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ABSTRACT

EFFECT OF FIBER DIRECTION ON THE POLYMERIZATION SHRINKAGE OF
FIBER-REINFORCED COMPOSITES

Joongwon Yom, In-Bog Lee*
Department of Conservative Dentistry, School of Dentistry, Seoul National University

The aim of this study was to evaluate the effect of fiber direction on the polymerization shrinkage of fiber-
reinforced composite. The disc-shaped flowable composite specimens (d = 10 mm, h = 2 mm, Aeliteflo A2,
Bisco, Inc., IL, USA) with or without glass fiber bundle (X-80821P Glass Fiber, Bisco, Inc., IL, USA)
inside were prepared, and the longitudinal and transversal polymerization shrinkage of the specimens on
radial plane were measured with strain gages (Linear S-series 35042, CAS, Seoul, Korea). In order to mea-
sure the free polymerization shrinkage of the flowable composite itself, the disc-shaped specimens (d = 7
mm, h = 1 mm) without fiber were prepared, and the axial shrinkage was measured with an LVDT (linear
variable differential transformer) displacement sensor. The cross-section of the polymerized specimens was
observed with a scanning electron microscope to examine the arrangement of the fiber bundle in composite.
The mean polymerization shrinkage value of each specimen group was analyzed with ANOVA and Scheffe
post-hoc test (@=0.05).

The radial polymerization shrinkage of fiber-reinforced composite was decreased in the longitudinal direc-
tion of fiber, but increased in the transversal direction of fiber (p€0.05). We can conclude that the polymer-
ization shrinkage of fiber-reinforced composite splint or restoratives is dependent on the direction of fiber.
(J Kor Acad Cons Dent 34(4):364-370, 2009)

Key words: fiber-reinforced composite, longitudinal direction, transversal direction,
polymerization shrinkage, strain gage, linear variable differential transformer
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o2 wjda HAAT. Straing 4 dtar
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strain #= A 4 9L

Sakaguchi 572 strain gageE ©|&3}
THTrES S5 B9 T2 o mE £5 F =
o zfo]7} 52 HAh. Versluis 5”& biaxial strain
gages °]-&ato] B W oz e} AlA
ezl v Hret 5 Zolof Aol7t Y
Tezvergil 5" ©ak A f B} Sz
Wako 2 FE5elA] A 4] ko R e
HaL Lassﬂa EWS 3 W A 29 4

of S
b

) r‘o

=

Al wE =

(e3¢

c

-
o

e

O u P

o o U
iy, 32

— °, :

W E o fr

R
o o

Wi
© N
-

v
o =
oy, o
o (o]
i fou
o2 4
g oS
o Mo
oE o
mlo %‘
g Kl
of
i
0
g
€3
w5 ol
o o
g e
o
= oY

W go g °‘°1‘4" post-gel =HT5HE ST,
B Aol M= strain gage®t LVDT (linear variable
differential transformer) WJAIM"E A3t post-
gel 2 free TEF5HS SHH L AfF B B
A A wi g ko] B3HAIS SRS nAlE 9
= Yot 1} sigint.
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A B 57 AEE ©EY) Y8 £ B3R
Aeliteflo A2 (Bisco, Inc., IL, USA)¥ B} AH=2 X-
80821P Glass Fiber (Bisco, Inc., IL, USA)E A}&-3}%]
ok Al B35S Ye F2AP]E VIP Junior (Bisco,
Inc., IL, USA)E AME3IATH F2AP19) 3] Al7l=
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gage: Linear S-series 3502 (CAS, Seoul, Korea)<
AFESI T 28 A9 233 A2 DAQ board NI
USB-6009 (National Instruments Corporation., TX,
USA)¢ LabVIEW 7.1 (National Instruments
Corporation., TX, USA)< ©]-&3}3t}.
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(1) A7 279 3HH A (radial direction) oA
post-gel &5 4
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-3 A 9 Al g radial BEke R HAHH
Bl &2 489 Aol 2174l Wk (transver-
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1 R R AR
Vo= V.- Vi==V.- =Vl = ViV
' "2 2R+4R {2 2R+AR} {4R+2AR}
. -~ V.AR 4R
f R) AR, V,=—"|—=|°|lx, G €= OUEV—S .
if k) ) 4{RW* 122 V=) 1ot
Do) ~ 4% 0, =
b straine € = VoG X 100(%) = F47t}.
Vo: 29749, Va: 7 A Alelo] A%t
Vb: F strain gage Atol9] A}, Vs: ALdY
R: 23 A%k Ak, 4R: ?ﬂ Fake] Wshe
G: gage factor, €: strain (%)
(2) AH7 E19A %2 Flowable S 2441 I &= 20t

free =859 =%

A S Setol=agks Yol A5 7 mm, #°] 1 mm
o] gt ko 2 554 BFYA S AXNAA AlHE T
At (Figure 3). AWEet22 Q1 2 o LVDT H$
41_]/\1/] B—;ﬂ 0 =S Z,\] o3 /\].11 OETH 5 mm o].ul-oﬂ/q
40z Bt FxARl BEERE FEAAT B35 A
2 & A9 axial B SHFES 6002 B HFH
2 7|53kt Al HY axial straine Thaat 2] AAkst
R 7zt 5‘ﬂ"“ SRt

= AL 100
L+ 4L
. strain (%)
L3358 600% &
4L 3353 600% 3

= < one-way ANOVA
2 Hlwelia Scheffe post-hoc testi A AR etk
05
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1. Strain gageE S E M7t HZE EH 4 (ra-
dial direction) 42| post-gel S&f+=

Ul 29 Al 25T FAPE AR o] F FEate] F9
strain #< ‘/}E}‘ﬂﬂr (Figure 4. a). 32 A2 & 600

22 7|ECR B 753 e 3 ((0.711%), 1
(—0.59%), T (-0.36%), 2 7 (-0.16%) == 1Jr‘gr‘)'
17 e A7 EAAHC X}O]E B3t (p(0.05) (Table
1, Figure 4. b).

2. LVDTZ &&= =&el|T RiAQ] axial 22| free

F2AL A T 60025 7SO R Hit FEFY] e
-4.75(0.13)% At Eefol=Fekx Atolof Rt PR
AR S e axial WA BEEY eSS S
3} bonded disc method®] 7%, ZHH +33
of F3] &3k 2ol AA| Zo )‘?Tﬂgl 3ulj o]
Aoz defA ot mekx] SHE T35k 1/3
of g Zo] £E53kE -1.58% At

Fl

}]1
f“l
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ﬂllo mg l"lo

o A 18 ox

of b >

Chof mpxt

—

.00

2E 2o AgIq A47t 2 helAd A Aol

oF7te] Fa& Holn 43 wgko 2 widH Bgo] A
HAtt (Figure 5. a). Strain gageE AH&-3H A|HAA =

Ed 7 Yol strain gage’t F-3E R0l #HEHAT
(Figure 5. b).
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Table 1. Post-gel radial shrinkage strain measured using a strain gage for composite specimens at 600 s.

Group 1 2

3 4

Radial strain (%) -0.59 (0.04)"

-0.16 (0.05)*

-0.71 (0.04)* -0.36 (0.04)°

* Superscript letters mean statistically significant difference.
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Figure 1. a) Experimental setup for the measurement of radial linear shrinkage using a strain gage.

b) Definition of directions on a disc shaped specimen in the measurement.
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Figure 2. Electric circuit design for the strain measurement
(Vo: output voltage, Va: voltage between two fixed
resistances, Vb: voltage between two strain gages, Vs:
input voltage, R: fixed resistance, 4R: resistance
difference, SG: strain gage).

Figure 3. Experimental setup for the measurement of axial
linear shrinkage using an LVDT probe.

367



LH3tA| 22 ESE5|X]: Vol. 34, No. 4, 2009

a -
i
i
41 0 100 40 __m 0% 02
f IrETH i
€ a3 <
i -
ad e
" Groupé
a5 ||.
=13 1 arpugl
T \“"—q_-_-
. Group 3
a8
Tirma [5]

Leraam ()

Growp

=05

Figure 4. a) Representative curves of radial shrinkage strains for composite specimens as a function of time.

b) Post-gel shrinkage strains for four groups.
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Figure 5. SEM photomicrographs showing the cross-section of composite specimens.

a) Some voids were observed between fibers. The arrows show fiber bundles ().

b) There was an intimate contact between the strain gage and composite. The arrow shows the strain gage (SG).
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M7 B sEtef7lel M7 Weo| St o)X= g
A=A - olelg”
AR ES WA Agetn 29 gk

B AFe] B4 strain gage®t LVDT (linear variable differential transformer) B AME o] &3to] HH B

St Rlell A Ao wako] E3texle] S-Sl niX e Y-S GotE | Y gtolt

215 10 mm, %°] 2 mme] ¥Ht 2§54 SR Aehteﬂo A2, Bisco, Inc., IL, USA) =%l 24 f (X-
80821P Glass Fiber, BISCO Inc., 1L, USA)E AAAZ|a, A7t wids &5 3 (longitudinal) 2 23k
(transversal)«] Z3r2 %S strain gage (Linear S-series 850!2 CAS, Seoul, Korea)Z o]-&a}o] 7*7} =43t

Aot AHEE FE S8ER AAY free TETES T 8l AF 7T mm, 0] 1 mme] 9k B&F AlH] 4

W (axial) free 3“?5‘1‘& = LVDTE Z435ith. T84 AlHEE ddste] FARAAR G o2 B H3 v
Ag S Bt 7t oA SHE H FERES ANOVAR H| w8k 3 Scheffe post-hoc test® AFHE 7%
St} (2=0.05).

A7 g W oM BdERe] S
g ekl M F7HS (p<0.05). & 979 4
& B Ao aj @t wheh 2 Aol EE

4 1o o

of

(radial shrinkage)< A<} 8 gt gkl A

% 2 23k 479
A 04 B0 AEUES FRES A

2
18 o $45

FQChof: Af B B3, ek 2N S92 strain gage,

linear variable differential transformer
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