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1. Al mZ

1) Ag A9
WA Alghe] et FAEXNE ez gk
aot-H et 747 shdoll Aolg-21Fo] IAY v

u

o] A E XolE szl o FAIG A719 A
22 7W 24712 Adact. AdE 29 Zo
£ % 10~14 mm g}, Xot= 71 2% 8744 33
o2 PR BRI A9 5o Basich
|2 Aol9] Zolo 93 JFS meste] 7+ 7o
AT ZdolS 95% AHFoA dPBARAG 2

Izt Fe| SARCE 598 Aolr} gleS &
sttt (P=0.981).

172 carbon fiber £2E9! C-Post (Bisco Inc.,
U.S.A), 23 glass fiber £AE9l ParaPost
FiberWhite (Colténe/Whaledent Inc., U.S.A.), 3
T2 WETLE titanium F A2 ParaPost
XH (Coltene/Whaledent Inc., U.S.A)E A&3}%
g T2E9 AL 14 mmE BF 2 &5t

Fo] AEZE 7t F BF titanium AES
E&2)719] Ti-Core (Essential Dental Systems Inc.,
U.S.A)Z o] &3ttt (Table 1).

A2 4 mm WolR Lol 2} Al 2wle]
AzALS] AN wreh 2% 34 B TrE AelE

A3t & BatalA A 2A|Q) Panavia F (Kuraray

Co., Japan)= A&AsIAct &AL 4T FAR
735}515% dHE JrshAM EAEE SAA7) 2
& ol AN AT
X]‘Jr-tv'-e A A3B7] Ao 7&?3“{] A71e] A §
82 EA3 & A5 H2 putty matrixell Ti-Core
g FAste 2B B3 23 AFAA =
ol & A3},

o
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o] A87t F438) Zskd F A 298 U
g 72]9 (Digimatic Caliper, Mitutoyo Corp.,
Japan) 2 &4t A7 &t rpE-elstsnt.
Fol9 Foly W-HE AA oz HZE 6

mm, 22 2mmA 2, A 4 & 1 mme 3
233tk
A9 Aole YAATE AFstd 48A417HE<t

A2 FF Hasgint.

3) Xl

AFANE A1 A3 Sirimai 7] 243

PR 2o], A2E 5 A2 74 °F 0.2 mm
FAY d2FE B F Ay 24 st 4
mm7H] 271583 okZE8#H A (Jet, Lang Dental
Co., US.A )l Zrjstsitt. Auljojoidl xotg F2¢
3t #|o} FFo] £ 45 F °|F=F Fujs}
A3, otA-AR At F A2 Ax2E MY
g A2 EZ3A (Examixfine, GC Corp., Japan)2
hAste] LR FA AFJHE AdsATh
(Fig. 1).

485 93 53] Az FFAE7] (Che-
wing Simulator, R&B, Korea)E o] £3la] AlHn}
O H4& 5N, A 55N, B 30 N9 &L 1.3 Hy
2 10834 36.5Ce) FFolA sl a5
i Hol'ac}:‘\__' o3& 45 & o| FEE 191, 3
A = é%‘ﬂ"ﬂ’ﬂ 2 mm 3Pl A st
HedlE AE T8 T AlHY AHARE Setoz
54 o 47&511] &L AlHd| Eﬂ?‘fﬂ 0.5
mm/min®| crosshead speed® A3FE 7}3tod
A= g 2 (Fig. 2. 3).



Table [. Materials used in this study

Materials Brand Name Manufacturer

Carbon fiber post C-Post Bisco, U.S.A.

Glass fiber post ParaPost FiberWhite Coltene/Whaledent, U.S.A.
Titanium post ParaPost XH Coltene/Whaledent, U.S.A.

Core material Ti-Core Essential Dental Systems, U.S.A.
Cement Panavia F Kuraray, Japan

Acrylic resin Jet Lang Dental, U.S.A.

Addition type silicone Examixfine GC, Japan

Fig. 1. Schematic drawing of specimen mount-
4 ed in acrylic resin block with periodontal liga-
ment-simulating silicone. Arrow indicates 45
degree direction of applied load.

Fig. 2. Chewing simulator. Fig. 3. Cyclic loading.
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4. EAEY

BAFEd thsled 95% Mg gFoA PR
TAoR 7} F3te] BARLE o3t Ao|7t glE
A} Loty gt Scheffe test® AFEAZ &1 ct

1.2 2
1. BEYE

zt AlEF 107H8] 9] HHEEE F Ae AEe
gasx ggich, FatEd @ FAAEE 95%
Mo dYEEd o2 BA A3t 47,
carbon fiber EAEE 483 172 37384868 N,
glass fiber $2EZ £53 272 343.1+62.4
N, HZ2F< 440.1+87.2 Nog Jeht} 2 Z719)
SARcZ 4@ Aozt AT (P=0.066)
(Table I, Fig. 4).

2. dlojete

C-Post +28 128 5] A2947 3¢
2ol-A12 AR LS BT Zo-A2 AW
S8 370e) AR F kel AldelE o] R
TrEY g SusgT A2HEE B 57
o AReNE ofaBAR 25 ye] A2uel

Table 1. Failure load (Mean = S.D.)

Groups Failure Load (N)
C-Post 373.8 £ 86.8
ParaPost FiberWhite 343.1 £ 624
ParaPost XH 440.1 £ 87.2

S.D. : Standard deviation

FEHUL BF A2 AR 5 Aoz A
Fate= AAR HEME Bt 11 5 4719 A1)
Ae 5 1/38 9 1/39] F 19 s Mo %
A29 £FUMA] APHAR, o2 T AHL &
Z 1/30] 3= A2 FAAR] EEeA] &

ParaPost FiberWhite® 453t 238 173 $A
A 5709) xZakE s 3o Foy-XE AW B
& Bt ;- ARdA sAd 379 AR
F 5 M9 AlEE 3ol YR TAE AHdME 3}
AU AZHE L Bl 5749 AlHe 2% oA
2 BE LA BAEAT. O F AT FA
Rol 2he BAHE Hole A9k FARA &
ZH7AA] A Mo] MY H-7t 42 shiy B
S, the 37l AJHLe i Mo] £ 1/34) =
gslo] 2] £EHA] AP A st}

ParaPost XHZ 83 372 8712] M#H 25 X

oA At ZE AlHAA @ Me] 22
FAFAN EAARA] =2, 1 F e
AEL olaEEA EF A P E s Mol
FEEAY ol TAES YR EoA X2
Azmoz A8d spdMolr}.
%, 177 23 A 9 A3 22 titanium X
f27e 725, ZE AlHe] A0S ik
193, TAEAA Y] e R @9} (Fig.
). '
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Fracture strength {N)

.

C-Post Fiberwhite ParaPost

group

Fig. 4. Mean fracture strength (N) and standard
deviation



Group 1

Group 2

Group 3

Fig. 5. Failure mode of test groups : small numbers mean the frequency of fracture.

A7 E 9 A Fdl HAE FEE dotR
TN B4 A 202 HEEE 9 Hee
Ag e skt

Cormier 5% quartz fiber AE, carbon fiber
E2E, 2%9) glass fiber EAE, titanium EAE,
FX F2E-FO| R FEG Xold Ug FHAE
Ao A glass fiber EAE % FibreKorS o] &3 &
gro] frolsh W HAREE ERoy, e T
o @) A2 L BojA sttty Bagh v 9l
t}. Akkayan 52 titanium £AE | quartz fiber
¥EAE, glass fiber £AE, zirconia EAEE o] &3}
of 53 Aot dis) A =t AHWtEE 1
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um EAE FolAnt BE AHo| 229 £ 1/3
ol&tel A AAH AT ATt

A AFEAMNE QA3 T2E F3 titani-
um EAE To| BT {23t zolrt 9gE
B o} Stockton?t Williams™®9] A7l A& 3t
ol o3 FAYE A A7 H/AsE T2E
2 FEF ZL titanium EAES 0] &3 T3} 9y
FEoN 9@ Zo)E Heolx] dkdm dH,
Isidor S¥& =2 ¥ AE-F0]9} 7|4 Z4& TAE
carbon fiber £2EF o]-&3l] $E3F X[otef gt
HHaatE A4 F2 FAE-F & o] &3t Fo
foaA A WEaFM Addgtia Rad
v} i}, ©]9%= carbon fiber EAE, titanium ¥4
E 9 32 FEF TAE-RE o439 FEF
2otell thafl 1,000 9] EeA ] 2 50,0003
wHEetE F AR EE S5 A, Aadst
3 ¥AE 77 titanium E2E T E 938 2
o]& Holx] gkstm Fx TAE-Fo| FL& ¢ F
TR {3 & AR EE 1o e 77
2] E AHe] (Z9E ¢ 2ty RusR,
2 dFdME d/Adsd TAE 77 titanium E
2E F7holle AT BAFOR {23 Ao



7} 9l
Ao AFEL W1 AA sPE 2~3 mm7HA|
oAzl st thFE vHE}EFS
A ggtom g B Aol A AU
YU, 44748 X 2E7} titanium
HE}EE HolAA o o ¢
Eﬁ’:]. g ol /\ o]
2 ATl *UH%V‘“’ GCRRASIC] E*Ev—_‘
°l titanjum E2Eo| vla] X 2pdo] A2
g Bgoy A AJH F dFel FAEAL "]
Ego]—X] oy} M87tslE ¥TAEE o8
o A2}AL B A 47} FNOE BYS
3, B x2o] Eujd ofmd A AelA A
31t % 7 7HEH C-Post #©) glass fiber TAE
< ParaPost FiberWhite &l v]a] 2] 54 3
=7t o A Age Bgou fode sle A2
2 AgEY. G788 T2EE o83 A
2 2ad ol A depdA 8 89 F9 R, A
2o & JgE /A F U= SAFY Ao
2 A7 8 4 o). Torbjorner 5”3 Martelli™®

o]
T
FY3}

o] Aol i, Aol A 741’“: 12~18.6
GPa, glass fiber £2E2| g3 AIGFE 30~40 GPa
ol i | carbon fiber £2E2] Eygﬂ] Sl 45~215

GPa, titanium EAEE 110 GPaclgtx B13ts
=% :LEiL} carbon fiber EAE] thal] A3} 33
s 815 713 A%l 125 GPadl ¥Hd, 30° 4
L2 35S /1 A$e 21 GPa2 Exud A #
o] AT g st 7he ekl et & Aol
T UTE AN et Ut

2 499 Ao, olsh Lol A2To| F5E 4
Sl BYAGTE AT FAR Ermds, A2
o $EE BATIE BA A2F Fold S
AZAA ADHAS H2Y F 98-S HAZYT,
aey SAHQ felde B & glovt, 2w

AE7} titanium EAE

=
h

fr

2 dF BFdA Bo ]ﬂﬂ] Shgiad
Ag B AHE F titanium EAEE
el AlAE A3 BE A|Ho] X 2o] X
AR gl AR, dEE of=
o] HAP AAR ZoldA HER ol

D EL
o] &

~r>474r-?\$—§'

s
nig o
el
t} o
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AL Axd a5l g ¢
oA 2| 24 o] ‘i'—fi‘ 4(fulcrum)_o.i 2-g5te] Az
S

A golojAjd § 7HE 7hsdt
Al g}, olg 2L IS FF FR8AEN FE
ol &3 SHEE #4 ATE Bl S A5

£ gdertdga e
E/\E_:roli Alzdlo] dig in vitro ATA] A #
Bol gg oo o] gith. Assif T3 2

o, A% +20] ol ok BAE-20] A28
Qo] EHUA @ HER B £ES wehe

73 Heydecke 5293 2], 4743 5U 3 87
A& E A3l ferrule? X @ FEo] HasitE +7
o] 27lo|t}. Cormier &'¥< carbon fiber £~E. 2
%9 glass fiber EAE, =4 £AE  titanium £
F2 IAE-Fo] F 659 ELE A2"d O
& FAYE A8 glass fiber E2E 5 31<)
FiberKor ol¢jolle )3 FEo] 57} A ~g17ke) 2}
ole] fofdt FTFS 7|NA FRkeE Bag vk A
th B Ao xE TAE Al2Hd 0 S5
9] xfo)7} Aol vl = Y-S dole Ao
AFe FEHo|Qlong X £EL FietA] &
ot Fd AFA forrule Fof 2 2 # FE o
g peirl e Ao AgHEY %3 Butz B

im

r

e 3% ABOR FEV A, EANGIRRE
A ATE ANT 5 ot AREABOR &
23 499 TE 298 92 +E Ui 9
Sk £ A% A AUlHoR 359 direct E&
Es} 201F ol g3 oBE 35 AVREAT 2
£ TPP F& A7 8 Aoz AzE

)
e R
e
mrﬂ_odi

R

Pk Asd A5 AR
AEBAUE AP Wk

& 34 gotone 95
Azt 3 BYALE FUE
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AE 2o} S-E2AE AR Gl 9T S
Fglomz B AT At 94 A8 o 3 1

2% dart vka Azkei
B A AdRiete] Zdojrt ¢
Hg A 2TA 4mm ZolAA 2 *é ak3le.
2 A2 FFd TrEQ 7‘01E st @3k
o} B Ao AHgE X129 dol= ¢ 10~14 mm
gonz ¥FAEL olmzdyz BEEYWE 2~6 mm
Zol7tA FAHALE. ol Aol A3
EAE B2 L olagH e Erld
X 2% 3 B&o] ofa e EnljE=]
2HT o gL Ago] b TS omlse,
2E8 #7)138-8 WA AME F2E o

'1

o]
AR

e F

0 “1‘1 —TA
PFl o AN e

- 5
rlo

o] uf o]/d-o] '1}_4 lx%o] ?‘5}‘51‘0] 9»]\01015 J.24>o 7
s ojZlo] Alzle] awe] 9FE 71HE 7t
TAE A7 £ ¢ ok Holmes 37°& I2ES

Aozt A2 Mol &8 EXo| nlAle ddl
g FFAAEA AFelr], E2E Zo|7} A
o me} AT FYel A go| FA B
Tha Bagh v glek, oo wham ¥2E Zolo] 3}
A7} A2 P4 e 2SR AT % 9l
o, o) S A7E ¥ B2 Lol
GEd T B35t on) Qe 2AES Rl

F2EQ| HolE A A 87 Al D}%‘:ﬂ olz
2% 93¢ o AL eold A4 YT de g
ZHolt}, Je ¥2EQ ol Y

me d3e R FeA 9A @

HRoletil AtRE

o

m\7>

& R 5

X~ ESﬂr tltaruu
AFARA 7} A"
W A 3hE 4mm
Fofata 1039 vHEstE gl 755}
A7z e A FFE dolHsta, o|F 3}@] E}
7 2& Ad7E At

1. Carbon fiber ¥2E9¢] C-Post &% glass fiber &

2EQ9l ParaPost FiberWhite #, titanium X2~
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E2] ParaPost XH w3l 10ut3] o] HtE31=
Z Aol o5t AT EA AR 59
3 zpo| 7} gl (P).05).

. C-Post 3} ParaPost FiberWhite & 212 5

) Almel H23hE & S99, titanium
EAE 72 ghe) AR BF A2oE s

A

. C-Post 2} ParaPost FiberWhite &2 2% o}

AE#H A block FNA FE =LY, titanium

E2E T2 1749 AHe] ofadyg oz Zn)
A A 2R R = spMo] BFHA,

ol4te] ATt AP He7EE TArER FH

73 , titanium EAEZ o] 83 4 $-9} HlwA|

SAZTE @ Aolzt gl RFLJV*O] e

% E%‘OL} AFA A7} g e e A

Fotd s fAlgk BAITE A E EFEtn

Tpdo] AT sbsdol FME ¢ F U
Skt |
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ABSTRACT

AN ANALYSIS OF FAILURE MODE OF TEETH RESTORED
WITH FIBER-REINFORCED POSTS UNDER
THE CONDITION OF BONY RESORPTION

Byung-Woo Lee, D.D.S., M.S.D., Yang-Jin Yi, D.D.S., M.S.D., Ph.D.,
Lee-Ra Cho, D.D.S., M.S.D., Ph.D., Chan-Jin Park, D.D.S., M.S.D., Ph.D.

Research Institute of Oral Science, College of Dentistry, Kangnung National University

Statement of problem : Fiber-reinforced posts have lower modulus of elasticity than
titanium post or cast post—core. With this similar elasticity to that of dentin, fiberreinforced posts
have been known to have a tendency to reduce the risk of root fracture. However, there were few
studies on the teeth restored with fiber-reinforced posts under the condition of reduced periodontal
support.

Purpose : The purpose of this study was to evaluate the fracture strength and failure mode
of endodontically treated teeth restored with fiber-reinforced posts and titanium posts under the
condition of reduced periodontal support.

Material and method : Extracted human maxillary incisor roots were divided into 3
groups (group 1 : carbon fiber post, group 2 : glass fiber post, and group 3 : titanium alloy post).
After coronectomy and endodontic treatment, teeth were restored with each post systems and resin
core according to the manufacturer’s recommendation. Then, teeth with simulated periodontal
ligament were embedded in the acrylic resin blocks at the level of 4 mm below the cemento—enam-
el junction. Each specimen was exposed to 10° load cycles with average 30 N force in 36.5 C water
using a computer—controlied chewing simulator. Loads were applied at 45° angle to the long axis
of the teeth. After cyclic loading, teeth were subjected to a compressive load until failure at a crosshead
speed of 0.5 mm/min. Fracture strength (N) and failure mode were examined. The fracture strength
was analyzed with one-way ANOVA and the Schéffe adjustment at the 95% significance level.

Results and conclusion : The results were as follows.

1. There was no statistically significant difference in the mean fracture strength among the groups

(P.05).

2. Carbon fiber post and glass fiber post group showed less root fracture tendency than control

group.

3. All specimens with root fractures showed fracture lines above the level of acrylic resin block,

except for only one specimen in group 3.

Key words : Carbon fiber post, Glass fiber post, Fracture strength, Failure mode, Periodontal support
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