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ABSTRACT
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 Z250: 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 («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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1. S8 5530 53

2 Age] A4E YFT BN ATFA 2
hybrid &&#%1<l 2100 (Z1)3% 7250 (Z2), 18z

flowable 23142l Filtek Flow (FF)olz 2z} 489
A 87} A Z3) A= Table 13} 2t}

1) %3+ 44z

Azl WX LVDT (linear variable differential trans-
former, AX-1, Solartron Metrology, West Sussex,
UK) probes} cantilever load cell, A 2Z5E7]9} MRR
EE ol &3fo] HA3 52| 71d stress-strain ana-
lyzerg Azttt (Figure 1), 78 & we} 4312 o
% 4 9+ crossheadl load cell?} cantilever® 4%
o8 A5 cantileverd] A& 3 mmel ¥4 Y& 1
At 2HAAY 34 basedl = U A B &

i
2l E 179381 load cell® cantilevere] 942" 4% =

<

Servo Amplifier

LVDT Probe

Glass Rod \“'E»-m
“Composite__|..—-—4 | Curing Light
Specimen

Metal Base Plate

Figure 1. Schematic diagram of a custom-made stress-
strain analyzer using a negative feedback mechanism for

the measurement of polymerization stress

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

Manufacturer

7100

BisGMA

(Lot 6CK, A3) TEGDMA
Filtek 7250 BisGMA
(Lot 8MXJ, A3) UDMA
BisEMA
Filtek Flow BisGMA
(Lot 8FW, A3) TEGDMA

Zirconia, Silica
0.01-5.5m, 66 vol.%
Zirconia, Silica

0.01-3.5um, 60 vol.%

Zirconia, Silica 47
0.01-6 pm, 47 vol.%

3M ESPE,St. Paul, MN USA

3M ESPE, St. Paul, MN, USA

3M ESPE, St.Paul, MN, USA
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MPa/V, Figure 2).

A 24 e i o3 gAY & 7te & =
ZE load cell?] stress-strain A Z5H load celld
compliance® 734t (0.47 pm/N).

3) THrE Y 4

2780l 3.0 mmel ¥9%% ¥4 wole dHe 50 um
aluminum oxide® sandblasting 3 ¥ silane (porce-
lain primer, Bisco Inc., Schaumburg, IL, USA)& =X
3t AzAFT BN F4 9 Aloldl T4 1.0
mmz H-&38H e} (Cfactor: 1.5). Base lineZ 47] ¢
8 dlolg E5g A3 20 2 ¥ F2AE ARy}
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Freelight2, 3M Co., St. Paul, MN, USA)E o]&3}o]
% ZH1 mm A2loA 40 2 5 BAld] Fx2A} slgint,
BE3E A F 600 2 F2t A1 A9 axial shrinkagedt
load cell®] & 715319t} 2 ARl ok 434 wt
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o

Figure 3, A representative curve of axial strain and stress
of Z100 measured with compliance (0.47 #m/N).
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NG FHE FATE HE8kA) & Off RE (with
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&t Zt2 Aldsls ).

SAEAL SPSS 13.0 Z21% (SPSS inc., Chicago,
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d AE WellA compliance 2o wWa} paired t-testE
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Figure 4. A representative curve of axial strain and stress
of Z100 measured without compliance.



SXAI| COMPLNCE 7} SEaFIe| SE+588 ST 03l 28

T Yok, FAS A2 Agste] S4A9 compli- Fefo] ArjF o o} FRFEE] 2 BATE 2
ance® §1d B4, 71, Z2 3 FF 250 288 &2 02 o9 2e FRFEEN GATE o FHBAE
7A$HT} 3.25-5.87 W] B2 FEFFEEE el 71 Ad 290X od eQlo] FFeSEHd o 2 =
ol 71 & £ 4% 8L Bix, FivE 72280 3 g Ad e =& k. Condondt
% g0 oizk A vk ot $AEHY felalole 8l Ferracane®™2 B¢ #29 7714 249 F&o] %=
ATt (Table 2). Aske B3I 1 SgAcE Z1°] $2 3¢50 ¥ty Busien Sl
2.31 GPa 2 714 &ka FE7E 7 Ssted (Table 3). BA ST SRS FE 9 ozt siin

V. =23 o FE B4 Z7keht $8FEEC] HolA7] Wi
Y5228 ragvia Gt ® o|gA dntd F4
By Qo] 5o g o] wALe FAAG W & oafate u 9ol 24 A9 complianced] ## e A
A Aol ol 94 2 & ¥ £F5L R4 5 Yt” 3 Wi Zo|7k Fad 4 & 5 dot AAe 34
2452 % dAs 2 284 1A SR g A2)9] complianced] 23 G&-& Fo|7] Haix FHE=
A7), gA7289 A% 2 pre-polymerized 5 52 ¢ Agste] ANAY £55 8 E8kA dgem, FAE load
HHL 7 FReEe0 JFE AT ofy A celld} A e F2o Uigk B4 714& A&ohA] Yot
A& flowable® universal hybrid B3alAe] FE558 compliance’} & 48 7|3},
& 24 v ndynt. LukA o flowable #7S F714 22 W e] compliance®] &S FTHFEHFSHS B4
ZAA)9] ko] wrol 3 &) A A3kE H7Y ghe gl glof ¢ Fe.8 A4l adlolgtn & JoH,
BASE Yk Hybrid A%9 5% #ae 449 wehd B Aqolr Fdd AuE B8 compliance #F

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

£ 1 Strain o
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).

posite i me § S nsile Modulus
7100 2.71 (0.14) 2.31 (0.18)
7250 2.23 (0.14) 2.05 (0.20)

FF 441 (0.10) 1.41 (0.1D

Table 4, The calculated linear shrinkage (%), estimated stress (MPa), and reduction in stress (%) between the esti-
t li

he experiment with

7100 090 20.9
7250 0.74 15.2
FF 1.47 20.7

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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