creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

S EL R DR

Azzuele HAAFH e B A7

A Review of Biocompatibility of Zirconia

2018 2€

Agrjsta A o) goste
) o) 8t}
!



Azzote] AAHFH e £ AT
A Review of Biocompatibility of Zirconia

AEis o F A

o £EE NYFYA FALELE AEF

2017d 10€
AL e DL LT
SELE!

Ao g

Aggs HA%I e AFF
20173 11€¢

9 9 = G4 i (<)
FH43 ol FA  (]D
9 9 o] 4 ()




o1}

of tig a4t =

| 5

Z

ERE

of, d&ste= =A Foll M =2 V1A

ZEA AL

[e]
=

PN
T

SEEITIE
of Azz]ofe] 4

-
R

7HA

S|
ZS|

Al

ol2]gk s Fol HlF

ATt

o)

oA A2 ote] A

il

o
o
Nlo
o)
hSS
)

file)
ﬁo

el

%0

ToR

beae.

Ae)s
Fibroblast, osteoblast, lymphocyte

T

in vitro

p=2
o

Al

Hold AT Ede Bt ol

=20
1

Yo} 2

I
)

oA A
N Azzeld o

e
<

]

=y

[e)
9 Zodio] fuk

A5

ki3

w el

]

(e}

\=]
=5

2kth. Osteoblast-like cell & ©] &3k AFtoA], X = H 1o}

ol

510
A%

A

Azel el

o

tel A

S

o] =
= wAAE =4

At o8 in vitro GFNA

=

= %

2o

-
R

o
HH

Hog A=

%l-

=
o

0]
s

Ba7F vhERuar

ki3

A Al = ol

A zzuoke] A A

ki3

o

Aol A AE A7 o}

2 gk d o] Bl

Z

=]
e 9

49

A

KeX
3T -

R RIEEERDE

1

=& AAZAS 712 hydroxyapatite(HA)S %] 3}

il
T
0]

—)

0

i

A 71E2] ElE

so] stk s

Al



HAE 3®sts WS 92 2845 3 HAY WA ol o8&
AAT. olol et tiete® HA-A =314 o} composite”t A &I Sk
t}. HA-A 23 4o} compositer %2 7| A4 A Ay AAATAHE 7HA
I Utk HAS = & &Aoo g HA-coated AE Y o}7}

HA9 =& AFHU=ZS 93, HAC| glassye E2& &3st= W o]

AAE AT HAS 230} AWAtelo] 2 7] AA AAxpo]s ZH3)

Pt PR AT Qo ol PHES Bu B AFYEE

I o™ in vitro?} in vivo AToA =2 AAHTIAAS HolFa

1/] =
ouf Azamuote] vhi Fe wER WAsE Bue A2zl o
d PEug e o) Adel Yk ARmoli: Az Se® FxH

o]: Zirconia, biocompatibility, #| 23 1o}, A A 2 A

2
g 2014-23035

N

i A ‘“._, ] |



R 1
0 =G ) O 3
ML A2 z:)oke] AAATA] at in vitro A8 «eeeeeeeeeeeeeenn. 4
L A2zol B2 AAATA «eerrnnnnnaaaaa 4

9. AZFU ol Bure] AAATIA] e 6

IV. Al23 Yol AAATA ] 3t in vivo A& - i 11
L odzalo] ook AAIHTEA <ot 11

9. Az ] TBE AA B TA e 13

3 AT FLFol] THBF TITF e 15

V. A Z U OFS] TET A E] ceee e 17
VL 2 ot 23
VIL FFaB8] oot 2
i A



1. /ﬂi

FHARQD Aof ol QlojA, Azl I A= Z HlFTS AAT
o AWA Az did FeFvbet vtEE X 3E w2 Al 2k
a & AAAE F stvoltt. By w& VAA BEAS VA= AH%E
EAE NEsks FAHolAM Azsyoelrt JHEEH AT A2sYots A=
(zirconium)®] AFstEol2 HAAA Zdolty. A =aYols AL
st =l T MY w2 w A= RAAAES HAL e, o]t
e 7IAA EAS AHolE T8 Aol A o] Folzin
A zzYole] ol AWA (tetragonal) ¥ @A (monoclinic) %

g A oM A oI, ALoM =

==

K
T
o

A3 Wapsy] ol ZAA Aol AA "o 8

v oolglgh e gxelrt oAl PSZel W gEo] wAyel
al Aol dAbgome] ezt WAFTHT-M
transition). &l &g Axolo] ojaf F-3|7} 3-5% WA HA L
APS Asste] A2 o] 7 AA B4 7]oghth. sHA R o7 A
ol AYAY, Fitel] LdEH FHEEA 2 Axdolrt dAse] &4

o] WojAl= ZAIME 7HA L 3l

o
,‘i

oo
)
=2
o

A2F7Yol= 19699 Helmer®} Driskellell 93] H oz oag g
o] &go] AT|HATH! 25 1H#HEe] HAEZ AEHY dFH|Y
2 HeES g AEE A2F3YotE AASATE A B Fd A A
23Yols &83 AL 17749 Alexis7t =4 AFA oS Aoz A

AsAA AARA2 ol F ele] Aol AplEE G A A= a]o}



7F B9 EA ol gxo gkt HTolE AE=x:ole] -3 A AHG
E A F(abutment) ¥ 324 A (fixture, implant) =

g8tz o= A 7F A EHIL
Aulel digh 27 sy A=sYolE o] &3 s et
AR g3E Aol Zidead. oy AdH a7 wel A =3 ort
Tl AgIAE Hrketr] e, Azayere] AxA, FxHo] gt
AAARAE = Frbeke AL T838tt oW =dAds dA7HA A+
H AE23yole]l AAAEAH AFE in vitrogt in vivo studyE o]

AT e A 23 Yoo AT S =o] JEHE uAANZ &



_q

s

-
R

I oA FHd

A zzmYole] AAAFTAY sl Pubmed % Google scholarel] A

‘zirconia, biocompatibility’S keyword® 7 Msle] HA IS o] & 7}

53 A9 (full text available)® dA3te] A2 3Pttt @l
‘related citation’ ZZoA Q3 HA FIAS Frtsle] AFE A3
A ARl in vivo, in vitro ATE ETA7]7] fEA BRI R

A Stk



L X234 oo AAZAETA 3t in vitro A F

A 2xyole] AAATGAHS HAEEE in vitro AL AFH U)ET
Z1Ae] B dagdoz 2 in vivo AR FUH o = Aldy
21t}3 Fibroblast, osteoblast, macrophage & U3 A EEo] t3k %
2ayofe] AAAGAde]l ATHALH, o 7hA Aol wE A=y
obe] HAA LA E AFH AT

1. Al23o} B2 A A EA

Josset 5 human osteoblast cell& &34 A2 Fole} &FujL}e]
A A S Blastdthd Osteoblaste] AEES B3 AXE5AHS Ao
ston, A 25 ol B dFuyp BF A5 A Ut A
23Yotel FHy EFE Ark wjR]o A wjFE A
osteoblast®] 2] B @A FPAFEE B =3 FEgAM A A

1 Azel A3} osteoblaste} A]H Alo]e] 713l HEL
gtolstlon WA NS 53 osteoblaste] AlEL]7] A HAE &
AR Josset AT HIFHo=Z A=ZFYolel LEFwYrt
osteoblastol]l tfgh A XA L 7HAE A2S WL

Fassina &< AZ34o}¢} lymphocyte Abeolol A A A3t
4t} Gel supported precipitation(GSP) WS o] &3] Ca-PSZE Az
st o, olge AAAFAE S A HATES Inhibition 3H Thimidine
Uptake TestZ %3] human lymphocyte®te] A AgHS 2AFs9 0
H, A 25 olo] g AEZZE #FD F U3l

Silva %< AZ3FYo} hydroxyapatitie(HA) 2 A Z23o}-HA



composite®] A AEAE AH HATE6 Near-confluent monolayers of
cell line L-9299F &7 24A17F wjekst 5 AEXEA oAFE #Z3

EE Aol el AEZS5AE, AEEE 5o ol o] wEHA ekt

=)
Z
>
5

o

H

o

o8]

3

Q

<

rr
i
oft
lo
Jim
o2l
do
2
D)
i
s
2
r
o2l
k1
i)
["_81_:
o
=
X2
rr

T 7 %= probe= 7HAAL 9lo], probeel A¥sl
o

= A de dEegHor dyEr Carinc 5

al
suoksh geo] wstAs W, fd4 WAYEe WE DNA

HI
x2
i
N
il
K
°
9
rir
=
o)
o))
o8]
o
@,
lo
s
A
do
2

AF
A5 wde WsAA Y
=

Fyoke] agingol A ZAASIOA WAS= Ao tha] Aekivs
A 21& magnesia—partially stabilized zirconia(Mg-PSZ)& o]-&3F 2
A= T8, Aldolr F7IF =2HAS o] VIAA 54 WHstE Ay
wokth AAx9 agings EWE7] 9d Mg-PSZ AHe #=

09wt% Azl A4l 1000A 7 =E3i o, =Ed35 E28 44

22

-



S waakdny. 2 A AEel mAlE, ®W A7), dme] Aol 7t
Pk AT Fol GAA e 2 S Bl o, V]

6-14% #aetivta sholv. ol @ 744 Bk

o Agar] S7F ddew A7 AAsich

T W Azl AatF-Fe] & dojdas Y3 AFukeo]l yEhd

-~

ot webA A 23Yote] AAARAES LHst=d Ao Al Z+o]
7t T838 . Rimondini 5 574 Al A 23Yolet EehEol o
st BARAEE WYY Streptococcus  mutans,  S.  sanguis,

Actinomyces viscosus, A. naeslundii, Porphyromonas gingivalisS 72}
A 2zmYol, Eletw AHY &7 vt S. mutans®E A 23U o}
o Z Bl on S, sanguist ElEbEel o # EE3ATh yw x|
Alxtol = zkolE HolA &dn. FHolA ¥ E in vivoo ATt TF

it
W g er A2Fyots AR EEbgel vls) Aol |

3t
dojdrta & 4 9l
A2zmYole] GHAA o 3t g E B a5t Covacci & PSZY

=dde] B ¢k # shsAddd s HIbsR 0 m=e sR9
Y-PSZ¢} fibroblastE ol-&a A¥3stRA ™, ouabain A4S 7=

EdWo] HAER o] &Y. Y-PSZo E¢Wol&o] o} F-
A e A Fe w9 Fd AoF e on o Y-PSZ7F

85 geje] A=molst in vitro A6l Thek Az e o]
o QARG 2 A G2, B Peje] A2ayelt Al

6 & |



o
oftt
By
il
K
A
(03
o
M
s
o
DN
o
j=]
8
[
N
S

T4

HAME gt A2y ol 220 Ax5Adr BHuEAT. Catelas
58 A2 x3Yo} Eo] macrophageo] W X]i= o dkol] tisfA Ay Ht
th12 o] 52 T3t A7|e} FEY dFuY, Y23 Yol #ES mouse
macrophage cellell 24413t 223k 5 A ZAPE o F5 dHE T &F
Iy, 23 Yo} &% F tiza o2 A% high density polyethylene

T Abelel= zpolzb glo] AMEEAC] AHEHQT LFH v A2y

=}

, %7} Z7h4E macrophage®] MEANEE F718F

rr
o
e
i)
_?ﬁ
o

32 macrophaged 15071 29 T %, 1.3um< = 7|7}

A RE Ykt o2 g AdE F3 Catelas 7312 Algk &2 9
g T Thedol EAg T 245k

Li & 7484 a5 Faow Qlaf Aol TEHHE

AN = Aes XA, ZEFE ] Al g 54977 2

TS ATELS ofof whe} thFgh Aletu] Eol tigh Al

W, A5 Ao ] A=z oele] MEEAdol YEET

% 57 FF9 AE(TCP, HA, Y-PSZ, 45w, CZP)ell dis 2

'

iy

ox
2 o
ST

ke

=
=

o

gl on, CZPE= Y-PSZ %S hot isostatic pressing= 3 QA=
715 7]% Aolt}t. Human oral fibroblast® %3] colony forming

efficiency (CFE), netural red (NR) uptake, MTT reductiong % 3J3}3]



ohouRRe A Ay BEe AZEAS Holx e AoE Ut

07 MEFAFE WEHE oL, A2 g oA dojy=d, g
A717F 2 CZPe AUd ez mwFo] zto} ZAo] 7HA4d Hoz Azt
Ht} CFE testE A|9st b2 Aol = Alx5Ado] s kot

Nkamgueu &< A2 3 Yole} &Fujy} FZo] macrophagedl WA+
S AR A2 Yol Edol A AEHAdo]l LA, &
Fru EREUE A2 Aoz yEEt Nkamgueu 97302 A3

macrophageS 7] 93] human blood monocyted] granulocyte
macrophage—-colony-stimulating factorE ] 2] 3} T} X-ray
microanalysis of ultrathin freeze-dried sectiong &3l A X2 3}35H4
x4, 53 YEFY ZFY vE& ¥ HEAUY. E3H flow cytometry &
%3] macrophage?] 2JA¥ 53 AXs g U AHEAgL =25

votsh dFvyt Al S o] &3 A EFolA ZE/HEE W& Ha



Dion &< s Aete 2o AxsAdol s Adstson, Az
Aol EA5HA] gevdes A8S =39 tHI5 3T3 Balb/c permanent
cell, human umbilical venous endothelial cellS £3] AZTAE 2 13}
TS #ES Ay, Y-PSZE 2 Fe BE A EEe gisiA Mxs
Heo @A 4 99l

Lohmann & A k3 FARSE 23E Hastdo, A3 A 23y
o}, &Fui} 2 polymethyl methacrylate(PMMA) #%o] osteoblastoll
A= gake] disl] AgetAthie AlEZe Zhzbe] i sholl A 244 7kE

b wiFE AL, S4, ALP &4 %, PGE;, 4484 =

il
i
B
f
oS
v
N
it
Ky

macrophage-like cellMLC)ell  tigt AAAFAH S Ayrtonm 17
ELISA assayE &3 TNFa 4%

MLCol| ofst AFH-gS oJnstr). EeE@-178), &Frvhdu)7t =
< TNFa & Hole A g, A=

g 5 gt &, A23Yol BEe A5 s FHshA &+ A

Jergt

ofN
%
ol
ol
R
=)
N
il
K
i
(o3
o
Mo
i)
=2,
ujgn)
r
o
2
)
%
oX,
=2,
)
=
>,
St
o
)
o
fr



olatAl thehbs Aol



I3
“
b
A

o
A

Al
=

o A4

=
=

A2 g4 o]

A

Ay

432 Aol

In Vivo
= A
=

7}

1
3

o

.
A

1

k9
yul

HAFGLL PR T ORA

S EEAR RS

20"kl o] E7] A A9 paraspinalis muscle®l

EREE

Hshe], a9 Al

73 el
Zhol]

pzs

1

ko)
H

1

A A A

R4

[e)

L

o

Aol e N2 Yole] WA A TA AFo] o] Fo

=

ofm, mpH o AT

A 2 511 o} 9
. Garvie

|

7}, Mg-PSZ implante] €]

Mg-PSZ implant
sham operation (2

Iv.
8o

o)

—_
file)

o
<
el

%0

ToR

%

__AE

)

hSS

A
U

el
N
e

N
mm

oy

.
a-

°l-&

=

=

o thsfA

J

o
1=

Y-PSZ

A g2l o5 9

Al
o

.

=
o

n Vvivo

ki3

°ol-&

11

14§44 S Bdvh Christel

A

ol vt 4

-

E719] Azx7 Qo= Fo dx

paraspinal muscle®] Y-PSZ A

CEENR]



o
)
)

ol A Apol 7h A F A

23!

to] Ichikawa 52

°

w7 ¢

}z o] Y-PSZ ¢

°

o) =, A 2

SEE

0]

)

Tor

0]

0

%
s

—

<

%

0

)

TR

Aol W3l 1l Ichikawa A

HA ® ohge 3717

el

o AT

38 A= xyo}

=

pel ol M A= ot 4

o

A5

shelehs ol

A

S

o]
=

3

1531t} Bianchi 52 EE

-

o] &3l in vitro

I3

ol

[e)

HAFlS Al A

.

.

5t

°

A

A

3}lo

obuiel Al o] A

A2 olE T

fibroblast, osteoblast-like cell

A4 g ol

=

=

%
o
o
w
!
BF

bk 5

°

¥ A ZFYo}le] healing capsol T

A5

EJ e}

[e)

L

=2
o

Degidi

ol
jant
XM

o

%
s

—

<
]

oW
0]

—

0

o

Jmo

0

b2 A2 3o} healing

At

R
12

=

=

o g3ttt 671¥ H

=
=

AdbE 2l E]EFF 2] healing caps

caps



-

R R EERE

of thaff #=zvo}

A

o]
k=i

A ¥ = A =Z3Yo}E] healing caps

1

k9
yul

o] ¥

< AAATAE S BT FApelA o] FofR

ol A Hrhao Aol M o

o},

A vAdd dE NOSI, NOS3, VEGF R+ 9] healing caps

7 H we e e

R E R

S|
=
S5

S|

LU B TR O =0 o) o 00
= il " K R o R T 3o
— — — q
do N 7 AR 5 L A
= owoo e w
ok 47 SR B
B T L T o 3 _
= N mﬁ i w| Mm My o kN
T oE T ST TR
R P of Lo o
&O \m.m,._ ~o T —_— X ox =0
Wy X o o B _ <
T op O R < - B o AR R
_ 0 =0 X = lyl —_
< UFL ~ —_ < JWE o ,Ul ;Lme 1~_/|
o o) -
Nlo wﬁ% o oY oo T mﬁ. T o W
K o T #os E T & aﬁﬁ
GO T - om Wy mu_
T o i < N =
T _— 0 3 o) ox - @]
G — o= o MW B
T oo o T T R o o IS}
9 o ™ I I = R
BH J ol W X G = 0
= o " o o oy "5 T
X my X — N~ 12 Q
- % T T X oo = o g M
N R =0 9 5 do O oo 2 )
Moo o= Hoag 8 4 8w 8w
B’ o o R g No =k
oE = = _mﬂu B K BA . 0t
s% 5 ELZNazoi
o MY S S N
o Sl N 2 © ool m 2
" X oo o N mo oo O
O X X MoOE % T ¥ o £
R S 0 ™ m w2 3
o T o N »w KO om BT

13

=

AV E kT2 20vtE] o] E7]9] tibiadl YETEE

pore—former

©
=



i
K

ottt BE Aol A=Y A= Zol7F gldth dnk A

Yol JIEHEE Hew YEHERT 9 AAEAE HAAN £
23Yol JdEHEE HEFY xol7b il

Piconi & E7|Z o]&39 zirconia aging® &3HE A&k

Ao Aol stetukgS ¥l agingS 7FEAI717] 918, Y-TZP AldS

2 g8t

Atk 6719 FH, 2ANSS Ay Ay AAEe S FAT A

Roem, ojwg 22 FA{E AdFT F gl olAH E7E ol &3
=

=2

o\r

Aupslx] k31 E7] o] quadriceps muscle, femur notch, tibia®l

in vivo 2glA A Yol AdZHE Hojdk AAHIES AT
T Ao, Hey JESHEC Fobh= A= A H W RS #
2 AATH

©7] )% vheFel QBRI A2 mjo JEEY FEHe|
3 AAATAHS Fad = Ak Akagawa 5 Y-PSZ JEZHEE
4ut2] o] beagle dogsell Aol AAA S A& Y-PSZ &

= 3% group, H3tE groupl @ Uyol AL AH 19, 2¥

o

lu

3¢ % plaque index, gingival index, cervical fluid volume unit,

wEel zAstgor Ak Y4 Augre #4F, veE
A

Schultze-Mosgau 59 "lUI2E Aoz 3 A= FASE A}
E =St 7z 20709 A =sdol B HElg JISUEE
Gottinger minipig®] 2 #atlom, 6744 Fol AlHS A xpato] 23}

7

Aoz pastr. VU 1o dRuiAE FUE

14 A & T} ¢



"

£y

]

el
B

]

o
N
e

—

N
70

oF

LR
=y
) ,rl

e

o)

A
il

]

H, A =25240k0.95)7F Bl (147) B sekon, EA14

—_
file)

THp=.02).

# ¢ calvarial bone<

~,
ok

0

)

SRS

2 3A felv

o

g, A2z}, i

OE]_
polyethylene (HDP), ElEls =02 dfA st

\=4e)
o

Warashina

-
_EH
e

k.

1l ol
=~

TEG Y

A =zole] 4
124 Azzol} HeES o

Z

%l-

negative control® xto]7} §lle ™ HDP, HEHF

Aol ®al

A

ki3

of o

. wEA AA BAe T4 Ul BelA Azmuoe] AR

)
=

O

Nfo

Foichst 104

)

H| 1l

Elet a3 A 23y olo] tjaf Al Sok

o 4

[e]
E

i

SEEISIIPY

el EleE S

El

Ao £FA W G

3
=

watsiglon] 2447 ol SEME Ed 7 A

s3]
=

E] Eb(19.3%) K.t} A3t o]

-
R

¥ A =234 0}(12.1%)

= Yt

CEES BN

.0001). ©]

o

el

i

15



Aolgte= S AlAMSH
Rimondini =¢] 28 A n|2=38 A7= @32 ool Addw A
A A=siyotst Elebw AlRS AP Al A F=E

A=Z SEMO 2 H71e3

L

=]
T

Aol B AL sty

16 ) _,H a: 1_-_” ;



V. A=zole] wd A2

+ hydroxyapatite(HA)

BAREE = 7HA

=1]
=

3

A

3}
=

A

=0
w2 W

e

3} A

0]

)

0]

0

i
!
el
\HO
™

of
T
o)
G

T

A5

HA-coated E]E}

o
T

A7 =tk MacDonald 5

=
LN

e

5371 €]

FaThs @Al &

= ©

21

HA- coated ElElH ¢

ol

HA7}

“
o] ##Hom, bulk coating

s

-
R

electron spectroscopy 4] ol A

=1]
=

o] #&5AT. XRD

Ca/P H]&9]

5 EElE9 HA coatingo] Alzrel] whab

chemical analysis®l A

I

A= AT

&

A

3

il

B

o

o)

el
&R

3lal powder,

HA-based composite® HAES FA =

AR =

7} ok

platelet, fibere] ez t}

ki3

Al

=
=

A 0 & composite

o)

Al
2

HA-based #]

A 9k

o] AA AR 29 FrhSATtR B TS

4
1
T

P

17



HA-based composite®] 415 % sty HAZF #H71d B2 3 w83
of #&ke] TCPEo 2 Watdtty= Aojrh. TCPE2 HACl vl vf-5- wh
27 A Yol mof JETFES] Mrw ALESH7]dd= FAFE T AN
HA2} TCP9 biphasic calcium phosphate(BCP)7} # 2] A& w2 A
A, H ES ARE e AdoRE Hauxa Quhs6 weld TCPo A

ZA48 4 JdupH F28 84w HA-based compositei=
G

Ol
o

©

© 2 HA-added composite7} AA =L Ao} 71 A% =
b Fe AZ23Yel & FARR el HAE FHUtetes WA olth
Kong %<& A=Z3Yol &0wt% + LFuv 20wt% (ZA)<
nano—-composite®] HAE % 7}3F HA-added ZA nano-compositeS A 2}
St TEST HA® 3ol S7HE+E (10-40%), w4 =7F "ol A At
MG63 AEe F24 9 HOS Ao ALP &4 %7t S7tste 3oz
Byt JdETEETE a6t VAA, e TFo] 9Fo] HAF®
= z4d3vbd HA-added ZA nano-composite’} 88 Ao =w AzZte
th E=3h XRD AAF A3 HAS skl Aagle]l HA3 TCPo %ol
A E 9t HA-added ZA nano-composite®] 79 HF-go] dojd &
U FHA 0] FAHE TCPe AA o] =A¥tta AZer,

Silva 59 A7+ HA-AZ3F Yo} composited] A Aol sl 3
S Ao]FUE38 Silva A3 A2 F Yo}, hydroxyapatitie(HA) 2 A
Z3Yo}-HA  composite?] ko] AAAdAAS AT
Near-confluent monolayers of cell line L-929& z}z}e] &3} stA 24
AZE w gt F O MESA oARE BT BE AgdA AlE=A,
AEHEY 5o ool #EHA LUtt. o ol AAAFAS in

vitro® oy} in vivodll &= Ay H gkt 20mtE] o] dHlx FHE iAo

18 -":I:-. : 'k:i' 1_-]i



HAS ¥4 o=z olgstr] §3 & v HIWyer 7£9 A=4

Yol AJETHE HAE IHWst= WA o] d+5a St} Torricelli &
A2 Aol B Fu|ite] Aol = silica-based glass$l RKKP
2 FYI B3S E5 AFsArE3 #H o femoral condyle] & o

Al fresh rat osteoblastE A3 3}e], RKKP Z¥©°] A& A=237Yo} 2

FEovel s8] gl Ao AAAGAES vasdh £ MTT
T

mO

Kim 52 7]¥£9 powder-based slurryES E3 HAZE zirconia®l #H
SE AFAEE AASATA tiete® HAC
phosphate-based glass (P-glass)E& &33ste] #Wd AAdst= WHS

ek 22" #29S XRD #ARSE A3 HA, TCP, DCP, 3714 €]

B O ¥EI = ZYHE A &S FAFHUY HA/P-glass ZHO] ¢ =4O
H =5 HAZHYHS 499 FASEA T 33t P-glass& HAS &7
7

A = HA 32" o AAAddt 4 o



AW HAE %ol we 744 4AR s unom Agsrs

Ak}, ol & FEl AWelA wAste A4S HaAsE Atk Guo F
2 HAS} A=23Yo}9 vol%7l oA UF-=

== AAste] FGME A& Guo A7+HL spark plasma
sintering(SPS)2h+= 7|5 & HA/Y-PSZ FGM<= Al &etglon, &7

AL 1200%, 5ol o]H3 LA A HASY o] &

BN

Y-PSZe] ©Abd oz e Aol flo] kAl FGM EA ol 7Hs skl
o} ole} o] PAg HA/Y-PSZS FGM2 4 HAE AE3d S u =2
g 2 71AA AdE 7HAA H AT

Quan T2 #¢ 22 HA-A 234t FGMe AA A2 B 7tsksl
42 A 2FYotZ Y-PSZE AF&3t9lon, A 230l green body 3%
W M FE HAS wt%E 30, 50, 70, 100%= =37} graded
compositeE A 23Rt ol&E A A2 A]HS RPMI-1640 Ao
1.0g/5ml= Fofstal, 37=eA T2A7set WAste] Aozl FEES

Ee A3 233k tE L929 mouse fibroblast celloll A #eldk A3}

o

20 ___:rx | _k:i_ -I_-]i



I
i

0

,._A.uﬂo

o)

.

I

o
N

o

o

JEdE

mpA ko 2 Ezle HA-AZ3Yol FGM)

B ekt

o
0
go
ol

ol
2

N E

T ol A

TFH-H
2 HBS ul HA-A =23 Yol FGMY]

H 3

gE 2

0]

]

o

EERY

B
—
file)

—_—

o)
o

o A A

.
)

= At

X

)

—_
file)

R4

3t HA/zirconia FGM9 =& 7]4

o] ¥

#$ HAS X 23U ole] EAx}o]

=
3

< ‘HA + 20%wt &FH|,

bachas g was

S

B

she

3

A

Hu + 20%wt Y-PSZ', &2 &5 Y-PSZo=

~

Y-PSZ A

ol
=

3 HA®l TCPE9 o]

©
=

ol AMZE HA-ALO;-Y-PSZ FGM

HH oz 74

=

A A

ojo} A Afzal 7312 HA-ALOs;-Y-PSZ FGM$] A A 4]

olo

o

©
=

§ Ay 2ok 1.929 fibroblast cell

%_

©
=

_2_0

Al

202 thekskon, HAS)

beae.

S

=

o

HA

.
a-

!

]

e

ki3

°l-&

©
=

T}, Saos—2 osteoblast cell

9 AE

=
L

A

-
X

21



=

3]_03 O\:t], —1::1;3] HA%Oﬂj\‘] 15HH }r’f% /‘ﬂEUE]J—E E_(}i]:]‘ o]

= HA-ALOs;-Y-PSZ FGMeo] %2 ZAxZA o thal AA

7hd #wab oyl = o] osseoinduction, osteoconduction<

22 - .H k: 1_'.]'| [



M

VL

fibroblast, osteoblast,

, sEeel W w2 A

-

)

X

o2 A
C Azzyo}

-
R

deise] EHolA A 23 of

A

ol el Al

osteoblast 2} 2]

-
R

=S ANRE Aoz AZEY In vivo

)

R I EEARE S

Al

w

ol

BADAE =

1]

7}3
=o]7] f1sl HA-A|
3, A

g 3
*ﬂ %L ]

A

SR RNEE S E RS

. ©

23

Al 25y ote] HA

-

T
—coated zirconiafr =& A}

s HA

o] o] 3

AT,

=& AAAEEE 7HA
2340} composite, HA/glass ¥, FGM &

HA-coating®l o

al



VIL. a3

1. Helmer, J. D.,, and T. D. Driskell. "Research on Bioceramics:
Symposium on Use of Ceramics as Surgical Implants.” South

Carolina: Clemson University (1969).

2. Denry, Isabelle L. "Recent advances in ceramics for dentistry.”
Critical Reviews in Oral Biology & Medicine 7.2 (1996): 134-143.
3. Manicone, P. F., et al. "Biological considerations on the use of

zirconia for dental devices.” International journal of immunopathology

and pharmacology 20.1_suppl (2007): 9-12.

4.  Josset, Yannick, et al. "In vitro reactions of human osteoblasts in
culture with zirconia and alumina ceramics.” Journal of Biomedical

Materials Research 47.4 (1999): 481-493.

5. Fassina, P., et al. "Yttria and calcia partially stabilized zirconia
for biomedical applications.” Bioceramics and the human body.

Springer Netherlands, 1992. 223-229.

6. Silva, Viviane V., Fernando S. Lameiras, and Zélia IP Lobato.
"Biological reactivity of zirconia - hydroxyapatite composites.” Journal

of Biomedical Materials Research Part A 63.5 (2002): 583-590.

7. Carinci, Francesco, et al. "Zirconium oxide: analysis of MG63
osteoblast-like cell response by means of a microarray technology.”

Biomaterials 25.2 (2004): 215-228.
8. Garvie, R. C., et al. "Biocompatibility of magnesia—partially

stabilized zirconia (Mg-PSZ) ceramics.” Journal of Materials Science

19.10 (1984): 3224-3228.

9. Rimondini, Lia, et al. "Bacterial colonization of zirconia ceramic

24 M 2-th ¢



surfaces: an in vitro and in vivo study.” International Journal of Oral

& Maxillofacial Implants 17.6 (2002).

10. Covacci, V., et al. "In vitro evaluation of the mutagenic and

carcinogenic power of high purity zirconia ceramic.” Biomaterials 20.4

(1999): 371-376.
11.  TIto, A., et al. "In-vitro evaluation of the cytocompatibility of the

wear particles generated by UHMWPE/zirconia friction.” Clinical
materials 12.4 (1993): 203-2009.

12. Catelas, Isabelle, et al. "Induction of macrophage apoptosis by
ceramic and polyethylene particles in vitro.” Biomaterials 20.7 (1999):

625-630.

13. Li, J., et al. "Evaluation o biocompatibility of various ceramic
powders with human fibroblasts in vitro.” Clinical materials 12.4

(1993): 197-201.

14. Nkamgueu, Ernestine Mebouta, et al. "In vitro effects of
zirconia and alumina particles on human blood monocyte - derived
macrophages: X ray microanalysis and flow cytometric studies.”
Journal of Biomedical Materials Research Part A 52.4 (2000):
o87-594.

15.  Dion, I, et al. "Physico—chemistry and cytotoxicity of ceramics.”
Journal of Materials Science: Materials in Medicine 5.1 (1994):

18-24.
16. Lohmann, Christoph H., et al. "Ceramic and PMMA particles

differentially affect osteoblast phenotype.” Biomaterials 23.8 (2002):
1855-1863.

17.  Sterner, T., et al. "Effects of clinically relevant alumina ceramic,

25 -":lx_-ﬂ: 'k:- - ] i



zirconia ceramic and titanium particles of different sizes and
concentrations on TNF-alpha release in a human macrophage cell
line.” Biomedizinische Technik. Biomedical engineering 49.12 (2004):
340-344.

18. Tateishi, T., et al. "Round-robin test for standardization of
biocompatibility test procedure by cell culture method.” Advances in

Biomaterials—chichester— 10 (1993): 89-&9.
19. Garvie, R. C., et al. "Biocompatibility of magnesia—partially

stabilized zirconia (Mg-PSZ) ceramics.” Journal of Materials Science
19.10 (1984): 3224-3228.

20. Hulbert, S. F., S. J. Morrison, and J. J. Klawitter. "Tissue
reaction to three ceramics of porous and non porous structures.”
Journal of Biomedical Materials Research Part A 6.5 (1972): 347-374.
21. Christel, P., et al. "Mechanical properties and short term in
vivo evaluation of yttrium oxide partially stabilized zirconia.”

Journal of Biomedical Materials Research Part A 23.1 (1989): 45-61.
22.  Ichikawa, Yoichiro, et al. "Tissue compatibility and stability of a

"

new zirconia ceramic Iin ViVo.

68.2 (1992): 322-326.

23.  Bianchi, A. E.,, et al. "In vitro and in vivo follow—up of titanium

The Journal of prosthetic dentistry

transmucosal implants with a zirconia collar.” J Appl Biomater

Biomech 2 (2004): 143-150.

24. Degidi, Marco, et al. "Inflammatory infiltrate, microvessel
density, nitric oxide synthase expression, vascular endothelial growth
factor expression, and proliferative activity in peri—-implant soft tissues

around titanium and zirconium oxide healing caps.” Journal of

26 M 2-th ¢



periodontology 77.1 (2006): 73-80.

25. Scarano, Antonio, et al. "Bone response to zirconia ceramic
implants: an experimental study in rabbits.” Journal of Oral

Implantology 29.1 (2003): 8-12.

26. Sennerby, Lars, et al. "Bone Tissue Responses to Surface
Modified Zirconia Implants: A Histomorphometric and Removal
Torque Study in the Rabbit.” Clinical Implant Dentistry and Related
Research 7.s1 (2005).

27. Piconi, C., et al. "Y-TZP ceramics for artificial joint

replacements.” Biomaterials 19.16 (1998): 1489-1494.

28. Akagawa, Yasumasa, et al. "Interface histology of unloaded and
early loaded partially stabilized zirconia endosseous implant in initial
bone healing.” The Journal of prosthetic dentistry 69.6 (1993):
599-604.

29. Schultze-Mosgau, Stefan, et al. "Osseointegration of endodontic

!

endosseous conesZirconium oxide vs titanium.” Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, and Endodontology &89.1

(2000): 91-98.

30. Warashina, Hideki, et al. "Biological reaction to alumina,
zirconia, titanium and polyethylene particles implanted onto murine

calvaria.” Biomaterials 24.21 (2003): 3655-3661.

31. Scarano, Antonio, et al. "Bacterial adhesion on commercially
pure titanium and zirconium oxide disks: an in vivo human study.”

Journal of periodontology 75.2 (2004): 292-296.

32. Rimondini, Lia, et al. "Bacterial colonization of zirconia ceramic

surfaces: an in vitro and in vivo study.” International Journal of Oral

27 &



& Maxillofacial Implants 17.6 (2002).
33. MacDonald, D. E., et al. "Physicochemical study of plasma

sprayed hydroxyapatite coated implants in humans.” Journal of

Biomedical Materials Research Part A 54.4 (2001): 480-490.
34. Kong, Young Min, et al. "Reinforcement of hydroxyapatite

bioceramic by addition of ZrOZ2 coated with Al203.” Journal of the

American Ceramic Society 82.11 (1999): 2963-2968.
35. Kong, Young Min, et al. "Hydroxyapatite based composite for

dental implants: An in vivo removal torque experiment.” Journal of

Biomedical Materials Research Part A 63.6 (2002): 714-721.
36. Alam, Md, et al. "Comparative study of biphasic calcium

phosphate ceramics impregnated with rhBMP 2 as bone substitutes.”
Journal of Biomedical Materials Research Part A 54.1 (2001):
129-138.

37. Kong, Young—-Min, et al. "Improvement in biocompatibility of
ZrO 2-Al 2 O 3 nano—composite by addition of HA.” Biomaterials
26.5 (2005): 509-517.

38. Silva, Viviane V., Fernando S. Lameiras, and Zélia IP Lobato.
"Biological reactivity of zirconia - hydroxyapatite composites.” Journal

of Biomedical Materials Research Part A 635 (2002): 583-590.

39. Torricelli, P., et al. "Biological glass coating on ceramic
materials:: in vitro evaluation using primary osteoblast cultures from
healthy and osteopenic rat bone.” Biomaterials 22.18 (2001):
2535-2543.

40. Kim, Hae-Won, et al. "Calcium phosphates and glass composite

coatings on zirconia for enhanced biocompatibility.” Biomaterials 25.18

28 3 2 i



(2004): 4203-4213.
41. Guo, Hongbo, et al. "Laminated and functionally graded

hydroxyapatite/yttria  stabilized  tetragonal zirconia  composites
fabricated by spark plasma sintering.” Biomaterials 244 (2003):
667-675.

42. Quan, Renfu, et al. "In vitro and in vivo biocompatibility of
graded hydroxyapatite - zirconia composite bioceramic.” Journal of

Materials Science: Materials in Medicine 19.1 (2008): 183-187.
43. Afzal, Mohammad Atif Faiz, et al. "Functionally graded

hydroxyapatite—alumina-zirconia biocomposite: synergy of toughness

and biocompatibility.” Materials Science and FEngineering: C 325
(2012): 1164-1173.

29 A= ‘_'-]i =1



Abstract

A Review of Biocompatibility of Zirconia

Suh Dawon
Department of Dentistry
School of Dentistry

Seoul National University

Increasing demands for esthetic dental treatment, zirconia, which has
high mechanical and esthetic properties, also shows increasing
demands. Since zirconia has transforming toughening, it has the
highest mechanical properties among ceramics. For more esthetic
treatment, the range of zirconia restoration becomes wider. Because
of this, the assessment of biocompatibility of zirconia is important. In
this article, review study of zirconia compatibility is conducted.
Zirconia shows great biocompathility at in vitro studies with
various cell lines such as fibroblasts, osteoblasts, lymphocytes. Many
studies reported that zirconia causes no cytotoxicity or mutation.
Zirconia also shows less bacterial adhesion. There is no adverse
effects except for small reduced strength with in vitro study with
mimicking long-term exposure of body fluid. According to the study
with ostoblast-like cells, zirconia can regulate genes of immunity,
molecular transport, and cell cycle. Such gene regulating is considered

as one of the reasons of zirconia biocompatibility. With
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biocompatibility of zirconia powders, in vitro studies have
controversial conclusions. It seems that zirconia powders somewhat
have cytotoxicity.

In vivo studies show zirconia has great biocompatibility about both
soft and hard tissue. Studies with various model animals and patients
reported high biocompatibility of zirconia. In terms of bone synthesis
and bone adhesion, zirconia have similar properties to titanium.

Hydroxyapatite(HA), which is highly bioactive, has stuided for
dental implant. Coating HA on titanium implant, however, showed
some problems such as low bonding strength and degeneration of
HA. Alternatively, HA-zirconia composite has proposed. Such
HA-zirconia composite has high mechanical and biological properties.
Another methods of HA application is HA-coated zirconia. For higher
bonding strength, mixing glass with HA has proposed. To overcome
the extreme mechanical difference between HA and zirconia, FGM or
intermediate layer of alumina have proposed. These methods show
higher bonding strength and biocompatibility with in vitro and in vivo
studies.

Many in vitro and in vivo studies reported high biocompatibility of
zirconia. Some in vitro studies, however, showed the cytotoxicity of
zirconia powder. Therefore, zirconia powder formed by laboratory
procedures, abrasion or fatigue can result in inflammation response.
Zirconia also shows high biocompatiliby about hard tissue. This
implies zirconia can be used as implant fixture. For using as implant

fixture, a variety of HA-coating have benn suggested. However, still
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the mechanical properties of HA-coated zirconia are inferior to
titanium's ones. For improving mechanical properties, further studies

of zirconia are needed.

Keyword: Zirconia, biocompatibility
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