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On the osseointegration of zirconia and titanium implants installed at defect site filled

with xenograft material

Sung-Won Kim, In-Ho Cho*
Department of Prosthodontics, College of Dentistry, Dankook University, Cheonan, Korea

Purpose: The purpose of this study was to compare zirconia implants with titanium implants from the view point of biomechanical stability and histologic response on osseoin-
tegration when those were placed with xenograft materials. Materials and methods: Specimens were divided into two groups; the control group was experimented with eigh-
teen titanium implants which had anodized surface and the experimental group was experimented with eighteen sandblasted zirconia (Y-TZP) implants. At the tibias of six pigs,
implants were installed into bone defect sites prepared surgically and treated with resorbable membranes and bovine bone. Two pigs were sacrificed after 1, 4 and 12 weeks
respectively. Each implant site was sampled and processed for histologic and histomorphometric analysis. The stability of implants was evaluated with a Periotest®. And the
interfaces between bone and the implant were observed with a scanning electron microscope. Results: In stability analysis there was no significant difference between Periotest
values of the control group and the experimental group. In histologic analysis with a light microscope after 4 weeks, there was new bone formation with the resorption of bovine
bone and the active synthesis of osteoblasts in both groups. In bone-implant contact percentage there was significant difference between both groups (P<.05). In bone area per-
centage there was no significant difference between both groups. In analysis of both groups with a scanning electron microscope there was a gap between bone and a surface
at 4 weeks and it was filled up with bone formed newly at 12 weeks. Conclusion: When accompanied by xenograft using membrane, bone to implant contact percentage of
zirconia implants used in this experiment was significantly less than that of the titanium implants by surface treatment of anodic oxidation. So, it is considered that the improve-
ment of zirconia implant is needed through ongoing research on surface treatment methods for its practical use. (J Korean Acad Prosthodont 2014;52:9-17)
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Table 1. Classification of control and experimental groups
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Y E AN, BE A o] ety el Y
3]of] &J3f %1 =] A tHdku-10-037).

REYJZSHEE A7 40mm, Zo] 80 mmE FFIAZ
Table 12} o] E/F3IATh 22 Ak o = FH A 2
= 1] 83} external connection type®] E}o] Bl UALE U ZSTE
(IMPLANT M, Shinhung Co., Seoul, Korea)= 3 7+ EH # 2 7] (Ra)
= 2F0.70 mATh AE TS 48 Y-TZP &= (Acucera Inc.,
Pocheon, Korea) & extemaltypee] V1A ) S2HE el 2 411t 7}
FokaL Sbare] §Fe ol 4] 50 um 719 GFR| U YRR MEE
A= 98k 1,000C
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StolEH
(BBP®, Oscotec Inc., Cheonan, Korea)2} 2}l A £-9] S4=4] 2}
2H(CollaGuide™, Oscotec Inc., Cheonan, Korea)S- AH-8-3}53 T

Group Material

Surface preparation

Surface roughness (Ra) Weeks

Control Titanium (grade IV)

Experimental 3Y-TZP

Anodic oxidation with Mg ion

Sandblasting with AL:Os

0.70 um 1 6

6
6
0.29 um 1 6
6
6

*3Y-TZP: 3% mol yttrium-stabilized tetragonal zirconia polycrystal.
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218 Z=B-of 717 A (Stresnil®, Janssen, Titusville, USA)$} m}3]
Fr =4 (Zoletil, Virbac, Carros cedex, France) S o5 FAFFo] 41
nk F=5 Al 713 A Aldsta 4l vk
A (Forane®, JW Pharmaceutical, Seoul, Korea)?] &-<] © 2 7 41n}]
& At AdseS SR wola = 799 &,
S= A AZ B9 e nF gtu el 9o A%
sttt & F-9= 2 =711 =5 4mk3 Al (Lignospan® standard,
Septodont, Cambridge, Canada) = F-1-8F -2~ n}5] & Al &) ¢ 5 5
22 A7) etn 28 24 9] E4o] s 29hS vl ek
th Aoyl B E 4= e E 28-S At AZe] 2AR
o 174, A1 7ol 50mm o] %e] 7HA © 2 7] §-9]of] E#A ¥
s lent =2 g AL&3ke] 27 80mm, 0] 40mme] Y7 %
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Fig. 3. Implants placed with xenograft material.

Cehx| s AEte(x] 527 12, 20144 1€

i
(m
Lo,
oz

N
=

By,
o0
ol

i

.1
ol
rlo

v F
:
%
Job H 4z
S
> g
g
o

5
=)
o
fu
. i
s
o
o,
N
i 3
; N,
= 0
2 o AN

£

tissue response to titanium implants =52 2715}
15, 4%, 125 o] 717} 20})4 A7) 9
T2 S X85l A E EE5S AR SA

ko] P A7

O
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[

3. HZ|RHAEE 0|23 2Z2IE oMM B4

7] 2] 9 H] 2~ E (Periotest”, Siemens AG, Munich, Germany)= >4
oA A9 2 Fol| gk H S5, A | 15,45, 127 & 7
7} 2nbe] ¥ D) 55 A7 9 k) ste] thA] gk S 3 o
S| YA ZE 53] wHE S 2 7MY =& SRR P B
SRS AL 3N Haks S s e = A etk

[

0, g, 2| 8 o, A, Ante] g 5 A Al S
o 3| v}5-2 21-of] Al (hematoxylin-eosin) & A2 A] 3 3t &, 3
& m)7g (Olympus BX, Olympus Co., Tokyo, Japan) = #2531
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1) Z-9) ZFE % % E(bone to implant contact percentage, BIC)
23t n| 4 & o] &3t o] F& o] FlddA =3 7 B
ol AEata e IHe A&E AEHE WAk A, o]
o} = o A= =2 4o]E KAPPA ImageBase Control 2.3.5
(Olympus Co., Tokyo, Japan)=. =g 5to] S-YZHEHSES ]
EaZ AL

Healing abutment
Membrane
Xenograft materia

|Bone defect

Fig. 4. Schematic drawing of the titanium implant at the bone defect site filled with
bovine bone. The zirconia implant was installed in the same manner without plac-
ing the healing abutment.
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2) = W24 E(bone area percentage, BA)
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7. EA4 M
SPSS® Version. 12.0 (SPSS Inc., Chicago, IL, USA)S- o] &-5}0] =

TR, AR, TS AV, A ) Scheffes
testS Fa) A2 741 9% 2 A4 o8& A Z sk

H2] QB AE S E2 A1 A Fole o d
FES ghE Belot Azte] Adel] wt A A&
A o] F7kehs FAE B th(Table 2). o] ¢ Th 2
A A} 2wt AP el ol 2fel 7 ik

Aol & vzl & 22 F9A ¢ 23]
08)= %} 3? | Aikehe 2SAEOB)9} = 272 B4t
m e & E5 EE2 otal e A E00)E IS
T I THFig. 6). A d T2 2] Y ZTE YAH|A] o}
2 & A o] HEHA ko Fig 7) vl 2SAIE7H 2

Aokl 2 7198 BT el 22900, 7
Za 2o JZE U] A Zo] 84 oL} oA
BAERo g HEH A2 30le 4 A tHFig. 8). A &9
PS> T T AS /I SdHT AA AT AERE AEL S22 el B2 FE SR Il
FHZ Jlo] A HH AT h2Te] 15 T YEUE, L HEE 59 = taol vl BA] 34 THFig. 9).
Table 2. The mean and standard deviation of Periotest value
1 week group 4 weeks group 12 weeks group
0 week 1 week 0 week 4 weeks 0 week 12 weeks
Control 9.7 £86 0.7 +3.1 53 £6.6 47 +£21 03 +5.1 -5.6+23
Experimental 28 £35 08 £22 25£53 45+ 1.1 1.1+22 33427
Fig. 5. A light micrograph of the control group Fig. 6. A light micrograph of the control group
taken 1 week after insertion of the implant (H-E stain- taken 4 weeks after insertion of the implant (H-E stain-
ing; X 200). Bovine bone particles (arrow) were ing; X 200). Osteoclasts (OC), osteoblasts (OB), osteoid
observed on the periphery of the threads. (OS).
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Fig. 7. A light micrograph of the experi-
mental group taken 4 weeks after insertion of
the implant (H-E staining; X 100) A lattice
of newly formed bone was approaching the
implant from the bone.

Fig. 8. A light micrograph of the control
group taken 12 weeks after insertion of the
implant (H-E staining; X 100). Scattered
osteocytes were surrounded by the mineralized
bone matrix. Remodelling was evident by for-

Fig. 9. A light micrograph of the experi-
mental group taken 12 weeks after insertion
of the implant (H-E staining; X 100). In
this specimen there were only minor signs of
bone remodelling.

mation of Harversian systems.

3. ZRHEASEE 24

DEYUZHEHE

A13be] ek el o] AT ol Zobehe S
91 31(Table 3, Fig. 10) o] 91 W) %] 2444 23} 4 2 3b] 24
o] YT 53] 455} 127014 el A o] SIRATHP<05)
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ARkl A3l k) 2w AR T B 2 Z7kehe

Table 3. The mean and standard deviation of bone to implant contact percentage

F$-E B 3(Table 4, Fig. 11) o] & Wl %] A A v} o 22
/\e]—‘éi"/\ o]o]] ‘H‘-’PHO] W\ME]’

o

Table 4. The mean and standard deviation of bone area percentage

Bone to implant contact (%) Bone area (%)
1 week 4 week 12 week 1 week 4 week 12 week

Control group 054 +066 2279 £812  54.96 +29.69 Control group 0.66 +1.76  28.01 £ 1698 4839 +21.19
Experimental group 145+ 1.70 524 + 581 10.72 + 1328 Experimental group 304 +377 1383 £ 1161 4232+ 8.07

nor O Control 60 r 0 Control

« group - group

= 07 50
% B Experimental @ Experimental
S 50 group group
z S 40
8 w}f 3
5 5 30}
g wr g
ie @ 20t
© 20
@

"l ) -_=|==_ l

g I T 0 PR L 'l HE
1 week 4 weeks 12 weeks 1 week 4 weeks 12 weeks
Time (week) Time (week)

Fig. 10. Bone to implant contact percentage of each group. * represents significant Fig. 11. Bone area percentage of each group.
difference between groups (P<.05).
CHskx| o Hats|x] 52A 135, 20144 18 13



Fig. 12. Scanning electron micrographs of the implant surface ( X 10,000). A: The rough surface with regular sized
pores on titanium. B: The surface with amorphous irregular crystal microstructure on zirconia.

Fig. 13. Scanning electron micrographs of the interface between bone and implant surface at 12 weeks (A: control group,
% 10,000, B: experimental group, X 2,000). A: collagen fiber (CF), titanium implant (T), bone (B), B: zirconia implant
(Zx).
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