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##4776112032 :MAJOR PROSTHODONTICS
KEY WORD: FRACTURE OF PORCELAIN / METAL CERAMIC RESTORATION / THICKNESS OF METAL /
THICKNESS OF PORCELAIN

THIDARAT ANGWARAWONG: THE FRACTURE OF PORCELAIN ON THE VARIED

THICKNESS OF METAL AND PORCELAIN SAMPLE. THESIS ADVISOR : ASSOC.

PROF. PANUPONG WONGTHALI, 95 pp. ISBN 974-14-3468-5.

The objective of this research was to study the porcelain fracture load of the varied thickness
of metal and porcelain sample. The metal ceramic samples, 7 x 9 mm’ rectangular, were fabricated
with constant metal thickness of 0.3 mm but varied porcelain thickness of 0.7, 1.35, 2.0, 2.65 and 3.3
mm (group 1-5, respectively) and with constant porcelain thickness of 2.0 mm but varied metal
thickness of 0.3,0.1, 0.2, 0.4, 0.7, 1.0 and 1.3 mm (group 3 & 6-11, respectively). Ten samples of each
group were prepared following manufacturer’s recommendations. Each sample was fixed to the
supporting brass block with zinc phosphate cement. The bonded samples were stored at 37 @
for 24 hours . The sample was loaded at the center of the porcelain surface until fracture. Using an
Instron universal testing machine model 8872 with a round carbide pin of 3 mm diameter stainless
steel and at the crosshead speed of 1 mm/min. The means + S.D. of each group was by follow;
1)2396.23 + 580.31 N 2)2644.93 + 373.05 N 3)2629.19 + 282.66 N 4)2436.32 + 312.34 N 5) 2352.82
+257.13 N 6)1551.14 + 682.92 N 7)2189.71 + 448.62 N 8)2565.61 +217.44 N 9)2722.25 + 247.08 N
10)2450.60 + 242.15 N and 11) 2611.42 + 333.15 N. One-way ANOVA and Tamhane multiple
comparisons revealed that the means of maximum compressive load for porcelain fracture of the group
1-5 were not significantly different(p>0.05). In the groups of 2.0 mm porcelain but varied metal
thickness, the 0.1 mm of metal thickness group showed a minimum of the means of maximum
compressive load and was significantly different (p<0.05) in comparison to the 0.3, 0.4, 0.7, 1.0 and
1.3 mm of metal thickness groups whereas the 0.3, 0.4, 0.7, 1.0 and 1.3 mm of metal thickness groups
was not significally different (p>0.05). The means of maximum compressive load for porcelain
fracture of the 0.2 mm of metal thickness group were not significantly different (p>0.05) in

comparison to the other groups.

Department: Prosthodontics Student’s Signature:

Field of Study: Prosthodontics Advisor’s Signature:

Academic Year: 2006
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M3eN 1 saaamsdun langraumuaaauanianenn Iag ANS/ADA specification

no. 5 1u1) 1989

ADA Hardness | Clinical use Yield Elongation
type strength (%)
(MPa, in
tension)
I Soft Low stress, no occlusion, inlay <140 18
II Medium | Moderate stress, light occlusion, onlays and | 140-200 18
inlays
11 Hard High stress, full occlusal load, crowns, | 201-340 12
short-span fixed partial dentures
v Extra- Very high stresss, thin veneer crowns, long | >340 10
hard span fixed partial dentures, removable
partial dentures

(w1 Revised ANSI/ADA specification no. 5 for dental casting alloys. Council on Dental

Materials, Instruments, and Equipment. J Am Dent Assoc. 1989 Mar;118(3):379.

819991y Wataha JC. Alloys for prosthodontic restorations. J Prosthet Dent. 2002 Apr;87(4)

:351-63.)

4 1 a @ @ 4 A v ~
Vni"lﬂ“ﬁ 2 UuAAIMIUINTHAYS lane Ha Ui UAnssu lasdananiuaunndowsny 1wl

1984 (The 1984 ADA classification for dental alloys)

Alloy Classification

Total Noble Metal Content

High Noble Must contain 2 40 wt% Au and 2 60 wt% of noble
metal elements (Au, Pt, Pd, Rh, Ru, Ir, Os)
Noble Must contain 2 25 wt% of noble metal elements

Predominantly Base Metal

Contain < 25 wt% of noble metal elements

(w1 Anusavice KJ, Cascone P. Dental casting ans soldering alloys. In: Anusavice KJ, editor.

Phillips' science of dental materials. 11 “ed. St. Louis: Saunders; 2003. p. 570-4.)
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Alloy type Subclass Approximate composition | Elastic Vicker’s Yield strength | CTE Solidus- Phase color Uses
(major element, wt% modulus | hardness (tension, 0.2%, (x10'6/° C) | liquidus structure
(GPa) (kg/mmz) MPa) (o)
High-noble- Au-Pt (Zn)¥ Au85;Pt12;Zn 1 65-96 165-210 360-580 14.5 1060-1140 Multiple Yellow/White Full-cast, Metal-ceramic restoration
Au-Pd (Ag)* Au 52; Pd 38;1In 8.5 105 280 385 14.3 1160-1260 Single White Full-cast, Metal-ceramic restoration
Au-Cu-Ag Au72;Cu 10; Ag 14; Pd 3 100 210 450 NA 905-960 Single Yellow Full cast restoration
Noble- Au-Cu-Ag-(Pd)¥ Au45; Cu 15; Ag 25;Pd 5 100 250 690 NA 880-930 Single Yellow/White Full-cast, Metal-ceramic restoration
Pd-Cu-Ga Pd79; Cu7;Ga6 127 280 580 14.2 1145-1270 Multiple White Full-cast, Metal-ceramic restoration
Pd-Ag Pd 61; Ag24;Sn 8 125 275 620 14.6 1185-1230 Multiple White Full-cast, Metal-ceramic restoration
Ag-Pd Ag 66; Pd 23; Au 2 93 230 480 NA 990-1045 Multiple White Full-cast, Metal-ceramic restoration
Predominantly Ni-Cr-Be Ni77;Cr13;Be 2; C0.1 192 350 825 15.0 1160-1270 Multiple White Full-cast, Metal-ceramic restoration,
partial denture
Based- Ni-Cr Ni 65; Cr 16 (no C) 205 180 330 14.0 1330-1390 Multiple White Full-cast, Metal-ceramic restoration,
partial denture
Ni-high-Cr Ni 69; Cr 23(no C) 159 350 310 14.4 1250-1310 Multiple White Full-cast, Metal-ceramic restoration,
partial denture
Co-Cr Co 56; Cr 25 (no C) 159 390 310 15.2 1215-1300 Multiple White Full-cast, Metal-ceramic restoration,

partial denture

(faulasoin Wataha JC, Messer RL. Casting alloys. Dent Clin North Am. 2004 Apr;48(2):vii-viii, 499-512.; Wataha JC. Alloys for prosthodontic restorations. J

Prosthet Dent. 2002 Apr;87(4):351-63. uaz Craig RG, Powers JM, Wataha JC. Dental casting alloys and solders. Dental materials: properties and manipulation.

eighth ed. St. Louis: Mosby; 2004. p.234-254.)
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N

9 Tanzvul 0.70 1.4

=)

NV

1N 10 Targnu 1.00 1.9,

q
q
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q

AN 11 Targrun 1.30 .1,
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aUnsaifly

1. !ﬂ?’f]ﬂ“l/]ﬂ’d 9UaINA (Instron universal testing machine) u;'u Instron 8872 L1ag
wnanthdansnay vnaduruguinat 3 .. (stainless steel stylus
with round end carbide pin)

2. Lﬂ?@dﬂﬂﬁﬂﬂﬂ’ﬂmﬁwmﬁ’ﬁﬂ (durometer) i:u Instrument, Pacific
Transducer Corp., USA) é’m‘iymﬁﬂﬂmm 5nlansu

3. ﬂéJfoq anssg f”fﬁ'ﬁ 1193 19 (stereomicroscope) 'u: U ANTI-FUNJI MEJI Techno

Co., LTD, Japan)
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4. é’ﬂwﬂuqmwgﬁ (incubator) 'jq'u Contherm, series five
5. 1A309MANNALDIAANVDIHLBIA Y (ultrasonic cleanser; Branson 5210)
A [ a 4 .
6. 130 an N luTasiimes (micrometer)
4 { ' .. ™
7. @509 M358 (sandblast) 31 Miniblaster , Israel
8. LLﬂu%ﬂﬁlﬁﬁﬂﬁﬁgﬁlﬂgﬂﬂﬂﬁ@U
1 <} ) [N 3
9. LLNHL‘I’TﬁﬂﬁTﬁﬁUVHLLUUﬁHEﬂ (metal mold)
d‘ A o [ [ Qy té a a’d? 1 a a
10. Lﬂ3f’)\1NﬂﬁTﬁﬁﬂﬁUﬂ%uQTu“}Nﬂﬁgﬂ’BiﬂluﬁnﬂuﬂﬁWﬁTﬁﬂﬂL!a%!i“ﬂu
92A3ANYHALNAIAIEADI (Formatray)
11 WRMIVIAN
12. ﬁ‘]Jle (spoon)
4 4
13. 1ONENADLIADT (explorer)
14, UAUNTZIN (glass slab) HASWONETUFIUUA (cement spatula)
(Y] d' Y
agnly
=) a = aa v ® . . .
1. lavzwauilnna- Insilon- luaau (dall , Williams, Ivoclar Vivadent Inc,
Ambherst, USA)
s ® . . .
2. Wosgau (IPSA.SIGN , Ivoclar Vivadent AG, Schaan, Liechtenstein)
3. 0¥ATANITFUFHALNAILA D (autopolymerizing acrylic resin; Duralay,
Dental Mfg. Co., USA)
Y
4. ﬂimmmwﬁwma{ 150, 180, 240, 280, 320, 500, 600, 800, 1000 tiag 1200
5. M1TUVIUADININUNYT (premium diamond suspension) YUIADUNIA
® .
9 uaz 3 lupseu (Leco ~ corporation)
Y o A
6. NNV Y
7. magﬁﬁmaﬂ%ﬁ (aluminum oxide powder : Hi-Aluminus, Shofu Inc.,
Japan) Y19 50 JuAsOU
a @ ~ ¢ . ®
8. FanvoaWaduua (HY-Bond Zinc Phosphate Cement , Shofu InC., Japan)
9. ﬂigﬂ']HﬂW'Jﬁ@QWﬁT’lfﬁﬂ‘UWQ
Y Y
10. Yaoni e ed s uns vIar U
Y v
11. 1nau
12. daneaed

13. inoa
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IEMINAA0N
=2 dyd [ ay A dy A '

fnﬁf”fﬂ‘HTHL‘IJl.lﬂ1ﬁ‘ﬂﬂfff’é)‘ULL'ﬁ\1@ﬂﬂl@ﬁ%uﬂuiﬁﬂglﬂaﬂﬂﬂﬁgm’E)\‘l‘ﬂﬂJE“lJ‘iN
A A4 Ay £ o 1A Y g ¥
THAYUAUAIVUIA 7 1.4, x 9 LU, FINVIAMNUANRAIVDIAULARSIVOIHUNT W H 08

' v ' '
VUNTAMURUIANE AudIuIu 11 nqu nauaz 10 ¥u (M3N0 6) enlisuiieunsion
{ o a @ 4 Qy Y 1 4

q@q@ﬁﬂﬂﬁjmﬂﬂ"li!,mﬂ‘Viﬂﬂlﬂ\iWﬂi“ﬁLﬁuUu%u\ﬂu@n@ﬂN ﬁﬂﬂlﬂ?ﬂ\iﬂﬂﬁ’ﬂﬂﬁTﬂﬁ (Instron

universal testing machine, Instron 8872)

H [ [ 1 $ 4 1 [
M3197 6 LAAINFUAIBINNUANUHUIVRIIATI TarZIaz D BIAUA 1A

ﬂﬁjiJ‘ﬁ aNnurvedlany | ANNMIIvEINeTHAY | ANYMINTIN | $1HIu (G?yu)
1 0.30 1.1, 0.70 .1, 1.00 .. 10
2 0.30 .3, 1.35 1.4 1.65 1.4, 10
3 0.30 .3, 2.00 1.3 2.30 1.1 10
4 0.30 W.4. 2.65 U.4. 2.95 4.4. 10
5 0.30 W.4. 3.30 W.u. 3.60 V.. 10
6 0.10 4.4. 2.00 4.4. 2.10 4.4. 10
7 0.20 .1, 2.00 1.1 2.20 1., 10
8 0.40 1.1, 2.00 1.3 2.40 .. 10
9 0.70 .. 2.00 1.3 2.70 1.3 10
10 1.00 1.3 2.00 1.3 3.00 1.3 10
11 1.30 W.4. 2.00 U.4. 3.30 W.U. 10

MIASLNTUAIDENS

1. mansanlnsdlane
o =\ Qy o ] = A A 9 Aa
‘I/I"IfﬂimiEJll“If‘Ll@'I’J@EJN?J‘]JE‘TLWQEJ?JWUWWJUT@ 7 VU X 9 LY. NUANUHU
G]'NG]fT‘L! NNBLATANTFUBHALUAIR A1 (autopolymerizing acrylic resin ; Duralay,
1 @ 1 3 o v o !
Dental Mfg. Co., USA) F3UNULHMHRANT IV TUNULUY (metal mold) YU 7 U.U. x 9 W.U. ﬁfl

v 1 2
ANUNUININANANUNUIVEI TaneNdsamslszunal 0.3-0.4 1. (MWA 3, 4) TN
Y 09/ 4 { <; 1 {
TARIENTZATENT N ULOS 240  IHTANUHINNATUTUOUASHUINIIANUNUIUDS Taneh

Y Y
=

& o ' AN Y (= o SR v A
D3N3 0.2 1.4 mﬂuumgmuwaa@jnaﬂﬂ"lﬂ"lﬂaﬂﬂmwmﬂumqgm (sprue wax) (N1 5)

2

a 4 4 ] ' o ] a v a 4 Qy
AWBUNATNUN LAz IUNsZIIUMIHaRA AUz eIUT Hndraa ol IasuaiuTane

= = = ana o ® . . .
wauinna-lagiey- Tuaatiy (4all ", Williams, Ivoclar Vivadent Inc, Amherst, USA)
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Y Y v v Y
o o A a2 Y [ 1 I ¥ ~ 9 9 o
e Tanei ldunvauaald ldvinanuindeansaionszaiyngieni
% ) s A Y A o Ay
w95 150, 180 Muaees 250 el NaNUMINN MV INANNN IV lansNdsans
tﬂl td‘ a dzl t:‘ Y Qy 9
(ANUAMANADUVDIANUHINTAAVY + 0.01 1.3.) (MW 6) TaeTAANUNUIVIFUINUAEY
d‘ a I'4 d‘ o ) zﬂy a o o
n3edlulasiimes (MWN 7) MMIASeUTNUAY (surface treatment) larzauMLUZIiIv0
A o a 1 Aa o I'4
vstndwaa Taemslmirealonsogitiveonled (aluminum oxide powder; Hi-Aluminus,
I Y
Shofu Inc., Japan) ¥u1AOUNIA 110 Tuaseu (Muil 8) mualensiinnuazeIaiiuiIAlg
J A L D) A
To1in (steam cleaner; MINI STEAM JET, TISD) (1WN 9) 0T I e (MNN 10)

4 a saA
e lrinaeen luanii lane (oxidizing)

q‘ 1 3 o v 0 dgl
MNN 3 meuwumaﬂf’fmiuml,mmmgﬂ

4 1 4
ﬂ"l'Wﬁ 4 Llﬁ'ﬂﬂﬂ'ﬁmgﬁlﬂ!lﬂﬂﬂﬁf]ﬂ'ﬁ'llﬁfl

Y Y
%

d' = [ 4 AR Y
NN S UAAINTIAUUUNADAT AN UUAINUANFIN (sprue wax)



d’ Qa/ A o ' Y g
MNN 6 Llﬁﬂﬂﬁvuiaﬂzﬂﬂlmmwu%ﬂ’meule]E]\iﬂﬁ

d’ A [ a 4
MANN 7 !,L’ﬁﬂ\uﬂiﬁl\‘l’Jﬂﬂ’J'liJW‘LﬂUbJTﬂﬂJLG]’E]i

a A .
MNA 8 uaaunsouthnie

d‘ A o dy a g :}
HMNN 9 llﬁ'ﬂ\i!ﬂif]\Wﬂﬂ'ﬂiJﬁ$f]’lﬂWHW'Jﬂ')ﬂllﬂu1 (stream cleaner)
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A A 9y 2 ¢
MNN 10 l!ﬁﬂ\uﬁuw'ﬁﬂﬁqIaﬁ%LW@ﬁﬁ'l\‘]“]fu@ﬂﬂllcﬁﬂ

d' Qy A o =) dy a 1 o dg’ =4 4
MNN 11 Llﬁﬂi%uﬂu‘ﬂ‘ﬂWﬂﬁLﬁiEJ?JWI!W’ﬂa1/?$ﬂ’E)uﬂWﬂﬁﬂJugﬂ’JluEliW@i%mu

= N A d d
2. MR8 NHEINOTBIAY
o 1 - v P4 2 2 ®
i Tansiwiowass (@i 1D TJyugiidieswesman  (IPS d.SIGN
) 4 .

Ivoclar Vivadent AG, Schaan, Liechtenstein) LLazu”l"lﬂvffumgmwmmau (porcelain furnance;
Programat P80 Ivoclar) (M 12) awdwugihvesusingwan 1dianuvunnniim

° o o A { o { ¢ o P
Mrua 0.2 1.u. nInhFunun ldndadiunnennessaunudlgnszamENI U3 320,
500, 600, 800, 1000 ttag 1200 GHEJGQ{’RJZ‘TTJLLGU’JHE]E]EJmﬂLW“]ﬁ (premium diamond suspension;

® . v 9 o A A Y
Leco corporation) UH1aaymIA 9 luaseu uaz 3 luaseou saunuidwend meliiiaim

v v Y v ' v 9
MNN T UFUIMUANUHUIVRIFUNUNADINT  (ANUAAANADUVDIANUHINTUAATY +

o 2 } A P o 2

0.01 1.3.) TagIanNurIveIrHUaIenT0d luInsimes MmiuiianuazeaFuuale
[ v v Y
IAFDIMANVAZDIAANNDINTIDIFE (ultrasonic cleanser; Branson 5210) (WH 13) 524V

v J ) o Qy { 2 . {
nawiiunal 10 Wi ud Wi Iure dhsuauin1d llinaeuid (glazing) (AN 14)



MNA 12 uﬁmmumwaﬁ'mau

M E4 1 H
MNA 13 Llﬁﬂiﬂﬁ‘ﬁ1?]']13Jﬁ$’EJ1WQBLN11!@911’38Lﬂ§f)ﬁﬁ1ﬂ’)1hﬁ$ﬂWﬂﬂ’ﬂMﬂLﬂﬁﬂlﬁﬂﬁ

~ Y A & Ao, A a Y
NNN 14 Llﬁﬂ\‘]"]51«!\1'luIaﬁgLﬂa@ﬂﬂﬁ%lﬂﬂ\iﬂﬂ']ﬂ'ﬁlﬂaeﬂW'J!laj
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nsnageUmAMsOagIganiThldDamsuaninveawessau
Vo4, 0 & Ay v v v ¢ a
nounziimInageuihFunui lduasagaiendosganssmidnes 1o
(stereomicroscope; ANTI-FUNJI MEJI Techno Co., LTD, Japan) (mwﬁ 15) fasvey 15 1
1A 9 Qy A 1" Y Aq Yo Y 149 Y o Qy Ay ¥ = dy a
Nisees M uruanunseli ilideeen s ludlmiduauilauuessuiunilanz Tag
1 a o 4
mMsunsg wé’hﬂmaguumaﬂ%ﬂ (aluminum oxide powder; Hi-Aluminus, Shofu Inc., Japan)
[ Y Y
YUIAOYNIA 50 1UATOU (sandblast; Miniblaster ', Israel) (MWA 16) INUUIIFUIULIT
mmmmﬂﬁwm?aw‘i1mmazammm§mﬁmﬁm (ultrasonic cleanser; Branson 5210) 594
o o 9 & A Y oq¥ ¥ o & A a & a =< A
fhinaudlunar 10w i lduie hsuaunwssuiurnass lildanasenarauea
{ o 1 a J
ufluneunassving 30 x 30 v’ g9 10 wu. Mhmsnhnneeionld dredndoala
=~ J . ® Y 2 A
FUUA (HY-Bond Zinc Phosphate Cement , Shofu InC., Japan) laglfussnaviniaie au
4 A & A A . . v a2 g A 3 o Asy
A2813 3 IULUIAIFINAININ (vertical static load) NUN AIBIATDINATOUANNUUIIAQNNAN
Y
o Y a Y . [
WMipvIIa 5 nlansu (durometer; Instrument, Pacific Transducer Corp., USA) Wual 10
= A o w A Jd a A 3 ) Qy A Y k) 4
Wi (i 17) Mvadmuddiunuesn (mMui 18) nninhFuaui lauasirgaienaes
4 a o w
@aﬂiiﬁuﬁlﬂﬂiiﬂ (stereomicroscope; ANTI-FUNJI MEJI Techno Co., LTD, Japan) Navyg1¥

= 3 1A 9 A 1 Y Aaq Yo k) 129 Y o Qy AR v A
15 WI”I’E)ﬂﬂSx‘l’N?Ji@EJiTJ‘Hif’JllﬂJ amiwmaaﬂ”th”laJMﬁm%mmmmaguuuﬁu‘nmmam

[
a =

Y [ v '
Tuglurhndu Neuvall 37 esruzaiBod 24 %2 1ue NdauaNguHgil (89, 90)

U U Q Q U

MW 15 1aeIndnganssmiaines lo
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MWA 16 Laauniednge

Y
%

d‘ =1 Qy 9 A < A 9 )
HMNN 17 UAAINTYATUINIURAYATDINATOUANULUNITANUANUT

d‘ Qy A l =)
HNN 18 Lm’ﬂﬂGHHQTHVIEJ@@Q‘]JULL‘]SJHTI@QMQ@Q

v a

HUN SN

Tansu
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0 & A 1 A o a .
uwmm‘waﬂaguuwﬂu‘wmmamumﬂﬁamm@ﬂiuumm (vertlcal
compressive load) A8IAT0INATOUAING (Instron Universal testing machine; Instron 8872)

A & A @ Y o o = 1 1w o
(DNN 19) BIUNINANUINANTINAN w1%1ﬂ1aw$ﬁmumﬁﬁﬁauazmuﬂmmmqmﬂﬂmmﬂ
o 4 1 4
Tanga3 1ud (stainless steel stylus with round end carbide pin) VUAFUFIUAUINAG 3 1.1,
y p i

{ o ] % Qy <3 o o @ [
(87) NAWHUININANFUNUAWANWTIIING 1 WUANA (S0, 81) auan FmITuiin

@ ~ o Y 4
LL‘JQﬂﬂﬁjﬂﬁﬂﬂﬂﬂﬁ‘lﬁlﬂicﬁsauumﬂ

MNA 19 Llﬁﬂ\?ﬂﬁ‘ﬂﬂﬁmJLLi\1’5@]11!Lluﬂaﬂﬁ}’mméﬂﬂﬂﬂﬁﬂﬂﬂﬁﬂa

(Instron Universal testing machine)

MINUIIVTINYBYA

o =3 1 [ d'o 9 4 ~ 9 v o
mmstunnauisoagegani lvinessauuan LLaZﬂﬁTWﬂblﬂﬁgﬂfJ"lﬂﬂ"lﬂTi

U Q
I
A

a 4
NAa09910 11U5UNTUADUNAADTVDIUATDINATDVAING (Instron Universal testing machine;

Instron 8872 )

Y

mMsInTIzHdeya

D.

o 9 9y a L4 =
UWﬂlﬂyjaﬂhlﬂﬂJ”l'JLﬂﬁ”Igﬁﬂ'NNLL‘]Jﬁ‘]JS'JL!LL‘]J‘]J‘VINL@EJ'J (one-way ANOVA) Tag
1 d‘

1% Tsunsueaioaee JUN 13 (SPSS version 13.0) NILAUANUIFOIUT DAL 95

Q
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RGN
d' Y a a d aa Y a
ouUN 1 VYA VUATN I UAIIZHNANNADAVINVIYaAD

[ A { o J a @
%']ﬂﬂ"li‘l/lﬂﬁ’ﬁ]‘ﬂ!!,iﬂﬂﬂq\iq%]ﬁluuujﬂﬂﬁﬂﬂﬁ}wﬂﬁ“ﬁlﬁutﬂﬂﬂ'ﬁLmﬂﬁﬂ‘]_lu
Qy { o 4 1 [V 1
FuanunaNuANUAULYsveInNUHUIvE TanzLas wes wau "lﬁ’mmaeﬂqqqﬂmamms

Y '
Fuau aauaadlunsan 7

{ I (] 4 a an
Na%iﬂﬂ”l'iwﬂa@ﬂﬁllﬁ}%zuﬂﬂ@ﬂmﬂu 2 @I Lﬁ@‘ﬂﬂﬁ@ﬂﬁuuﬁgmmdﬁm 2

Y 9 a J 2 @ dy
19 A2eMIAATIEHANNLYTUT UL UNRY) (one-way ANOVA) AU

1.wasummmﬁuuﬂsmmmmﬁuwmwa{«muﬁﬁmmwmmm

A o 4 Qa’ A dal 9 voA
TareAINAoNMSUANTNYBINDS WANVUF U larsnaoUnseileg ﬂi%ﬁﬂ@‘ﬂﬂ’lﬂﬂ@ll‘ﬂ 1-5

2.#8aU09A VAN TURIANUHUIVD Tarz A IA UKLV
o A o o 2 A £ 9 VoA
WOFHAUAINADNIIUANTNVDINDTHAUVUF UM TaKizinaaUNIzilod Usznoualengui 3

oA
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o ¢ Aa A
l.wmlENﬂ3mwansEIJ?JQmm?mWENwas°15!mmumm?‘mwmim‘izmﬂﬂami

o ¢ v 4
szmnmaawascmauuu%mmiammﬁeunsznﬁm

o ¥ a 1 d' a 4 =
WpyaAUYeINgUN 1-5 11AATILHANULUTUIIVMDUNIUASY (one-way
£ 9 o A ' Yy A Y ' Y A
ANOVA) #adesiimsnageudouluney 2 Yo Ao @196199091585n5A0eTMTHINLDS
Unauazannuulsilsmvestszmnsdeanioudu  imsnageumsnizneaivesdoya
aremsnaaevunuuiu-uyuila InsluInsen-aueue (One-sample Kolmogorov-Smirnov)
Y
NUNTMSUINUAWVVUNA  (MARUINAITIY %) INTUUNATOUAINHUDUYDIAIN
11)51)59% (Homogeneity of Variances) #28M3NATOULLULE0IY (Levene’s Test) WUIA
] 1 1 1 o : 4
anuudsidsmvesdoyanqui 1-5 luuanaredu (maruana1sie ) Fuiuldaudonls
o Y o o = a s a Yy £ o
M4 2 90 AU TN e AUl sUs I UMaAY) (one-way ANOVA) 1@ #ath
a P o 4 o 1 o a 1
MIIATIEHNIEAUANUFNUSDEAY 95 WUIILEPNSVANUATININ (null hypothesis) UDI
= g Ao a ¢ v
MIANHIN (p=0.291) (MANUINAITN B1) [HENNINHIWIIMIAATIZHANNLYTUTIUAIMS
@ 4 a 4 ) & { [l
naaouuy 151781 (Robust Test) ¥ia U5 1IH-WosHA (Brown-Forsythe) Ha1¥1unsain 13id

v
~

A ~ [ A [ ' Y ' Y
Soulunofuanumiousuvesmianuulslsit @manuanaIn ) ae nuiwan la

o

1 [} 1 [ 4 ] 1 {
PONNIFUIRALINY (p=0.298)] UaAINANVAULLTVBIRNUNIIVEINDT Hau liilinanelsah
o q ¥ a o 2 A F A a2 A =
M lAnansuanyinuearuIu lanzmasunIziied HIoFUNUAN laverun 0.3 W.u. uall

J 1 @ 2/' 1
ANUHHIVIINDIFLAUANNUNG 5 NQU ﬁ’f) 0.7 1.4, 1.35 4.1, 2.0 1.3, 2.65 LU, 1ag 3.3 W.U.

Y J a

Hanuuanaenuvesn indensvagagani iwesmaunamsuaninedis hifivedan

1 A
NWEADA (p =0.291) NBIMIWMINATOUNNADA (power of the statistical test; 1-B) AL
0.051-0.573 Ad e ldan PS power and sample size program (Version 2.1.30) (92) ANRQY

1 { 1 Y] { o 4 a % Qy 1 4
Llagﬂnﬁﬂﬁlﬂuil']ﬁiﬁTu‘U@ﬂﬂ”llLﬁﬂ@ﬂq@q@ﬁﬂWiﬁW@i%mumﬂﬂWi!mﬂWﬂﬂJﬂ\i%uQWHﬂQﬂJﬁ

=\

A ~ £ [~} J 1 Aa J oA
1-5 uaae UM 7 uagnImi 20 FVSINUNNYUNNUNDIHAUNUL 1.35 WU, (ﬂQ‘JJ‘ﬂ 2) U
q

A N9 2644.93 TIAY FIWNINNNNGUA

~

1 = [ A o Y 4 @ =

mmamﬁmﬂqqqmmﬂw NOIFAULANHNGIN
4 1 { 1

WasPaUyiu 2.00 4.4, (ﬂq%ﬁ 3) 2.65 W.A. (ﬂﬁpJ“I/] 4

) uaz 0.70 Wy, (Ngui 1) Falduseon
2629.19 AU 243632 AU 1BT 239623 HadU WAIRU uaznquATinesmaunn

3.30 wa. 1Fusedalumsildwesmanuanind ge Ao 2352.82 Ty
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maedl 7 nasadoyady AundsuazandouuumasgIuvesamsdageganilinesan

9
Lﬂﬂﬂ?illﬁﬂﬁﬂﬂli’)ﬂ%ﬂﬂﬂﬂ@ﬂ@ﬂﬁ‘]

q

. '
nosWaAUHHIN 2.0 WU

— .
TarizHinnan 0.3 ..

>

RDe
=

ngul  NgN2  ngu4  ngus | ngu3

ngue  nNgu7 N8  nguo9  ngu 10

ngu 11

10

2799.54 242441 2037.92  2823.15 | 2550.22
2472.46  2129.07 2450.65 2174.93 | 3001.08
2174.73 297792  2101.08 2276.33 | 2936.80
237237  3148.81 2823.44  2405.95 | 2499.96
257590  2676.75 2748.34 2124.46 | 2701.23
3002.18  2825.17  2525.69  2598.97 | 2200.12
2946.61  3028.86 2650.10 2125.08 | 2501.73
1170.37  2451.38  2772.26  2024.49 | 2776.83
1700.45  2731.22  2100.38  2598.98 | 2898.74

2747.68  2055.72  2153.35 2375.88 | 2225.20

650.45 1999.31  2797.25 257530 2048.12
17217 2299.12  2522.92  2648.37 2399.72
1099.5 1151.15  2748.01 2974.57 2172.57
1925.82 227330 2523.79 324943  2824.83
222572 2851.13  2198.84 2550.92  2297.79
2075.67 247492 2790.86 2374.79  2355.53
1930.41  1949.75 262426 2773.21  2701.05
1782.80  2499.41 2199.52 2576.15  2575.78
2002.16  2149.52  2676.10 2801.04  2499.40

1646.69  2249.48 257454  2698.76  2631.22

3048.02
2271.68
2725.58
3126.37
2772.05
2374.22
2854.62
2372.69
2320.94

2248.01

2396.23 264493 243632  2352.82 | 2629.19

1551.14  2189.71  2565.61 272225  2450.60

2611.42

S.D.

580.31 373.05 312.34 257.13 282.66

682.92 448.62 217.44 247.08 242.15

333.15

A
D

nauA 1=Tawg 0.30 1.1, WosaaU 0.70 1.4,

nQui 2 =Tang 0.30 1.1, Wosaau 1.35 1.4,
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4all®
aulsenel (Composition) Ni 614 Cr 257
Mo 11.0 Al <1.0
Si 1.5 Mn <1.0
ANNUYIYIAIAADT (Vickers Hardness) 235
11@@’5 aﬁwsju (Modulus of elasticity) 200,000 MPa
ﬁﬁfmiqﬁaﬂ%qqﬂﬁ'w 720 MPa
(Ultimate tensile strength)
SRR (Elongation) 12.0 %
ﬁ’uﬂizﬁwﬁfmmmimmaﬁ’uﬁagﬂmm%’au
(Coefficient of thermal expansion)
25-500 °C 13.8 x 10°K 'm/m
20-600° C 14.1 x 10°K 'm/m

H 2
MANHINATITIN Y Llﬁﬂ\iqmﬁﬂﬁﬂﬁl%ﬂuﬂﬁﬁﬁ@‘BUQWH

U

4all®

Burnout temperature

800-850° C

¥NMINAUHAI (Melting range)

1260-1350° C

vl lunsviae (Casting temperature)

Q Y

1405-1465° C

9
MANMINANS A taasgungl lumsaieduoon lyd

4all®
a 4 . . o
A500A% 1Ak (Oxidation) 950° C
5282181913 (Holding time) RTRNT

AYNINA (vacuum)

T (No vacuum)
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[ 4 ~q Y ®
MANUINANTIY 4 LEAsanBazYeInosHaun 1glunsnaaos (IPS d.SIGN ~, Ivoclar

Vivadent AG, Schaan, Liechtenstein)

IPS d.SING

FUAVDIUYTIUN (type of ceramic)

Glass-ceramic

ANHULVDINAN (crystal phases)

=2 J . Ao
-wanazw Iny (apatite crystal) NUANHUL
<
11l predominantly needle-like fluorapatite

I
—Nﬁﬂ@, Teynd (leucite crystals)

1 v J
MARUINATITNN D Llﬁﬂ\iﬁ'ﬂuﬂi$ﬂﬂﬂllﬁgﬂﬂ!ﬁNU@lﬂNﬂWﬂﬂWW (ISO 9693) YDINDTHLAL

IPS d.SING Dentin, Deep dentin, Incisal Opaquer pastes
aruilseneu Si0,  50.0-65.0 ALO, 8.0-20.0 | ALO, 8.0-12.0 K,0 5.0-10.0
WIA3§1U (Standard- Na,0 4.0-12.0 K,0 7.0-13.0 | Na,0 2.0-6.0 Si0, 30.0-40.0

.. CaO 0.2-6.0 PO, 0.2-50 | ZrO, 15.0-40.0
composition)
E F 0.3-3.0 + Addition agents
Tagrimiin
+ Addition agents (TiOz, P,0,, CeO,, BaO, B203)
i ight ¢
(in weight %) (St0, B,0,. Li,0, CeO,, BaO, ZnO, Tio,, | + Glycol
Zr0,) + Pigments 0.0-25.0
+ pigments 0.0-3.0
I @
AITULUIULTING 80 + 25 MPa >100 MPa
UIN

(Flexural strength)

9
amnazale lana
1n3 (Chemical

solubility)

<100 p,tg/cm2

<100 },tg/cm2

4
duilseansms
YeodulognaIw
$ou (CTE)

(25-500° C)

2 firings 12.0 (+0.5) x 10°K 'm/m

4 firings 12.6 (+0.5) x 10°K 'm/m

2 firings 13.6 (+0.5) x10°K 'm/m

4 firings 13.8 (+0.5) x10°K 'm/m

aavnumsuilag

Q Y

(Transformation

temperature)

510+ 10°C

600+ 10" C




9
a J v 1
MANHINATIN R Llﬁﬂﬂqm‘ﬂﬂll‘ﬁ(l%mlLlﬂ"liLNTWB?%LE’IH%H%N“]

Rl
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mawnsuToma | Marndaiio mswudtoudly | msmundou
ateft 1 war 2 | Muazdaeily (Corrective firing) AfitieTu
(1" & 2™ opaquer adausn 't maEnduiiedly | ndeui
firing) dentin & incisal uazﬂmﬂﬂuﬂ%ﬁ (Glaze firing
firing) @09 (2" dentin & | with  glazing
incisal firing) paste)

gumgiinagly | 900" C 870°C 870°C 830°C

(Holding Temp)

UNNNAIT09 403°C 403°C 403°C 403°C

(Stand-by

temperature)

L’Jm'ﬁﬂﬂ 6 min. 4-6 min. 4 min. 4 min.

(Closing time)

qmwgﬁﬁxﬁwﬁu 60°C 60°C 60°C 60°C

adait 2 "

Temperature

increase)

5%830@1‘17%?101’93) 1 min. 1 min. 1 min. 1-2 min.

(Holding time)

2" Vacuum/on | 450°C 450°C 450°C 450°C

2" Vacuum / off | 899°C 869°C 869°C 829°C




MANHINATIN ¥ Llﬁﬂ\iﬂﬁﬁ!ﬂi”Igﬁﬂﬁlﬁ]ﬂLLﬁNﬁU’OQslsljﬂiJ“ﬁﬂ’sj:iJﬁ 1-5

One-Sample Kolmogorov-Smirnov Test

group max.load (N)
group1-0.3/0.7 N 10
Normal ParametersaP  Mean 2396.2290

Std. Deviation 580.30988

Most Extreme Absolute .184

Differences Positive .148

Negative -.184

Kolmogorov-Smirnov Z .581

Asymp. Sig. (2-tailed) .889

group2-0.3/1.35 N 10
Normal Parameters&b  Mean 2644.9310

Std. Deviation 373.04977

Most Extreme Absolute 134

Differences Positive 117

Negative -.134

Kolmogorov-Smirnov Z 424

Asymp. Sig. (2-tailed) .994

group3-0.3/2.0 N 10
Normal Parameters&b  Mean 2629.1910

Std. Deviation 282.65847

Most Extreme Absolute .130

Differences Positive 124

Negative -.130

Kolmogorov-Smirnov Z 411

Asymp. Sig. (2-tailed) .996

group4-0.3-2.65 N 10
Normal Parameters&b  Mean 2436.3210

Std. Deviation 312.33963

Most Extreme Absolute .218

Differences Positive 218

Negative -.153

Kolmogorov-Smirnov Z .688

Asymp. Sig. (2-tailed) 731

group5-0.3/3.3 N 10
Normal Parameters&b  Mean 2352.8220

Std. Deviation 257.13364

Most Extreme Absolute 155

Differences Positive 155

Negative -.131

Kolmogorov-Smirnov Z 492

Asymp. Sig. (2-tailed) .969

a. Test distribution is Normal.

b. Calculated from data.
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MANUINANIE & LAAINITnadeuANuMlouveInuilslsou  (Homogeneity — of
Variances) A20MINATOUUULIADIU (Levene’s Test) YOINGUN 1-5

Test of Homogeneity of Variances

max.load (N)

Levene
Statistic dfl df2 Sig.
1.779 4 45 .150

a 4
MANUINAITIE A LEAINST AATIEHANMUTUTIMLUUNINAY (one-way ANOVA) Tunsal

d’d 1 % 1 A [ 1 d'
TliJﬂ1ﬂ’J”lllLL‘]Ji‘]Ji'JuﬁU’0W]’JﬂEJNH’TiJ@‘Llﬂusll’ﬂ\iﬂijﬂ‘ﬂ 1-5

ANOVA
max.load (N)
Sum of
Squares df Mean Square F Sig.
Between Groups | 738519.6 4 184629.903 1.283 291
Within Groups 6475457 45 143899.052
Total 7213977 49

a 4
MANUINATIN &Y waaImMsAnszaNuLlsUsuumaae) (one-way ANOVA) g]}'lﬂﬂﬁ

o 4 a 4 Ja Y 1 d‘
nagounuyIsUan (Robust Test) ¥HAVT1IU-WoTH1H (Brown-Forsythe) ¥93NquN 1-5

Oneway

Robust Tests of Equality of Means

max.load (N)

Statistic™ df df2 Sig.
Brown-Forsythe 1.283 4 30.442 .298

a. Asymptotically F distributed.




a 4 1 { v {
MANUINATITN §) LLﬁ'ﬂ\iﬂﬁ]LﬂﬁTgﬂﬂﬁlﬁ]ﬂll%\iﬂl@\‘l%ﬂi&ﬂﬂ@ﬂﬁ 3 uazﬂquﬁ 6-11

One-Sample Kolmogorov-Smirnov Test

group max.load (N)
group3-0.3/2.0 N 10
Normal Parameters ab Mean 2629.1910
Std. Deviation 282.65847
Most Extreme Absolute .130
Differences Positive 124
Negative -.130
Kolmogorov-Smirnov Z 411
Asymp. Sig. (2-tailed) .996
group6-0.1/2.0 N 10
Normal Parameters ab Mean 1551.1390
Std. Deviation 682.91982
Most Extreme Absolute .256
Differences Positive 162
Negative -.256
Kolmogorov-Smirnov Z .808
Asymp. Sig. (2-tailed) 531
group7-0.2/2.0 N 10
Normal Parameters ab Mean 2189.7090
Std. Deviation 448.61771
Most Extreme Absolute .196
Differences Positive 145
Negative -.196
Kolmogorov-Smirnov Z .621
Asymp. Sig. (2-tailed) .835
group8-0.4/2.0 N 10
Normal Parameters ab Mean 2565.6090
Std. Deviation 217.43594
Most Extreme Absolute 222
Differences Positive 154
Negative -.222
Kolmogorov-Smirnov Z .703
Asymp. Sig. (2-tailed) 707
group9-0.7/2.0 N 10
Normal Parameters ab Mean 2722.2540
Std. Deviation 247.07644
Most Extreme Absolute 175
Differences Positive 175
Negative -.144
Kolmogorov-Smirnov Z .553
Asymp. Sig. (2-tailed) .920
group10-1.0/2.0 N 10
Normal Parameters ab Mean 2450.6010
Std. Deviation 242.14715
Most Extreme Absolute .097
Differences Positive .083
Negative -.097
Kolmogorov-Smirnov Z .308
Asymp. Sig. (2-tailed) 1.000
group11-1.3/2.0 N 10
Normal Parameters ab Mean 2611.4180
Std. Deviation 333.14968
Most Extreme Absolute .262
Differences Positive 262
Negative -.138
Kolmogorov-Smirnov Z .828
Asymp. Sig. (2-tailed) .500

a. Test distribution is Normal.

b. calculated from data.



MARNUINATIN §) Llﬁﬂ\1ﬂﬁ‘VIﬂf‘Tf’J”]Jﬂ’ﬂmﬁﬁﬂuﬂlﬂﬂﬂ’ﬂmtﬂiﬂiﬁu (Homogeneity of

Variances) A20MINATOUUULIADIU (Levene’s Test) Y0INGUN 3 azngui 6-11

Test of Homogeneity of Variances

max.load (N)

Levene
Statistic

dfl

df2

Sig.

3.701

63

.003

a J {
MANUINANITN § LAAINIUATIZHANNNTUIIMDUMAA) (one-way ANOVA) Tunsain

A A [ oA oA
11mﬂamuﬂsﬂmummuﬂummﬂqw Juasngun 6-11

ANOVA
max.load (N)
Sum of
Squares df Mean Square F Sig.
Between Groups 9949317 6 | 1658219.562 11.319 .000
Within Groups 9229340 63 146497.463
Total 19178658 69

a 4
MANUINAITIE N LEAINTAATIEHANULTUS MV UMUAe (one-way ANOVA) ﬁ}ﬁlﬂﬂﬁ

o 4 a 4 Ia Y 1 d'
nagouuuy 15UaN (Robust Test) THALUT1IU-WOTHIA (Brown-Forsythe) VBINYNN 3 LAy

AU 6-11

Oneway

Robust Tests of Equality of Means

max.load (N)

Statistic™

dfl

df2

Sig.

Brown-Forsythe

11.319

33.079

.000

a. Asymptotically F distributed.
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MANUINANTN A LFAIMINadoudremsnlseufieuFadounuuunueu nqui3 uaz 6-11

Post Hoc Tests

Multiple Comparisons

Dependent Variable: max.load (N)

Tamhane
Mean
Difference 95% Confidence Interval
() group (J) group (1-J) Std. Error Sig. Lower Bound | Upper Bound
group3-0.3/2.0 group6-0.1/2.0 1078.05200* [ 233.72533 .012 185.1445 1970.9595
group7-0.2/2.0 439.48200 |167.67637 .334 -168.8168 1047.7808
group8-0.4/2.0 63.58200 |112.77154 1.000 -337.6795 464.8435
group9-0.7/2.0 -93.06300 [118.71924 1.000 -512.2765 326.1505
group10-1.0/2.0 | 178.59000 (117.69921 .964 -237.3963 594.5763
groupl1-1.3/2.0 17.77300 |138.16096 1.000 -470.7630 506.3090
group6-0.1/2.0 group3-0.3/2.0 -1078.0520* | 233.72533 .012 -1970.9595 -185.1445
group7-0.2/2.0 -638.57000 |258.38679 418 -1571.6223 294.4823
group8-0.4/2.0 -1014.4700* | 226.64022 .020 -1904.7800 -124.1600
group9-0.7/2.0 -1171.1150* | 229.65763 .007 -2061.8653 -280.3647
group10-1.0/2.0 | -899.46200* [229.13200 .047 -1790.0603 -8.8637
group11-1.3/2.0 | -1060.2790* |240.28487 .014 -1959.8684 -160.6896
group7-0.2/2.0 group3-0.3/2.0 -439.48200 |167.67637 .334 -1047.7808 168.8168
group6-0.1/2.0 638.57000 |258.38679 418 -294.4823 1571.6223
group8-0.4/2.0 -375.90000 |157.65032 .506 -966.6015 214.8015
group9-0.7/2.0 -532.54500 |161.95821 107 -1129.6781 64.5881
group10-1.0/2.0 | -260.89200 (161.21200 .944 -856.7765 334.9925
group11-1.3/2.0 | -421.70900 |176.70500 463 -1052.2488 208.8308
group8-0.4/2.0 group3-0.3/2.0 -63.58200 |112.77154 1.000 -464.8435 337.6795
group6-0.1/2.0 | 1014.47000* [226.64022 .020 124.1600 1904.7800
group7-0.2/2.0 375.90000 (157.65032 .506 -214.8015 966.6015
group9-0.7/2.0 -156.64500 |104.07937 .967 -524.0622 210.7722
group10-1.0/2.0 | 115.00800 |102.91435 .999 -248.0278 478.0438
group11-1.3/2.0 -45.80900 (125.80425 1.000 -500.4160 408.7980
group9-0.7/2.0 group3-0.3/2.0 93.06300 |118.71924 1.000 -326.1505 512.2765
group6-0.1/2.0 | 1171.11500* |229.65763 .007 280.3647 2061.8653
group7-0.2/2.0 532.54500 |161.95821 107 -64.5881 1129.6781
group8-0.4/2.0 156.64500 |104.07937 967 -210.7722 524.0622
group10-1.0/2.0 | 271.65300 |109.39927 .388 -113.5801 656.8861
group11-1.3/2.0 | 110.83600 |131.16229 1.000 -357.2452 578.9172
group10-1.0/2.0  group3-0.3/2.0 -178.59000 |117.69921 .964 -594.5763 237.3963
group6-0.1/2.0 899.46200* [229.13200 .047 8.8637 1790.0603
group7-0.2/2.0 260.89200 |161.21200 .944 -334.9925 856.7765
group8-0.4/2.0 -115.00800 |102.91435 .999 -478.0438 248.0278
group9-0.7/2.0 -271.65300 |109.39927 .388 -656.8861 113.5801
group11-1.3/2.0 | -160.81700 |130.23976 .996 -626.4244 304.7904
group11-1.3/2.0  group3-0.3/2.0 -17.77300 (138.16096 1.000 -506.3090 470.7630
group6-0.1/2.0 | 1060.27900* | 240.28487 .014 160.6896 1959.8684
group7-0.2/2.0 421.70900 |176.70500 463 -208.8308 1052.2488
group8-0.4/2.0 45.80900 [125.80425 1.000 -408.7980 500.4160
group9-0.7/2.0 -110.83600 |131.16229 1.000 -578.9172 357.2452
group10-1.0/2.0 | 160.81700 [130.23976 .996 -304.7904 626.4244

*. The mean difference is significant at the .05 level.
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[ v 4 a @ v v 1 1
MANUINNIN U UTENANHUSNITUANUNUDIND THAUUVUTUIIUAIDYINUDINYUA N (919)
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