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Comparison of fracture strength and color of zirconia copings according to
multi-layer zirconia blocks and sintering method
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[Abstract]

Purpose: This study was investigated the effect of multilayer zirconia block type and sintering method on fracture
strength, micro structure and color of zirconia copings.

Methods: Three kinds of multi-layered zirconia blocks were used to identify the effects of the kinds of multi-layered
zirconia blocks and sintering methods on fracture strength and color reproducibility of zirconia copings. 60 Zirconia
copings were fabricated and fracture strength, micro structure and color reproducibility were compared and evaluated.

Results: In all the blocks, the CS group, which refers to the general sintering method had higher fracture strength of
zirconia copings than the MS group that refers to the microwave sintering methodMCS/MMS; 2,107.5N/1,930.4N, DCS/
DMS; 917.0N/879.1N, UCS/UMS; 2,256.9/2,050.7N). In relation to CIE L, a’, b’ values of zirconia copings depending
on the kinds of multi-layered zirconia blocks and sintering methods, the MS group using the microwave sintering method
had lower brightness and chroma than the CS group using the general sintering method.

Conclusion: In all the blocks, the CS group(general sintering) had higher fracture strength of zirconia copings than the
MS group(microwave sintering). In relation to CIE L, a, b values of zirconia copings depending on the kinds of multi-
layered zirconia blocks and sintering methods, the MS group using the microwave sintering method had lower brightness

and chroma than the CS group using the general sintering method.
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At el 94t 2 auobs ARl g A
BEAe] Adte] 7k qlom, Azg A=
obz wlazl f4l T} M=ol BEoR FHET
it} (Park, 2016),

A2 Yoo AMALS CeO,, Bi,O,, Er,0,, Fe,O,
9 5% AEkE H7tE @ =9 (Kosmac et al,
2000), °] &4 AR F Fe,0.7} 7P wWol AMg-g]
a1 9t} (Spyropoulou et al, 2015), 183l Fe,0,7}
0.020wt.% H7Hd 4 A 23 Yol S52 570 =7}
250 MPa A% Wrh= 8317} 9lt} (Zhao et al, 2013).

= X237 Yol &2 (multi—layered zirconia
block) HFE, Jobd 5 37N A S5 2L Qlo]
Sz 2F Yo} (pre—shaded zirconia) E-Z Xt} M
ARGl s, S54eHE] H7keF 242
o whet 7 A SAelA zfol7k Qlek= m} St
(Spyropoulou et al, 2015; Ueda et al, 2015; Mufioz
et al, 2017).
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aAdWo] Sl=t| vfo|azo|BE o|-§5k Alzte 24
of gt A7t &hrs| Y=l It (Jeon and Lee,
2017). Oghbaei 5 (2010)9] ol5tH Uwt
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o] 23 o} 2P o] SpAALEeL Aol mR|=
kS 301517 Y3l Snow princess multi layered
block, Multi cherry, Dental zirconia pre—shaded
blank 5 A £59] tFE A2l E52 o gstol

Uit 22} npo] AR ol H AFH S T A =5Y

196 ciotx|at7| 2 o3|

ARG ok WA, uATE, Mz o)

1) 00|32 2902 AAHES 0128t AJHKIE

o3 A =23 Yol 552 4t A%< Snow princess
multi layered block (DK Mungyo, Korea)}
Multi cherry (Dmax, Korea), 2=+ A|&2l Dental
zirconia pre—shaded blank (Upcera, China) 25TS
ARgtsct,

glo]A A7) (Freedom HD, DOF, Germany)E ©]
83}0] 34 ARE Ak 1| FA} 247} 1.0
mm, %°]7} 6.0 mm7} H=5 tARRIsH (Figure
L, 2). vF A23Yol 55 FHe AAA o w0
A=zFol I o] 7|AA 54 Hla AJollA A3 gt
o] 7H4 =A U2 cervical 2o AAYXE Fich =
Bk T4 2 Atelo] AHE F71- 0,03 mm7} HE
51, 4 5 10704 A =5 Yol A& A4k
Ak, mpo]A 2 o] B AANYS npo|AmYo]H 47
2 JM 1401 (JM Tech, Co., Korea)ol|A & 44 &
&= 1,550T oA Al AIREE 9% B A8k F 150
20| 28 F ek agkRol A AEARS] AA|tHE Al

shplom, Ado| T ol < Aol M At

2

N

=25 X
A 23 Yol IS o5 T HIAWE Rely x
unicem (3M ESPE, Germany)& ©]-&3slo] 25 2§
ol FHaraklcy, T 29 ek 50 Ne| g 1057
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Figure 1. Metal die.
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Figure 2. Design of zirconia coping.

2. 717|182A

S

A7} e = THs A8 7] (Universal testing machine
Model 6022, Instron Co., USA)E ARE-sto] SA5I%
o}, Aol 9IR1E 5% A 15 a5 AFY F52 ¥
YEEE Al HS A7) 29 Sl = 7F
Shoith THEAIRA 7Y AldES e s 5 0.6 mmE 33

o udE wi7Hx] sk 71Tt

oS St AAfA ol mHE vlA|
25 WEsP| HOM 2 mm A AlHe| S
w AL 7RG 20 ke =304 AANE F
APAAFE R (JSM—-6400, JEOL, Japan)o.2 ¥zt

3) Az H|w

o5 A =254ot 339 Commission International
de I'Eclairage (CIE) L' a b > ZM7] (ShadeEye
NCC, Shofu, Kyoto, Japan)E ‘Analyze mode’ 2 A
g5}l white working standard& ©|-85f0] 4S9
= 5 7} I3 AR FARLol S
tipe T2 22 AYA KAAAI7]AL S SASGIT Al
HO| LS 2 ool A A v flof] I AlHE

A 9] measuring

4) SAHEN
A% A 272 SPSS Ver.23.0 (SPSS Inc,
Chicago, 1L, USA)S o|&3slion SHRE t—HA
S AT, 2] 252 0,052 Agskrt.

o A2} £5 SRek Al ne A2a
Vol o] A7 A1 Table 13} 2,

o A 2o} £5 SRek Al nhe A2a
Yo} 73 9] a7} == Dental zirconia pre—shaded
blankE UuF AZA¥ o2 7153 UCS7} 2,256.9 N&
2 7P =7 YEReH, Multi cherryE vho| 224
olH aAW o 735 DMS7E 879.1 No.& 7h% o

A el BE S804 vt A2¥sl CS 150
npo]Z 2ol H AARQI MS IFkuy vhEZ T =

Al Vbt (P<0.01).

o] Z = Yol H AFW S ARESH] AlZtE A=22
Yol g o] s ol A=
shaded blank &%°] 2,050.7 N2 7} =7 Yet
il Snow princess multi layered block (1,930.4
N), Multi cherry block (879.1 N) &2 2 elyttt
(P<0.01).
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Table 1. Mean and standard deviations of the fracture

strength

Code Product Name swt\;ineng Mean = SD (N) P
MCS  Snow Princess CS 2107.5 = 483

Multi Layered 0.000
MMS Block MS 19304 = 7114
DCS CS 917.0 = 654

Multi cherry 0.000
DMS MS 8791 + 624
UcS  Dental zirconia CS 22569 + 759

pre—shaded 0.000
UMS blank MS 2050.7 = 50.2

CS = Conventional sintering method, MS = Microwave sintering
method.

2. 0/Mx & 20

HAE AR 4L AH83to] tE A=y

of &9 TR Yol wE nAlTRE W

AT AWES BE SRl Uuk Ao
7FR €89l MR} vl AR go] s 4
7Haek MSHTh Xt 502 ek,

3. 44X Hlul 24t

U3 A 23U ot 559 FRet a-dnfof whet A4k
| A=2siot 27 1 gk Table 29} Fig. 49+ 2
=8

S EE PR PRI
F39] [ ZF Multi cherryS
3l DCS7}F 91,2302 714 =& 718 L]-E}}Jii Snow
princess multi layered block= wlo]Z2o]|H A
Hog 7hgdt MMS7F 73472 7MY W& & UER
of, B S804 Yl 24/l CS IF0] nhe|as
o= 2Ael MS g L gho] w7 vehdet
(P<0.01).

U Al2sYol 259 FRet vfolazge|s &4
ol W2 2 2xyol Ao L' kS Multi cherry7}
79.50% 7P =7 YERE S, Dental zirconia pre—
shaded blank (76.73), Snow princess multi layered
block (73.47) <22 yeRtt} (P<0.01),

S A=2FYol 259 TR} 24| wet A
2tg] z)2 3o} o] a° ZHS Table 33 Fig. 59+
2,

Figure 3. Microstructure SEM images of the multi layered zirconia specimens by sintering method (x5,000).
CS = Conventional sintering method, MS= Microwave sintering method.
Snow princess multi layered block (M), Multi cherry (D), Dental zirconia pre—shaded blank (U).
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a ZF Snow princess multi layered
blocks dut 2RO 7Rt MCS7} 1.302.2 7}
A} =2 7S YEMHAL, Dental zirconia pre—shaded
blankE wlo]aZ2¢JolE AAHO =z 7133t UMS7}
—2.330.%2 7P 92 g5 UEblth 2E S504 o
RE 28791 CS o] mto]azeolH &gl MS
JEHETha grol 7 YeRdth (P€0.05).

ths AZaLo} B20] 7o} vlo]ameo] £
Hol| w2 2|23 YoF Z39] a° ZFS Snow princess
multi layered block®] —0,502 714 7] Lpebton,
Multi cherry (—0.93), Dental zirconia pre—shaded
blank (—2.333) =22 e (PL0.05).

& A2Fol B2 ERel A7 w4
2tg] z|2 3ot o] b ZFS- Table 49} Figure 63+

2 A2} B2 Trol £ e A2

" ZF Snow princess multi layered
HoZ 73k MCS7) 21,6382 7}
A =2 2 YEAL, Multi cherryE vho]| 2= 0]
B AZdHO R 75 UMS7) 7.200.2 71 e 7k
UEHEE = S504 dRE &8/l CS 50| 1)
olARgolH AAYLl MS IFRTE b FHo] &AL
ERtTh (P€0.01).

U5 Az23yol 59| S/t nolazgolH &4
Hol| W2 2|23 o} Ao b 7S Snow princess
multi layered blocko] 13.67= 7} =74 YEIGS
™, Dental zirconia pre—shaded blank (9.57), Multi
cherry (7.20) &2 2 velyth (P<0.01).

Table 2. Mean and standard deviations of L’

sintering

Code Product Name Mean *+ SD P
type

MCS  Snow Princess CS 86.40 + 0.10

— Multi Layered 0.000
MMS Block MS 73.47 + 0.06
DCS CS 91.23 £ 0.06

—  Multi cherry 0.000
DMS MS 79.50 £ 0.10
ucs  Dental zirconia CS 89.00 + 0.44

— pre—shaded 0.001
UMS blank MS 76.73 £ 0.21

CS = Conventional sintering method, MS = Microwave sintering
method.

Table 3. Mean and standard deviations of a

sintering

Code Product Name Mean = SD P
type

MCS  Snow Princess CS 1.30 £ 0.10

— Multi Layered 0.003
MMS Block MS —-0.50 = 0.20
DCS CS —0.177 £ 0.12

—  Multi cherry 0.002
DMS MS -0.93 = 0.06
UCS  Dental zirconia CS -0.30 £ 0.35

— pre—shaded 0.01
UMS blank MS —2.33 + 0.06

CS = Conventional sintering method, MS = Microwave sintering
method.

Table 4. Mean and standard deviations of b’

Code Product Name sintering Mean = SD P
type

MCS  Snow Princess CS 21.53 = 0.06

— Multi Layered 0.000
MMS Block MS 13.67 = 0.15
DCS CS 19.50 = 0.20

—  Multi cherry 0.000
DMS MS 720 = 0.10
Ucs  Dental zirconia CS 2120 £ 0.95

— pre—shaded 0.003
UMS blank MS 9.57 + 0.35

CS = Conventional sintering method, MS = Microwave sintering
method.

100

80
bl
S 60 . L
° @ Conventional sintering
=
S 40 O Microwave sintering
20
0 .
Snow Princess Multi Cherry Dental Zirconia
Multi Layered Block Pre-shaded Blank
. *
Figure 4. Value of L.
2 Snow Princess Dental Zirconia
Multi Layered Block ~ Multi Cherry Pre-shaded Blank
1
*
©
5 0 T | - -
° @ Conventional sintering
=
S -1 OMicrowave sintering

Figure 5. Value of a.
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@ Conventional sintering|

Value of b*

10 - O Microwave sintering

Dental Zirconia
Pre-shaded Blank

Snow Princess Multi Cherry
Multi Layered Block

Figure 6. Value of b’
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74 = Dental zirconia pre—shaded
blank”7} 7F4 =4 UEREIL, Snow princess multi
layered block, Multi cherry <=2 & YElyit},

2. 27l 2 x2mjol mHe) ShEEL o

3t 2 AWo] nlolaRgo|E AAMKLE =7 U}
et
3. t& A=2Fyo}l B8] FRo| W CIE L' g

° Multi cherry7} 7F =4 UeF#C™, Dental
zirconia pre—shaded blank, Snow princess
multi layered block <22 Uepgtt CIE a” 3
Snow princess multi layered block®] 714 =7
UERF S, Multi cherry, Dental zirconia pre—
shaded blank =& ettt CIE b ZH2 Snow
princess multi layered block®| 7} =4 vrelyk
61, Dental zirconia pre—shaded blank, Multi
cherry <=0 2 UERgith A2l T A =5y
o} AP CIE L, a, b F BE B4 uto]
Azgo|E ARl MS IFo] Uvt &A%l CS
agu YEs AE B ] ek,
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