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I As 2 ¥y

WX 3 23 ol Hof F A5, 4, 3 e FEE e, 90719
g3 st AFAE ABEd o, =53 XA A A7 (Mini Piezon, EMS

Piezon Systems, Nyon, Switzerland)E ©]8-3}o] X o} 9 F 2] & EHES A

of, agheol 4 Ak WMot A A8 1 mm ARE AFow, A

BE Aok gEo| FHom Ausr. AobEe FAYR 979 Fow by

Aok 9o & EAEO FTHO AWMES FHo| ug A o, B & 28al C

T O 8 FFetal, o]E& thA ferrule®] Holol| wet 0, 1, il 29 S o

= UPRIEH(Table 1, Fig. 1). %% Aole] Zolsl dghdle] 94 o] B 294

dolE AxF2] 2] ¥ (Absolute digimatic, Mitutoyo Corp, Japan)® =3 35}% o.M,

9071 A o}e] HaA= X2 o] 14.8 mm, A Zo] 7.4 mm, =44 Zdo] 5.0

mmeo] Atk SAE 2= one-way analysis of variance(ANOVA)E o] -£35}¢]



Table 1. Test groups in this study

Group Type of post and core + luting agent Ferrule length
A-0 0 mm
Quartz fiber post and resin core
A-1 ) 1 mm
Resin cement
A-2 2 mm
B-0 0 mm
Cast post and core
B-1 1 mm
Resin cement
B-2 2 mm
C-0 0 mm
Cast post and core
C-1 1 mm
Zinc phosphate cement
C-2 2 mm

Group A Group B Group C

— Resin cement =— Zinc phosphate cement (ZPC)
. Resin core Cast core

Fiber post \ Cast post

Fig. 1. Diagrammatic representation of experimental groups.
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Fig. 2. Dimensions of restored tooth specimens.
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Dental Products, St. Paul, MN, U.S.A)E o] &3}o] AlHo| ¢35}t

vt 9 55 Ald

Fxg WA 2 mm obl Aol Aokel FE| FHOE MG Rm

0.1 mm Adapta foil F+ Hoz INsU. 287 &~(Kerr corp., Romulus, MI,

USAE ol gate], Aol 95 mrel step H97h Aole] 4% waks 4o

HEE dd Al(Fedi 18, Marriotti, Italy)® 2 SEo] nAAIAG, A|HES 11
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il

o
=, 74 =

Mo

Netherland)& &3slo] &0l A

ool FAE AZRA w254 7 F aAsAY. ofa™Y #xle] FE
T AEE Eoled ¥ 3dS AMsY AREY A A3 (Imprint 11,

3M Dental Products, St. Paul, MN, US.A)E o}adg #x Wio Fyloz F

Fig. 3. Schematic drawing of loading apparatus.

&3 AEE Hof A=l el FIHSNA 130=004 de 7t g =S

(Fig. 3) 1143 & w5 Ald 7| (Instron 4301, Instron Ltd, Norwood, MA, U.S.A)
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o $IAAZ -5 S w9 stepol $AA7|AL, FEo] dojd wjrhA]

1 mm/min ¢} cross head speed® ¢==2- 7139t}

vk, $A A

AojR H4d F5E 2-way analysis of variance(ANOVA)E o] &35fo] £

kAL, Tukey HSD test® AFFE HA S THSPSS/PC, Version 12.0, SPSS,

Chicago, IL, U.S.A). 34 gAe 715351900, X9 A# & 1/3% 7|Fo=

A5E Jbse s A5 Bbse shdel ® b 1§oR RESY.

Fisher exact test® o] &3dle] ZF #E59 A Ao Ao Zol7f EAs=AE=

A s B vlals p=0.059] A1F FEoA A sk
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m 2 3

7b oA &tkF

BE oA 3d sl5e 4y EFHEAE Asks tH(Table 2, Fig. 4). 3}

i)
ol

159 H#e B-2 TolA 159.9 kgo® 74 ¥okon, 1 thEo® C-2 &

ol

9] 157.4 kg, A-2 i 150.2 kg 9 =AATh. Two-way ANOVAE o]&3s}o] &

sEo} ;o] Y AWME B, 22l ferrules] Aol7h FEE Aole HA 8F

of WAL Qe A A, ferrules] Aolol oM A hFo| FA

o7 {3t AolE BYHp<0.05). AR X AEQ Fol W AWES FH=
g4 sl FATgHoR fFodt JFS v HA A tH(p>0.05). Eg ferrule?]

dolsh, ¥2Esh w0 W AME Fioe] FaAgol aAE FALg o §

ot zpo] 7} YAl 22 tH(p>0.05)(Table 3).

L
ox
Y

Tukey HSD testE o]&3F Al H I, A o 25 A ferruled] Zolr}
0 mm¢! A%< 1 mmeQl A o= 5 g4 stzol] o] Ao =

o3t 2folE HolA kot (p>0.05), ferruled Zol7F 2 mmel ZAgoE 1

R0 mm, = 1 mm)¢l Fe-Ru - shgo] SASH o® fFolahA o =9k
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tHp<0.05)(Table 4). Ferrule©] 43t A5, Al 7+ 4 5o A A

o2 Fogt 2ol 7k Gl (p>0.05)(Table 5).

Table 2. Mean failure loads(kg) of experimental groups

A B C

0 1 2 0 1 2 0 1 2

Mean 113.1 126.2 150.2 114.7 129.4 159.9 119.0 1248 157.4

SD 10.7 12.0 14.8 12.3 14.4 16.5 11.0 15.2 14.3

160.0
140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

* Significant differences (p<0.05)

Fig. 4. Mean fracture loads(kg) of experimental groups.
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Table 3. Two-way ANOVA for two main effects: post and cores+ cements and ferrule

lengths
Source df Sum of squares Mean square F P value®

Post and core+cement 2 393.250 196.625 1.061 .351
Ferrule 2 25893.002 12946.501 69.837 .000
Post and core+cement

4 412.368 103.092 .556 .695
x ferrule
error 81 15015.976 185.382

*significant differences (p<0.05)

Table 4. Significant differences within groups as identified with Tukey HSD test

Group A Group B Group C
0Omm/ 1 mm p=0.070 p=0.079 p=0.615
0mm/2mm p<0.001 p<0.001 p<0.001
T mm/2mm p=0.001 p<0.001 p<0.001

Table 5. Significant differences between groups as identified with Tukey HSD test

' 0 mm ferrule 1 mm ferrule 2 mm ferrule
Group A/ B p=0.948 p=0.862 p=0.343
Group A/ C p=0.487 p=0.972 p=0.551
Group B/ C p=0.677 p=0.743 p=0.927
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=
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el Fn=10)7} welste] p<0.19)
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Wol A= ferrule dol7b depxAvetie o s Fbe] nio] glo] &7

Jol'

zko) 7F LA TH(p>0.05)(Table 8).
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Table 6. Number of root fractures according to localization for each group

A B C
Fracture
0 1 2 0 1 2 0 1 2
Favorable” 10 10 10 6 5 6 5 7 6
Catastrophic” 0 0 0 4 5 4 5 3 4

* Fracture located in coronal third of root.

" Fracture located below coronal third of root.

Table 7. Significant differences in fracture patterns between groups as

1dentified with Fisher exact test

Group 0 mm 1 mm 2 mm
A/B 0.087 0.033 0.087
A/C 0.033 0.211 0.087
B/C 1.000 0.650 1.000

Table 8. Significant differences in fracture patterns within groups as identified

with Fisher exact test

Ferrule Group A Group B Group C
0Omm /1 mm 1.000 1.000 0.650
0Omm/2mm 1.000 1.000 1.000
T mm/2mm 1.000 1.000 1.000
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Favorable Fractures
Catastrophic Fractures

Fig. 5. Fracture aspects according to the locations and frequencies of fracture

lines.
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Abstract
The effect of ferrule length on fracture load and fracture pattern of

the teeth restored with quartz—fiber reinforced post

Jung—-Han Kim
Department of Dentistry, The Graduate School, Yonsei University

(Directed by Professor Kwang-Mahn Kim, DDS, MSD, PhD)

The aim of this study was to compare and evaluate the effect of different
ferrule lengths and cements(resin cement, zinc phosphate cement) on fracture
loads and patterns of the teeth restored with either quarts—fiber reinforced or
cast dowel systems.

90 premolars without caries, crack, fracture, or restoration were
selected and randomly distributed into three groups; group A(quarts—fiber
reinforced post and resin core + resin cement), group B(cast post and core +
resin cement), and group C(cast post and core + zinc phosphate cement), then
were divided into 0,1 and 2 subgroups according to ferrule length. After all the
crowns were removed and the teeth were endodontically treated, roots were
restored with post and core with cement of each group. Specimens were

prepared to have O, 1, and 2 mm ferrule lengths in each group then crowned.
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All specimens were loaded at 130 degrees to the long axes in a universal
testing machine at a crosshead speed of 1 mm/min until fracture.

Fracture loads were analyzed with two-way ANOVA and Tukey HSD
tests(p<0.05). Fracture patterns were classified according to the fracture
level; either above or below the incisal third of the roots, then analyzed by
Fisher exact test(p<0.05)

Within the limitations of this study, following results were drawn.

1. There was no significant difference in the mean fracture loads of
endodontically treated teeth with same ferrule lengths, regardless of the
dowel system and the cement used(p>0.05).

2. Endodontically treated teeth with 2 mm ferrule length showed
significantly higher mean fracture loads when compared with other ferrule
lengths, regardless of the dowel system and the cement used(p<0.05).

3. Endodontically treated teeth restored with cast post and core, luted
with resin cement showed no significant difference in mean fracture loads and
fracture patterns when compared with cast post and core luted with zinc
phosphate cement(p>0.05).

4. When the ferrule lengths were equal, the teeth treated with
quartz—fiber reinforced post and resin core showed relatively better

fracture patterns compared with those treated with cast post and core
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(p<0.1).

In conclusion, although all groups showed similar fracture loads, the use
of quartz—fiber reinforced post and resin core is recommended, based on
the fact that it showed better fracture pattern when compared with that

of cast post and core.

Key Word: quarts—fiber reinforced post, ferrule, fracture load, fracture pattern
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