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Fet A AL AS ok AR A3 AxA
E(FRC, fiber reinforced composite)& 3}‘/} TE

oldel WEgFo R AR JAH AL FFAT)7
Al =4 7148 (polymer matrix)dll 3 -&(fiber) =
HA7tgk Aoz! AFZAEQ 74 (stiffness), e
(strength), <1/4d(toughness)¥ T & = 3H(fatigue
resistance)= T2 A FEAZ F Jom Ha
g1 vt A /A2 B4 B3 9754
(thermoset) bis-GMAE At&3l=t] AHE5 Alolg
S (stress)s At MZE AFA)I|= H3A)
BN A8E o, dfe O Zo] weke R g5S
At o 7= 2 AL 57};\]7]1— 7]1—__0_ h:]—

A8 TR AK T xlﬂr FAolA AEEE 2H Y
9| % ‘ d (isotropic)?] 58 (glass) A-4& AlnA el
VR A (translucency) 3 9578 7AA AA L 7}



Vol. 36, No. 3, 2006. Korean J Orthod

Table 1. The mean thickness and width (mm)

Mg 23 AXXEQ =2l = &8 2T

Group Single layer thickness Double layer thickness Width.
El 026 £ 0.02 0.38 + 0.04 1.81 = 0.04
E2 0.26 + 0.03 0.38 + 0.03 1.83 + 0.08
E3 026 £ 002 0.40 + 0.03 1.87 £ 0.08
E4 0.26 + 0.01 0.40 £ 0.00 1.81 £ 0.08
Control 0.25 + 0.03 1.82 + 012

Ho

A&(long continuous fiber)2 733HH
FRCy %34, AEx, A8 AZ 2 recreational
engineering 59 kgt A& Fobol| BRI A
AbEEo] gl A2 2 37 A3 gelA A2
EEZ & oy £8 99 F $5E X2E
(endodontic post),® 324 RAE 2 o4 7<)
ool w ol gum glom ™ m4 Fgde AHe
= Busm ok’ 23 e FRCE AHed
e 71AA 44 A ojYor AulA, AF ¢
Aol folA g A7IE o7 AR Wl &
= ogdl o] AotV

o =

T =
A

od A
o]

2% GG A FRCE A& Ho}E 3 @92 Fe
AZ2Hconnector)d] FEIZ £E84 2HY BT T
EA ol% w9lo] Fejz Ag-H 2 2-3d9)
B 1 ANF 77 T 7 oA ARy 22
A &AQ o} i Fool o3 A mo] Aol
dojd 5 Utk AEFH oz A G Bo] A}
5 %7] o] FRCE ©] &3 132 HEE 59
48] 7% (repair strength)ol] #3 22 Hu& 91O
U w4 Al gol] AHE-He dZ22 o A
g4 A e £ HE 2w g3 e A gle
A% ol

=g FRCO| 71A1A A&l st A5 439
ISO (International organization for standardization)
FAs7E 227 g WA X7 A 77 i A&
g ¢ gle A7Id e EE AMESte Al S A
A AN A1 o] 28 A YAOIA AT S §l
= uha?e A gkt

el B oA e AE3E F FRC strips®
A wHor FUE AFsly, 2 FAH HolE
AatA T Yol A tdstAlZl & 30 33 AEs

Fig 1. Schematic drawing of test specimen. A, Thickness
of the single layer; B, thickness of the double layer; C,
width; L, overlapping length

ArEw o] FibreKor (Jeneric/Pentron, Wallingford,
CT, USA)¢] pre-impregnated glass fiber composite
tapee o] &3la] A|HE A AeAUTE FibreKore
continuous, unidirectional S-f2] 4-F7} dimeth-
acrylateE 7| 2o 2 3l X 78 g &3 Je=
oF 42 vol%] ARE Tt ok

NN S

FRC9| cellulose strip 217 Al 3} A= 715
Azgol Y& AAe] A7|E KRS, Holzt 15
mm¢! ALt Feje) AEE wEAT HA 54
7} & 15 mm¢] FRC A8 S dExTo® 39,
7Hed 99 1 mmEE 4 mm7tA 1 mm FAC R
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Fig 2. Three-point bending test. A, Schematic view of three-point bending test: P, applied load; L, span length; B, close-up

view of the Instron, model 3366.

resin)$) Flow line (Heraeus Kulzer, South Bend, IN,
USA)E A8 £ 7/hE 48 & 78] 337 ¥
FTHNAT 4 AT AHY £ /A3, AR
371 Table 19 8950 9t

AAG 71 gk R Ha FAls 026 £ 000
mm, 7F FAL FEY T FAE 039 £ 001
mm%A 3L, B HWH = 1.83 = 0.02 mm ot

AHe e 347‘5 800 mW/cm’e] light
emitting diode (LED) %% %) Elipar FreeLight 2
(3M ESPE, St. Paul, MN USA)E o] &35 x, A1H

& A BEOZ Yo 2024 5mm g 3W F

%f{ H A3l 2L P& WEsn; Az B
28 dut 5% #H1e % A 202E dAstn gle
Y 2R T8 Al Ade T R ST
a8 gy

34 7Y ¥

AB oA gEoly G HEo] o= H
T g 47 93 3" #38 A (span length = 10
mm)& A3 8+t Cross—head speed 1.5 mm/min
o &% R st A w5 AR 7] (Instron Model 3366,
Instron , High Wycombe, UK)E ©|&3&}] o 3}
=2 5?78 31 2L, Series IX/s version 8.32 L& 13
(Instron, High Wycombe, UK)& o] &d o 35
X9} g7 ot5/HE IYPZE AT HHAE) 9
ZQAe AP 001 N7x Qth G2
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unsupported endZ 2 anvilel] A|H-E S ¥3, §
?lgi Bote o vl e 7 U¥o] A3 o
A AR R £F oz e Jtetdth £
= %%E(N)gi EA AT (Fig 2).

2t AR AAUE 7 A st/ E ag=
o] AM §e] 717 2RE Faiei)

FE G

3tz= 7<= "W FRC stripsE BAX+ Zold w
2 Ao gl i Atojof Abolzt lEA] Lot
A8 AAE Hges FPsAT AAV o =e
7 HE 2 WA see e, A s

g3} 2ol ERaldc

A HAAZE 7 2o 4Hs BHE A9 (Fig
3 B. #olzl 79 §lo| &3] 371 3 B¢ (Fig
C. d5e FdHov 4= ARFER A2

o] 3l& 7% (Fig 5).

A AA AN A7 dojd 2447 7 (d =
= A8 G 8, APTE AHe] F Helq &
o2 A7) gkolx| &= critical section, Fig 6)¢| 2]
o2 3 F9dd #3 me Rl 9 &9t

_ﬁ\‘;\omﬂf‘-u

A X2

Al stFxe Hd 2 EFF HAE vpo]AEAT
Edd zzailor Attt 43T Y f9
A ARE HZ37] 98l one-way ANOVA testZ
Agst & o]zl A& A9 Duncan’s multiple
range testE Al&Pdlg AlE Zﬁ’%’% a7 = A Ko
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Table 2. Maximum load in each group

YR A8 AZNES = = 88 L=

Maximum Load (N)

Group
Mean SD
El 175 062 . ) ) .
E2 2.10 0.25
E3 2.35 0.19 —
E4 267 0.32 —
Control 2.39 041 —

SD, Standard deviation; lines with =, statistically significant at p < .05.

Vertical line denotes homogenous subset of Duncan’s multiple range test.

Fig 3. FRC specimen completely fractured into two pieces.

Fig 4. FRC specimen with bending without fracture.

74-%- Program R version 2.1 (Vienna University of
Technology, Vienna, Austria) ©] &3t #9A4S
%31, Kernel Regression SmootherZ A&t
BE F4% 3 1 343 A HAANKY AEE
7¥A) 2 3] FH EA (linear regression)2 3+ A1 s 14

Fig 5. FRC specimen partially connected with glass fibers.

ERC sirip — / ERC strip
s

Fig 6. Critical section, the arrows indicate sudden changes
in thickness of the FRC specimen.

=g Otk XE EAL B%e o] FEdAM A3

0z
A

o1

Al

3™ =

=

gor

3H w8 A48 A Ho stFA 7L Table 29 2%
of k. tizT AW FFAY HTFd S AAe
2.39 £ 041 N2 E33 3 Hls=8h} a7t B A&
FAE YT Bl 232 A9 A 48 &
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Table 3. Stiffness in each group

CHRIMAA| 363 35, 20064

Stiffness (N/mm)

Group
Mean SD
El 133 058 S
E2 172 0.25 :
E3 2.06 0.19
F4 2.32 0.22
Control 1.88 0.30 o

SD, Standard deviation; lines with *, statistically significant at p < .05.

Vertical line denotes homogenous subset of Duncan’s multiple range test.

Load/deflection curve of the control group

Mex_Farce
15

suawa

Fig 7. Load/deflection curve and the stiffness in the control
group.

Load/deflection curve of group El

15 20

Max_Farca
10

05

00
1

15 20 25 30
Dedflection

Fig 8. Load/deflection curve and the stiffness in group E1.

192

Load/deflection curve of group E2

“

Max_Forca

T 7 T
20 25 30 35 40 45 50
Deflection

Fig 9. Load/deflection curve and the stiffness in group E2.

3 fod e Aole B, E27 2 BAwaut &
o]l Xt} L3 E2F, E3TH thRT Alo]d
AR LR frold gle Aol7t gl

ket

Z+ A H e sha/Ay oz 2 A A
& Z}7} Figs 7-113% Table 39 A ) Ho] ik Bl
3} B4, 18] E233) B4 Aol 24z B 8kA
 FeAdel HAEAG A G4 A etFx 9 2
o] EAwoA HNAE 7| E31H 1 vZF R} E3F
qA B & #S 7IERds Fol Al 59
& HolAdth
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Table 4. The failure modes of the tested FRC specimens with different contact lengths

A B C
Group Total
n (%) n (%) n (%)
El 2 (33%) 0 4 (67%) 6 (1009%)
E2 0 2 (33%) 4 (67%) 6 (100%)
E3 0 4 (67%) 2 (33%) 6 (100%)
E4 0 5 (83%) 1 (17%) 6 (100%)
Control 0 6 (100%) 0 6 (1009%)

A, FRC specimen completely fractured into two pieces; B, FRC specimen with bending without fracture; C, FRC specimen
partially connected with glass fibers. '

Load/deflection curve of group E3 Load/deflection curve of group F4
21 - / ER //
_ * v Lo S //ﬂ\
® . @ 3.‘ //" V '\»
= , H AN
g - £/ \
= _/,’, \\
i 2 3 4 :': 8 ; 2 s “ ; B‘
Cefechic
Cefleton
Fig 10. Load/deflection curve and the stiffness ingroup E3. Fig 11. Load/deflection curve and the stiffness in group E4.
UH Qe AA vepsich 3 2 Table 4] 895 <] 3l
=3
3H w3 AR A3 A E gxTe] BE A w3 (bending)e] Aot F9= dixT AHdlA
Aol A = d7 AP S oo 1 94 = 7h&H FEela, AET A|HdAE F AR
ol M e k7tel zbolz) ATt 2T A% 3 AJH FA 2 A7) ekolA] & critical section©] 2L
S E A7 9 glo] ehd HEe] FeukE oh #E2 FE Bt BYHe A (failure) Y
Bsiou} bg Agee A% Ade] FAY ¥Ex ooy $A% WA adhesive) AR &< B
= Ae Wtk ElFoAE A3 24 = Home e AET + gk
z7toz el Aol 3% WA BhE YT
Ne % 2oz 94 3498 4% ol AAY & =2 2 D&
RS2 AZE 3 e e, 9% 2
o|7} AolHFE FlojA & 'ﬂE(EzliLoﬂH 83%)7F o FRCE #H w4 dFolA 1 Ao 7}t ol
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o ¥ 540 & F5ol 9P wE 5 Yrke A
& welvk A2 g} Qa2 2HD A Ago
Falo] frel Ugl Qelst vat e} ERe 3l
42} ol3he o &of o3 FFL 7] W] 717
# Jdo] padn AEAE Fzel Wy} 2w
I g FA 24T 4R BRE G
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AMEE gxlo] o]u] AMEHIH E&AQ FRC
F&4E 4 & 7|F 22 FRC ¥99 n]utg 7)%7]
2t Z (radical)®) A% g FP(free radical
polymerization)@ ¢ 2] interdiffusion (IPN,
interpenetrating polymer network)S £ & dth A
Aol BAf 1 wkgAgol 7 F wh Zﬂ 2477kl B
2 on] AHEHAY FRCAXM A9 7137 o
t? 7k % WA 7122l IPN 2 3Hbonding) & &
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polymer phase)& 7FX=H], ol IPN 2% 7144
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o7 ¢ &3] TEE Ko S TS 1E
A sted A EZ G o] AEE Z71AA IPNo| &
AEEA AT AEE ZA7)e 232 51y
A #& B3 719 g=2lo] thE fAlg v A Fo|
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zko|7b U3, FEA 9 H-Eo] & R (swollen
area)d] W3 o4 e o2 Hol= AFELR ¢

1} 2
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o

£} 45

TOE 78 dgd e 53 HR 5o A7 nF
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mediate bonding agent®] AF& ¥ >a A4 A8 ®
el AR/HEV2 5 £ glom FRCY B4 B
g ohE AT nRVIK 2 & B A7) F713h
upet el AR ZAES Bk a8y olE dF
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Bond strength of fiber reinforced composite after repair

Min-Jung Kim, DDS, MSD,* Kyung-Ho Kim, DDS, MSD, PhD,’
Kwangchul Choy, DDS, MSD, PhD*

Fiber reinforced composite (FRC) is usually used as a connector joining a few teeth into one unit
in orthodontics. However, fracture often occurs during the two to three years of the orthodontic
treatment period due to repeated occlusal loading or water sorption in the oral environment. We
simulated the repair by overlapping and attaching portions of two FRC strips in the middle and
performed a three-point bending test to investigate the changes of the repair strength among the
different FRC groups. The specimens were grouped according to the overlapping lengths of the two
FRC strips, which were 1, 2, 3 and 4 mm (group E1, E2, E3 and E4, respectively) and the control
group consisted of unrepaired, intact FRC strips. Each group consisted of 6 specimens and were cured
with a light emitting diode curing unit. Group E4 showed the highest maximum loads of 2.67 N, then
the control group (2.39 N), group E3 (2.35 N), E2 (2.10 N), and E1 (1.75 N) in decreasing order. Group
E4 also showed the highest stiffness, which was 2.32 N/mm, however, the stifiness of group E3 (2.06
N/mm) was higher than that of the control group (1.88 N/mm). According to the visual examination, the
specimens tended to be bent rather than being fractured into two pieces with an increased length of
overlapping portions. The above results suggest that a minimum overlapping length of 3 mm was
necessary to obtain an adequate repair of a 10 mm length of FRC connector. In addition, the critical
section adjacent to the joint area, where the thickness decreased abruptly, should be reinforced with
flowable resin to minimize the bending tendency.
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% Key words: FRC (fiber reinforced composite), Repair strength, Maximum load, Stiffness, Failure
mode
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