA T 2 BANGYE A
dggy oz rgste] Hold HAAFIS ehin &
T2 BN FQ ALS FYPJPT | T AIsA
a2 ol2ldh ETE FHY S FUMA7L 51
F3E B 2708k WHOE Eolg
o]

i
s}

(et

g

ol
&£ 1 rlo
og o e Hq

!
23
ro,
P K2 my jo & o

il oHE (k% (K

o

=
il
o
o X oo qn X o N RSl e 2o

o

O]
o
Q
)
N

Q
md ot

2

b

T

O,
O
2

N

2

dE Ee H8UHe A #F A8 Ao A 28
29 5%, A3 55 ¥ L5 b

ton) 55, £33} FFe) EHH vg S 2700 nheh 4
b S PEELERL

e e 4 5ol
b 31855 4T 94 4G, FFINE, AT B8
2EGY. Sul 579 A7) G2 0.1M9) oAIELE

1

ol’g9] Atghol AT Rl v F27t ehin
Aol &4E 7RI e 280V o] FolMFE &
gpuerel A% 7271 4871 (amorphous phase) oA o}
UEA)7] (anatase phase)Z, 380V o]4tdlA & olitela)
(anatase oSt € & S84 (rutile) o £¥71(mix-
ture phase) 2 Wstgtia BstATt®. H2e] d7oA
£ 600nm o}49] sl $AE 71 YZdES] H$ A
W7bEEYE (machined surface) S 744 JZ@EHT
RFA 233 2 AAEZ} hoH ole d34tsl Az
Al skl wlEldvta Eaekel,

B ApME F/3e] gL Abstat Aelef v o
2 08 FdE Holx glom 53] 43 27< calcium
glycerophosphate®} calcium acetateE M2 2 A48}
o] = A3t el & AF 279 YZRET} 27] 27
N 4779 FANEI} OE Fo vl B4 298 3}
o[(p{0.05)8 Holw wW2A Ueptovt 6FdA e &
TH H)&g S Ve T itk 2AASEA Fd
&7 3D micro CTE 53 349 P& geoldt 479
H] =8 At VR T gint ol SR8 23 A
=829 A3 micro CTE & 23 #3d7} 22 4
< YeEpg o2 A9AE 02 micro CTE 53 R34
A E UST 4 91E Ao AtgHY,

. O

o] ¢kon calcium metaphosphate (CMP)& A A
31go] Hojuhn ZRAES] B3} &3 4 alkaline phos-
phatase, osteoprotegerin, osteopontin 59 ¥ &3}7}
FAE1314] (hydroxy apatite) 2ot Hojytin B17}
sof & Agle) AL,
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ASS Hudict E dddAes e Adgol
22.9%2 o A Usted 4 A48T e daed &
913 2ol AT, PWG micro-pigell o1 774914
o] #2938 A E A ) AA 2 g &
g HHAE Adslgtt & AdddAs PWG micro-
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pig®] 3N H‘ﬂ% Aga 8
H3ta AHAF, 2F, 4F, 657 } 1
Algjated A7k % AEZFEQ] HFA
Ak, A Al bt ?J’?_% ”‘a?.ﬂ 173 97]
#1491 calcium glycerophosphate$} calcium acetates
Ad 275 vud 23 M dald S AHS e AF 370
ks 2 oA Syt B W 73S T

RBM # 1:1]—/\] oz g._uq fﬂ\’/la’ o]ig/_}gt oob;:‘v. A]—§};ﬂﬂ{ﬂ.
AEHUEE 7|29 A}&g}g o ZgED] Fuix e WAz
Blwab) g8 dzroz AAeiunt A4d An g A
AL M 49 173 7]9] calcium metaphos-
phate® HE3 A8 37| RBM THA 3 Yz27HY
ZuST ok Ae] Bt waA Frleke A%S EAh
ol= = AlslAld UYZAE FHol IukE FE3IY
Calcium metaphosphate’} 728 2= &3 2 A4
§}/\§O] 5113 = qu-rﬁ} OWUJ %’

AQ
2
g_:
2,
o,
"
ik

O]E ?—i 7;101‘3}.

Sul ¥ A EE =
calcium metaphophateg %3 t}34<] YZFES 4
529 v pAdFdA 7] 2480] F94 A ZE
3142 9 &5 d=2FEAA 27 THES BEE T AN
°“% T3 FEdMy nEe 1‘71{@ AZHE <t
& GABGTE FF A Al Aol 2
< ARG S u, Ado] moldFE 7}0
on Alat FAYAE AE Hug v glonEe o=
Abste] 3ALE 71gE el TAXo|FY £l ojujdt
Egs FeAld dede o 42 47t AlEE

B A0 U2 oZatEe) ok Aslure FAHE )
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Eol HlmAZol o glojo} B Ao BT

AN E JERE SRABAZ S S8t
39t ol Peje] JEHVE FUE 7] g8 I
2]

2 39 A5 4 3 ) 95892 5
#3959 Z-9FUE HET S 97 52 ool 2

alol) 2 ﬂﬁ@ < A8 17 (group 1 SP), $=Akstar
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Calcium metaphosphate2 28 2}2}s}5it}.

A48 F U 22 A8 8%

1. 39AES BAZ | “}.E_"d gt} Qs
o2 AHgR o= At AP E 3 AE 1
E7} 7129 RBM WAooz A2g gazdhn 27
23l Zaso Uo7t 454 & 9k 2 ek
ol g8 Zlete e Hlon A 23EG
T 2 s 2 I8 ST Aen gt Afol
7h gtk 49 379 YZJEE AF 177 AE 2
7 4 2FET A Y 7 wEn e Ade
HYA T BAGA fo g 2ol 7} glSiTt.

2. WARAEA AAtA 2t ARTY X ¢
H] &3l AV 27l vlal okt b e Heln
Ao freldel gtk

3. 2AAEYH 0 49 279 Y=
A 45:7ke] 2AWE) t 2 ]“ EAEH 79
g Zo] & Holn Wz ‘%E}‘fk—‘/} 6Tl e g2
A 23} 858 FE ez gded ol a4
& micro CTE & ASA 9 fAFIAT

oj4te] Az E uf Ad 279 calcium glycerophos-

phate$} calcium acetate® HaAZ o] &3l F=4ts)
2 e A7t 2AAEgEo 2 w8 Y2 IYELH
20 &S B0 7] FX & e 457 A A
o] w2 AHAEZH & Aol7} Y& AR Alsdrt.

ol

R
12

—_

lw ]

R

Ol

References

1. Wennerberg A, Albrektsson T, Andersson B : “Design and
surface characteristics of 13 commercially available oral
implant systems'. Int J Oral Maxillofac Implants § : 622,
1993.

2. Branemark PI : Ossecintegration and its experimental
background. J Prosth Dentistry 50 : 399, 1983.

3. Branemark PI, Hansson BO, Adell R et al :
Osseointergated implants in the treatment of the edenfu-
lous jaw.Experience from a 10 year period.Scand J Plast
Reconstr Surg 16 : 7, 1977.

4. Adell R, Rockler B, Lekholm U et al © A 15-year study of
osseointegrated implants in the treatment of the edentu-
lous jaw. Int J Oral Surg 10 : 387, 1981.

5. Albrektsson T, Zarb G, Worthington P et al © The long-



10.

1.

12.

13.

14,

15.

16.

term efficacy of currently used dental implants. A review
and proposed criteria of success. Int J Oral Maxillofac
Implant 1(1) @ 11, 1986.

. Buser D). Schenk RK, Steinemann S et al  Influence of

surface characteristics on bone integration of titanium
implant. A histomorphometric study in miniature pigs. J
Biomed Mater Res 25 @ 889, 1991.

. Wennergerg A, Albrektsson T, Andresson B et al © A histo-

morphometric and removal torque study of screw-shaped
titanium implants with three different surface topogra-
phies. Clin Oral Impl Res 6 © 24, 1995.

. Buser D, Nydegger T, Hirt HP et al : Removal torque val-

ues of titanium implants in the maxilla of miniature pigs.
Int J Oral Maxillofac Implants. 13 : 611, 1998.

. Lazzara RJ, Testori T, Trisi P et al © A human histologic

analysis of Osseotite and machined surfaces using
implants with 2 opposing surface. Int J Periodontic
Restorative Dent 19 : 117, 1999,

Parr GR, Gardner LK, Toth RW : Titanium: the mystery
metal of implant dentistry. Dental marterial aspects J.
Prosthet. Dent. 54 © 410, 1985.

Yang B, Uchida M, Kim 1M et al : Preparation of bicac-
tive titanium metal via anodic oxidation treatment.
Biomaterials 25 © 1003, 2004,

Krupa D, Baszkiewicz J, Kozubowski JA et al : Corrosion
resistance and bioactivity of titanium after surface treat-
ment by three different methods: ion implantation, alka-
line treatment and anodic oxidation. Anal Bioanal Chem
381 : 617, 2005.

Sul YT, Petronis S et al © Characteristics of the surface
oxides on turned and electrochemically oxidized pure tita-
nium implants up to dielectric breakdown: the oxide thick-
ness, micropore configurations, surface roughness, crystal
structure and chemical composition. Biomaterials 23 :
491, 2002.

Sul YT, Petronis S, Roser K et al : Qualitative and quan-
titative observations of bone tissue reactions to anodised
implants. A histologic, enzyme histochemical and histo-
morphometric analysis. Biomaterials 23 : 1809, 2002.

Sul YT, Johansson CB, Jeong Y et al * Resonance frequen-
¢y and removal torque analysis of implants with turned
and anodized surface oxides. Clin Oral Impl Res 13 : 252,
2002.

Cooper LI © A role of surface topography in creating and
maintaining bone at titanium endosseous implants. J
Prosth Dent 81 : 522, 2000.

A7 ole)

SARN S 570-749

AY oAbl 185 344-2
Agoet A shoe eternsls)

ki

o7 Fael 20084 62 4Y

AM &E el 20084 98 17¢

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Clgipt s Mol SEEE FRA0| oixls ol

Mefferd RM, Langer B, Fritz ME @ Dental implants : A
review. J Periodontol 63 : 859, 1992.

Piattelli M, Scarano A, Paolantonio M et al : Bone
response to machined and resorbable blast material titani-
um implants: an experimental study in rabbits. J Oral
Implantol 28 : 2, 2002.

Zechner W, Tangl S, Furst G et al : Osseous healing char-
acteristics of three different implant types: A histologic
and histomorphometric study in mini-pigs. Clin Oral Imp
Res 14 : 150, 2003.

Joos U, Wiesmann HP, Szuwart T et al © Mineralization at
the interface of implants. Int J Oral Maxillofac Surg 35 :
783, 2006.

Marinho VC, Celleti R, Brachetti G ' Sandblasted and
Acid-etched Dental Implants: A Histologic study in Rats.
Int J Oral Maxillofac Implants 18 : 75, 2003.

Davies : The bone-Biomaterial interface, JE(ed). Toronto,
University of Toronto Press 170, 1991 -#¢]z] Hojx4l 8
Lausmaa J, Kasemo B : Surface spectroscopic characteri-
zation of titanium implant materials. Appl Surf Sci 44 :
133, 1990,

Sul YT, Johansson CB. Jeong Y et al . The electrochemical
oxide growth behaviour on titanium in acid and alkaline
electrolytes. medical engineering & Physics 23 : 329,
2001.

Grook K, Geesink R, Klein C et al © Plsama sprayed coat-
ings of hyroxyapatite. J Biomedical Materials Reseach 21 :
1375, 1987.

Zechner W, Tangl S, Furst G et al © Osseous healing char-
acteristics of three different implant types, Clin Oral Impl
Res 14 : 150, 2003.

Struder L, Meidinger N, Stotter D et al : High resolution
X-ray spectroscopy close to room temperature. Microscopy
& Microanalysis 4 : 622, 1998.

Zaffe D, Bertoldi C, Consolo U : Element release from tita-
nium devices used in oral and maxillofacial surgery.
Biomaterials 24 @ 1093, 2003.

Wennerberg A, Albreksson T, Andersson B @ An animal
study of c¢. p. Titanium screws with different surface
topographies. J Materials Science: materias in Medicine 6
302, 1995.

Wennerberg A, Albrektsson T, Andersson B et al @ A his-
tomerphometric and removal torque study of screw-shaped
titanium implants with three different surface topogra-
phies. Clin Oral Impl Res 5 : 24, 1995,

Reprint Requests

Seung Ki Min

Dept. of OMFS, School of Dentistry, Wonkwang University
344-2 Shinyoungdong, Iksan, 570-749, Korea

Tel: 82-63-859-2920-3

Fax: 82-63-852-4939

E-mail: omsmin@wonkwang.ac.kr

Paper received June 4 2008
Paper accepted September 17 2008

427



