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Osseointegration of zirconia implant in the tibia of pigs

Lee-Kyoung Kim, DDS, MSD, PhD, In-Ho Cho*, DDS, MSD, PhD
Department of Prosthodontics, School of Dentistry, Dankook University, Cheonan, Korea

Purpose: The purposes of this study were to investigate osseointegration around zirconia implants which had machined or alumina sandblasted surface, and to compare the
results with titanium implants. Materials and methods: The study was performed on the tibia of 6 pigs. Three types of implants were investigated: group T-titanium implant,
group Z-machined zirconia implant, group ZS-alumina sandblasting treated zirconia implant. Zirconia implants were manufactured from yttria-stabilized tetragonal zirconia
polycrystalline (Acucera Inc., Pocheon, Korea). A total of 36 implants were installed in pigs' tibias. After 1, 4 and 12 weeks of healing period, the periotest and the histomorphometric
analysis were performed. The data were analyzed using one-way ANOVA and significance was assessed by the Scheffe test (a=.05). Results: In the measurement of surface
roughness, highest Ra value was measured in group T with significant difference. No significant differences were found among groups regarding Periotest values. After 1 week,
in comparison of bone to implant contact (BIC), group Z showed higher value with significant difference. In comparison of bone area (BA), group T and group Z showed high-
er value with significant difference than group ZS. After 4 weeks, in comparison of BIC, group T showed higher value with significant difference. Comparison of BA showed
no significant difference among each implant. After 12 weeks, the highest mean BIC values were found in group T with significant difference. Group ZS showed higher BIC
value with significant difference than group Z. In comparison of BA, group T and group ZS showed higher value with significant difference than group Z. Conclusion: Zirconia
implant showed low levels of osseointegration in this experiment. Modification of surface structure should be taken into consideration in designing zirconia implants to improve

the success rate. (/ Korean Acad Prosthodont 2013;51:190-8)
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Table 1. Classification of control and experimental groups in this study
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Group Material Surface preparation Weeks N

T (control) Titanium (grade [V) Anodic oxidation 1 4

4 4

12 4

Z (experimental) 3Y-TZP* Machined 1 4
4 4

12 4

ZS (experimental) 3Y-TZP* ALO:; sandblasted 1 4
4 4

12 4

* 3Y-TZP: 3% mol Yttria stabilized tetragonal zirconia polycrystal
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Fig. 1. Implants used in this study. A: Mimetic diagram of implants, B: Titanium implant, C: Zirconia implant.
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5. Periotest values (PTVs) &%
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Table 2. Distribution analysis of surface roughness

Table 3. Mean and standard deviation of PTVs

Group Mean SD Pvalue Scheffe PHT Group 0 week 1 week 4 weeks 12 weeks
T 0.70 0.03 T 4.6 +26 23+350 -60+22  -60=£00
z 0.26 0.01 0.00* (Z=ZS)<T Z -15+32 00+34 28+72 -40+24
Z8 0.29 0.03 VA -l6+58 3060 -10£79 48+21

* represents significant difference according to ANOVA (P<.05).

2. Periotest values (PTVs)
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Not significantly different at P<.05 (ANOVA).

Fig. 2. Light micrographs taken 1 week after insertion. A: Group T, B: Group Z,
C: Group ZS, The thread area was occupied by old bone, bone fragments and red
blood cells. Inflammatory cell can be detected (H-E, magnification X 100).

Fig. 3. Light micrographs taken 4 weeks after insertion. A: Group T, B: Group Z,
C: Group ZS, The thread was occupied by new bone. Fibrous/vascular tissue between
bone and machined zirconia implant were observed (H-E, X 100).

Fig. 4. Light micrographs taken 12 weeks after insertion. A: Group T, Bone for-
mation with high bone contact adjacent to titanium implants was seen. B: Group
Z, A fibrous capsule was present in the interface. C: Group ZS, Thin fibrous cap-
sule between bone and sandblasting treated zirconia implant was seen (H-E, X 100).
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Table 4. Measured percentage of bone to implant contact (mean + SD)
Bone to implant contact (%)

Gy 1 week 4 weeks 12 weeks
T 268 +2.8 703 £+ 897 84.8 +£2.9°
Z 53.8 +24.1* 27.8 £ 11.1 260 + 13.7
7S 105+79 36.0 £ 21.6 430 + 74*

* 11 significant difference according to ANOVA (P<.05).

* represents statistically significance in relation to groups at 1 week.

' represents statistically significance in relation to groups at 4 weeks.
' represents statistically significance in relation to groups at 12 weeks.
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Table 5. Mean and standard deviation of bone area (%) in each group

Bone area (%)

Gy 1 week 4 weeks 12 weeks
T 46.5 + 7.3* 753 £7.1 725 + 116
Z 56.8 £ 19.4* 64.5 £37 450 + 139
ZS 195 + 88 71.0 £9.2 66.0 + 6.8

* 1t significant difference according to ANOVA (P<.05).
* represents statistically significance in relation to groups at 1 week.
* represents statistically significance in relation to groups at 12 weeks.

15, 8kV Xt 56k &

Fig. 5. Scanning electron micrographs of bone to implant contact taken 1 week after insertion. A: Group T, B: Group Z, C: Group ZS, Bone formation

was evident near the implant surface (X 1,500).
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Fig. 6. Scanning electron micrographs of bone to lmplant contact taken 4 weeks after insertion. A: Group T, An unmineralized zone separated the min-
eralized bone from the implant surface (X 1,500). B: Group Z, Interface tissue between calcified bone and implant (X 1,500). C: Group ZS, A dense

amorphous layer was located at the implant surface (X 1,500).
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Fig. 7. Scanning electron micrographs of bone to implant contact taken 12 weeks after insertion. A: Group T, An intimate contact can be detected between
the bone and titanium implant (X 1,500). B: Group Z, A part of newly formed tissue was detached from the zirconia implant (X 1,500). C: Group ZS,

A direct bone contact was observed ( X 1,500).

(3) 125

T Z8 w8 S-UEVE Sl A S DA <
43k °‘°izr_z4oﬂ e FEACR 23 JEHET} 29
o] 9= 17t EA kAt Fie. 7)
nE

7] H]i ‘:‘Z‘ﬂr A A ﬂ:TE HAH o] Fo R AAH I, o] F
AES] 5203} o} 5 elo] JaHe ol A o m

2ol B E ook A Azt F sk e A2 7]
5719 e TR 540l ol AR mepy e
A7 e AEVES 2/ Hd TG qTS ot 2oR &
HElo] $ka1 ol= U‘r%k?} ' A3 4 Aol ol T
%] o] A T} Wennerberg 2} Albrektsson-2- 1-2 um W 9 ©] 3+ 31
AA7) %8 P E Ero] Hse], 243 Felsria
EJ_?;EE}.‘“S Za AE Aol At EAEE o] &3 A ¢
ATFNE A3 7138 ERel W]3l 131 RN o S}
g #3518 Holi A2 AN B APl Eolehs
UEHES} A2 ‘4 o} AETEL] BICgdl| & to]7} EA)
S A ol @ Mol Q7 AR 4 5lok 5 8 A g

A}%%EHE}% B it B9 AL ghol A =)

P
ﬂ

QEFHE] v]3) 26 o] 4 ZB 2 BICG BE Aol 1t
A2 19I5, e A 2ol JEAE 54 7
Z7H71E Aol 7] AZ whge] 27%t o)z}

],01_‘,3].15_/] 717t TS Yl e 25HQ0

At AT

WY, N, g T, O,
o |u N &
HUHJNW

Az o} AT 8] w3 o Efo]Ebg T 3 9] A 3 )
Fol A 2Z M E FAF Al EZO] BMP 49} BMP 7 4717} 433
Z274 %0 913131, Eto|EbE 3 ol A] alkaline phosphatase7} 59
A A ST BaE ek A E §2 52, BekE
ST = T o] F22 39 Al = IEP(lsoeleCUC point)o]]

Cehx| o AEts(x] 513 3%, 20134 78

9] Qe Eolehire] FEH) 4815 441EPS ek 2
A2 afobe] BPE 7 4w A4 H oAtk 2o ne o
g o] Eho]Ep ERol T 2 AT 5, T A7) 0

w o e} A 2] o}s} Eholhre] A 50| Buhgo|E
Aol o W AgaA 47 1Al E frol4e] §9)

d T3 ZS 9] BICFto] 1277l = T 2ol folA A =&
2 ek A Holelre] 2 E7 A7) g Wk ol
o Efolebe] ARA EHNHE 1 99€ 2S + rka
AHEHA

Shin 579] 22 Aol N = 2719] AEe) 65 Bt 44
o15% A8 7hE LA Elelehs QB ghe e} 2 7]
& A A 2ol Z ek W wol A Hol Bl 2
ol N o] 2 B4o] A= a]ol Hrh o] o] 4 £ AL

A9, ol Ro] YFVES FE3a gt EF R
22 2490l JEAES Bl vt fol4 9l w3t
Mtk A welFE Holokm i akgnt. ol v S

~31

1>
i)

48 A4 L BAE R E7]9) 2] 478
EJ]’ E7]’|94 ]E}\] —?‘5]3:194 01]?'5]:.9. H]—o}‘l:_g.E. , 1—;“_
A%E e PEAES] B W Fold 3 27)
of Aol 7 WA 3L EhelEby YEHES] Y AT
W o e gt AW A 2ol YEFES A F 2o
A o] B 7IAIA AA59] 55 ol 85kA] 97] wi ol gt
Attt o)) E7] AE AFoA] & A 230} <
ZHE BIC g2 & Ado|A =4 d Z 2] 21§ 4521(27.8

+ 111%) 2 12553 A 31260 + 137%)9} F-AFSFA T o] ol X1 =2
Yol JEFES] BICHS Elolehs YEHE &+
7417171 SiA e A 23 ole) B4 A%E
el A7% Fedhtin Y2t

P 2] d}et-Z ol TLA (sandblasted & etched titanium implant), ZS (sand-
blasted zirconia implant), ZLA (sandblasted and alkaline etched zirconia
implant)Z- 2] 3 5} B] 13} Schliephake & 7S} ZLAL] FH
AR/ E W2 S 9 A4 AL fARRR O F AL v
A AB7) SR Fr21 QA ERAR, T A 2ol o)

ox o r )y 1o 12 g2 A4

(<) mlm

1 Z
1_.,__

E
o
Hand ﬂ

195



ix/o] Z2o AzE) X210} YBES| BRE0| Bet o7

m

E BT Elo|elE YESTE H|s|A = W
A Eoktkn B stk E AY F 4%
TLA,ZLA, 7S %= 2.2 BIC7} Sgto} o)A &
1372‘i} S oM e Al 2z ot %‘g%‘rE%
i ZHastl oL, Al S71e elolele o

q A ety BHustgich Ale & \ﬂ- EO] 7
Yol JZHE 7] XPS analysisol] A &0} A
AZHAe o] FJHEo] Ry oz 2|23y
ol FUZ7HAA A= EetE Aeld x}giL]o}
< AL FEdvkn ARt o 1
Ao M= ZS 72| S %7]| BICY] £ ﬂgi OW-E'H]
94 AES QAT 5 ot AR B SR
ong 7S+ 413401] 2 n} Q27 A= S
6‘ T AL T B w2 Aot Qlat #AIE &)l
sAATh

Langhoff 5] ¢1 o] A = oke] Zule]] 28] gl 2F:2}0] 2] 2
FYo} YZHEZLA)} EolEHE U ZFE(TLA)E T} 20%
% %= T & BICRES Holt7F 4 3 453} S7H| 7} E35} e
o] EloelE Y S HE} AR 3hS B9 a1, 8F Aol = 24}
w) VERQIE BICFE B} 7h45te], 21442l 2717} ol
ElolEbE JEUE B v g HYlth o] B A
Ak 7l2d 2| 23 o} A ZFEQ] 132 BIC 3o 74 =9

ox g

gQ
b
M
>
o
L

—{rl
N
B
=2
=

1m

=2
Irl i = N

:tl)L_A‘

e e gL
rﬂi M U Jo

2
>

Y

[¢]
-

% gl

e e K

e
E
ol
f
\_
é

m&iﬁL

5 X
A

1

tlo

)
=¥ olx
fr o §& O Hu |m (w2 Ry lo

g AT AAG] & Ay 27]ddl= A 23y ofe] Hold
A A o2 sl 25 F&ol T YA R A% 2
T AT AE T oA Y FAY e dFr U AE
s o] A, AA7] F=5 5 o8 A 251 o}e] BIC 3to]
A&R o7 rH AR 22Tk

2 Ag 0 Ao ElolehE YESHES} A 23 o} &
ES geiot 29 A7 & o] G FAS A eE F
SHARE A 2340}  ZHES] FE3HE fleiM e A2
Yol AEHES] &4 /-7 T Wg whie] e g
Ao Y7 ]l
A4E

% ¢ G EREd 32 10 ADIRE A3 84T

0,70 + 003 ym)©] Z 7026 + 001 um)} ZS (029 + 003
umol] B]3] =2 gk Holom o= %74]“4_3%" 513
tHP<05).

2 YBUE 7 T, 15, 4%, 125 S PTVsE T o]

Aoz e e nyl o 7 74k B BA A0
2 el A gt
AN IFA FHES A AY 2T -, ZS o B3

ol T
SOl A =k m(P<05), BHA LS T, Z 70| ZS +
o vl 243 A = ETHP<05).
4. 25 452 EHEE S T ol Z 7, ZS wHol| ¥3|

196

ol QA E9ka(P<05), BHA &2 3t fol gk Abrt
H}\Mq
5.9 27 215 &S T, ZS &, 2+ b
ol BAA R Fo3lthP<05). FTHA LT &, ZS
wo] Z ol vlal #2173 A = kTHP<05)
3ol Ao rhE A= :”40} dEHE —t—
FESH WS SF2o] FEHA & o
AalN e 2 W] asithe AS 4 5 vk

s

0]3

k=i
Q.
[e)

tlo M

References

1. Stadlinger B, Hennig M, Eckelt U, Kuhlisch E, Mai R.
Comparison of zirconia and titanium implants after a short
healing period. A pilot study in minipigs. Int ] Oral Maxillofac
Surg 2010;39:585-92.

2. Heydecke G, Kohal R, Glaser R. Optimal esthetics in single-tooth
replacement with the Re-Implant system: a case report. Int J
Prosthodont 1999;12:184-9.

3. Stejskal J, Stejskal VD. The role of metals in autoimmunity and
the link to neuroendocrinology. Neuro Endocrinol Lett 1999;20:
351-64.

4. Weingart D, Steinemann S, Schilli W, Strub JR, Hellerich U,
Assenmacher J, Simpson J. Titanium deposition in regional
lymph nodes after insertion of titanium screw implants in max-
illofacial region. Int J Oral Maxillofac Surg 1994;23:450-2.

5. Akagawa Y, Ichikawa Y, Nikai H, Tsuru H. Interface histology
of unloaded and early loaded partially stabilized zirconia endosseous
implant in initial bone healing. J Prosthet Dent 1993;69:599-604.

6. Hoffmann O, Angelov N, Gallez F, Jung RE, Weber FE. The zir-
conia implant-bone interface: a preliminary histologic evaluation
in rabbits. Int J Oral Maxillofac Implants 2008;23:691-5.

7. Andreiotelli M, Kohal RJ. Fracture strength of zirconia im-
plants after artificial aging. Clin Implant Dent Relat Res 2009;
11:158-66.

8. Ichikawa Y, Akagawa Y, Nikai H, Tsuru H. Tissue compatibil-
ity and stability of a new zirconia ceramic in vivo. J Prosthet Dent
1992;68:322-6.

9. Kohal RJ, Weng D, Béchle M, Strub JR. Loaded custom-made
zirconia and titanium implants show similar osseointegration: an
animal experiment. J Periodontol 2004;75:1262-8.

10. Nebe B, Forster C, Pommerenke H, Fulda G, Behrend D,
Bernewski U, Schmitz KP, Rychly J. Structural alterations of ad-
hesion mediating components in cells cultured on poly-beta-hy-
droxy butyric acid. Biomaterials 2001;22:2425-34.

11. Anselme K, Bigerelle M, Noel B, Dufresne E, Judas D, Tost A,
Hardouin P. Qualitative and quantitative study of human osteoblast
adhesion on materials with various surface roughnesses. J
Biomed Mater Res 2000;49:155-66.

12. Lincks J, Boyan BD, Blanchard CR, Lohmann CH, Liu Y,
Cochran DL, Dean DD, Schwartz Z. Response of MG63 osteoblast-
like cells to titanium and titanium alloy is dependent on surface
roughness and composition. Biomaterials 1998;19:2219-32.

13. Lee JH, Lim HS, Lim JH, Cho IH. The effect of resorbable mem-
brane and xenogenic graft materials on implant stability and peri-

Cetx| st Aets|x] 513 3%, 20134 72



dolg - zelz

HHx|o Z=of AZE X220t AETUES| ZRA e T

14.

15.

16.

17.

18.

19.

implant tissue reaction. J Korean Acad Oral Maxillofac Implants
2001;5:70-95.

Yim JH, Lim HS, Lim JH, Cho IH. The effect of various graft ma-
terials on the stability of implant and peri-implant tissue response
in rabbit tibia. ] Korean Acad Oral Maxillofac Implants 2001;5:
41-64.

Wennerberg A, Albrektsson T. Suggested guidelines for the
topographic evaluation of implant surfaces. Int J Oral Maxillofac
Implants 2000;15:331-44.

Albrektsson T, Wennerberg A. Oral implant surfaces: Part 1-re-
view focusing on topographic and chemical properties of different
surfaces and in vivo responses to them. Int J Prosthodont 2004;
17:536-43.

Kieswetter K, Schwartz Z, Dean DD, Boyan BD. The role of im-
plant surface characteristics in the healing of bone. Crit Rev Oral
Biol Med 1996;7:329-45.

Hempel U, Hefti T, Kalbacova M, Wolf-Brandstetter C, Dieter
P, Schlottig F. Response of osteoblast-like SAOS-2 cells to zir-
conia ceramics with different surface topographies. Clin Oral
Implants Res 2010;21:174-81.

Palmieri A, Pezzetti F, Brunelli G, Lo Muzio L, Scarano A, Scapoli
L, Martinelli M, Arlotti M, Guerzoni L, Rubini C, Carinci F. Short-
period effects of zirconia and titanium on osteoblast microRNAs.

Cehx| o AEts(x] 513 3%, 20134 78

20.

21

22.

23.

24.

25.

Clin Implant Dent Relat Res 2008;10:200-5.

Schliephake H, Scharnweber D. Chemical and biological func-
tionalization of titanium for dental implants. J Mater Chem
2008;18:2404-14.

Roessler S, Zimmermann R, Scharnweber D, Werner C, Worch
H. Characterization of oxide layers on Ti6Al4V and titanium by
streaming potential and streaming current measurements. Colloid
Surf B: Biointerfaces 2002;26:387-95.

Leong YK, Scales PJ, Healy TW, Boger DV. Effect of particle
size on colloidal zirconia rheology at the isoelectric point. ] Am
Ceram Soc 1995;78:2209-12.

Shin D, Blanchard SB, Ito M, Chu TM. Peripheral quantitative
computer tomographic, histomorphometric, and removal torque
analyses of two different non-coated implants in a rabbit mod-
el. Clin Oral Implants Res 2011;22:242-50.

Schliephake H, Hefti T, Schlottig F, Gedet P, Staedt H. Mechanical
anchorage and peri-implant bone formation of surface-modified
zirconia in minipigs. J Clin Periodontol 2010;37:818-28.
Langhoft JD, Voelter K, Schamweber D, Schnabelrauch M, Schlottig
F, Hefti T, Kalchofer K, Nuss K, von Rechenberg B. Comparison
of chemically and pharmaceutically modified titanium and zir-
conia implant surfaces in dentistry: a study in sheep. Int J Oral
Maxillofac Surg 2008;37:1125-32.

197



ORIGINAL ARTICLE

Hxlel Z=0| AElE XIZTLI0L YSEES| ZREAY Zket

T 25 H A 2ot JERET A P Sl A G AQA G A Az o d A A o2 58 gl ofof] i Al A = S el A Al 1
S 3-8 EoleE YEHEG ML DAL A 230} YSHES] ZH2S v AF3lATh

AT THE & 8 A8 BBy JEHET D)2 717 AAE AL A 230t QEREZ D), 714 A4 F EFviu s Setag o B Aed Ak A2
T YZTHECS T)e] FH A7 S SH 5 6nf2] 2] ¢] &, 55 44 2 A - sto] 15,45, 125] 242} 8] A 5}0] Periotest values (PTVS) 574, 224 814 54 3
A ASEH S, FA A A0 WS A stk W 21 A 479 PTVs, 24 A 58424 $4) b d A2 = Sl S A2l E 2l vke=05).

Zih: 47 JERES RU ALY S ST AR T 0| 27, Z8 2ol ¥l O ol ohl 2 % 9 A27] k& HATHPTVsE 34 A7] Bl A To] A o
292 g Bl ot 7t ol wheh A7) of whet 5 BA 2 R frofelAl & skt A 1A S5 S A Zaro] T, ZS woll wlel o d Sl =k, =1
AEE T, Zwo] ZS ol vlal #21/d S =3keh 4] 452k S 58 SHAA Tl Z, ZS woll vlal 2/d S| =3k, 2 &2 w2t f-ol 8 27k glslth

AY DFABYEELTT ST LT EOR okl RE T FARCE FO Ao/t 2N TUAELTE,28 To| 220 vla) %29 9 2340k
HE: o3 Ashe A 2o Y ERES] E 650 Eholeky YEAES vls) FEe4] F45HE A A2 ob JEVES EW W BRATHH 28
GG AR ((f 8 3H B 21 2013:51:190-9)

e
u

* AR 2015 (© 2013 T 34x] 2 KA 83

330-714 2 G E A BYF Y 2 119 D= shw | Zrfet Bt wmd € ©] & A|ololE|H AR = F|o} ALAFA-H G2 30 thFHTF gho] A 2of e}
041-550-0254: e-mail, cho8511@dankook.ac.kr o] &3 4 stk

Auyd: 20139 69 189/ A uHE53 L 20139 79 19/ D u A € D: 20134

7€ 129

198 CHEtR|TtE HSE(R| 2013H b1H 3%



