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Retentive bond strength of fiber-reinforced composite posts cemented

with different surface treatments

Hyunsik Roh, Kwantae Noh, Yi-Hyung Woo, Ahran Pae*
Department of Prosthodontics, School of Dentistry, Kyung Hee University, Seoul, Republic of Korea

Purpose: This study will evaluate the effectiveness of various pretreatments when fiber-reinforced composite (FRC) post is bonded to endodontically treated tooth with resin
cement. Materials and methods: Canal shaping of FRC post (DT Light post, Size 3, Bisco Inc., Schaumburg, IL, USA) was performed on endodontically treated premolars
at 1.5 cm from CEJ. Samples were divided into 6 groups of surface treatment after conventional washing and drying to the canal. Total of 24 FRC posts were randomly
divided into 6 groups of surface treatment as follows: Group C: control - no surface treatment, Group A: airborne-particle abrasion (Cojet sand, 3M ESPE), Group S: silanization
(Bis-silane, Bisco Inc.), Group M: universal primer (Monobond-plus primer, Ivoclar Vivadent Inc.), Group AS: silanization after airborne-particle abrasion, Group AM:
universal primer treatment after airborne-particle abrasion. Pretreated fiber posts were cemented with resin-based luting material and photo-polymerized and cut to the thick-
ness of 1 mm. Push-out test using a universal testing machine was performed. Bonding failure strength of post dislodgement was measured and the type of bonding failure was
classified. Data were analyzed with Kruskal-Wallis test and multiple comparison groups were performed using Tukey HSD value of rank test (¢=0.05). Results: Group AS
showed significantly highest bonding strength. Group S, group AM, group A, and group M showed lower bonding strength in order. The control group showed the lowest bond-
ing strength. Conclusion: Surface treatment with silane showed to be the most effective of the surface pretreatment methods for cementation of FRC post. Surface treatment
with universal primer showed no significant difference compared with no surface treatment group as for bonding strength. (J Korean Acad Prosthodont 2014;52:113-20)
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FRC posti= &7 Al E 9} T3 Aol o] Z 2ol o] 3] f-2] 2
S A g, A3 Alo]2] 2 A H (dentin/resin cement, resin
cement/FRC posts)2] Z 4 3} 7 ko] oj&] A Et). 23 4=
2] 5.9 Al 9212 FRC poste} # X1 Al Eo}e] 2], °]
H Ao me 2 ABA, A, TR B82S, AlgE
B 24, Ea) 3l CAactor 50] A5 )7 Aldl E 2} FRC post
o] 443 Qe Asto] thkat HAA2)} Ao} W
AT 591 t}2 20113 Goracci®} Ferrari, Monticelli S6& #&1 11.2F
Gl A FRC poste} #l| 2 ko] A 2He- AHELA airbome-particle
abrasion, #] 0] A A 2] of] 2] g} 7| A A A 2] o} A T B3 33hA

A& 2B A&sto] Y2 AEE F7HAZ & Aot
Esi=g

Monticelli 5 FRC post} #| 7 Al E o] 4 2 E~E F
o] #7371 84E 7IAA ) A2 W 02 A A Bto] glass fiber
E wE3AA Add A A Rz 23 EE T7ME
4= UThaL &4 T Kut 5 Yenisey S} Kulunk®2- 7] | 4] Hb] 2}o
2 = O o AN e & AF s etk

steith s QubA el Qo] nist 71 4§ ARkl
o

A0 T A, S8 dold T Aelie 27140
% 2419 27ks] 2 Qefed A slo] 17t
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A e glo|E =2 A I e S Ho|= A2 VeV =
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B skt

722 Eejoluliz /<A 22 o} A m el mhe A2
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|- Zglo]w(universal primer)7} 7] EE T} ThE- = Z2jo]
He 71E9 ZEtA gy 3 g7 Agto 2H8-3l+ silane
mearyiae 4 ol 1345, 232} 0 Aelo] 851
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FEFAIA AW, TG ATl A vheFek ER o A &5 o]
FEE QA e WakE Hasn Aok
20119 Kim 5538 t}8- & Zaglo|m & o] &alo] Zatx Algt
o, 724 1] %%ﬂe:wqmﬂaﬁﬁa4ﬂaﬂ$
7 AME Ak A3 = AT A AF45] &
@ ARl 1 Sablnlsh 49 49 5k 2
Bt 2010d AFo A= o= Zafo]w &} alrbome-partlcle
brasion: 252 471 2 23181} 124134 213l )
o] Y4 gl AFE HolF 1 9T Taia 552 2011 AT
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S ke e AL d sk 24 A
1At x| =S CEJ 314 18 mms] & 2 Athslm, T2

RpelA] A BoHe A4 AT 28 o] §3to] 15 mmz
§_J(Tﬂ 2138 5193 th. NaOCl solution ©_2 A Z 5}o] | o] 7
£ o]-g-afto] AZ3I3Th 23 W5 37% Q14HN-etch,
Ivoclar Vivadent Inc., Schaan, Liechtenstein) ©_ 2 1037t AF5-21 5o
2027 A Z, o)y EQIE R AZ3I T AJH A2 A
2EQ A& £ 02 Ak £ Y E% 7FE 6 mm, A2 6
mm, 3°] 4mm¢?] teflon moldE- ©]-§-3}jig (Patter resin LS, GC Co.,
Tokyo, Japan)Z- 4| 25} 51 TF. A H] ©] ©] (Dental surveyer, KW-L, GC Co,
Tokyo, Japan) 2 o] &-3}o] W ol] 222 © 2 translucent fiber post (DT
Light post, Size 3, Bisco Inc., Schaumburg, IL, USA)e]] jigS- F-2+5}1
CHFig. 1).
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Fig. 1. Schematic drawing of push-out bond strength test.
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Fiber reinforced composite poste| EH &z|of w2 H& 2T

FRC posti= 67119] 150 2 vpro] WA ] 844 2 Uz
T3 FAA 2 S Al oA 7RO T O 2 U@l Th(Table 1).

t}&- = = g}o| 1= Monobond-plus primer (Ivoclar Vivadent Inc.,
Schaan, Liechtenstein) S 41 €4 5}%3 t}. Alcohol solution of 3-methacry-
loxyprophyltrimethoxysilane, phosphoric acid methacrylate, sulfide
methacrylate ©. 2 -4 = o] 9l oW A ZALe] X Ao whe} EH
2] sttt nlo] A2 B4 2 60Z27F =Xt a Ao A
Z33th

Al 2 2] 2] = ethanol-based silane coupling agent = unhydrolyzed 2
bottle system<] Bis-silane (Bisco Inc., Schaumburg, IL, USA)-S- A1 €A
Shlek. AlzAe] A Aol ek Eqele] 027 A4 F A4S
SRR =N

Airborne-particle abrasione X A&7 E F7IA A H & H
= HolE &7 E 9o, FRC post 9] o ZA] #7714
n| A 71AA 02 A ATt 23 Def(quatz)E =EAZ
AUtk o]dd E2EQ FHlo gk A& ZF st At
g7 J2Z A § A dr o] AFexe X154
o] A A& 7}58} intraoral sandblaster (Microetcher IIA, Danville
materials, San Roman, CA, USA)E- ©|-8-3}¢] airbome-particle abrasion
= Aldstith 2B A8 I 24 0 2 10 mm A 2o
2] 15%7F2.5bar®] 942 © 2 silica-coating alumina particle (Cojet sand

¥ o X

Table 1. Group classification (n=12)

Group code Specimen description

Group C control

Group A airborne-particle abrasion

Group S silanization

GroupM universal primer

Group AS airborne-particle abrasion + silanization
Group AM airborne-particle abrasion + universal primer

Table 2. Materials used in the study

[30 um], 3M ESPE, St. Paul, MN, USA)S A&-310] %9 2] 31
THTable 2).

AS9} AM A & -2 aitbome-particle abrasion 1 %] 2] 3F 5 2
zoh3, 2 AR Eei A Aels 4 Zejolo] Agle
R EEL

3 A 2] FRC poste EAE 2HA ¥ %] o] dual-cure resin
cement (Variolink I, Ivoclar Vivadent Inc., Schaan, Liechtenstein)Z- A}
Sato] H2st o A xH 32 234 Syntac primer, Syntac
adhesive (Ivoclar Vivadent Inc., Schaan, Liechtenstein)©} Heliobond (Ivoclar
Vivadent Inc., Schaan, Liechtenstein) S A ZA}2] 2] A of] u}2} 2] -8
&}1 transhucent base 9} Catalyst S &-315to] A X2 € LAE 0}
SEREREEENE

3. AlE X2

2ol HAH FAEE A 15 mm, =0] 18 mme] Y&
Z3] o) o}z 2] ¥ 2 (Orthoplast; Vertex, Zeist, Netherland)<- 0] &
sto] ot & Aotk A A &b 9fste] FH] s A2
< 3ol tho| o} = H(Isomet diamond wafering blade, Buehler, Lake
Bluff, IL, USA)& o] &3] A &A1 mm Al H T4 &
7EA ], 2| o] 252} 315 718 3] push-out bond strength test
Al E2E o s debd = 9lus Slginh AP X 2E
©] 75 10 mm] non-taper 9] of] A|2H = Q=5 811, 7t
2o} 371 ] Al 0 2 F 12701 9] Al & A 2ot

4. Push-out bond strength test

A& 73 127] 9] A S =18} 31, push-out bond strength testS
9 ted 217 0.75 mme] push-out pluggerS A 25} 31 TH5-A] & 7]
(Universal Testing Machine, 5980 floor model system; Instron, Norwood,
MA, USA) 2 #8lel 2 Aol 7iA) Hejahg o Ag A
FEE SN T s S8l 55 78 fd x5t

Materials Composition Application mode
D. T. Light-Post (Bisco Inc., Schaumburg, IL, USA) unidirectional quartz fibers (60%),
epoxy resin matrix (40%)

Variolink II and bonding agent

(Syntac primer, Heliobond)

(Ivoclar Vivadent Inc., Schaan, Leichtenstein)
Bis-Silane (Bisco Inc., Schaumburg, IL, USA) Liquid A, B;
Ethanol <95%
Silane < 10%
Monobond-Plus alcohol solution of

(Ivoclar Vivadent Inc., Schaan, Leichtenstein)

bis-GMA, urethane dimethacrylate,
triethylene glycol dimethacrylate,
ytterbium trifluoride, barium glass, silica

apply 2-step etch-and-rinse bonding

agent; light polymerize;

mix base and catalyst 1:1 for 10 s;

apply; light polymerize

mix with Liquid A; Liquid B 1:1 for 10 s; apply 30 s; air-dry

apply 60 s; air-dry

3-methacryloxyprophyltrimethoxysilane,

phosphoric acid methacrylate,

sulfide methacrylate
Cojet sand (3M ESPE, St. Paul, MN, USA)

silica coating alumina particle (30 um)

pressure 2.5 bar; distance 10 mm; during time 15 s
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Fiber reinforced composite poste] EH &e|of w2 H& 2T

AP EE 0.5 mm/minC 2 X ZHo)| A X BE2 Bl 7}s
of X2E7HSEE EF SIS thFig 1). @2t 3 X AE 31 A
o] Hdf stz N9 = S oF 3 thTable 3). 5 2 2 =5 3 7}
s17] 98kl ZAE H2 W8S Alslste] S4H i v
7} o] A AT

A=2rrh

AFEL T2 314, T g2 TAEQ X EH h g2
AlH TS o] 8-3}] AF=(Digital caliper, Mitutoyo, Kawasaki,
Japan)s}Si .

AL HAM

b. Aluf et =4

02

I BT 240 BE ANE 4009 AN

S BRIt A4 A|H & A A} B) 7 (Stereoscan 440,
Leica Cambridge Int., Cambridge, UK)S- o] -&-5}o] 3 2 A 5j) oF
A Ee AW s 3 A Fe o 2
o] ®-FaFTh

- Advesive e wi post 3£~ 5} ) A9 E Aol A 2] 7}

- Adhesive failure with dentin: /J-o}2 3} 2] %1 Al #l E A TH of] A €]

531

- Cohesive failure in post: £ A~ E 2] -3-3] 117

- Cohesive failure in resin: & 7 A|H E o] 2-%] 1}2

- Mixed failure: 34 2 A|'H 0} o} 8- 9] of 23

6. A4l =M

E A 8212 SPSS 3 2 13 (SPSS static 20; SPSS Inc. Chicago, IL,
USA)y& AHE-3kSith St 3 2 ok 325 AL, 329 A 2o
w2 A3 0] %] = Kruskal Wallis testS- 0] 8-5Fo] £-415}%]
AE T 7o) v vl w AR L A33Ee] Tukey HSD value of
rank testZ ©]-§-5}o] ) w3t BE FA A 3] FEe
95%2 31 THP<.05).

Table 3. Push-out bond strength (N) (n=72)

2 II_I.

1. Push out bond strength test

3 179] pushout bond strengih testi= 2 E 0] et ]3] A]
e 28 7)1 49| Ao o6 tehte A dENe
57 A5 B THTable 3). A 3w 1271 9] A]9 ©. & push-out
bond strength testE- A1 3HA 1L, S E FANE EAE A 0
2 Uro] Wl WA D shal Al el (MPa) o2 W gek el
(Table 4).

A =2xrh=1/2radius, h=height, 7 =3.14; A [MPa]

o2 3] A Ha) 7MY =& J2 AEE S

S 0 & S(10.82 & 3.84 MPa)ol| A =& A2 ke AR S 1
ol
AN

E
2 B9 Om(A90 + 167MPa) M} AMEo] A &= 2] & whel
zto] & Kol 2| 2SITHP>.05). AT, S, ASw-9] Al 71A] A3
o A th T2 9] & vk A 2 7= Zo] 7F UERETHP<.05).

Ma& 273 Awd) SAIA 02 7o) & nhgh xlo] & B
o|7] ggkon, 53] 2T HE =& 79 Lo
Ueh A ehtHP=917). x4 o &2 A& d
(S, AS) (P<02)Z}= -9l & Whet afo] & BTt} MSke 4
B2 8 wal7] 938k typical schematic box plot o & & 2]
THFig. 2).

AT STof| Hlg) e H A A ' FES BAAIRE o2
= o] & gk alo] & HA T AMT 7 AST P=09 <2
frolaks Hol= o2 Uyt AT # AMT2 9] %
098502 A 2] 2 7o) Afo| & HolA| g AL 2 A 5]
Atk

F
_J

Group C Group A Group S Group M Group AS Group AM
Mean 25.59 41.88 56.32 35.76 68.11 4323
SD 9.51 6.13 23.82 14.11 31.26 20.64
Lower bound 16.71 3432 29.17 21.93 2294 28.74
Upper bound 40.50 50.83 92.70 69.69 110.00 98.94
Table 4. Push-out bond strength (MPa) (n=72)

Group C Group A Group S Group M Group AS Group AM
Mean 490 747 10.82 5.88 11.72 7.55
SD 1.67 135 3.84 1.70 429 251
Lower bound 3.26 5.51 6.55 426 5.67 5.86
Upper bound 6.79 9.20 16.96 873 17.67 14.01
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1600 1 - A A= 3 T obE AR Betn B o r B35

- } S o), el A w7l AMEste] B AW A Py

S o0 (90%; achesive filure with poste] -2 FEREE.m], Mol A 4]

3 E Q #)7 All E o}o] 7 2 4 5| 1] 8(66.6%; adhesive failure with

500 Q post)o] A YEFETE AM(58.3%; adhesive failure with post)ol] 4

. | T {2 AW A ol FE BEE U STH(45.4%; cohe-

000 sive failure in post) 7} Aol A= A 3f Fdo] thg vl e = o

C A S M
Group

Fig. 2. Distribution of the push-out strength value (MPa).
*statistical differences [C; A, S, AS], [M; S, AS] (P<.05)

Group AM

Group AS |

copy

cops I

Group A _ [ N
Group C |

50%
Fig. 3. Distribution of the failure modes following the push-out strength test.

0%

Z At E3] ASH(45.4%; adhesive failure with dentin, cohesive
failure in post)o]] A &1 1 Al E 9} AYo}zl o] AW ot 9} I AE
o] 23 513 v o] %71 Ehdeh. BE Hol 4 Aolae) &
A sl T2l ) 5ichFig 3, Fig 4)

W Adhesive (post)
Adhesive (dentin)

m Cohesive (post)

N Cohesive (dentin)

B Mixed

100%

Fig. 4. Example of the failure types used for classification of failure modes after push-out bond strength test.

(A) adhesive failure mode with post (100 X ), (B) adhesive failure with dentin (80 ), (C) cohesive failure in post (100 <),
(D) cohesive failure in resin (90 X ), (E) mixed failure (120 X ). Black arrows indicate the remaining resin cement. White arrows
indicate the remaining dentin.
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Fiber reinforced composite poste| £ Xz|of e M& 4%

AEE o] & =
FRC postd] 54182 AL 4= 9=
0}7«] o} Al a]-,] Qe /\] oﬂ% /\1%;\] /\919] 1_E-|”

kel Abaefor Ut &
2 Atol| Al = preactivated sﬂane (3-meﬂ10xys11ylpropyhneﬂ1acrylate
slane) s} v &/ 2 51 of Ezfolvl 9] 23t TR Che
T Zglo]r] £} 2 bottle A] <&l 4 F(Bissilane, Bisco Inc.)& A3}
AT} 2 bottle A] 2l A 2-2- silane coupling agent (3-MPS)7} AH =
werlsh B8R A el Slo] 243 53, Fo) 24
o} upepa] ZE-3k vk A] 7ko] & Q 51 acetone/water base ?-4
$ol7h S} A Aol BAS|olor AU 1A 7

=2 98 5 910h Hooshmand 5-7-& 2 botfle A] 2~ 2 k2] ok
2 A<= S5t %%‘—?—Mﬂ%‘t 3N A P
ot AR 23} ARt ated & Aol A= Al AL

of A hek ﬁ%@}m a0 AT 5 el
K 4 &} uk 0}74] ;,L =2 e 0 1, aitbome-particle
: =7k Z7hISI,
ot ] A8 A4 F 580 i ele] A0 A
ISR Bl 15 3715 39 ddel 2714
Q1 D8] Z a4A] &Skt Monticelli 5-*l] 2] 514 A ko] So) &
001 25 AT 0] e 210 350 A e
thel sl 413 Ao 2 botde Al 2ol 4 L2l o]
240 R+ 313 727} W3kl probhydolysed MPS 212k
oﬂ/q ozo] ATglo] obdE AR e el 12 7
S o1t AR o) 4959 1, Bule] B
Z?ﬂ’ HH-g-2] ol &S - = JThaL Sk tk AR
Aol 4ol A3k E B0 ol ARzel TG §
o] A zef o] gk i glE e alfof & Blo|th.
FRCpost] of| ZA] |71 7] 4 & F3F s ¥ g7l o 2 §h3-A]
| 93 58 v 93 A w3717 A& 520l 3] ¢
2 Alwl E ofo] A g o] Yol x| A Et} 17l o] = FRC post
M-S H2 A 7] A, airblasting, hydrogen peroxide 5. 2 o]
ZA] P71 A ste] de(quartz)E =F A7 s A8
sh= Zo] Fasth? Izl 55 JJr A 23 o} FH
silica-coating alumina particle (Cojet sand; 30 ym, 3M ESPE, St. Paul, MN,
USA)S Ab&-sle] M e Bgk 4 2 g] Ao = E o tribochem-
ical coatingS- =-3}e] FH o] silicatized surface 2 W& T o] Ak
methacrylated monomer$} BH-g-5}, o] 2= 2 ghof] o)) &% & =}
] 7L§1r 011;].21
T2 B -0 A & airborne-particle abrasion 3 A1 € 2] 2] 3k
237 9= Ag 11 Ao HH JrE §od ul 2
0] 2 w0l skek. ol = ATl AHE-Hl 2bote 4] 213 F
2 #13}9] FRC posts] | 2A) e7) Fie] 5847} w840l
Z7Vsele A4 3k 3 o] & A =] Q) 2.1, airborme-particle abrasion

o

o
=5

i

118

A o] £ A 2lol] o gk w|A| 7| A4 A2 g3} v ket
24248 % 510k A ribochemicalconting 59 2] <]
FRCpostel] 42} 7 e st -9 559 2fo] & Hol#] etk

Anagnostopoulos =22 1|7 443} 1 bottle 2] o] 2 bottle 21
gl Bl to] =& 7hpsl o] vl &S Ho 7)Ao 2 Yzl
Aefelke] A3 FAAITITR S 31 U 2 botle 12k
oA mlg] Estd AP & AEE Hole dF A%
T EAetH = 27} = Aotk & 04?01]’\1“
2 bottle A Fo| A =& H2 725 B om, 1 bottle?] T
ojelolold R A3 ot it el S
Qo w2 Aol o T 2919 ofsl AL WekE 75
o] vt T Zeto|wo] EJhe F&/2] 251 o} Zejo]
™ (phosphoric acid methacrylate 5)l| 2] g+ A = W37} FAE

2] A7), 53 ool FE FUL 15AE 2R 5 3
th A Al 2E o] &7t e A - EA4E, S E X AIWME
she] Aol o]} 1% 4 gloB2P e e T8 =
Blo]] % 2714 © 2 u] ek A fol e o]tk

e Zetolm & o] &3t A5, v|H5% 3291 A, A
2avjol B Ao B3 ATE B ol Fol 4 e
A% 4% A3 BelFa ek el A2y ol ¢
BA9 23 9% BES BEAI A S e Het
DHE el ole] ALgo] 718 AT e R0 E
223} A 230l BN B8 AR FEE Mol
™, silane coupling agent= A ] 7|5 t gt A= F-=35)tt. &2
AT AE o] &3te] FRC poste] £ A 2] 24 th-&-& =g}
olelel 782 W15 AT AZA A E F2Ee 71
2] 2 T8 Zafolw)] ALE 7Pe A AN G glent, &
AT Frol T W Aol & BolA] eiston), Ag R
2] A Hlste] W& HA e Ve, Aol &
74 A e E E2E Q) HX ARIES] A3} 74]‘?4_ %UH
o] F2 Jefutey. o2l @ Anhe BHeE Zejoln} o
2 Z72] monomerS ¥ 85} 11 )R] 7t phosphoric acid methacrylate
9} sulfide methacrylateol] €] g+ A o] 3-methacryloxypro-
phyltimethosysitaneo] ©] 3 2 3 .th 7245431 g A o] 7] £
T U
ZE

o] A= FRC poste] ™ * 2] WH © = airborne-particle

abrasion®} 4 £} phosphate monomerS- ¥ 815} U&= Zgfo]
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ORIGINAL ARTICLE

Fiber reinforced composite poste] M Xz2|0 [E & AT

THA - el - 20[d - sfofar

FEELEE ELRERERE LS e LR

doy

o7 BX: B 3 23X 89 X|o}o] # 7] AWl E 2 fiber reinforced composite post (FRC) poste] & ZHA] L~ E o] thakslt T x| 2] & v w sl A}
A AtE 3 e T8 Zefo]m o] B84 o sl % 7ket At skl
HTE & Wl 2AX 5E 273 T A2 0] 1.8 em o]} H & A obihs T 2470 AElsigitt. 9 A 2lehA] b2 223 A 2| S Al g
FRC posts (DT Light Post, Size3, Bisco Inc., Schaumburg, IL, US)E t}-2-3} 2+o] 67§ 9] 15 2 = F2+¢] £73}% t}: Group A: airbome-particle abrasion (Cojet
sand, 3M ESPE), Group S: silanization (Bis-silane, Bisco Inc.), Group M: universal primer (Monobond-plus primer, Ivoclar Vivadent Inc.), Group AS: silanization
after airborne-particle abrasion, Group AM: universal primer treatment after airborne-particle abrasion. 3}$3t}. CEJol| 4] 1.5 cm & #A3 3 g7 A EE o]
&30 TR H 5 24719] FRC post= £ 2451 B 5ok 0. A2 219 ol 2441 WG 5 EAE %o $20 2 1 mm 72 A el
RV 7] 2 pushiout st Al G}t EAES Bebe & 13 A0 HEE 3430 SEME Belo] 13 Aol AL BRAR AR AEES
Kruskal-Wallis test®} Tukey HSD value of rank testZS- o] -8-3}o] ZA] £ 515 tHe=0.05).
A1} Airborne-particle abrasion3- 2l 2+ 2] 2] 3 A & Fol| A Fro] EutslA =& H A e 2 B t) A & A 2, airborne-particle abrasion ¥ T} & 3
olv]2 A2l g AREe] A2 03 ZEs} 7 ERIE FRC poste] ] 574 67121 2 514 @68 tlz2olA] 1 R AY AEE B
3, 0]o] A t}-&- & 3 glo]w, aitborne-particle abrasion = 0. 2 Yo Hi A P S H Y
AE: FRCposs) 42 0 0 A2) FHe2A A A2l AN AdPoln e AT HES RYev], DHEE Zojo|o) % o] 43 T A2)
Ak vl matel frol 4 Sl 1A Zwe] WakE wol A erkeh. (o] ¢ 2k F o ) 2014;52:113-20)

FQEH0q: Fiber-reinforced composite (FRC) post; £ H 3 2]; t}- &= Za}o|w; x| 7}-& A &

* IR A wfj o2t (© 2014 T &) 7} A 813
130-701 A|&A] EET 3]7] & 1 48] i ol %] o] s}l o 3F-l X 22 8 S g @ ©] 22 Z|ololE| B AW = Je]o} AZATA-H] 92| 30 T ko] Al o] wal
02-958-9340: e-mail: ahranp@khu.ac.kr o] 8314 4= 9l ).
A5 2014 39 269 / A H FE3 Y 20049 48 169 / A A& L 2014
1€ 17¢

* o] A7 20004 & 7 2o 8 3. 78] A] o] ©] 3 7 3] (KHU-20091667).
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