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Polymerization Shrinkage and Stress of Silorane-based Dental
Restorative Composite

In-Bog Lee*’, Sung-Hwan Park**, Hyun-Jeong Kweon*, Ja-Uk Gu***, Nak-Sam Choi***

ABSTRACT: The purpose of this study was to measure the volumetric polymerization shrinkage kinetics and stress of
a silorane-based dental restorative composite and compare it with those of conventional methacrylate-based dental
composites. Two methacrylate-based composites (2250, Z350 flowable) and one silorane-based composite (P90) were
investigated. The volumetric polymerization shrinkage of the composites during light curing was measured using a
laboratory-made volume shrinkage measurement instrument based on the Archimedes' principle, and the polymerization
stress was also determined with the strain gage method. The shrinkage of silorane-based composites (P90) was the
lowest, and that of Z350 flowable was the highest. Peak polymerization shrinkage rate was the lowest in P90 and the
highest in Z350 flowable. The time to reach peak shrinkage rate of P90 was longer than those of the methacrylate-
based composites. The polymerization shrinkage stress of P90 was lower than those of the methacrylate-based
composites.

£ B8 979 BAE silorne 7| W0] Ao} 254G BPH A FPSEW £E3U) T Fwn A

%2412l methacrylate 7] 2 9] E5-g| A1} v| w5}l7] Y&olct. F £9] methacrylate 71Ro] B ‘R’-ﬂ (7250, Z350 flowable)
¥} silorane 7] H3He 71 (P90)o] ARG ULt of=7|HEl A A gl A Azt s 54 AAE A
Sotel Hdl 5 Aol ke AU A BAAE S BATA AmEAI I A4S A2

o
t}. Silorane 7]% el xRl Po0o] S-S o FE=Eol 7P R AAL methacrylate 7] 78 Hg| %191 Z350
flowableo] 7}4F $=QFt}. Methacrylate 7] 2 9] B+ A7} H|w3}o] silorane 7] 2] B3|l P90o| o] ==&
ol AZHE o AU FHESTL o).

Key Words: Silorane, &3] 2l (composite resin), % §t=<5(polymerization shrinkage), % %}+<=25-3-2] (polymerization
shrinkage stress), Z|t|4=<%5 (peak shrinkage rate)

911, %X 5 Bk opj e} ofukzkat Fole o] 2
TA R = Abgo] 2A F45Ea Qlek. Lejit
o FR5ZI o) G2 2L ol )

o Al 5o
A7g B AL AudL Ad SE YRR =y By F
= A of & FAZ o} QIrH1-3]. B R Z34

| 240] Ao thrAFY ° FAYE 5

4201344 59 102, 4 20131 68 21, HIZHS Q! 20131 62 222

*TASoietm X|Q)stla H&EStmAl, Corresponding author (E-mail: inboglee@snu.ac.kr)
*MEIHstm chekel X|o|atst Ha
S &L K|St EH
*HASIOFLHSt W 7| Al =2 &t}



Silorane-7 |&! X|0} £2& &

Shaj|xlo| Z5iA

SerEl SErEsSE 183

2 van der Waals 3 02 okl Adtx|o] ¢Jul ek &
Aol Fagol AW el 4o B R AL ol
A SRR 2 gk o] TRl Afo]o] ATt Eof
£ Aol AA ALEE orpel Baeue
methacrylate Agoln o]52 09-57%2] A Y Sr-HE

= 7HAThaL B s A1 Qleh(5,6]. o) 27t ka2 2| of

GEE Aolo] $RL WA LESH, Wakde] n)

SEEEEE

c‘)j_lowog;/q 5

lelo] =31, 5124 Lo opr)siof vl
2 elo] WA, ]394, £33
gtk ATpH o 40| S
ﬁ% a2 57 fHz-9).

48 o) glstel Bee %
¥ E5E A} olol ek ol
g ZolA thE £59) ¥
SAch. €h5) S 98 10) 7 2
g 277 T R

7M7) wle] Qi F oy s
Tt SR o BAE 714 7] A

aol whet @2 7149 AEst S7bsHe

o
H5A] 2k sty EAL oplaha, 2714 %
3}
A=y

eI
ol mlo
N
4 |
o2 o
lrl

y 1o
r
2

flo
2.
)
) ﬁ
Mo R

:é

N
2
i)
10
é

=
Sl
Aoz
E R

L gy
¢ ©
o

ORI
Mo 05?
s
ot
E
hig
Y
it

= ol

:é_EHEJ'rﬁrlrmlo
Lol 5t 2
& 1o
e
2o
%

T FAA o] Rz A
t % i”—iii iﬁ%ﬂl 756]'55-] = &k% fﬂE el Al
271482 7H
o, ]% siloxane}
ezl

<4 ™ ol rlo of o O mX T o

g—o}eqh ieﬂ o] ] o] x]3 gle
oxirane-2 A 3}§t siloraneS I Z 7| A 2 AF-&-SF
o] 27§ = It Silorane 718 EHH| X ARES-7]of 2
3] F3HE-3-0] U oL+ methacrylate Al E 9] 25| % 1}
=], “cationic ring opening” 7] A 0 & Z3Hr-3-0] dofu}t
L5 5t eSS Eol=s /dE I 1L,12].

Silorane 7] & £ 21 o] FoFFof ek 229 A
[11,13,14] 9] 2]} silorane 7] 2 B3t 2] o] Z=¢t=Z=5F
2 methacrylate Al 9] 5 Er} F2 - Yehf+=
Z o 2 X1 0] silorane 7] A& E3lo] Z3p2L Fo
32} 3 A e AA Aol Ao Holt) 3Fx|u 23
FEsHol et Aol 4] Gao F[15] silorane 7|2 E3}
g 9] 2314532 o] methacrylate 7| & o] &gt 2] &
o} e A o7 \H 3t ulH, Boaro S[14]& =8 Aoz H
a13to] AHbE AatE Ho|al 9t} webA silorane 7] 23S
2351 B3y A 9] Fat4= 7t A AT o] Boj o8 Bk
Welslol of g ol2 e, F4s U S0 a2}
Q AFE Q8= 3t

2 At A2 Y= silorane 7]d He|xlo] S
4%0] 5 25h2 7)) methacrylate 7% o] =gt 217}
W3 B S Aolck. 3 ol 7e] ARAFLS “Silorane 7]
A2 o) Rl B FUFEY, AolF USSR, 3
Sgre=A, 181 E5rE-3-2-2 7|2 methacrylate

7)) B AL 2ol 7k glepole.

2. MBMZ W W

2.1 Mgz
Methacrylate 7] 2 9] B3 %] 25(Z250, Z350 flowable)x}
silorane 7]21 9] E5-a| 2] 12 (P90)S thAto 2 3} th(Table
1). 3F=x A7)+ VIP Junior (Bisco Inc., Schaumburg, IL,
USA)YE ARE-3LTL, AlE Rl 4] o] 417 600 mW/
cm?0] ¢t
2.2 HHEEEE0| &
Zakpse] 2o AlH % H 2= Fg 13} 2k
EAE LE SPAAL BP0 AYYeA o) 3805
o] ojup 337} ZolE T o7l°ﬂ 21 glycerino] ofzt
2o] 7tasp Hrh A0 FHE 71 goj AL ol ¥ 7t
Z] 7] (Photo sensor, dual photo transistor)o]] ]3] H&5 o]
servo ampo]] Y, S o2 FLeAade] HF77F S 7]
2ol FHE AEA A7) E2Z AN o] 1)
sEL A5 S Ao WHste] A ENUES 7|
A A&z A 3 glolg FEAX(PCI 6024, National

0?.!

-z

Table 1. Composites used in this study

C it Fill
(Ezip;;:)e Resin matrix (V\:‘t.:/j) Manufacturer
Filtek Z250 Bis-GMA, 0.01-3.5
e is-G WM 3MESPE,
Universal Bis-EMA, | (average 0.6 um) St. Paul
. Paul,
hybrid TEGDMA, | Zr/silica particles MN. USA
(N257101) UDMA (82 wt.%) ’
5-20 nm Zr/silica
Filtek Z350 Bis-GMA, nanoparticles
Flowable Bis-EMA, 0.6-1.4 um 3M ESPE
(N283071) TEGDMA nano-clusters
(65 Wt.%)
0.01-3.5 um
Filtek P90 (average 0.47 um)
Silorane Silorane quartz particles, | 3M ESPE
(N327380) yttrium fluoride
(76 wt.%)
— Signal +
Computer conditioning _| Servo Amplifier
T circuit
Magnet
N
Coil
Photo sensor
\LD&\—/ Pivot or (Dual. photo
S suspension transistor)
Light guide
ﬁ(:[() Glycerin

Fig. 1. Schematic diagram of the instrument for measuring poly-
merization shrinkage.
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Fig. 2. (a) Scehmatic diagram of polymerization shrinkage stress
measurement with strain gage. (b) Dimension of the

brass ring. (c) Circuit diagram for the strain measurement.
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Fig. 3. (a) Polymerization shrinkage (%) vs time (s) for 10 min. (b)
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ol NREE F420] 20| Fseiths 3HE 2
Lt}{6,16].
2ol Alel6lel el AToIAL B
A2 FF Al glycerinS A5} T} Glycerin
wge) AFowA AT B, 484 U FAE 5
O 2 st & Aol glycerin*“ ARERE o=t
Ok A, SRS Sl G U S A
R R PR R EXSRSE R PRt
of oJsf Eeixte] 7] wiwell EateExle X
o] FolA] AF2E - gtk b 1
TR RS AHslr] ¢k glycerin®
Norsct. B4, 24 A SRl 2
2 GOl oiste. & el A &
g Rsto] ol HeH A&S HAS
}04 Hef o] YA R HEE F= FAH
2155 Hrt. o] o R Rzt o] &jof] A&
L olpa st 2R S AT 2412 3
W 4 Sdl, B4 e 37 Bl Sule] ol

o

X ox (o 1o
of

U orfr N oy
ROl o

Pa

)41

>
e fo flo

4
o

to
Ti*““’

of Hll oy p
o

H

£ oX nt %ﬂl-ﬁ-lwﬁr{ﬂ:i‘#oﬁr{orlr
)
r°"

oo

=

r {

flo 2
f

ol

>
fin)
o
a
fr
Jk‘l I

W0 2y BateRle] S5t wAgle] AJBL vt wire
of] 2F85t= B o] o3ke u)al 4= 9t &H o] o]F0iX]
= o] O

Ak, 27 2] ozt
of ROl MO QRS W& 4 9l 0.01 mg 5=
n)oket A1F S thEl QItks HS nEstH 2R50 &
ke 2% Zialell JaE o1 4 gl webd o] 290°C
ZA| A2ofA] F7190] 00 717k8-(0.0025 mmHg at 50°C)
glycering ARE-3to] Swof o3t @25 Fo|1 A} sl% Tt

Z2A A} FFLELL P00 1.50%= 71 A et
et ole T AE2 silorane 7] HokE| %1 o] St
ZgFof talo] Papadogiannis 5-[13]0] 113}t 1.34%2}=
AF5F AL, Weinmann 5-[11]¢] “bonded disc method”& A}
£35to] =43 0.99%et= 2ol & Bk &4 A =
o] B thathe Fe H T o 919 AifoA AR
O] WL Hrh= Z42-0] Aol A silorane 7] H3 %19
FaHeEero] 714 A tehdtths o) 2 Wart
ARt o]e} 72 silorane 7] & E-H| R o] Yo
S “Cationic ring opening”e] 2]at 2317 2]t

\:IT‘IF

polymerization shrinkage rate (%/s) vs time (s).

o]—',:qx;] O]E]'[ll 13].

3}
Y F 49 W12 2

A
L
-

o=z
ce

Table 2. Polymerization shrinkage (%) at 10 min, peak shrinkage rate (%/s), time to peak shrinkage rate (s), and polymerization shrink-
age stress (MPa) of composites

Composite Polymerization shrinkage Peak shrinkage rate Time to peak shrinkage | Polymerization shrinkage
(%) (%/s) rate (s) stress (MPa)
7250 2.19 (0.15)° 0.12 45 9.11 (0.18)°
7350 flowable 3.92 (0.11)* 0.27 4.9 12.17 (0.24)
P90 1.50 (0.10)° 0.03 11.2 8.09 (0.36)°

Numbers in parenthesis are standard deviations (n = 5).

Same superscript letters in the column mean that there is no statistical difference.
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Table 3. Time (s) to reach the specific values of the polymeri-
zation shrinkage stress of composites

) Time to reach (s)
Composite
1 MPa 3 MPa 5 MPa
7250 16.9 44.0 65.3
7350 flowable 19.3 41.9 53.1
P90 49.6 70.9 112.5

S22 L thp < 0.05). Al7ko] w2 Wshe Al m g,
o] Bk Al miol A HERA ARE A% <

w

N R EEE e
I 57} e sl 108 43 ol
Foll =Estitt(Fig. 4). 2t Htg|xlo] dAge 7o) 5
EL ED‘OW] 7EA] O] A7k v sl & Table 33 2+
t}. 1 MPaofl= 7250, Z350 flowable, P902] <A 2 =T
11, 3 MPa, 5 MPao]|= Z350 flowable, Z250, P902] &A=&
westge.

sk 218 F3o] Wl wel FFSo] Lol
v o ek Btel A 244 o] ek A4t 28 27t
itk oJ2ioh 5 712 8} g sk A
U bl ol A % g2l 0 AHgaa) Ha, el
A H= Aolth 82 017 tﬂng‘J—]'E]‘ A
94 101] olsl| A7 Eth= Hooke?] W25 ©]-835}H o]
H E‘J Wtqoﬂ 7P°H11 FEHE 7L Ak

010 o L l-ﬂJ
o
v 12
o’l

e

]_

ol

j_
E
oﬁL

ot
2 A o lo X oz

ol doluiche 8
o SR g Hick. whed S g e Al
71 Q3 e B3ty 3 A A
A geto] doju] ghE S SHe Zol ek o2 §15) ]
U2 =53] sandblasting A 2|8l H 1, Y
1A Z+zr o] BahE| Al o AFR-E = A 2R E FL5lg o
B8 wEgle] $4 owq Ielw Boh =4
Ao A HolE 7} 1A 7] BA%H 0w e 5 A
e etel tetd A a8 A A Ao

29
1o
%)
b
-z
1L 3



Silorane7 |2 X|0t =8 ZgfTIo| SEfr-=ut SE+=SH 187

Al 218} et

27 At} silorane 7]2 Bk 218 thE 22| methacrylate
AL B ol vla) e Fedas L ey of
= P909] F&5-8-2o] Z2500] H|sl| @A S4E Gao 5
[15]9] Aok o XA, PI0S] F3kn %32 o] 2250
Hrep =74 Yehd Boaro 5[14]9] A3eb= Aol F}. o] A
@ A A2 O o9 24 2} 27 (Compliance
5)0l £EIE 7] B A0z Az,

2 Aol FRrEHSE SH Al Fo AAZ AR
59 S/ A G = 90 GPazZ A W=} A(84.1 GPa)x} A}
3}31 AFol(18.3 GPa) Wk =cH2021). 544 9]
compliance7} Wobdpg £=5-3Ho| A SHHTHL K
23E A-t[22-24]0) v]F=o] E o, & AN SHH S

Gl AT Aol AR 74 E AR Aofo] 4]

4 BRI FERESY Bk ot 2 A
A
o

p

AVl U2 FE4-%-32 MSH(Fig 4, Table 3)5 Absln
H 1 MPao]| 7h4 WA =geh 539 72 225091 ¥hH,
3 MPao|| HA =35t 22 7350 flowableo]t}. AJ7to] w}&
Zolr=aF Mok (Fig. 3)olA 2350 flowableo| AWE|A] Z250
BT} 2 UebtE Asks T2 Aol o) F3 34
o 4] 2k Bt A e] S A 4ot st &2} ha ]
ol vehd dat2 A SRSl Weket S-S
2o W7l 4 wigelAl e etk AL Holzt. 9
o] Aol A Z3 7] AAGTE ZoFHE HEL 7250
o] 7350 flowable Ht} ¢ At}= AL G538 & 4= 93l 9]
+, Min 5[24]9] H1ete YJA|girt.

FTETHTYE 44 Y FErSES AT Y
) A7l AA M gro Folucdl o

53 Sol8A Hrh & A+-9] 43 silorane 714 &
2Rl P90 tHE 252] methacrylate 712 o] Eok# %]
Hop HFgesEe] B2 A& YEyT £33 P09
AN FEFESA2 7HE 11 Ao 2 ettt ol= A
2Ol R A St A A 0 2 A A3 27T AL 9
agheH19]. o] & F3f P90o] 7MY W& S-S U
Bl Ao of e 4= QI1AL, strain gages ©|-83F S
559 574 e olyet Al dA5H BlE At
of wg Ao Hsto] thgt FFA ] H7E} o] Fo
A A SSFAAINE, 0]/e] ATE F3f silorane 71 E3te
Zlo] S-Sl Bk 3 7P vbAeE =5 S Bl
ohar g 4= Qleh

B AL A} silorane 7| E-3HH AL methacrylate Al g
SRRt S35 9 SHeS3Ee] A2 AR Y
it AF7HdE 712 = it Silorane 71 E3E| R &
A &&= 3L QU= methacrylate Al HH 2| S5
Aol gk tir o2 A 9 7S FEB] 7FAI AL itk

3
7} EAaTH25). whebA] Go.R o AT FU5E
ok obue} Hebat Zo] Htelxle] xat
w2 fusha SAT AR AT =]
AT o)l Wart 9 Ao A2

A e

D
N
rhu

H Al = Aote] LB AR IE = silorane X
methacrylate 7] 2 0] %8 Bakdl 1) A4 FHeE
FUE2AS 2400 BheT} gL 22 A

1. &=84=Z=2F2 silorane 7] 2 E&H]| 2121 P90o] 1.50%=
713 Wkal, methacrylate 7] 9] 2312191 2350 flowable
o] 3.92%2 713} =oFom HthEFEEL PI0o] 0.03%/
s&2 7} Weka1, 7350 flowableo] 0.27%/s= 714 &=k}

2. Silorane E-3+g 21 1 P909] ) Z342FA| 72 11.2
Z 24 methacrylate 25+ 2191 Z2502] 4.5%, Z350 flowable
9] 49z KT} 2u) o]A =Tt}

3. S5 silorane 7|2 o] F3H# 1 Ql P90o]
8.09 MPaZ methacrylate 7|2 9] &3] % Z250(9.11 MPa)
1} 7350 flowable(12.17 MPa) Ht} WQF

1.3 U5ERT FR02 2] AWR/ 2 B
silorane 7] ] &3] 2] o] methacrylate 7] 2 9] B3+ 2
sk 2ok 4ua7] 9Is) uhgAlE AE R

WE A

o

7|

2odge

20129 % WSeH7ER ) A U(No.
2012R1A2A2A02010147) 0.2 FH=+A LA che] 2] 912 Hho}
e Ardych

Snks

ror

—

Davidson, C.L., and Feilzer, A.J., “Polymerization Shrinkage
and Polymerization Shrinkage Stress in Polymer-based Restor-
atives,” Journal of Dentistry, Vol. 25, 1997, pp. 435-440.

2. Peutzfeld, A., “Resin Composites in Dentistry: The Monomer
Systems,” European Journal of Oral Sciences, Vol. 105, 1997, pp.
97-116.

3. Braga, R.R,, and Ferracane, J.L., “Alternatives in Polymerization
Contraction Stress Management,” Critical Reviews in Oral Biol-
ogy & Medicine, Vol. 15, 2004, pp. 176-184.

4. Kleverlaan, C.J.,, and Feilzer A.J., “Polymerization Shrinkage
and Contraction Stress of Dental Resin Composites,” Dental
Materials, Vol. 21, 2005, pp. 1150-1157.

5. Song, Y.X,, and Inoue, K., “Linear Shrinkage of Photo-activated

Composite Resins During Setting,” Journal of Oral Rehabilita-

tion, Vol. 28, 2001, pp. 335-341.



188

10.

11.

12.

13.

14.

15.

Lee, I.B., Cho, B.H., Son, H.H., and Um, C.M., “A New Method
to Measure the Polymerization Shrinkage Kinetics of Light
Cured Composites,” Journal of Oral Rehabilitation, Vol. 32,
2005, pp. 304-314.

Feilzer, A.J., de Gee, A.]., and Davidson, C.L., “Setting Stress in
Composite Resin in Relation to Configuration of the Restora-
tion,” Journal of Dental Research, Vol. 66, 1987, pp. 1636-1639.
Venhoven, B.A.M., de Gee, A.J., and Davidson, C.L., “Polymer-
ization Contraction and Conversion of Light-curing BisGMA-
Based Methacrylate Resins,” Biomaterials, Vol. 14, 1993, pp.
871-875.

Palin, WM., Fleming, G.J.P,, Nathwani, H., Burke, EJ.T.,, and
Randall, R.C., “In vitro Cuspal Deflection and Microleakage of
Maxillary Premolars Restored with Novel Low-shrink Dental
Composites,” Dental Materials, Vol. 21, 2005, pp. 324-335.
Stansbury, J.W., Trujillo-Lemon, M., Lu, H., Ding, X,, Lin, Y,,
and Ge, J., “Conversion-dependent Shrinkage Stress and Strain
in Dental Resins and Composites,” Dental Materials, Vol. 21,
2005, pp. 56-67.

Weinmann, W., Thalacker, C., and Guggenberg, R., “Siloranes
in Dental Composites;,” Dental Materials, Vol. 21, 2005, pp. 68-
74.

Miletic, V., Ivanovic, V., Dzeletovic, B., and Lezaja M., “Tem-
perature Changes in Silorane-, Ormocer-, and Dimethacrylate-
based Composites and Pulp Chamber Roof During Light-cur-
ing;” Journal of Esthetic and Restorative Dentistry, Vol. 21, 2009,
pp. 122-132.

Papadogiannis, D., Kakaboura, A., Palaghias, G., and Eliades,
G., “Setting Characteristics and Cavity Adaptation of Low-
shrinking Resin Composites,” Dental Materials, Vol. 25, 2009,
pp. 1509-1516.

Boaro, L.C., Goncalves, F, Guimaraes, T.C., Ferracane, J.L.,
Versluis, A., and Braga, R.R., “Polymerization Stress, Shrinkage
and Elastic Modulus of Current Low-shrinkage Restorative
Composites,” Dental Materials, Vol. 26, 2010, pp. 1144-1150.
Gao, B.T,, Lin, H., Zheng, G., Xu, Y.X,, and Yang, J.L., “Com-
parison Between a Silorane-based Composite and Methacry-
late-based Composites: Shrinkage Characteristics, Thermal

16.

17.

18.

20.

21.

22.

23.

24.

25.

Properties, Gel Point and Vitrification Point,” Dental Materials
Journal, Vol. 28, 2012, pp. 76-85.

Lee, I.B., “A New Method - Real Time Measurement of Initial
Dynamic Volumetric Shrinkage of Composite Resins During
Polymerization,” Journal of Korean Academy of Conservative
Dentistry, Vol. 26, 2001, pp. 34-140.

Riley, WE, Sturges, L.D., and Morris, D.H., Mechanics of Mate-
rials, 5th ed., John Wiley & Sons, Inc. pp. 249-252, 1999.

Gu, J.U,, Choi, N.S., and Arakawa, K., “Interfacial Fractu Re
Analysis of Human Tooth-composite Resin Resto Ration Using
Acoustic Emission,” Journal Korean Society for Composite Mate-
rials, Vol. 22, 2009, 5-51.

. Obici, A.C., Sinhoreti, M.A.C., De Goes, M.E, Consai, S., and

Sobrinho, L.C., “Effect of the Photo-activation Method on
Polymerization Shrinkage of Restorative Composites,” Opera-
tive Dentistry, Vol. 27, 2002, pp. 192-198.

Craig, R.G., Restorative Dental Materials. 10th ed., Mosby, pp.
66, 1997.

O’Brien, W.J.,, Dental Materials and Their Selection. 3rd ed.,
Quintessence Publications, pp. 119, 2002.

Lee, S.H., Chang, J., Ferracane, J., and Lee, LB., “Influence of
Instrument Compliance and Specimen Thickness on the Poly-
merization Shrinkage Stress Measurement of Lightcured Com-
posites;,” Dental Materials, Vol. 23, 2007, pp. 1093-1100.

Seo, D.G., Min, S.H., and Lee, 1.B., “Effect of Instrument Com-
pliance on the Polymerization Shrinkage Stress Measurements
of Dental Resin Composites,” Journal of Korean Academy of
Conservative Dentistry, Vol. 34, 2009, pp. 145-153.

Min, S.H., Ferracane, J., and Lee, 1.B., “Effect of Shrinkage
Strain, Modulus and Instrument Compliance on Polymeriza-
tion Shrinkage Stress of Light-cured Composites During the
Initial Curing Stage,” Dental Materials, Vol. 26, 2010, pp. 1024-
1033.

Ende, A.V,, Munck, ].D., Mine, A., Lambrechts, P, and Meer-
beek, B.V,, “Does a Low-shrinking Composite Induce Less
Stress at the Adhesive Interface?”, Dental Materials, Vol. 26,
2010, pp. 215-222.



