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243} 95% confidence intervals for mean fracture loadi= 2599.3 - 2809.1 N (9FA 4] 3 PFG), 36894 - 3819.9 N (¥H=A) & PEG), 15012 - 18679 N (lee
Zirkon), 803.2 - 1188.5 N (Empress 2)= 1}$}11 95% confidence intervals for dynamic cyclic load on fracture’= instron o] A EA4) B2 Eof] 3121 & o © 7] 2] 2L load
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Full-porcelan-ocdusd-surfaced PFG crown, Half-porodain
hdf-gold-ocdusal surfaced PFG crown, Empress 2, Ice Zirkon
474 2] 7} system - 207 2] crowng- A| 21 o
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Fig. 1. Zirconia Die. Fig. 2. Specimens for fracture testing consisted of epoxy resin die and all-
ceramic crown loaded with stainless steel ball bearing (5.0 mm diameter).
Table I. Ceramic systems evaluated
Products Manufacturer

lceZirkon lce Zirkon, ZirkonZahn

Empress2 Ivodar, Vivadent

Full-poredan-ocdusd surfaced PFG Crown VM13, VITAN-Gnahos Plus, Metdor
Half-porcdian-haf-glod-ocdusd surfaced PFG Crown VM13, VITAN-Gnathos Plus, Metdor

CHEtx| Tt HstE(R| 2009 473 23

157



2™E - ojxp

oo =

3. Instrons 0| &¢t THEAIH

ot 7} cgramic system'd epoxy resin diec]] RelyX™Unicem
Aplicp™ © = FHatek 157] €] aowns 7HA| a1 B Al
S Alatith 9 7 =A 32 Ingron 4465 Universd
testing machine (Instron, Norwood, MA USA)-- o] 8-} A]
P33t} 274 5 mm dainless sed bal bearing=- 2+ crown
Al el e FAldl A7 F, 5 mm/min €]
crossheed speed®. #| o} -3 wheEbA] F-akE 7l Al Al
Aol 34 S 45519 11, load-digplacement trace= F-E] ¢
st o] A7) A 9 Fakgks S48kt

7t 21E AT F4 = 9ol 273 5 mm sanless sed
bal bearingS- 1Y 4171 % crosshead speed 5 mmVmine. =
A FEwsko 2 slxoz shE] LAl gdo] o
ofu= HiHstE 715t &, nhE o] 9 2ol
53] ThekabA] QolA] Ingron “gol| A fracture load 914]

Fig. 4. Load applied with stainless steel ball bearing (5 mm
in diameter) on the Instron 4465.

Fig. 5. Load test of food on the Instron 4465.
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MTS 858 Bionix Il (MTS sysems, Eden Prairie, MN USA)
£ o] -g-3}o] PFG Crown (Full porcdlain occlusa surface),
PFG Crown (Haf porcelain occlusa surface), Ice Zirkon,
Empress 2 47} ©] system & 2 57)1 €] Crownl] o}2ff =] €]
cydic load= 713} fracture A of 19} fracture 22 Al
oydes=2 71530}, ofd) 54 Indron 4 7] F02
SARAE 38 Los)A B Load 57 2 4
3k

1) 410N (=2 2] »Hd H-3})

2)1690N (1} ©go] sh -3

3) 3829N (e v -at)

4) 22248N (A& 514 5:3))

o, Insrong; o] $-3 51 wel g Antg vigo R B
o) Tl R}l A = 248N & velA] EA AR
o 34 & U 07)7] cydic load Al A FUE 25}
+ PFG crown (Full porcelain-occlusasurface), PFG crown
(Half porcdlain ocdusdl surface)ol] v+ 529 T

Fig. 6. MTS 858 Bionix II applying cyclic load.

Fig. 7. The moment of fracture

during cyclic load.
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F]FF P <001 o A ZZ3dtt. 005 o] FFell A
1. IEUE LSD A3 & Al 5k
7t R BT S48 387 H F3l= o 2. MTSE o|2%t Cyclic LoadstollA ZHEUT
Teblellof] ERA AT 2+ A &2 o A1 7] B tah5-3k
& 4he Aol A 3BLON, S o A 3829 N, A7) (] £ = ATE T oI AR E T AIH A AR
gholl A 42169 N, nkE9. 7ol ol A] 169.0 N, 7 ] of| A A Faato] 459 T tete} AU FEA (One
410N, AFe (R8T el 4] 22248 N, 577 2 o) A way Anova)& AAIBEG o1, AL F 0 2 LDE A
36.1 N, PFG (Full porcelain occlusal surface) crowneof| A At B Ao AFHAM L B Fol4E P < 059
27042 N, PFG (Half porcelain ocdlusal surface) crowned] 4 A AZsl o, EAA = SPSSWIN 20 Z2 13 &
375456 N, lce Zirkon crownel] 4] 1684.5 N, Empress 2 crown ARg-slo] EA 81T
ol A 9958 No|ith. :1E x| 9] 73-%- Ad 2| 7} ¢hd 23 MTSE AH&-8te] 14 Hz F7] cydicload= 12070 3]
HedeE TR S, s A e = 1 3Pdo] dojube B 7% o medicatory cyde &
S5 AA0] A E = w1 FEAEE SF 8T A2 shH ol o} 2t} load 2] 4LON (A8 2] 3bd 7}

E7x 8 SPSSWIN 120 =272 o] 83} one ),1690N (n}2 Ao 37} =), 3B29N (S =4 7

Table IL. 95% Confidence Interval for Mean Fracture Load (N =numbers of specimens, std. = standard)

N Mean Sd. Sd. 95% Conffidence Interva for Mean Minimum Maximum
Deviation Error Lower Bound Upper Bound Lower Bound  Upper Bound

Boiled creb 15 33101 66.71 1722 204.07 367.95 21960 41590
Boiled chickenwithbone 15 382.86 4644 1199 357.14 40858 312.30 496.90
Besf rib 15 4216.86 25131 64.89 407769 4356.03 393860 48%.10
Dried souid 15 16901 3879 1001 14753 19049 12150 24890
Dried anchovy 15 41.03 987 255 3657 4650 2650 58.80
Candy 15 222480 61067 157.67 1886.62 2562.98 122210 3892.60
Walnut 15 36.07 6.16 159 3266 3948 2550 46.10
PFG (Full) 15 2704.19 189.38 4890 2599.31 2809.06 245290 310950
PFG (Hdf) 15 375460 117.78 3041 3689.33 3819.82 361520 394050
IceZirkon 15 1684.53 33113 8550 1501.16 1867.91 131810 2251.00
Empress2 15 99584 A7.R 89.83 803.17 118851 204.00 159740
Totd 165 1503.71 148351 11549 1275.67 173175 2550 48%.10

Fig. 8. Fracture loads for specimens.
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), 22248N (M) 3 7 w) 47FA] = A 83Tt

1. Full porcdain ocdusa surfaced PFG crown: 2224.8 N (A}
e} 5hA 7)ol A 95% 2 2] L7 4796.8 - 9321.2 cyde
o] A 44 o] HAY. 410N, 169.0N, 3829N ]| A= 120
?HH cydicload shof| A 2H4 A 9191+

2. Half porcdain ocdusa surfaced PFG crown: 2224.8 N (A}
& 3 7)ol A 95% 4l =] -1 881705.1 - 1143565.7
cydedl|A] o] ¥HAY. 410 N, 1690 N, 382.9 Noj 4]
= 1207H3 cydicload 3ol A 3+ WY 91902

3. 1ce Zirkon: 3829 N(SHH 1} 7312 )0l 4] 95% A1 5] 7-7F
9799930 - 11457734 cydedl| A} T8 o] WA, 410 N,
169.0 Nel| 4+ 12091 cydic load 3ol A 314 ¥
SISER =

Table II1. Homogeneous Subsets

N Subsetfordpha= 05
e 2 1
Duncan (@) 4 5 794
1 5 7059
2 5 10126354
3 5 10628832
Sg. 0875 021

Meansfor groupsin homogeneous subsets are diplayed.

4. Empress 2: 3829 N(5] 24 73 %) ol 4 95% Al 2] -
71 564.1- 954.7 cydeci| A s} o] 23, 410N, 169.0N
ol = 1209h cydlicloed sl A ohd 4 91912

=,
ol invitro 7] H42 A FAFE TS
gl AH&-8 4 = =A1T 437 (Rl porcdlain ocdusd
surfaced PFG crown, Half porcdain occlusd surfaced PFG
crown, Empress 2 crown, Ice Zirkon crown) 2] 54 A 3} =
e &, 3l o] AR E A &3] A 5 Y= 52
=9 EA TS ST F E Alo|o] IAE Golie
dl 3l

o] Ao AHEE WL o]
g A E 98, A4
A 713 A3 Aol =

e Ao S HEA = Rk
B ool A duplicate dieS THE- wl] epoxy resing- o] &

af A1

= L

t], o] &= 7}% 3} human denting] dastic

modulus (147 GPa)ol| ¥ %3 Al 5.2 BE a7} & o =9
T}2 o] & high modulus of dadticityS 7} dieol| 4] ceramic

9] frectureloed”} 571etth= K g

= 3 =52 135k

aUsesHarmonic Mean Sample Sze=5.000. o
Table IV. 95% Confidence Interval for Mean Dynamic cycles
N Load(N) Mean  Std. Devidtion Std. Error 95% ConfidenceIntervd for Meen  Minimum ~ Maximum
PFG (Full) 5 22248 7059.0 18219 8148 479%6.8 9321.2 48130 89420
PFG (Hdlf) 5 22248 10126354 1054474 471575 8817051 1143565.7 8427500 11170190
lceZirkon 5 3829 10628832 66757.3 209854.8 9799930 11457734 9986210  1154821.0
Empress2 5 3829 7594 157.3 704 564.1 947 5920 9280
Totd 20 520834.3 5337532 1193509 2710301 7706384 5920 11548210
Table V. Post Hoc Tests for MTS cycles
(1) Type I Type Meen Difference(l - J) Sd. Error Sg. 95% ConfidenceInterval
LSD PFG(RuUl) PFG(HAf) -10055764 (*) 394703 0.000 -1089249.7 -9219031
Zirkonzhen -1055824.2 (*) 394703 0.000 -11394975 -9721509
Empress2 6299.6 394703 0875 7737137 899729
PFG (Hdf)  PFG(Rull) 10055764 (*) 39%470.3 0.000 9219031 1089249.7
Zirkonzhen -50247.8 394703 0221 -133921.1 334255
Empress2 1011876.0 (*) 394703 0.000 928202.7 1095549.3
lceZirkon  PFG (Full) 10558242 (*) 394703 0.000 9721509 11394975
PFG (Hdf) 50247.8 394703 0221 -334255 1339211
Empress2 10621238 (*) 394703 0.000 9784505 11457971
Empress2  PFG (Rull) -6299.6 394703 0875 -89972.9 773737
PFG (Hdf) -1011876.0 (*) 394703 0.000 -1095549.3 -928202.7
Zirkonzhen -10621238 (*) 394703 0.000 -1145797.1 -9784505

* Themeen differenceissignificant & the .05 level.
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AN ] invitro 3HE A gl FEFe w|A]= 8Qle
= ceramic A 3.2] microdructure®, 7] &7 <, crowne] X =
A 22 luing 7, 25} kSR 1A ok g esg
CEAIEa =

FH ol e FAF I REBA= A E 8375
7be] 3 glom, o5& WEAI7] 7] A8 Bk A
ceramic materia So] A7)% 1 Ut} o S, lithium
dislicate glass ceramico] 1} zirconia 5-& A 2+gk 4= gl ot

Lithium disllicate glass ceramic2] toughening mechanism©.
2 = thermdlly induced microcracking} crack deflection 27}
A7} A7) = 2 ) T} microcrack toughening - finegrain size
ceramics (20 ¢m o] 3})ol| A 7153 mechanism . 2 471 =]
3 glom whebA o] = Empress2 of| .= 282 Ut

Fracture toughness®] 71+ 7138 2] & tendle dress2 7
B da] Al X == crack plane w20 crack driving force
7h A A b

Zirconia®] toughening mechanism of 2 7}4] o] %3to
Z Ay7+e = 9tk d 2 £, crack deflection, lumina
grainol] F-o] ¥ contact shielding, phase transformation,
microcrack nudeation 52 A Z+sk 4= 9t}

ol A 3ol 22 RE A S EC] FEA Y-S A HH
AA FHe 15037 N o2 et & o 2443] A
K, 47| (W L 3H)7) H i 42169NC.2 71 A U
B}k a1, Haf-poredan-ocdusad surfaced PFG crowno] 33
3754.6 N, Full-porcdain-ocd usal-surfaced PFG crowno] 5 1
27042 N, AP} (AHEkAT) o] & 22248N2] e 0. & 71
& oAt} & nkE @A o= 1t 1690N, HEA =

Bt 410N, TFF AL Ht B.INCO 2 Bl w2 vhe 5
TS WY oM, o] 52 P< 001 FFe A BAX L £

o] gk ato] 7} Sh= A o2 UHERT
TAF GGl A Hol w75 847N, o
92l 7% 597 No.2 Hugof glrhr o] d3le] Aas
HA o Zinvivo e ol A Fo] e = glAITE, o]

Mo

Ao 2291 M sysem =R AEL BFH O 7]
o AHE71e) Fel kg Aoz ARk
o e54 F AT A gk A, gre o
(4 323, 22H] (M 23, A8 A, AF (RFFiT), &
=24 =3} 9)9] A7) syseme] Fx| & TA|Te] FA 7}
=5 H ok AR} ] (M S Al elstale B
£ mAlEe] AR ws} @3 48 vs) B g
o} AFRRe] 749 loe Zirkon crown} Empress 2 crown H.Th
EAFET} A sk om, ] (M 23] 7§ Be
4N ysteme] A E T 2 A S YT
F ) A9 72 BAe 77N Lold & 9

2]
kil
B
=
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7] 18 120000081 9] F7]9] A2t L5 AAAA
ek Insron 54752 A goll A 74 S A 5
ol she bl =S vehd 4 248 (28] - 410N,
2 9 %oy - 1690 N, & 1 - 3829 N, A}E - 2224.8 N)o|
sLeke RahE MTSE o 43lo] 7714 2318 713t
Atk

o] 4 3} PFG crown (full porcdain ocdusion)o] 7 -$- AFe
TP A 3} (2248 N) 0. = A 2HA] 7t 003 F-of] 54 o]
oy}, PFG crown (hdf porcdlain ocdusion) o] 73 -$- A&+
Ao g A2 P 41d F el B lee
Zirkon crowne] 73 -$- g 314 %] 4} (3829 N). 2 = #] ZFA]
AT 434 F 448} ¥v), Empress2 qowne] 7§ &
W s Ao A 2kA) B3 0008 - Thdo] 4717
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=1

B AT = 728 EARS 40 =
Az AHE 32w AP EE ST
A G A AL B (MR, 2dH] (W2
), ke Ao, AP A, AT AR, S E 0l
A 17--& I ce Zirkon crown, 22 Empress 2 crown, 3w+
PFG (full porcglain ocdusa surface) crown, 42 PFG (hdlf
porcdan ocdusd surface) crown 0.2 A3 g1t =41 &
O A2 i FHRE A Aete] Ao HYE R
SFaL whHel tia) 2o 2 v Fofe} vk
F7I5otE 2t AR A well S ol
G AES AT US

1La=524 T 220 (M E3he] 735 &L st st

4] BE AN s doglon, AHF
ut] 9] 73 -2-+= loe Zirkon crownz} Empress 2 crown
ol q 3L 2 o A} (P<.05)

2. 1Al 250,000 A 2715 Zh= Q17 A2t R d &

71gste] w7552 71 74 -1, PRG crown (full
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porcelain ocdusion) & AL&H (AF3tAlT)) Tha A4 g
(22248N) 2.2 WHE- ) 21A] 5 008 d 5 5hd )]
%] 11, PFG crown (hdf porcdain ocdusion) & A (A
o)) S A1 8} (22248 N) o2 A ZA] it 414
% ulA34A "tk loe Zirkon crowng] 735 s w4
A% (3829N) .2 A 2HA] H 1t 43d £ 34 81| =
™, Empress 2 crown®] 73 -¢- S 9473} (3829 N)
© 2 A B 0008 F 52 ekA Bk (P<.08).
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ORIGINAL ARTICLE

A comparative study on the correlation between Korean foods and the fractures of
PFG and all ceramic crowns for posterior applications

Jeong-Ho Kim', DDS, MSD, Jai-Bong Lee**, DDS, MSD, PhD
'Graduate Student, *Professor, Department of Prosthodontics, Graduate School, Seoul National University

Statement of problem: Recently, there have been increased esthetic needs for posterior dental restorations. The failure of posterior dental ceramic restoration are possible not
only by the characters of the component materials but also by the type of food. Purpose: The research aim was to compare the in vitro fracture resistance of simulated first molar
crowns fabricated using 4 dental ceramic systems, full-porcelain-occlusal-surfaced PFG, half-porcelain-occlusal-surfaced PFG, Empress 2, Ice Zirkon and selected Korean foods.
Material and methods: Eighty axisymmetric crowns of each system were fabricated to fit a preparation with 1.5- to 2.0-mm occlusal reduction. The center of the occlusal sur-
face on each of 15 specimens per ceramic system was axially loaded to fracture in a Instron 4465, and the maximum load (N) was recorded. Afterwards, selected Korean foods
specimens (boiled crab, boiled chicken with bone, boiled beefrib, dried squid, dried anchovy, round candy, walnut shell) were prepared. 15 specimens per each food were placed
under the Instron and the maximum fracture loads for them were recorded. The 95% confidence intervals of the characteristic failure load were compared between dental ceramic
systems and Korean foods. Afterwards, on the basis of previous results, 14Hz cyclic load was applied on the 4 systems of dental ceramic restorations in MTS. The reults were
analyzed by analysis of variance and Post Hoc tests. Results: 95% confidence intervals for mean of fracture load 1. full porcelain occlusal surfaced PFG Crown: 2599.3 to 2809.1
N 2. half porcelain occlusal surfaced PFG Crown: 36894 to 3819.8 N 3. Ice Zirkon Crown: 1501.2 to 1867.9 N 4. Empress 2 Crown: 803.2 to 1188.5 N 5. boiled crab: 294.1 to
367.9 N 6. boiled chicken with bone: 357.1 to 408.6 N 7. boiled beef ib: 4077.7 to 4356.0 N 8. dried squid: 147.5 to 190.5 N 9. dried anchovy: 35.6 to 46.5 N 10. round candy:
1900.5 to 2615.8 N 11. walnut shell: 85.7 to 373.1 N under cyclic load (14Hz) in MTS, fracture load and masticatory cycles are: 1. full porcelain occlusal surfaced PFG Crown
fractured at 95% confidence intervals of 4796.8 - 9321.2 cycles under 2224.8 N (round candy)load, no fracture under smaller loads. 2. half porcelain occlusal surfaced PFG
Crown fractured at 95% confidence intervals of 881705.1 - 1143565.7 cycles under 2224.8 N (round candy). no fracture under smaller loads. 3. Ice Zirkon Crown fractured at
95% confidence intervlas of 979993.0 - 1145773.4 cycles under 382.9 N (boiled chicken with bone). no fracture under smaller loads. 4. Empress 2 Crown fractured at 95% confi-
dence intervals of 564.1 - 954.7 cycles under 382.9 N (boiled chicken with bone). no fracture under smaller loads. Conclusion: There was a significant difference in fracture resis-
tance between experimental groups. Under single load, Korean foods than can cause fracture to the dental ceramic restorations are boiled beef rib and round candy. Even if there
18 no fracture under single load, cyclic dynamic load can fracture dental posterior ceramic crowns. Experimental data with 14 Hz dynamic cyclic load are obtained as follows. 1.
PFG crown (full porcelain occlusion) was failed after mean 0.03 years under fracture load for round candy (2224.8 N). 2. PFG crown(half porcelain occlusion) was failed after
mean 4.1 years under fracture load for round candy (2224.8 N). 3. Ice Zirkon crown was failed after mean 4.3 years under fracture load for boiled chicken with bone (382.9 N). 4.
Empress 2 crown was failed after mean 0.003 years under fracture load for boiled chicken with bone (382.9 N).

Key words: facture resistance, PFG, all ceramic crown, cyclic load, masticatory load
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