EZXMAx|2] compliance 77t =&tz Zl2]

)t A\ Te e 2|2

ABSTRACT

LHBHIA| BHEZES}S| ] - Vol 34, No. 2, 2009

RSIA=< O X x| = S
SHTE38e FHJ olx|l= <
oINS’ - ofelE
Zgaa, 2 gieha A sl Xz

EFFECT OF INSTRUMENT COMPLIANCE ON THE POLYMERIZATION SHRINKAGE STRESS
MEASUREMENTS OF DENTAL RESIN COMPOSITES

Deog-Gyu Seo?, Sun-Hong Min?, In-Bog Lee?*

'Department of Conservative Dentistry, College of Dentistry, Yonsei University

*Department of Conservative Dentistry, School of Dentistry, Seoul National University

The purpose of this study was to evaluate the effect of instrument compliance on the polymerization

shrinkage stress measurements of dental composites. The contraction strain and stress of composites dur-

ing light curing were measured by a custom made stress—strain analyzer, which consisted of a displacement

sensor, a cantilever load cell and a negative feedback mechanism. The instrument can measure the poly-

merization stress by two modes: with compliance mode in which the instrument compliance is allowed, or
without compliance mode in which the instrument compliance is not allowed.

A flowable (Filtek Flow: FF) and two universal hybrid (Z100: Z1 and 7Z250: Z2) composites were stud-
ied. A silane treated metal rod with a diameter of 3.0 mm was fixed at free end of the load cell, and other
metal rod was fixed on the base plate. Composite of 1.0 mm thickness was placed between the two rods
and light cured. The axial shrinkage strain and stress of the composite were recorded for 10 minutes during
polymerization, and the tensile modulus of the materials was also determined with the instrument. The
statistical analysis was conducted by ANOVA, paired t-test and Tukey’s test (2(0.05).

There were significant differences between the two measurement modes and among materials. With com-
pliance mode, the contraction stress of FF' was the highest: 3.11 (0.13), followed by Z1: 2.91 (0.10) and
72:1.94 (0.09) MPa. When the instrument compliance is not allowed, the contraction stress of Z1 was the
highest: 17.08 (0.89), followed by FF: 10.11 (0.29) and Z2: 9.46 (1.63) MPa. The tensile modulus for Z1,
72 and FF was 2.31 (0.18), 2.05 (0.20), 1.41 (0.11) GPa, respectively. With compliance mode, the mea-
sured stress correlated with the axial shrinkage strain of composite: while without compliance the elastic

modulus of materials played a significant role in the stress measurement.(J Kor Acad Cons Dent

34(2):144-152, 2009]
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Figure 1. Schematic diagram of a custom-made stress-
strain analyzer using a negative feedback mechanism for

the measurement of polymerization stress

Table 1. Materials used in the study.
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Figure 2. Relationship between applied loads and output
voltages from load cell.

Material Matrix Filler Manufacturer
7100 BisGMA Zirconia, Silica 3M ESPE,St. Paul, MN, USA
(Lot 6CK, A3) TEGDMA 0.01-3.5#m, 66 vol.%
Filtek 7250 BisGMA Zirconia, Silica 3M ESPE, St. Paul, MN, USA
(Lot 8MXJ, A3) UDMA 0.01-3.5¢m, 60 vol.%

BisEMA
Filtek Flow BisGMA Zirconia, Silica 47 3M ESPE, St.Paul, MN, USA
(Lot 8FW, A3) TEGDMA 0.01-6 #m, 47 vol.%
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Figure 3. A representative curve of axial strain and stress
of Z100 measured with compliance (0.47 #m/N).

148

e IS FASE AEokA ¥ Off & (with
compliance) 9} 248 On 2= (without compliance)el

vete] 22 Alels

oft
)
o Hu
1%
lo
[@D]
v}
w2
[@D]
w
(@]
=
fil
[
o
)
v}
[@D]
w2
=
o
aQ
=.
(el
Q
o<}
o

USA)
A Azl ] dLEAHEA (ANOVA) S A8k, &
o AE oA compliance 271 w2} paired t-testE
A8t 72t B4l Tukey's test® 95% frol g0l A
AR A sk

S F5o WE AlE e W9k S8 Table 2
o 2o, FASE A&stA %= W (with compliance)
53 9319 g5 ¥ ¢
TAZ e Fx2AF A

6

% z7ldE 3243 stress
9} strain®] F7HE B ¥ 60% o|Fd& gt S
Holth7} 500% o] Foll& A9 443 52 Holx

(Figure 3). Figure 4& H#HA%S F&3t9< o (No
compliance) =558 2 HalE Yehln A|H T2
Hol7}F 0.2 pmol3tE zero compliancell 7Mh-& HolF

& stress

400 500 600 700

strain

Axial Strain (um), Stress (MPa)

Time (s)

Figure 4. A representative curve of axial strain and stress

of 7100 measured without compliance.



I itk FAS Al2"E A &ste] AR compli- ko] AjA o R ol FFFEC| u BAFE 2
ances M A%, Z1, 72 ¥ FF E5AA A& 92 o olgt e FFEHEY AT =9 AHAE
7AFHT} 3.25-5.87 vl =& FHTESH S U Z1 A gQlojA|ek oJE gQlo] FFFHEH o & JId=
ol 7M} & % +% 58S Ea, FF/l 228t S84 n e Ao e = 3ith. Condon
5 &80 Rzt A e ey BAEAER foAtel= ¢l Ferracane™& &3 g% 714 FAA9] gigo] =2
Atk (Table 2). 73k H3#%1] 7 e A T Z19] FE FHFETYe] =3ty Buspglon B3yl
2.31 GPa 2 7V =9k31 FF7F 71 w9ttt (Table 3). AT F/rEEE Y] T GFacl ol st v
W Wattse& 53219 5714 SHA] o] Eold
V. s 9 nf T5 BATE Tt T3S EC] AolA|7] wil
THFESEE adtin St ol gA dvtd 3
3R] FqrS] o3t g AL FA-g | = olaliste Hl Slol 8 HA9 complianced] #d gk A
A Aoyt oja} 4 9 = ¥ FFE U 4 itk g W Apolrt Fadk it & 4 dnk HAe 34
TS, AT 92 T8 18 FAAY g 9] compliancedl] ¢t G&F& F0]7] aiA FHS=
A7), #7714 4% 9 pre-polymerized 9% 53 < Agsto] AlAY F£5& 88 %ken], $a= load
s 2 TEFFSH AT nRIE” o A cellZ} AlH] o] gt B4 7110E A &304 ol
A& flowable¥} universal hybrid S&#79] $8+%8 compliance?} 3-8 Z710]]t}.
gg 2% vl weith. dutd o2 flowable #7712 =74 W9l compliance?] Y& TFFESHS £4
FAAN ] o] Yol 9 Tl A1 A3tE #xle gt dloll Slof wi- Fagk A4l eclolgty & 4 glo
A Wk Hybrid A1%9 53 @& 4419 weba] 2 AN FUe AHE B3l compliance fr

Table 2. The measured axial strains (#um) and shrinkage stresses (MPa) of three resin composites with compliance
or without compliance (n=4).

Composite With Compliance(0.47 um/N: 299.1 MPa) No Compliance (with feedback)
Axial Strain Stress Axial Strain Stress
7100 -10.73 (0.32) 2.91 (0.10) (0.2 17.08 (0.89)°
7250 -7.53 (0.57) 1.94 (0.09) (0.2 9.46 (1.63)"
FF -11.77 (1.02) 3.11 (0.13)° (0.2 10.11 (0.29)®

Values with the same superscript letter in the same column are not statistically different.

Table 3. The measured free volume shrinkage (%) ***® and tensile modulus (GPa) of three resin composites
(n=4).

Composite Free Volume Shrinkage Tensile Modulus
7100 2.71 (0.14) 2.31 (0.18)
7250 2.23 (0.14) 2.05 (0.20)

FF 4.41 (0.10) 1.41 (0.1D)

Table4. The calculated linear shrinkage (%), estimated stress (MPa), and reduction in stress (%) between the esti-
mated stress and measured stress in the experiment without compliance.

Composite Calculated Linear Shrinkage Estimated Stress Reduction in Stress
7100 0.90 20.9 18.2
7250 0.74 15.2 37.8
FF 1.47 20.7 51.2

Calculated Linear Shrinkage (%) = Free Volume Shrinkage/3
Estimated Stress (MPa) = Calculated Linear Shrinkage X Tensile Modulus
Reduction in Stress (%) = 100 X (Estimated Stress - Measured Stress)/Estimated Stress
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