E D
FLICH.

=

S

ive

5
MEXHE HAIGHA OF

O N

2|

=

o

M

[—

creat
commons

x=, @o
t

MNEXEAl-
o)

LICt:

s

2 SESE 0
12

O M

M, o

=
=
g

C
MNERLEAlL A

=R
==
==}
==

o Ol M&
o Ol M&
ChS &2 =4S Matof

oll
0

Ju
o

180

o

Ju
s

o
R0
B

79)

Rr

Ol M&=2 THOI=O0lLt b

7l56t=,
b

LICH

H

A

X ESLICh
2

b

S
er

E

o
=

I 2

HOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
Co

L

=

SHAl LEEHLH O OF
NE2RH Ex2 61D

=

]

0l N2 0| =3 & 72 (Legal Code)

PN
)

4

HEAH0 OGE 08K Hels 22 ol o

(=) =|
2 9=



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

[UCI]1804: 24011- 200000264497

—_

N

—_

mt

g~

K

k N_.ﬁ

. Tl
it A
2: ®
S P

NoO—<T) gl XS AR

o
o
= =)
AP
o o
TR
T

AT WM BK BrE N R T KOS MHMeH T TR B0



The Effects of Surface Grinding and Polishing
on the Phase Transformation and Flexural Strength of

Zirconia
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ABSTRACT

The Effects of Surface Grinding and Polishing
on the Phase Transformation and Flexural Strength of

Zirconia

Lee Ji Young D.D.S.
Advisor : Prof. Son, Mee-Kyoung D.D.S., M.S.D., Ph.D.
Department of Dentistry

Graduate School of Chosun University

Purpose: The purpose of this in vitro study was to evaluate the effect of
surface grinding and polishing procedures using high speed zirconia
diamond bur with different grit size on the phase transformation and

flexural strength of zirconia.

Methods: Forty five disc shape specimens (15 x 1.25mm) with a
cylindrical projection in the center of each disc (1 x 3mm) were fabricated
from Yttrium oxide-stabilized zirconium oxide (Prettau, Zirkonzahn, Italy).
Each of these specimens was divided into 4 experimental groups (n=10)

and control group (n=5) according to the following grinding and polishing

procedures : Group 1 - grinding (coarse-grit diamond bur) + polishing,
Group 2 - grinding (coarse-grit diamond bur), Group 3 - grinding
(fine-grit diamond bur) + polishing, Group 4 - grinding (fine grit

diamond bur). The remaining specimens without grinding and polishing
were used as a control group.

Each specimens analyzed by 3D-OM, XRD analysis, FE-SEM imaging

_iv_



and biaxial flexural strength test.

Results: Based on the surface morphology by 3D-OM and FE-SEM
images, polished specimens showed more smooth surface and lower
roughness value (Ra). In the result of XRD analysis, control group
contained only tetragonal zirconia. However partial phase transformation
from tetragonal to monoclinic zirconia occurred in all experimental groups.
Group 2, ground with coarse grit diamond bur, showed more t—m phase
transformation than Group 1 significantly.

In the biaxial flexural strength test, Group 2 showed the lowest mean

flexural strength than other groups.

Conclusions: The flexural strength in all specimens after grinding and
polishing showed over 500 MPa, and those were clinically acceptable.
However, grinding with coarse grit diamond bur without polishing induce
the phase transformation and low strength. Therefore, surface polishing is
required for the occlusal adjustment using high speed zirconia diamond
bur to reduce the amount of monoclinic phase transformation, and increase

the flexural strength of zirconia.

Keywords: 3Y-TZP, Phase transformation, XRD, Roughness, Biaxial

flexural strength
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D
Mo, B AT 2o NE GE 44 2718 A A=l 4§ 3
= 3, A FoAvk ol Ro] mE Aol
g u]a@giw, A2 e ARl AayTel Agd Avt A ol ¥t
Azzmyel EW e, gwlel, Telw FF FEe W] vt e
i, Grkeks] A Felnt,



3Y-TZP A 23Yo} EZ (Prettau, Zirkonzahn, Italy)S ©]-&3te] vz
2 (1omm # 74, 1.25mm ~r77ﬂ)°i Yo A4 3mm, =°] Imme 2
AFd EE5E /I AA 45715 CAD/CAM (Zirkonzahn, Italy)S o] &3}
Atk (Fig. 1). o813 =&55 2= FH 9 ’\]Jq A=

A B

Fig. 1. Configuration of the specimen. A: upper view, B: schematic lateral

view.

ZE A o2 10708 vl A V1o T R Ak o Foll whet 4
Mol 25 (Group 1~4)0.2 FFatgor, A2y dAwps Algstx] e
WX 5702 AHLE 2o B7F3Y (Table 1).

Az 2, 2253140k H-§ diamond burie YW diamond burel H]
af thojol= YAt ] ZHSHA HidEo] Slo HAF Z&o] T

Els A7 ae a3E kv st v
2 A= A=23Yol AE & Ha 7] (Komet diamond bur,
Germany)Z o] &3t ow, 7217} coarse (Komet Zr 6881, ISO 314.016, 150u
m)¢} fine (Komet Zr8881, I1SO 314.016, 50um)e] 27}A A&7]9 burg: A&
sttt (Fig. 2). wdgh dars fls) A5 953 =571 48] A=



W72 Artstel HE FACE 125 + 002 mmyb HEE s da &
Group 13 394+ NTI ceramic polisher (NTI, Kahla, Germany)& ©]-&3}
of Adabyl xHel AutE AlFSEA A Group 29 4= AvtE Al 29

Ol'

HALS 114 = JV\ (Taurus G2, Shinhung, Korea)Z 300,000 rpm<e] &
wwoagste] o shel AL, kel A A% A=vx (Taurus
G2, Shinhung, Korea)E 20,000 rpme] &%= A3t F glo] A3t
=3

Fig. 2. FE-SEM images of the high speed zirconia grinding bur. A:
Coarse bur (x100), B: Fine bur (x100), C: Coarse bur (x300), D: Fine bur
(x300).



Table 1. Classification of the groups

Group Grinding instrument Polishing
Group 1 coarse diamond bur for zirconia 0
Group 2 coarse diamond bur for zirconia X
Group 3 fine diamond bur for zirconia 0
Group 4 fine diamond bur for zirconia X
Control no grinding no polishing

2. X9 vlATFE € ARAY] &Y

(Surface Morphology and roughness analysis)
ZF AJHel W w A FEE FE-SEM (Hitach S4700, Japan)< o] -&af =z
stk A2 2 dAwp & Al el A2 7= 3 dimensional optical microscopy

(3D-OM; Nikon LVI150L, Japan)& ©o|-&3ste] Hir W AA7] #(Ra)= =

g3k 3A

3. o] ¥4 (XRD Analysis)

AMe] ATy tgxde] AAEA AHolE #H3y] Yl X-ray diffracto
meter (X'pert powder, PANalytical, Almelo, Netherlands)E A}-&3t5oH,
ZAF 272 Cu Ka radiation, 40kV, 30mA, 0.03°/step, 27~65 O range® A
&3t 31
FUAY 5 AU GAgd Mol (X2 Altel Garvie and Nicholson'!

of WHol AREHSI. ol AW LA SR Addold & H7b

=3
2

S W 3 b QuHoz AgEE PHoR gl el Wolwe A

pus

Xm= (Tamtlaimm) / CammtIaimtIam)
(I: Integral intensity at 26, (111)t: tetragonal peak,
-(111)m&(111)m: main peak of monoclinic phase)



i

5. 2% =37} %= A% (Biaxial flexural strength)

Axb gl dnp & ZF A e A st
for dental ceramic"” T4l wet 2%
h test)= Al 3T

217 34mme| 3709 ES 120°%¢] ZA4=E ol FH AMdAP R AA 10
mme] A Yo wjx3la Universal testing machine (DSC-500, Shimadzu
Corp., Kyoto, Japan)& ©]&3te] 14mme] HAES U TS 7Fx A
2 500g9 dtFS 718k o™ crosshead speedi= 0.5mm/min® A A3t
st 2AS 98] 0.05mm F7 ¢ plastic sheetZ 70 A 84t}

A 34 FE=N)E 7] =393 Poisson's ratio(0.25)S AF&3le] =27
E(S)E oty Tl &) ArtaArt”

=437 918l ISO standard 6872

A

=
=
47 %= 23 (biaxial flexural strengt

S= - 0.2387P(X-Y) / &

X: (1 +0) In(ry /rs) ° + [(1-0)/ 2] (12 /13)

Y: (1 +0) [T+ In(ry /r9) 21+ (1-0) (11 /r3) °

(St Maximum tensile stress in MPa, P: Total load causing fracture in N

v: Poisson’s ratio, ri:: the radius of the support circle(mm), ro: the radius of the load area(mm),

r3- the radius of the specimen(mm), d: the specimen thickness at fracture origin(mm))

@14 mm -

@34 mm

|

Fig. 3. Preparation for the biaxial flexural strength: ISO Standard 6872 for

Dental Ceramic'®.



ZFr ol #H7l= Kruskal wallis testZ AFg3H9 0w

Mann-whitney testE Boneferroni correctiond}el A



= Aupoll o)k &g 2W G, ARbE AldehA e
HAab 7]HRoll o) 7 AAo®E TG A ZW FEHE Blow x| &
A g o] A H Y (Fig. 4).
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AvtE AP eA S Group 27F 7HE A FWe Bow L3 7137
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Fig. 4. FE-SEM images of the specimen surface after grinding and

polishing. A: Group 1, B: Group 2, C: Group 3, D: Group 4, E: Control
(x10,000).

Table 2. Measurement of surface roughness value (Ra) of each specimen

Group Ra
Group 1 0.383
Group 2 0.483
Group 3 0.270
Group 4 0.408
Control 0.201




Table 3. Relative amount of monoclinic zirconia (Xm, %)

Group Mean £ SD
Group 1 501 £ 0.98
Group 2 705 £ 1.77
Group 3 4778 £ 0.63
Group 4 520 £ 141

Table 4. Correlation between groups on relative amount of monoclinic
zirconia (Mann—-Whitney test with bonferroni correction)
Group 1 Group 2 Group 3 Group 4 Control

Group 1 0.006* 0.530 0.968 0.000"
Group 2 0.002" 0.023" 0.000"
Group 3 0.646 0.000"
Group 4 0.000"
Control

* indicate significant difference between groups (P<.05)

4. 2% 237 = 439 2%

Nz 2 AT S34E A A¥, gx2ae AvkE AldgeA ZE
15 (Group 29 4)o HlE) frolHoeR e FRPEE HIJo(P>.05) 4
ks A& 25 (Group 13 ) 3= #F94 Aot Ak Ao =574
%3 Group 3= Group 1> Group 4> Group 2 A2 eyt E79],
coarse bur® A2atst 49 AntE AlYstA] 2 25 (Group 2)o A Al sg gt
IE(Group Dol vl F9Hom v G FIPEE HY O fine burd

o= vk Al o Fol whE fFelF ztol7h glolvh (Tables 56).

FIARE A F A Ao pAdHS FE- SEMO 2 ##3 dy A 5 o
ubE Alddsk A&t Group 13 39 AlHo| A= wH A 7|A|Ste] UYH=Z

AePd Mol FEHAL (Fig 5 A,C), AvtE A delA] & AT
¢l Group 29} 49 A HE& AAE o] wel Kio] 7|AHo] o] mAH A
2o (Fig 5 BD).

tlo
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Table 5. The mean biaxial flexural strength values (MPa) for groups

Group Mean £ SD
Group 1 1209.39 £ 49.89
Group 2 1076.55 £ 102.77
Group 3 1216.48 £ 101.12
Group 4 1159.42 £ 84.55
Control 1297.48 = 72.94

Table 6. Correlation between groups on mean biaxial flexural strength

(Mann-whitney test with bonferroni correction)

Group 1 Group 2 Group 3 Group 4 Control

Group 1 0.007" 0.813 0.220 0.067
Group 2 0.020" 0.101 0.007*
Group 3 0.342 0.217
Group 4 0.014"
Control

* indicate significant difference between groups (P<.05)

Fig. 5. FE-SEM images of the fracture surface (x500). A: Group 1, B:

Group 2, C: Group 3, D: Group 4. Arrows indicate micro—crack lines, and

circle line show that fractures start from uneven surfaces by grinding.
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