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ABSTRACT

Effects of Different Grinding Instruments on the

Physical Properties of Zirconia

Lee Kyung Rok 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: Grinding and trimming with less stress on zirconia
through proper selection of methods and instruments can lead to
a long-term success of prosthesis. The purpose of this study is to
compare and evaluate the prismal phase change and physical
properties after zirconia surface grinding with 3 different grinding

instruments.

Methods: Fourty specimens of Yttrium oxide-stabilized zirconium
oxide(Prettau, Zirkonzahn, Italy) of a disc shape were fabricated.
They had 14mm in diameter and 1.4mm in thickness. Each of
these specimens was divided into 4 groups(n=10). Supremax ceramic
stone(NTI, Kahla, Germany) was used in group A, Dura-dia
Green stone(Shofu Inc, Kyoto, Japan) in group B, Dura green stone
(Shofu Inc, Kyoto, Japan) in group C. The remaning 10 specimens
were not grinded and used as a control group.

XRD analysis, surface roughness test, FE-SEM imaging, and

biaxial flexural strength test were performed.

_iV_



Results: In the result of XRD analysis, an phase change
occurred in all experimental groups compared to that in the
control group. Group A and B showed statistically significant
increasing pattern of phase changes, followed by group C and the
control group. In surface roughness test and FE-SEM images,
group A and B had more increase in roughness compared to
group C and the control group.

In the biaxial flexural strength test, all experimental groups
showed lower average strength than control group. Especially,
group C showed statistically significant decrease in strength

compared to other groups.

Conclusions: After grinding of TZP, the amount of phase
change from tetragonal to monoclinic and roughness increased in
Group A and B compared to those in Group C and the control
group.

Results of the flexural strength test in all specimens were over
500MPa, and those were clinically acceptable. However, flexural
strength of group C was lower than those of other groups.

The adjustment amount needs to be minimized by exact occlusal
bite taking and prosthodontics fabrication because surface grinding
such as occlusal adjustment may decrease the strength and reli-

ability of prosthodontics.

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

flexural strength
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1. XNIZ23L0} Al HZ

3Y-TZP A Z3vjo} E-Z(Prettau, Zirkonzahn, Italy)S o]&3dle] =
40709 vx==3 BoF(14mm A7, 1.4mm 7)) AlA-S A2kl

ZF Al S o2 100 vrsler Aubr|Te] Alsel ot 4709 o
(AB.C ¥ dlx) o2 B3t

Zy AT vk Micromotor(NSK ultimate 500, Japan)g ©]|-$3}
ol Adalgleon 3ALEEE 20,000 RPMo2 wAsIch 2 AAbr]3e
Cylinder shape types A=3sllem 1.4 mm 549 A%< 0.15 mm
+0.03 mmuellA FLEA AFA sFdch 1.30+£0.02g9] A S5 0.18g+
0.01g A= 2HAIgto=H U3t dAalepo] =25 39t

Group AT Supremax ceramic stone(NTI, Kahla, Germany), group

B+ Dura-dia Green stone(Shofu Inc, Kyoto, Japan), group C+
Dura green stone(Shofu Inc, Kyoto, Japan)= AF&sld o (Fig. 1)

AutZ A PslA] ke 2FS dRToE AAgsiict

Group A Group B Group C

Fig. 1. Grinding instruments used in this study

2. XRD analysis

3Nel AddTy dlzTe] AASA AbHolE sty $le] X-ray diffra-

ctometer(X'pert powder, PANalytical, Almelo, Netherlands)E A&
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5. 25 =25ZkE &= (Biaxial flexural strength)

Piston¥ 3718 &9 AAE &3 25 F4% AFS T3 A9 AeE
=2 &t9len 1SO standard 6872 for dental ceramic'?FF4 el ulet A8}
shodch.

A7 3.4mme] 3708 B5 120°%°8] ZA%E o)Fw AR A% 10mm
o] %A el wix]3}a Universal testing machine (DSC-500, Shimadzu
Corp., Kyoto, Japan)& o]-43le] 1.4mm<e] AF3 A8 whds 71zl gkal
A= 500g2] 3HES 718929 crosshead speed® 0.5mm/minZ A3}
Ark(Fig. 2). 3k #4291l 0.05mm F719] plastic sheetE 7HAsIAT).

FHd 34 Z=(N)E 7|Z3}3d 32 Poisson’s ratio(0.25)S AHEsl] 257t =

()% Azt
S= - 0.2387P(X-Y) / d*

X: (1 +2) In(ry /r3) 2 + ((1-0)/ 2) (12 /13)
Y: (1 4+0) (1 + In(ry /r3) 2] + (1-0) (11 /r3) 2
(S: Maximum tensile stress in MPa, P: Total load causing fracture in N

v: Poisson’s ratio, ri:1 A AA, 1ot skgo] ZhelAl= @] A, vy Al AA,
d: = 714 A e Al )

@14 mm
@34 mm

-
. .

Fig. 2. Biaxial Flexural Strength: ISO Standard 6872 for Dental Ceramic
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1. XRD analysis

WE2TE 100% AWAAFo R o]Fo] #1 Zlog Yehyton %W vl 5 370
o Al mAoA whxpgAe] STPE debgth AdRlelA smell H=
-(111)m®] peak A= 2T 5 o).

Ao AHA wlE(X,) ¥ TZD+= ﬂ]i—?(group C{group A{group
B 22 vehon(Table 1.) 4708 Adw 27 SAA oA Sle Al
B} (Table 2.).

Table 1. Relative amount of monoclinic zirconia(%) and TZD in um,
H(A) for groups

Relative amounts of

monoclinic phase in % TZD in /m H(A)
Xn)
mean sd mean sd mean sd
Group A 4.8% 0.4% 0.099 0.008 0.477 0.036
Group B 5.7% 0.7% 0.118 0.015 0.507 0.102
Group C 3.3% 0.6% 0.067 0.012 0.393 0.056
2 e - - - - 0.18 0.019

Table 2. Mann-whiteny test with bonferroni correction- Xm & TZD

Group A Group B Group C 2 s
Group A 0.008* 0.000* 0.002*
Group B 0.002* 0.002*
Group C 0.002*

2 st

‘Correlation is significant at the 0.0083 level (bonferroni correction)

_7_



Table 3. Mann-whitney test with bonferroni correction- H(A)

Group A Group B Group C 2T
Group A 0.191 0.002* 0.002*
Group B 0.002* 0.002*
Group C 0.002*

=+

‘Correlation is significant at the 0.0083 level (bonferroni correction)

=7 AAE TS Sl peak® profileo] FaL A e A
7F ARkl w2t profile®] #HA 2 v|AAL S vehll= AAS o] 83t
H(A) & 4b=, 3713ksdck(Fig. 3).

Al (111)t peakolld H(A)= dlxT(group C{group A{group B
A2 vebgdth(Table 1.). Group A9t BZRe] 24 ol wbAE#] 949
ot veA] AT FAA oA sle AtelE Btk (Table 3.).

8000

7000

o /

3000 .
), =——Control
2000 # \C
PRI g e
1000
o :
o M~ = n Mmoo Mmoo~ 5 o
T B T N T B B A ) B
m omom|om o om0 0 S 0
NN NN NN N MMM Mmomm

Fig. 3. (111)t peak profile variation for groups
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FH
HI

vk A2l F AAE A7k A3, 2T group C Afeledls #2142
o7k {1AIRE group A, B/HE group C Akl SAIH #24) Sl Aol

7} vebgdch(Table 4.5.).

Table 4. The mean roughness values for groups(um)

Mean Std.

Group A 1.967 414
Group B 1.735 .246
Group C 1.098 172
L B 8117 189

Table 5. Statistical analysis by Turkey HSD of roughness

Subset for alpha = 0.05

Group N
1 2
e 10 877
Group C 10 1.098
Group B 10 1.735
Group A 10 1.967
Sig. 418 376

Al
diamond gritell 2] Aoz Az =L Group Cv HEA3F T4 ofAFS Hol
o th(Fig. 4).

Group A Al¥ spdwe] FE-SEM &< Ay} spd 7]|A] 3¢9l EA8}= o

e BF F 5 slth(Fig. b).



Group C. L=

Fig. 4. FE-SEM images of the specimen surface(x 5000)

— 10pm CCRF 11/30/2012
15.0kV SEI M WD 8.0mm

Fig. 5. FE-SEM image of the fracture surface(x 500) in group A
specimen (arrow points indicate crack line)

_10_



N
N
i
M
JH
0N
HT
>
ok
e

iaxial flexural strength)

NS AT =F dixde vls] Akl Hy =2t ks 2
A 2 "zl vl AstE s 2y

T2 AT EARCR SO 9l ol Holx] ¢¥lrh(Tables 6 and

)

Table 6. The mean biaxial flexural strength values for groups

Mean Std. Min. Max.

Group A 873.77 65.69 766.33 942 54
Zane Group B 803.36 124.13 676.90 1002.62
(Mpa) Group C 723.25 134.25 574.88 944 .57
e Ee 908.18 74.69 758.03 1029.06

Table 7. Statistical analysis by Turkey HSD of biaxial flexural

strength
Group N Subset, for alpha = 0.05
1 2

Group C 10 723.25
Group B 10 803.36 803.36
Group A 10 873.77

= 10 908.18

Sig. 428 207
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Y-TZP A 23voliz dubdql B Ze] Az 4 24 A5 At 2
of oz o], &4, Hg
3 WSk Apwo] ofe] =g A EW AA7|e $7F % microcraters,
grain pull out®] ¥WAo R 2 =274
nd S gl 13) Aufe]] o3} X2 F o} Aol F&2 QA 3LE Aulr]Ale]
Ao ® Wolsle Zlow odulAd glow dnbqew Y-TZPO| &4 A=
HE olegk AbHol] Aol 7]k} 1Y
B AFoA 23 e} AbHele] 4 2 HrEE $]d]l XRD analysis

gL =
gatedet ol Aol Xray®: AR ¥ 2L 4e 34, A4S 9
I

AR T
o ‘}‘_:_ Hokljo]r,]_ A o)A ﬁx%q- .d-ﬁ/]_-‘_i_ o]g® ="t 7]& d|o|E|E ulglow A}
o2 Aga

Y A AL peak s 01375}04 Aol ofakS s}

Az 3o} Adole] i3l - dgellAe AA F TAA peake] FAlE
W sl A A Bk sHAAeRe] AdelrE fAEIvia B sy = 3§
QAR B Aol R4 100% AuAAre] ExZ wolow APT
M= AL F a3t WEstar AR QA HAE] s 2] WolE
sl = slslet.

w3k s AR Al v $(X,) 2 o]l el (TZD)E group Bell

A 7V =9 group A) group C) WHlET 22 A o4 e AolE
BH(P(0.0083). AWAANA9] peak ¥F HE(H(A))E group A,
group Bl Apeol7b @Al v (P)0.0083) YAl 253t A f-2IA
e #folE Bl 427} group A.group B) group C) HEF o= ¢
o] ©APAF WoleFt frAlgl kS Both(P(0.0083).
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