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sputtering®*, ion plating®®, ion implantation® &
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17.5%4 % ¥]9 CaO%%(Cerac, Milwaukee,
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Fig.1. Schematic representation of IBAD system.



7lelE 0.06~0.08A, =Ae TAo & 0.15A71A]
Z7hldch BEetn 18 F3E 98 Srpme &
L2 subsrtate holderZ 3 A A17th. HA17.5Ca0
(17.5%2 3| 2] CaOE X3 HA)S Sdde=
AbgEtg o Ar o]&9 Bz Z3S 93la] o]&
Rl 7k AgE 120V, o2 AR/E 2A% 208
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7h AR AE EH)

AE 26mm9 Ti%E& T/ 2mme diskFH=Z
A2 T2 200, 320, 500, 1000, 1200grit9] silicon
carbide paper®2 rigt ¥ 6un, 1ume diamond
spray (Struers, Denmark) & AFg-dtd A}l & pol-
ishing® ¥ olghg &ollA 587 253 A& &
17.5%2 =9} CaO7F £8H HA(HAL7.5Ca0)E
3% 3, HA17.5Ca0% Z33 § 43
T, 2283 CaO7} §le &4 HAY Z33 3579
HARME A H S THE S 270 2& <5 titanium
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T Trypsin-EDTAE A28l cellZ S AlHA
Hojlo] 1500rpmo 2 883 94 EEldte celle
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B3t} 97]9) 204 medias gol FuF T
% 104 suspension solutions 3l 204 0.1M
glysine NaOH buffer(pH 10.4) 104 0.1%
Triton X-100/saline® 104 DDW (24} 5-&4) A
3TCLTE 3083t HHSAIA cell& FAAA

t}. Test protocol

Alkaline phosphatase(ALP) activity= 3-89
assay kit (Procedure No.ALP-10,Sigma, St.Louis,
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1mlE 30C7HAl 19 2049] .3l Fujd
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(2) W& AA

7VEE 50mg/mle] GAMAEN] (Ketalar, Yuhan

Co., Seoul, Korea) 2ml/Kg& <& FAIste A4lnt
HE F53 F B2 29 2cmB =) AAE 53
S Bosla 1 Bofl @ HAE GFeE
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9] )& (sham-operation)& ‘49 A&7} AAE A
oJ3 BE HAH& T A

(3) YZYE o)} =

Y& di AAE 2 2ZAle Y F,
50mg/mle] g2+ el (Ketalar, Yuhan Co., Seoul,
Korea) 2ml/Kgg &5 FARIe AAnkH & f=3%
Z APt oen, Feide A=Al :
100,000)°] £ 2% G4t =A< (Yuhan Co.,
Seoul, Korea)& FU38ta T8 24 AAIEH
}.
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&A1Y 250mg®] Cefazolin(Yuhan Co., Seoul,
Korea) 5% &<t 25 31t

(4) A5 AAY 24
12% 23 ¥ 7heel A oo 2715 FYske]
2 % 2u 2 A S A
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7R 24 7153 HEY AAY 24 7] (Tohnichi,
Japan)ol A2zt oA ASVE} BelEE 3
& 2389, 259 AR FE AS7IES
HAE 9ule) 8 A sle 27ulelolA BArRe] HAY
B AHo] 71, BAAE Al#o] &), Aut 74z AlE
o] 107408 ¥ha AA) 2o X HATE AHo] 871,
A2 Algo] 107, Akl Alde) 10/t

(5) 27 RE Az

HEY AAY S FAlo 7S (tibia) S AES
70% olerEel 157 A7 245 4 &
£ Bone trimmer(Maruto Co., Japan)/dolA
g 34 o] AR HIAFEF JEHE
o] &3} HFYPsHA At Villanueva bone
staingdol] 74T FAAZ F L] FEE Y
sAH g5 & AFAHAA methyl-
methacrylate2 ¥v] gt 373271904 4047t
237 e JERES] F&F P Crystal
cutter(Maruto Co., Japan) & ©|-&3t4 200ume] F
A2 A8t Hard Tissue Grinding System
(Maruto Co., Japan) 2.2 @An}etod 30ume] ¥¥ o
2 AAsract.

(6) =2 ASTH 4

z2 A& 42 3Fgdr A (Olympus
BX50, Olympus Co, Tokyo, Japan)°ll CCD 7}
2}(Samsung Aerospace Ind., LTD, Korea)E #32
st A" $Ao= AFE Y &1 F, 9
2 ZE9)o] - Bildanalyssystem AB (Styrelsens
site, Stockholm, Sweden)E AH&-3t] B F Al &3}
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o] Z(valley) ¥ WA & A stn 1 <toll $AIS
F 249 WAL Filo] WEEE TN Y
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AA 3 Fgo] FHI AEH At 2%
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oulel & A &g 27rke] oA F4Te] HAL7.5Ca0
2 AlHo] 87, ¥ARAE AlHe] 87, AubrlE

AlFo] 1071 e i HA T4 HA17.5Ca0 %
2 Alge] &7, BAAE Alde] 107), A9HE A
ol 107,

2 EA%A
el Azd
J

A

2o thate] SAS program
(V.6.12)2 ol&3te] BAAHE it BE A
g sl Faa € FEAAE 7o 74 7
el Ml EA L 95% #9 FFAA ANOVA
(Analysis of variance) test® Kruskal Wallis
test 2] 3 Tukey s grouping= Al&5}%th,

Table 1. Alkaline phosphatase secretion(Unit: U/L).

ALP(U/L)
Surface treatment Y P———
Machined 47.7+24
Blasted 457+1.9
IBAD with HA17.5Ca0O 40.2+2.1
IBAD with HA17.5Ca0 50143.9
+Heat treat
IBAD with Pure HA 6.4+0.9*

. Statistically significant difference from tukey s
grouping. (p<0.05).

Table 2. Removal torgue measurements{Unit: Nem).

HA coated Blasted  Machined
MeantSD Mean+SD Mean+SD
Normal 48.5+54* 47.3+5.8 32.3+£2971°
ioct-
Ovariect o5 643,67 344+3.9% 234+4%
omized

a,b: Statistically significant difference between col-
umn(p<0.05).

- Statistically significant difference between
row(p<0.05).

*
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22} &

9, HA17.5Ca0 53 & A8 ¢ 89 18ln &
F HA 33 BHAAM 2F A ZE 342 iU &
ALP 5E &4 oH, ¢4 HA 5% Etﬂoﬂfﬂ
% FoA IA B FEE 2o (p0.05),

HA 52 99| 52 §3l=2 Q13 &% *JTOI

228 995 B B B 498 2 2o
2 Hod T EHe NE H%d A%E 2

HA17.5Ca0 % ﬁtﬂ S 3=} Adsle] I
9] 82 JEo| 2F AXY A& JFE Ul
AR g=tHTable 1).

2. FE MM

=3
A4 & dEBEANA SHsI 0 H AT (R
] =09 5 AAY FA= Ak 29 o
FEA] 32.30Ncm, BAEE] B JEZEEA
47 25Nem, HA17.5Ca0 53t oA 48.50Ncm
o|AUL, i A FAA Ml FH JELEE
23.00Ncm, EAH 2 B3 A ZTENA 34.40Nem
HA17.5Ca0 $% f£99A 34.63Ncmel et
EAENAT AAH o2 dA AAFM FAT
o ¥la HEY AAZHC] foAA UA Fskn
(p<0.05), 2t EHHEZE HAL17.5Ca0 £& 9 ¢
%%59} FAAE AZHEV 2 Fre] HEHY
AAE L 7IAH Av7ly B9 JEFE 2o #9
A A =& FXE JERAATH(p<0.05) (Table 2,
Fig. 2).

& Normal
O Ovariectomized l

Nem

Machined

IBAD

Blasted

Fig. 2. Removal torque measurements.



Table 3. Bone to metal contact in all threads(Unit:%).

HA coated Blasted  Machined
Mean+SD Mean*SD Mean+SD
Normal 52.4+46.3° 48.5+3.8° 33.8%t4.8
Ovariect-
vanecls s 4+ds  40.9+50% 30.0+34
omized

a,b.c: Statistically significant difference between col-
umn(p<0.05).

: Statistically significant difference between
row(p£0.05).

*

Table 4. Bone to metal contact in 3 best threads(Unit: %)

HA coated Blasted  Machined
Mean®=SD Mean+SD MeantSD
Normal  62.5%5.2* 54.2454° 382+3.5
Ovariect-
Vanecl 199464 47.3%5.7% 35.0+3.8
omized

a,b.c: Statistically significant difference between col-

umn(p¢0.05).

: Statistically significant difference between
row(p<0.05).

*

/x‘

M

3. =& A5

A BHEEY BS FATA HAL7.5Ca0
Z& B9 ASVE A 524%, FAAME BH 9 &
FEN A 48.5%, Ad7td BH YETEA]
33.8%9 HEE Holn va AAFY A%
HA175Ca0 3 3 Y ST EoA 48.4%, BAA
ZER YZFEGNM 40.9%, A¥rE EANA
30.0%9 REEE Hol da A 23 AT Z5F
oA FH A2zt Fo3E BGTHP0.05). ¥4 A
AT Hge] vadre AvEo s da HA
oA BA JEstT EAFAE BE YEREE &
42+ BATHP(0.05)(Table 3, Fig. 3).

o] FRF A4H A THEES BE
AT HA17.5Ca0 Z3 AEHENA 62.5%,
FALEHAAN 54.2%, A7t FH JESFEA

664

® Normal
O Ovariectomized

IBAD  Blasted Machined

Fig. 3. Bone to metal contact in all threads.

m Normal
O Ovariectomized

IBAD

Blasted Machined

Fig. 4. Bone to metal contact in 3 best threads.

38.2%9 HEL Holm WA HATY AF
HA17.5Ca0 T2 JZHEAM 50.9%, ZAE] &
A JERENA 47.3%, A7LE B0 JEFE
A 35.0%9 AERE Bo B AT FA4T B
FollA BH M3t FAAE EATHP0.05). ¢4
AT Y vluede Aubdoz da A
AZAA @A vdehgn BAKE 9 JSTEE
FYAE EHATHP(0.05, Tabled, Fig.4).

AA F%(Bone volume)d 7% AFToNA
HA17.5Ca0 2 A ZJENA 764%, FAMAE &
o JEZHRENAM 72.2%, AN7E AH YETE
M T4.8%F Holm *& HATY A¥
HA17.5Ca0 % AZBE A 632%, EAIAE] &
W YEAENA 63.8%, A7 T YESHE]
A 61.7%% B dA AA T AT ZFoA &
A A2zt fedate vk da AT F4T



Table 5. Bone volume in all threads(Unit:%)

HA coated Blasted  Machined
Mean£SD Mean+SD MeantSD
Normal 764+48 722459 748+49
Ovariect-
e 63.2485"  63.845.3° 61.7+35"
omized

* . Statistically significant difference between row(p¢0.05).

Table 6. Bone volume in 3 best threads(Unit:%)

HA coated Blasted  Machined

Mean£SD MeantSD Mean®SD
Normal 82.4+56 789+52 79.0%+6.1
Ovariect™ ) s 4770 739478 68.5+5.1"
omized

* © Statistically significant difference between row(p¢0.05).

9 vadlME BA A e zold FAgle]
A HATAA FAZRG S48 YA A vE
woH(P<0.05, Tableb, Fig. 5).

Fgo| FRF A&H UMY 2d] B8 B
oA HA17.5Ca0 3 EH YZAEAA
82.4%, BALAZ EH YSHENMT89%, AW
742 B9 JETENA 79.0%5 Holn da A
79 7A¢ HA17.5Ca0 3 TH JZHEA
71.6%, BAMAE B8 QZHEA 73.9%, AR}
Z B9 YZSECNM 68.5%F UER i HAlF
7 ART 25 B Az foake i
A AATH P vadMe ER AeH
o] ztolof] FAGl] Ba AAlFolM HFEHTE f
3 9 A A YERATHP{0.05, Table 6, Fig. 6).
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Fig. 5. Bone volume in all threads.

s Normal
% OOvariectomized
100 ¢
80 r
60 r
40
20 r
0
IBAD Blasted  Machined

Fig. 6. Bone volume in 3 best threads.
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AL g ddol AHEE= Al2odle AfotAlE
®_ fetal bovine bone cell” 5% o1} £ A of|A]
+ Al Spraque-Dawley ratsoll A BellowsE¥9] W
Mo 2 B3 calvaria-derived cellZ AH&-3151 Tt

Ag AFE 383 (immunocytochemistry) &
ol 2Z AE B3 & gAdA ALP, bone
sialoprotein, osteocalcin osteoblast specific matrix
protein®] T At wigE =& X e
serum factors} WAl H7Hee] FEFS werh’ o]
A o] mineralizing osteoblast culture @7 & HAS

&5 titanium®, 28132 £ titanium3 EARA 2

Emsm S v w3t AFNA, HAS &5 titanium<
v e SobA o2 HA U 44 titanium FH)
A 14983 219 A B]5=8k FAS Holx ALPY




bone sialoprotein, 712 3 osteocalcin®] A}0]& B
olx] Fevtx AT, TH A7 el
osteosarcoma cell line®|\t rat calvaria-derived
osteoblast A @A BH AR/ S7FHH 22 Al
X9 F4lo] $7tE 1 ALPY 28o] F73tcia &
Aok, & Ao} fAbe o) dhet 58 HhEQl
ion beam dynamic mixing method& A3+ @F
AN Adfrol ME7F &4 titanium EW I HA EH
oA Bls3 A BUoZH EZN £55
< ’“-‘f"q] AE] g L 5ol dFS B4 e
te A& Bt o,
B ‘5—7‘01] A calvaiadl A 5
oA ALP $d-& 243 43 Avyts 29, ¥
AlxEl ¥, HA17.5Ca0 =3 W 18lx
HA17.5Ca0 S35 A FHL Fo3E Hol
A %1853 AHE BY oy ¢4 HAS 538
A5 o A 2e FEE BATH(p(0.05). %
o] §rH o AR S Yot T AHNAME Al
ATl A3t ZFA I/} widsed v8] ¢
T HAY 7% AlEFYelle 2I3A 2 7] 7]
njate ge] FFo| AU, °]"J9-i £
3]1&—] L2t ZEAEY WY € ALPF =Y
< 9 $ =7} AHIEE Ca/P H|E 243
Aol Agstrtn Yzt
‘5“:} FAA 227 Y g B2 I3 A
Rom*d HHAo g FThFFS FEAT]E o

28 ZF A E ok Al

Flf oB.

S FmOE

7HA ‘f’“ﬂol LA 53] dAa HAZ fxd
FERYo] Fo] &R 31425’. Robert 593} .
Dao 5'9& Sth3%5 AHA7F YZHE 0|4 9] F7]

€ ol st FEAAN FTUFSA 4EHUE
9o & WS A7 AL vushy, 19974
Moris*& low mineral densityE 7F 7}E2] F
A YEBEY ZHF A3 IFE Y. a8
S HATFE B4 FAF A LF A2 AMSe
titaninum YEHEE o|4{sta 12F7HA] 23 ?di
#ZE e Q2T Hste FEY AH

E7b At Ffato] dojyittn Rasigct %
ATollM Zzhe] JSHVES] FH AE] WA &
& AAFo] AR HEY AAGAN 4
A SA ERITHpC0.05). S 23 A2et 24
oA FHE=E WA AT FdFEe Mt
Ao Jrornt frojaks HolA] ¥stu wdEe
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" spray & AZFE AHA 27]de

0| A Al AA FAEATH(p<0.05).
v A FolAe d¥oM FHEEE YA A
AR} T ZU9| 7% estrogen F59 2
& 92 Ax9 A3 71dgtn & 2 o
2 cy” B} Ao FAAA dh AT 3
gz vt g@E FACE gobA sleH,
7t AF #EHAeH AN AAE o)Fn YA
=3

AETE] W EAL 9 %@Esﬂr &%.‘ AR
A 29439 ¢ Aol 2A 4 2
titanium YEGE TH ‘?‘153
&), AAEARY D ceramic 22 HAY é‘%

o]‘-—

r
4o
4
2
L N
X AL .

¥ ARE KW HEY Yo, F 74%_1
7]"] oT 04‘31 —Ii_]._oﬂkl 7']7‘] tltanlum EEE’E—S— ‘g"‘dé
43 /A fEleitan o}ﬁiﬁ‘r” ),

A YEJE HR) ALNE Fojste WYL

TiO 942} CPC(calcium phosphate ceramic) ¢
AR ALBIE AT SE 24 52 Piol
Agk o] HMAEL o 7}X ©hE WHo 2 FH]
EAE 7|A 5t Qe B E v u oy ulen® g
"} 7—4'2-]'«] EY XHge Mulybz 599 v 2ty
5% 2 2% A5G BUEEE Hol
o7 E}QJE] rjB™
AFAINE 50um7]9] Al20s WAL AR 2]
29 A% HEY AAY o4 HA 3
E9l e AE2 Aub/lE Ha 29 o
ZUE B0t foA A 22 FAEY AAEE B
AHp0.05). 2H &= 1AM E HA 9 & J&@
E Brte "olAu Ail3 BW JEUE Brke
S4Eg Baj ),
HA plasma spray 35 ¢
HEo] vla] Aol Y

lﬂ‘irﬁ,‘i

AEJEL titanium UE
15t A3 "Ho] An, X
F AP = wEckn P ojd FAol vl o
2l T8 92 4 A7l &3 HA ceramice 4

234 AHoR B o 53R T 7)AA dHol
%ol 3t5g e T oA Y A8 FHs3A

%318, HA plasma spray 3 & JZEdA g%
ol Z71dle B Fol o 485 7 FH= HA
QA7 AZAE FHOA HolA et He) Py
(delamination)-& A8l o1& M E7} 2
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ABSTRACT

EFFECTS OF THE ION BEAM ASSISTED DEPOSITION
OF HYDROXYAPATITE ON OSSEOINTEGRATION OF
THE ENDOSSEOUS IMPLANTS IN RABBIT TIBIAE

Young-Chul Jung, Chong-Hyun Han

Department of Prosthodontics, College of Dentistry, Yonsei University

A large increase in the use of thin film coating of hydroxyapatite(HA) in implant dentistry is
driven by the desire to take advantage of the excellent biocompatibility and high strength of HA
coating.

The purpose of this study was to evaluate the effects of HA-coated implants by Ion Beam Assisted
Deposition(IBAD) method in comparison to the sand-blasted and machined surfaces. Osteoblast
culture test, removal torque test and histomorphometric analysis were performed and the following
results obtained;

1. Examination of the osteoblast cultures displayed no difference in the secretion of alkaline phos-
phatase between the various specimen, but IBAD with pure HA specimen showed low alka-
line phosphatase secretion(p<0.05).

2. Removal torque tests showed HA-coated implants by IBAD method to be similar in high val-
ue to the implants with sand-blasted surface than the implants with machined surface. And
the ovariectomized group showed low mechanical test value than the normal group(p¢0.05).

3. Histomorphometrical comparisons were performed on undecalcified ground sections. HA-coat~
ed implants by IBAD method demonstrated the highest mean bone-to-metal contact ratio on
all threads and 3-best consecutive threads, and the implants with sand-blasted surface and
implants with machined surface was in the next consecutive order(p<0.05). HA—coated
implants showed slightly higher bone-to- metal contact ratio than sand-blasted implants, but
no statistically significant difference was obtained between the two materials.

The ovariectomized group showed lower value of bone-to-metal contact ratio than the normal
group, but no statistically significant difference was obtained between the two groups.

4. Evaluation of bone volume on all threads and 3-best consecutive threads showed no statistically
significant difference among the different surface treatment groups, but showed lower bone vol-
ume in ovariectomized group than in the normal group(p¢0.05).

According to these results, thin film coated implants with HA showed high bone contact ratio, bone
volume and removal torque strength in the short term, but long term observation is needed.

Key words : Implant, IBAD, Hydroxyapatite, Osteoblast, Alkaline phosphatase, Ovariectomy,
Histomorphometry, Removal torque
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