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1. A7ME

1) 485E
37A7L 43 WEE
sl S A3l g e

A% 10kgel el 44 5

2) A8

B AgA AM-E A F W E (Dentium Co., Seoul,
Korea)= 37 3.4mm, Z°]7} 6mm$! screwd €<
%= Elo]ElF 2.2 neck thread 91+ micro thread
o] gei g AZskch. (Fig. 1) Main thread®] 33
£ 0.65mm, height+ 0.3mm ©]% microthread®]
92 & 0.325mm, heighte 0.12mmz 3k3ch. 4&
NEQ A% Zruluald HAH O g2 Cobalt 60&
o] &3l 1 2AMA #F-2 25kGy ~40kGyolth.

AREL BT 570z U] A1Ee g2z
2 BUHE shx) e 7142 A8 (Machined)©]

o A 27 50me] AlO39] YALE sand blasting®t
T HCIE YO 2 etching (SLA)BS 3, A3 4}
Aoz B JAE AHE- (Autoelectric Co., Korea)
3lo] wbd AF2}(anodized) A A L™, A4FL ion
beamszq (E-beam) & ©]&3l9 hydroxyap-
atite(HA) & ZH 319 0™, #5372 sol-gel process
W o2 HAE IR 57FA] IEAES 29

Fig. 1. Implant used(3.4mm in diameter and
6mm in length).



Table I. The implants used (5 types)

Group  Implant Material and surface characteristics Roughness(Sa) number
1 Machined Smooth titanium, as-machined 0.86pm 6
2 SLA Sand blasted with large grit acid etched 1.76pm 6
3 Anodized Anodic oxidation 1.02¢m 6
4 HA-coated Ion-beam assisted (E-beam) 1.24pm 6
5 HA-coated Sol-gel 1.12¢m 6
Total 30
AA7= AZAFNA thread topF-YolA Top
Scan3DPE o] &3ko] ZHHAT 7 2% 679 ¢ w0
%%E% %ﬂ]'&‘}'(}:‘ _t]!__l:r— 307}:‘9] %%%E‘% /\"%‘3 [¢] 24w 27w 30w 3dw
At} (Table 1) ﬂ ﬂ ﬁ
2. 7= U 9 IEHE o4

AP F 2o g4A e (Ketamine, Yu-Han Co.,
Korea) 2mg/kge o5& FAFSIA A4l vl & A8
FRTE FES MY & F9E potadineo & A%g
T T2 v E A8 2 e FYdE Im¥ Y 2%
lidocaine (Yu-Han Co., Korea, 1:100,000)< %
8kaL ) oF X z2A 9 AE 98t ekt & AL,
2, 3, 447 5& A3t} Albrektsson 590
A8 IS A3 Ao vk 67497 A

AFol] AAlutA e JERES w2 T
F-9loll A z8])Ate] Ao wletr] JZHEE Fig.
33} 2] wialetgdtt. WA guide drille o] &3} T
AEE AFsln 9 2.0mm first drill, 2 3.0mm
pilot drill ¥ final drill®] 42 o] &3} drilling3t

% countersink$} tappings Al#stAc). otE9

Ao} TRl o] olE 3] 571X
FHAEE AZSNES] A7) YA = FF7) w7
2 A £Ae] WEtE Fof AYaign JEWET}
FP A wA ® F cover screwd dAsgh B
AL of mx 4 22 FAR AP (Fig. 2)

F& 92 3-0 ¥1EFA B8 Mersilk®, Eth-
icon Co., UK.)& o] &3t Bgslict ZgixE
93l &% 797k Kanamycin (50mg/kg, oA 2k,
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Implant

Installation
RFA

RFA

Fig. 2. Time table of experiment.
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1) 33 F34 24 (Resonance Frequency
Analysis)

AEFNE AYFE SA] 35F, 657F 4 105F0
Osstell® (Integration Diagnostic Ltd., Savedalen,
Sweden)< ©]-&3te YEHE M =X]4=(Implant
Stability Quotients, ISQ) @] 2 71 &3l o zhz}
o] dENENA 5HY ZH3ta HAX o HX &
A9t 370 grel Haw FEHUAE 23 s oHy
49 WslE vim AT 2Nz &35
(remodeling cycle sigma)7} 709 7% 1 sigma(12
F)olxRt XA E B3 T A uirte] 2pEEE
glslz)gla 105 gAysiet.

2E S HAnH st AldE oY Fig. 59
2] cover screw FARH transducer(model:
Typeb, 100065)E AA3t1 Osstell® data manager
software® o83t}



Posterior

MO AQ
EO $0O
Sol. MO
O‘J— Canine —J’O
M : machined
S :SLA
A Anodized
E : ion-beam assisted deposition
Sol : sol-gel
Anterior ) .
Fig. 3. Diagram of implants placed in the dog s Fig. 4. Implants placed in the dog s mandible.

mandible.
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Fig. 6. Mean values of RFA,

2L e £ 3 o) ng B4 F oA d=e FEFUA

AEFEEL T o AT AF 24 S APt (Technovit 7200VLC Kulzer GmbH, Germany)2-
At A¥EEY] ARE ddstA Wejste hep- 2 3-5U7 AF Ewfste] ZRAEA Sl A 16412F
arin?} YA ATE o] &ate] oS 3] AA S FAAT. A slekE F micro-cutting machine
g T a4 B8 AdZANE(M=30)F =3 ¥ (Exakt MG300, Hamburg, Germany) 22 200#m
gy £S5 93 evstanh. AFd setE £ o] $7 & diamond wheel sawZ o] 83 2tst =
Lo rag JdZHES F4or Fog o|R3 ) micro-grinding machine(Exakt MG4000)] 4]
o 4 &% X249 §Aq9) 48417 o) nA st 800, 1200, 2000AEE o] &84 30um B = F41<]
ot 2FE 2AFEL A YEHEE S4log Hlgs] Hz2 FE2E AF8I¥ 2 hematoxylin-
Smmeo|ste} FAR thEL the BAA WEos eosing @A 2 dho] #dFu|F oz FAsY T}
50~100%2] AXH 15re] d3LE FAZL ZAYYA S £ BV H (Olympus
2 gty HEAH 0 100%9) FF ¢3SR 3 BX51. Olympus Co., Tokyo, Japan)?l Kappa Dx30
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Digital camera(Opto-Electronics, Germany)&
Hasld frgddger AFE Egez &7
T GEAN AZEYQ Kappa image base
metro(Kappa Opto-electronics, Germany)2 AH&-
ato] A & A S8k

A. 2 ZE (bone-to-implant direct contact
ratio) & 3% 7Fedt BE ARl A X404
oA #F3l] SN S BE YA}
Aol A BEgE A FHEEC P 2 3
o) VAol A B S EA.

B. 29 % (mineralized bone®] H]&)& 2E YA}
A VARALo o] At A el A S
a2 F9uolA At e BstE =
ZAo] AA|shs WAE F43td o5 WA

3) TAFASFERY FHEE, TAFHFENTY
Ed=oe] A

AEHE 4] 105Ad 24T 31T &3
&= AHE RS e JAEHYY FHEE, U
9} 242 AABAVE DA E BN E)

4. EAIEA 24

1) 53

AoM oA ZE A Eo s H g
FEUAe T 7 209 vnEHe $ARY
g9 SPSS for Windows(ver. 9.0 SPSS

=

Inc.)9| (Generalized Linear Model)¢] &2 &
A (Repeated Measure)2 ©]-&3to] FAIstch, A
Z R © 2 Univariate analysisellA Dunette
test2 2 FFS 0,058 ke FS0A & o &8}

A3t /
/
2) zAZEAS
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A (ANOVA)S BAENZZ29 SPSS for
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Table II. 1ISQ values depending upon timing tested

Implant type at installation 3weeks 6weeks 10weeks Pvalue
Machined 71.33+£2.42 69.331+3.14 70.67£2.58 70.83+3.31 PX0.05
SLA 71.67+3.33 71.36+£3.72 72.33+1.63 72.83+1.94 P<0.05
Anodized 71.83£2.48 69.17+5.91 69.83+5.04 72.67£1.75 P<0.05
E-beam 72.33+2.58 71.17+£2.99 72.43+2.32 72.831£2.04 P<0.05
Sol-gel 73.33+£2.07 70.17+4 .41 70.33+3.43 72.21£3.87 P<0.05
ISQ* : Implant Stability Quotients
2, EAEH 27
AR Agee) 249 ust vleh a5 o
AYT 7h) F3AG AolE HolA] Yk, Aol l SR
U olBuge] A48 BREA Qo PG 2 B e
N27t o) FolA 3 AR YFAE Fue] A4F i i
& AWYEFE M 9o 2FE BBE oo |
62
(lamellar bone)9} Gl EF€ SEAEE & 60— :
E—]M]—O:} glgj\p_u:] %:‘_4_ 0]:]’%%5_04 g?_‘)}% O]%O]],]— at installation Jweeks Gweeks 10weeks
AxZ e 717 glo] A3 A=l At SLAT
Az #8¥ Z& Helgdol Ul oA U= Fig. 7. RFA values depending upon timing tested
Ro| #AEHZ oY o] EWEE HAE A Ehrt. and type of surface treatment of implants.
HA 3BTX e FEH22 HAZHo| 3&Esta
siglort gehE HEE et 2 dxsod

3. 3%Fa 22X (Resonance Frequency
Analysis)

QEAE 49F 34, 33F, 655, 10559
Osstell(Integration Diagnostic Ltd., Savedalen,
Sweden)& ©]-&3td ZHsiglon, JENE XY
2] Zol| &= Sol-Gel HA coated Y ZHE7} SHY =A<
(ISQ)7Y 7V =%k31(73.33 £2.07) 1055 = B-
beam HA coatedd ZHET} 7MY S ER G571 &
AT}.(72.83 +£2.04) MachinedE¥ & ¥33 v} 2
EHAe|e w3t BAGAR oA e Aol
& HolA= ¥%om (P).05), 5EF YZHE A
(]

olo] 23 A7} 0, 3, 6 @ 105 W& IH =X

=
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1) AHEEHY 2AEE

A, AAGAVE

E-beam 2] EH JZNE|AM 76.1%, Anodized
EWHoA 73.6%, Sol-gel AT FWHAA 72.1%,
SLAEHA 69.6%, Machined®d ¢ZHEJ|
A 60.8%2 BEES B3 Machined®} Anodized,
E-beam, Sol-gelztell ER A g]dl] w& §-2]3k o]
£ 29t} (PL0.05)

B. 2%l F53F 94&5H 3-besthAbat
AnodizedEH oA 83.2%, Sol-Gel AT EH
] 82.3%, SLAEHA 80.3%, E-beam 2] EH



Bone to 90
Implant 80
Contact 70

(%) 80

Bal threads | 20
03-best 0

Machined SLA Anodized E-beam Sot-gel
all threads | 608241311 69.57112.59 73.64+14.44 76.13+15.08 72.14412.04
3-best B885H1222 8135864 8321£7.58 B1.24%1025 B2.32+£9.68

Fig. 8. BIC ratio(%) depending upon type of
implant in cancellous bone.

AZAWE A 81.2%, MachinedE™H ¢
68.6%9] HEES H¥ 1 Machined¢} &
ol Soll A B Azt feld X8 BTt (P0.05)

2) AHEHS A 2L =

A, AAGAE

SLA A 9 YZHENA 72.5%, Sol-gelEH
N 71.9%, E-beam X EHAA 71.2%,

AnodizedEA A} 71.1%, Machined¥ YZHE
AN 65.4%E RAx 7 THE L=< o
gl Zbol = YA (P=.191)
B. Z9%o] 73 A& H 3-bestAMAt
Sol-GelE WA 79.9%, SLA 32 &% %—?ﬂl

oA 76.5%, E-beam I EHM 75
AnodizedEH A 75.7%, Machined £ ?JEE"E
A 66.3% 2 BH 3 Machined® Sol-gel7tell Tt
213 Abol 7} YA (P)0.05)

3) AL ZE-Y A microthread #$
A ZHEE

E-beam #g] 9 ZAWENM 76.2%, Sol-gel
A ERNA 73.4%, AnodizedEHAMN 71.5%,
SLAZHA 72%, MachinedEH UZME]A
63.7%2 HAEEL 2¥ 2 Machined® E-beam
el BAA ool AU (P€0.05)
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Bone
Density
(%)

mallthreads | 20
O 3-best 30

Machined SLtA Angdized  E-beam Sol-gel

all threads
3-best

66.3515.05 72.55+13.98 71.12414.15 71 .25£16.28 71.09%12.13

66.33£14.43 76.48%11.24 75.73£11.06 75.87+ 8.37  79.86+ 6.44

Fig. 9. Bone density depending upon type of
implant in cancellous bone.

B. Edx

SLA g ¥ JdZHENAM 79.1%, Sol-gelitH

oA 77.9%, AnodizedEHNA 77.0%, E-beam
A EHAA 76.4%, MachinedEH YZHEA
74.2%% B9 1 Ztzhe] FaA ]t o3t Ao
= St (P=0.425)

1) SR ERsleh AL BRee] 2UEE) 4
= k1)

(r=0.580, p¢0.05)%} E-beam(r=0.501, p<0.05)
oA felgt ztol7t da BhE XA A=
e o2 ekt
gt AUEFe e SRzt Jad
AS Lolry) 23k soje] AATA (Pea-
rson s Correlation) & #4135t 27} SLAT AT
) ZAtol ] A7 r=0.450 (p0.05)
o= )3 Aol Bl o g eyt

DO
=

AYET

5. STFuret 2HERE, ST 2L
e

D ShEFsdME &8 ATt
AA(p=0.043)7F 23 Aoz Jepgo



Bone to

Implant

Contact
(%)

Machined SLA
Mean 53.58 72.00
SD 11.67 10.48

E-beam

Anodized
71.54
12,93

Sol-gel
73.48

.60 |

7B.16
11.04

Bone 70
Density 60
2} 50

Machined SLA Anodized E-beam Sol-gel
74,23 79.65 77.07 7640 77.88
sD 10,88 8.10 7.53 9.58 7.93

Mean

Fig. 10. BIC ratio(%) depending upon type of imp-
lant in Microthread area and cortical bone.
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Fig. 11. Bone density(%) depending upon type of
implant in Microthread area and cortical bone.

Bbxlakg WAz AL, Periotest®(Siemens AG,
Germany) 2 Dental Fine Tester® (Kyocera,
Japan)s°] 3lon oA WYPEL EFEIs|
olg]&ol om Exfuict Apol7t Uebd F vt
ZAA 24 BEMoly push and pull-out test.
removal torque test & ¥FHLE ALY ¥
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ABSTRACT

A STUDY ON THE STABILITY OF 5 DIFFERENT SURFACE
TREATMENT METHODS TO DENTAL IMPLANT USING RESONANCE
FREQUENCY AND HISTOMORPHOMETRIC ANALYSIS

Sun-dong Kim, D.D.S., M.S.D., Ph.D., Sang-Wan Shin, D.D.S., M.P.H., Ph.D., MSQ.,
Sung-Min Jung, D.D.S., M.S.D., Ph.D.*, Jae-Jun Ryu, D.D.S., M.S.D., Ph.D.

Major in Dentistry, Department of Medical Scz'gnce, Graduate School,
Korea University, Well Dental Clinic *

Purpose. The purpose of this study was to compare the effects of various surface
treatments by measuring resonance frequency and histomorphometric analyses.

Material and methods. In 5 adult dogs, the mandibular premolar were extracted. Six
months later, 30 screw titanium implants (Dentium Co., Seoul, Korea) 6mm in length and
3.4mm in diameter, were placed in the mandibles of 5 dogs.

Implants were divided into five groups following to surface treatment methods : Group 1
is machined controls, Group 2 is sandblasted with large grit and acid-etched (SLA), Group
3 is anodized (Autoelectric Co., Korea,660Hz, Dutyl0), Group 4 is hydroxyapatite(HA) coat-
ed by ion beam assisted deposition(E-beam), Group 5 is hydroxyapatite(HA) coated
with Sol-gel coating process. Resonance frequency was measured implant placement
immediately, and 3, 6 weeks and 10 weeks of healing perods.

With the animal subject s sacrifice 10 weeks after implantation, implants were removed
en bloc and histologic and computer-based histomorphometric analyses were performed.
Histomorphometric analysis involved quantification of the entire bone to metal contact around
the implants. Statistical analyses were performed using the SPSS for Windows(ver. 9.0 SPSS
Inc.). Statistical differences were considered significant at P<0.05.

Results. The results were as follows :

1) In five groups, mean value of resonance frequency analysis(RFA) were highest in group
5(Sol-gel implant) at implantation and those of group 4 (E-beam)was highest at 10
weeks. but there was no correlation between surface treatments and RFA.

2) In all surface treatment groups, the RFA values of implants decreased until 3 weeks
and increased to 10 weeks.

3) The percentage of direct bone-to-implant contact (BIC) had statistical significance between
five groups in cancellous bone, (P<0.05) the percentage of bone density inside the thread
had no statistical significance between five groups.(P>0.05)
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4) There was a significant difference between cortical bone and cancellous bone in BIC.
(P€0.05) and bone density.(P{0.05)

5) There was a correlation between the RFA value of implants at 10 weeks and BIC in can-
cellous bone, and between the RFA value of implants at 10 weeks and bone density in
cortical bone. (P<0:05).

Conclusions. These results indicate that surface treatment does not affect the implant

stability in case of good bone quali@y. :

Key words : Implant, Bone, Cortical bone, Cancellous bone, RFA
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