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1. 48 Xz

A& 3.3 mm, Z2°] 7.2 mm (5 mm¢ 2g Ze])
of YA UBFAHE 80/ME ARfsle] AMESHAT
Aub7gsted 3 &3t £ (machined smooth sur-
face) & 7HA 20709 YZNES h2F OB ALE3}
gon AT RBM FHg, dFagges
9 A Z JFAspio s 3W Ay ¥ a4kt
AN A IR N Tz o] 74 aE
2 2044 A&etgtHTable D).

a}

2. MESE0| Fu| W ATBUE o}y

=

M
)|.

e 3.0kg W9 <F 5 ¥ 3oz A%
3 A E7 (New Zealand White) 2052 73k
FE A 2~397t dMASE Fte A EE 2

=

FH-E 215 o A& AHE-3HH
Avl# A 2 Atropine sulfate (Atropine, Daewon
Ltd, Korea) 0.017 mg/kgZ 9 8413 F Xylazine

o

Table I. Surface treatment of implants used in this study

Code Surface characteristics Number
Machined Smooth and polished 20

RBM Hydroxyapatite blasted 20
Anodized Anodic oxidation 20

HA Hydroxyapatite Sol-gel after Anodic oxidation 20
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AZHE Y A4 (implant stability Quotients,
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2) AABAH 574
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(c) Anodized (d) anodized and HA coated

Fig. 1. SEM pictureé of the four different implant groups. (a) machined, (b) RBM, (c¢)
Anodized and (d) Hydroxyapatite sol-gel coated after anodized.

Counts | cps
8000 100+
_: E Ti
E 80
6000 ]
3 604
4000 3
3 Ti
2000
1 Ca
] I 1 1 i T T T
0 5 10 15 10 15 20
Energy (keV) Energy (keV)
(a) Anodized (b) Anodized and HA coated

Fig. 2. EDX analysis of (a) anodized and (b) HA coated after anodizing.
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1775} 6759 %8 vlnd 23} BE EWAe

FolA A 718 1SQ A1 Bt

4) AAFAE B4

AZAEES A3 T 159 6571 A3 o)
AYE AEHES AAIHHE S S35 4
T} Table 111 2 Fig. 49} 2t} 22 A&7 7telA
AET Alole] AASNALE BAGH o2 vwst

B 1550 dPT2 EHA ol

Table II. RFA values depending on time tested(ISQ)

ol {23t Aol & HolA &t 65759 A
2 HA, Anodized, RBM, Machined®] M2 &%
237} 7ast o HA9 Anodized &2 23
AR AolE Kol FAIT F & RBMI A
b ek 2ol vlE) frelahA =& AAE KAt 1
T 3o AAZAHA v 65752 AAHHL
FaA o] dHgle] BE oM Fos ¥ E
A9 F7HE BHTh.

Machined RBM Anodized HA
1wk Mean 56.2* 57.2¢ 61.33° 62.8°
(SD) 6.6 8.7 -10.5 -6.7
6 wk Mean 74.2° 76.5° 74.8 74.0°
(SD) -3.1 -4.7 -5.6 6.9
ISQ : Implant Stability Quotients
a, b : Same letter means statistically not significant.
Table I11. Removal torque values depending on time tested(N/cm)
Machined RBM Anodized HA
1 Mean 6.2 6.9 7.5 9.7
wk
(SD) 2.4 -3.2 4.1) -4.6
6 wk Mean 27.6° 46.9° 69.1 70.1°
(SD) -7.8 -7.9 4.0) -5.1
¢, d, e, f 1 Same letter means statistically not significant.
1 week 1 week
16 week 80 16 week

implant Stability Quotients
»

RBM
Surface Treatments

Anodized HA

Fig. 3. Mean values of the resonance frequency mea-
surements(ISQ) after one week and six weeks of heal-
ing time.
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Fig. 4. Mean values of the removal torque(N/cm)
after one week and six weeks of healing time.



A3k YZARETL 77 U] B4R Acls o

Aete] 1 7TES EEHOE o|gd F Y

o

IFAES] PP 2 G2 98
1

o] [e)
o kg e A3 Al Aik PP 2 A5}

Ao o) o4 PP o2 FEY 5 i
A= B2 o7 99 B4 AL UE
o 27] Aol oled AL YEAE

ool of m oAl
o |m oA ox lo o

=8 >
2

4

T o

i

i
lo

o ofsf & 2o

g JEZHEE U A7)
topographic) ¥}l %%
CEA AR f83 e A

A
degel B4 P8 37717 A

2 eF Mate AR ZHE 7 YSAEESC]
AlgEoAl o itk e JZHES] FHE ¥
Fgel st ol g15d | aelu BelA AlA
I ANE BAME PAH R F5e AaE 71A
< FAEHE Zo) 7R 2 9ot
2T 270E A JEAETH
&
[e]

Sz, AYTFE, AR, 3 34
o TAE ABUSE YYFo2 YFAES} B A
SERELE & Qv ST £ 3

S
AN

o 12 off &
o
olN

w3
R
g
o
£
2

. Asjate)

N
-
>

o]
-
el
I
ol
ox
)
i f
L
L)
1o

599

N
30
T
El
i
Ey
_O‘L
g
>
>

(2 )
2 o
L
=
o)

J
lo

o
>
ok
123
e
-n
3,
i
ofN
~
>

el e sk Aol
SEESE R E
39 AzHzhe] ¥3o] §o|

AEAo| Vol o] o] 5] gt &

@7 % seb ol A S, BY REE R
£ Y9EUE 3 B4 AUt 23 4 A
et

Fateh b gEo] HToE eakEiels A2
EUAA P AZHE Tl g2t L S 5 A
HollA fElsle EAES Byd 480134 2
BHe Basl7| 913 IR g 23 B A4
A2 @ ok=talal & akglelE)A] £ S 2
o] &7f= A}

Ishizawa & F=4tsl & A4 A6l A
H eatsRls g A4 & A9 8F F RN B2

8
2 WellM F5ER] Y Fude 24 dez 24
&t push-out test® 28 H =M EelgRT
o Y& 492 BoFQon Busigch. Li £
< &4 ol o BAd FAelgy et m

He g Fuele, o FHYl gL ol
SR EERLERIEED PR R

A8 E ZWP)o A<
o FFAE § 24 3" 39 il
ARl WH3lE 4] gomy Z(Ca)3t QA(P)e
Fo]l EHAAN FAA F71e Aol LAFAUR,
osteoblast-like M|XE¢<] Alkaline Phosphatase
(ALP) 843 24 fosiA HINNASS B
Ei=s

B ARIME &4
o7 10 m %"‘7}“9’] =1
Sed AEe FHENE
A FHO AA ) BHE A
ol Hl3] Welx] ke BHs BEe 4 9ot

o
£

e o) galel aksiels



AFHA SEAE A9 A 2] g3l 2ge

Llo

Shulte™e] <19 Portes 4] =
S 2ygoan RAES Fae)
ﬂ%ﬂﬂﬂﬁj 2 A9 o3 APy =8
2 5 YA ol @ 7EE Ao he 7
L AZAES] 24 rod Alo] A Wk

01_,_2—1 o7 tﬂp:]./\lz_

T3t A Elgr-ﬁri A&H 0
(single wave)& ¢33 AZo g 71435}
B BARAE LT 31 JJr
741‘34«1 Anzst & A3 Aol
’\]7]4 A, AR B }94 F9
WE FAAAZ ol Wzls
A9 3o ohgA Wisl =24
—f_rf—r)ri’_ Bt 22 o] 7|&e &
} 513’1 o FEAGAA Z9 A
PENES] A 1A (stiffness) 2] F7HE
AT
EHE A A& Frlehe w7t
AR B 2B} 22 FH
AHEE 3 Sl A
¢l A7HA] B pull-out, push-out
A 24 o]t} push-out ©lY pull-out AAlE 4
t&olut pressfit YEFHE AL W
AR JEAECE EAZY o] EAHCR AL
g1 vt olF AAZAE 3 e dZUE
£ 934 Al717198] H-E-H countertorqued &%
e 2o AZNES} FAlolo] HAHEt AT
{biomechanical bond)e] 7HA]= Al A H7}ekc}
Johansson¥ Albrektsson®o] VA A ZHEQ &
o] 23S Hrtetr] el AFo 2 AHER o] &

249 =2

2 rﬁg r\o o

(r Fl[‘
o OH

S r
.
of

w
o2 AN &y

]

(o o lm
i1

N
o off o [
o

}.

13

QL
xr____isg.

>

i
=

O
M 2 o e m\

s
-0,
ol

-

Y
met
o,
rlr
3

F
i =

o 19
DO
o
i)

o
Huomk
i g'g

ogtd ol

b A e B S

o
e
e 4z
o,
o ot
ol

> 4
=
o i

9,]

|

g
m

[y
A

b ofl

600

4 10
)
o

PA
o
& o

%ﬁﬂﬂ@o
Al Sl o3
i, e A

(m

5]

T

—u

N

o

ﬂ@ 5 Elﬁ

(m —E i

o %5 w o
g N ogo Mo X

ol

o W

poliies

J
A

29 Yo
a9l Xﬂ7']a'°1 TT"]M%\}“

r mlm CU
>
>
ofo
b of
_&
Ao_l
2
é
X

ne 1 -

gg
—[o
o2
!‘ﬂ
FH
) ﬂ‘@
2N
o l-'_\‘l_‘
% 5 s
Tz Hi
"4y

LHE'E o]

by
2,

2
o%
o

o fr

£ m\ﬁ PRI}

E
%
:L
R
(S
b O
_EL
_E
2
._E‘r\o
£
o
2
= o
'Ugrﬂ-{xr
Enﬂnn

o I 2 %

Lon
lo,

pAA
N R
N

=5
2 ol
2 ok

fr
N
ol
)
X
o
5 2
Hx
)
o B ool o o o
g g = opE N1 mofu fm SN aM NlOm‘iHH

0
v
£l
o
X
(f
i

91 —7% Rass

]"1: S = T il
ZolE glE Ao g Uetstt 4 572 ZuA st
02 539 JENES Mgl digt ATl F



AFo B4 olgeled 44 49} 35 67 2
10 ¥ 94 E 232 23 557 Y=
€ o) SA710) et BAHo feld gl
Aol wolAle ggkon, Fdo| REF A9 9
ZUR AL FAFAE 2ol BUE
of o gud B5E eiNe 9% 3948

£ dTdNR 1575 F‘Oﬂ H|§] 633% Fo] 49

g T7FE Hol7le AT, 1559 FhalM g 6

FF Tl E BHAE ol IE 98 2}
°ol& HolA] gsirt.

E./ézﬂ_,] 17\]'531:,]]5}7“ 1:!}\-] é_ﬂ}_ o]::L}\]_ﬂ_ ;qa

A JEdEd SusaRN RS o9 JE

EqH FhIsL WA s Ay

vl = O
*‘e"d %gq

33 63 ZM xﬂﬂﬁﬂﬁu xM—L— %k Ji} Az
H FUF% FF48 F LAl 3ed gue

o3k Afol & Holx| ghgkAlut & £ RBM g
U3 Aubted ERxE ) vle) fostA =
< s 2y

Zt BEA el 3 FAFoS &

AE A EA A)7te] 58 ula} '2‘.7::751—?: gt

r{r oo pig
é
BN
N

7

-

7&% 3 Wz °]L} @?’J”F‘ w2
< A7) & 4 o & Su?o)
pore W& AR 2 o BHT
(mterlocklng)% Y ste] v 5 °ﬂ =] 7J 3A A
drdeA

2

N

.

e 8o

N2
’“nu:{orﬁ‘oﬂm
4 L oo oy o ©
£ T 22

UoAg o ox X

o
b

N
b
2y
o N
g

F
i)
2,
X
i3
i
A
o

601

217] 2 Fejol whebA U@! FopEA
t2A & Bart e A
e JZRES] Fo H= @E—a— L}E}% T 4
o, A3EE Yehlle AL oid 22 4zdrt
olg|g olfre FTHFIF EMMEe FAMCE
Frel et 2po] & Koz = 1SQ THE HYH o=
FZ22 3 T BHAYE & dZTAET} fAKSH
A3E olF A= dAHAX T AA PHP2H
dre FAXLE /o3 AolE YehE zﬂﬂﬂ
AT AEE JER ] m o) 01E1 g <
g-/\ §]_tﬂo]1,]. ol::?-/\].§]_m ;(.]a‘ ke g}o]
F-A% 93l = A Yyele i&ﬁm 3
HAE] o] FEHAA B2E 5 YA} w3 Q)
3} B719] A f7)dolvd A f717ke] 2pelH | 15
& 65 o]9)9] Wkl g 1 So] mejE o]
7 of & Ao|t}.

02 N rl
O

.

foboox
L (o am

Lo
=

% R
pY o,
N

-

ol

-

ol
oo

o,

(e}

318H= ulolt},
1 A7) 38 4] 13 £ 18Q
?ﬂoﬂ Folgh ato] & Holx) ggteny 48 63
T ISQ A% F2t #93F =
1 %%tHp > 0.05). 23 15 2 vl 63
T TAA F ZE B2
(0.05).
2. BAAAY BN 4] 15 & 2} bl §<
g 2ol & Holx] giokAlut (p)0.05), 219 63
T AR 150 v8) NPT BTN S8
F7HE HAtHp  0.05).
3. 4% 657 F AlA Ay EMoA
T FEAE T FAkee1E] A

ol ot r

o

7

b= hst g

[<]
S

d

e



ogh zol & Holx WdAT(p)0.05), F T
& RBM &34 e] I3t Awirbg 223k 2o v
8 g 2ol & EATHp ( 0.05).

ilai

EE]

. Long M, Rack HJ. Titanium alloys in to-
tal joint replacement: A materials sci-
ence perspective. Biomaterials 1998:
19:1621-1639.

. Gu H, Xu G. Biomedical material sci-
ence. Tianjin: Science Translation Press:
1993.

. Wilke A, Landgraff M, Orth J, Kienpfel H,
Grissand P, Franke R. Human bone mar-
row cell cultures: A sensitive method for
determination of the biocompatibility of
implant materials. ATLA 1999:27:137-151.

. Brunette DM, Tengvall P, Textor M,
Thomsen P. Titanium in medicine. Berlin:
Springer:2001.

. Quirynen M, Bollen CM, Papaioannou
W, Van Eldere J, van Steenberghe D.
The influence of titanium abutment sur-
face roughness on plaque accumulation and
gingivitis: Short-tern observations. Int
J Oral Maxillofac Implants 1996;11:169-
178.

. Hutton JE, Health MR, Chai JY, Harnett
J, Jemt T, Johns RB. Factors related to
success and failure rates at 4-year follow-
up in a multicenter study of overden-
tures supported by Branemark implants.
Int J Oral Maxillofac Implants 1995:10:33-
42,

. Buser D, Schenk RK, Steinemann S,
Fiorellini JP, Fox CH, Stich H. Influence
of surface characteristics on bone integration
of titanium implants. A histomorphomet-
ric study in miniature pigs. J Biomed
Mat Res 1991;25:889-902.

602

10.

11.

12.

13.

14.

15.

. Gottlaner M, Albrektsson T. Histomo-

rphometric studies of hydroxylapatite-
coated and uncoated CP titanium thread-
ed implants in bone. Int J Oral and
Maxillofac Implants 1991:6:399-404.

. Wennerberg A, Albrektsson T, Andersson

B. Design and surface characteristics of 13
commercially available oral implant systems.
Int J Oral and Maxillofac Impl 1993:8:622-
633.

Rompen E, DaSilva D, Lundgren AK.
Stability measurements of a double-
threaded titanium implant design with
turned or oxidized surface. Applied
Osseointegration Research 2001:2:18-
20.

Glauser R, Portmann M, Ruhstaller P.
Initial implant stability using different
implant designs and surgical techniques.
Applied Osseointegration Research 2001;
2:6-8.

Cooper LF. A role for surface topography
in creating and maintaining bone at tita-
nium endosseous implants. J Prosthet
Dent 2000;84:522-534.

Wennerberg A, Albrektsson T, Andersson
B, Eng M. Design and surface character-
istics of 13 commercially available oral
implant systems, Int J Oral Maxillofac
Implants 1993:11:38-45.

Kim YH, Heo SJ. A histomorphometric
analysis for the effect of various surface
treatment methods on the osseointegration.
J Korean Acad Prosthodont 2004:42:318-
329.

Plattelli M, Scarano A, Paolantonio M, lezzi
G, Petrone G, Piattelli A. Bone response
to machined and resorbable blast mater-
ial titanium implants: An experimental
study in rabbits. J Oral Implantol 2002:
28:2-8.



16.

17.

18.

19.

20.

21.

22.

23.

Sanz A, Oyarzun A, Farias D, Diaz L
Experimental study of bone response to a
new surface treatment of endosseous
titanium implants. Implant Dent 2001;
10:126-131.

Deporter DA, Watson PA, Pilliar RM. A
histological assessment of the initial heal-
ing response adjacent to porous surfaced
Ti alloy dental implants in dogs. J Dent
Res 1986:65:1064-1070.

Pilliar RM, Deporter PA, Watson PA.
The effect of partial coating with hydrox-
yapaite on bone remodeling in relation to
porous-coated titanium-alloy dental implants
in the dog. J Dent Res 1991:;70:1338-1345.
Branemark PI. Introduction to osseointe-
gration. Tissue-integrated prostheses.
Osseointegration in clinical dentistry.
Chicago, Quintessence Publishing Co.,
1986:11-76.

Adell R, Eriksson B, Lekholm U, Branemark
PI, Jemt T. A long-term follow-up study
of osseointegrated implants in the treat-
ment of totally edentulous jaws. Int J
Oral and Maxillofac Implants 1990:5:
347-359.

Van Steenberge D, Lekholm U, Bolender
C, Folmer T, Henry P, Herrmann 1. The ap-
plicability of osseointegrated oral im-
plants in the rehabilitation of partial
edentulism. A prospective multicenter
study of 558 fixtures. Int J Oral and
Maxillofac Implants 1990:5:271-281.
Meredith N. On the clinical measure-
ment of implant stability and osseointe-
gration. Thesis. Department of Bioma-
terials/Handicap Research, Institude for
Surgical Sciences, Gothenburg University.
Gothenberg, Sweden. 1997.

Meredith N, Alleyne D, Cawley P.
Quantitative determination of the sta-

603

24.

25.

26.

27.

28.

29.

30.

31.

bility of the implant-tissue interface using
resonance frequency analysis. Clin Oral Impl
Res 1996:7:261.

Meredith N, Book K, Friberg B, Jemt T,
Sennerby L. Resonance frequency mea-
surements of implant stability in vivo.
Clin Oral Implant Research 1997:8:226.
Meredith N, Rasmussen L, Sennerby L,
Alleyne D. Mapping implant stability by
resonance frequency analysis. Med Sci
Research 1996:24:191.

Johansson C, Albrektsson T. Integration
of screw implant in the rabbit. A one
year follow up of removal torque of titanium
implants. Int J Oral Maxillofac Implants
1987:;2:69-75.

Ivanoff CJ, Sennerby L, Lekholm U.
Influence of mono and bicortical anchorage
on the integration of titanium implants. A
study in the rabbit tibia. Int J Oral
Maxillofac Surg 1996:25:229-235.
Kwak MB, Lee CH. The evaluation of
the removal torque and the histomor-
phometry of the Ca-P coating surface in
rabbit tibia. J Korean Acad Prosthodont
2004:42:556-571.

Albrektsson T, Jacobsson M. Bone-metal
interface in osseointegration. J Prosthet
Dent 1987;57:597-607.

Carlsson L, Rostlund T, Albrektsson B,
Albrektsson T. Implant fixation improved
by close fit. Cylindrical implant-bone in-
terface studied in rabbits. Acta Orthop
Scand 1988:59:272-275.

Larsson C, Thomsoen P, Aronsson BO.
Bone response to surface modified titani-
um implants. Studies on the tissue response
after one year to machined and electrop-
olished implants with different thickness.
J Mat Sci Materials in medicine 1997
8:721-729.



32.

33.

34.

35.

36.

37.

Sul YT. On the bone response to oxi-
dized titanium implants: The role of mi-
croporous structure and chemical com-
position of the sulfide oxide in enhanced
osseointegration(thesis]. Goteborg, Sweden:
Goteborg Univ, 2002.

Cheang P, Khor KA. Addressing process-
ing problems associated with plasma
spraying of hydroxyapatite coatings.
Biomaterials 1996:17:537-544.

Wheeler SL. Eight-year clinical retro-
spective study of titanium plasma-sprayed
and hydroxyapatite coated cylinder impla-
nts. Int J Oral Maxilofac Implants 1996:
11:340-350.

Ishizawa H, Fujino M, Ogino M. Mechanical
and histological investigation of hy-
drothermally treated and untreated anodic
titanium oxide films containing Ca and P.
J Biomedical Materials Research, 1995;
29:1459-1468.

Li LH, Kim HW, Lee SH, Kong YM, Kim
HE. Biocompatibility of titanium implants
modified by microarc oxidation and hy-
droxyapatite coating. J Biomed Mater
Res 2005;73A:48-54.,

Kim SJ, Shin SW, Jung SM, Ryu JJ. A

38.

39.

40.

41.

42,

study on the stability of 5 different surface
treatment methods to dental implant us-
ing resonance frequency and histomor-
phometric analysis. J Korean Acad
Prosthodont 2005:43:78-92.

Shulte W. The Periotest periodontal sta-
tus. Zahnarztl Mitt 1986:76:1.

Shulte W. A new field of application of the
Periotest method. The occlusal-periodon-
tal load can now be measured quantita-
tively. Zahnarztl Mitt 1988;78:474.
Derhami K, Wolfaardt JF, Dent M,
Faulkner G, Grace M. Assessment if the
periotest device in base line mobility mea-
surements of craniofacial implants. Int
J Oral Maxillofac Implants 1995:10:221.
Meredith N, Shagaldi F, Alleyne D,
Sennerby L, Cawley P. The application of
resonance frequency measurements to
study the stability of titanium implants dur-
ing healing in the rabbit tibia. Clin Oral
Implants Res 1997:8:234-243.

Choi JW, Heo SJ, Chang IT, Koak JY, Han
JH, Kim YS, Lee SH, Yim SH. Resonance
frequency analysis of implants with anodized
surface oxides. J Kor Acad Prosthodont
2004:42:305-311.

Reprint request to:

Kwang-Yeob Song. D.D.S., M.S.D., Ph.D.
Department of Prosthodontics, School of Dentistry, Chonbuk National University
664-14 Duchjin-dong, Duckjin—ku, Jeonju, Jeonbuk. 561-756, South Korea

skydent@chonbuk.ac.kr

604



ABSTRACT

EFFECT OF DIFFERENT SURFACE TREATMENTS TO
INCREASE BIOCOMPATIBILITY OF DENTAL IMPLANT

Ho-Jin Lee, D.D.S., M.S.D., Kwang-Yeob Song, D.D.S., M.S.D., Ph.D,,
Tae-Ho Yoon, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, Institute of Oral Bioscience, School of Dentistry, Chonbuk National University

Statement of problem: Modification of titanium implant surface has potential to ensure clin-
ically favorable performance that several surface modification technologies have been introduced.
Among the methods, anodizing method and sol-gel hydroxyapatite coating method have gained
much interest due to its roughness and chemical composition of the coating layer, but more of its
biocompatibility result is required.

Purpose: The purpose of this study was to compare bone-implant interface shear strength of
four different surface treated implants as time elapsed. Resonance frequency analysis(RFA) and
removal torque measurement methods were employed to measure implant stability at one week
and six week after implantation.

Material and method: A total of 80 screw-shaped implant (20 machined, 20 resorbable media
blasted(RBM), 20 anodized, and 20 anodized +hydroxyapatite sol-gel coated] were prepared, and
one of each group was implanted in the tibia of a New Zealand white rabbit that total 20 of them
were used. In order to test the implant stability and implant-tissue interface contact changing in
the bone bed, each 10 rabbit were sacrificed 1 week and 6 week later while resonance frequen-
cy and removal torque were measured. One-way analysis of variance and the Tukey test were used
for statistical analysis.

Results: The results were as follows.

1. There was no statistically significant difference of implant stability quotients(ISQ) value in RFA
between individual groups after 1 week of implantation and 6 weeks(p > 0.05). But, there was
statistically significant increase of ISQ value in 6 weeks group compared to 1 week group(p € 0.05).

2. There was no statistically significant difference in removal torque analysis between individual
groups after 1 week of implantation and 6 weeks(p > 0.05), but there was statistically sig-
nificant increase in all 4 groups after 6 weeks compared to 1 week later(p < 0.05).

3. There was no statistically significant difference in removal torque analysis between anodized
group and HA coating after anodic oxidation 6 weeks later(p) 0.05), but significant difference
was appeared in both groups compared to RBM group and smoocth-machined group (p € 0.05).

Conclusions: It can be suggested that changes in surface characteristics affect bone reactions.
Anodized and anodized +hydroxyapatite sol-gel coating showed significantly improved bone tissue
response to implants, but further study on the effect of hydroxyapatite dissolution is needed.

Key words : Resonance Frequency Analysis(RFA), Removal torque, HA coating, Anodizing
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