
INFLUENCE OF STORAGE MEDIA AND  
POWER-TOOTHBRUSHING ON CONTEMPORARY 

RESTORATIVES SURFACE-ROUGHNESS

ABSTRACT

Purpose: This study evaluated the surface-roughnessof three resin-based restoratives after 
storage in different media and tooth-brushing. Methods: Fifteen discs were fabricated for each 
material: FiltekSupreme-Plus, nano-hybrid; KetacN100, nano-ionomer; and Filtek-LS, silorane-
based. Discs were divided into three subgroups according to storage media: deionised water 
(control); lactic acid; and sodium-hydroxide, then stored for one week at 37°C and subjected to 
power-tooth-brushing abrasionfor 100,000strokes (representing 4.2yr clinical use). Ra values 
were determined by stereo- microscope 40X (Olympus DP10, SZ-PT, Japan) with software: 
Image J1.4.1 (NIH, USA). Representative ESEM images were also obtained.  Results: storage 
PHGLD�DQG�WRRWKEUXVKLQJ�DEUDVLRQ�VLJQLÀFDQWO\�LQFUHDVHG�VXUIDFH�URXJKQHVV�RI�DOO�WHVWHG�PDWHUL-
DOV��+RZHYHU��WKHUH�ZDV�QR�VLJQLÀFDQW�GLIIHUHQFH�EHWZHHQ�PHDQ�5D�RI�)LOWHN�6XSUHPH�3OXV�DQG�
.HWDN�1DQR�ZKLFK�KDG�KLJKHVW�PHDQ�5D�FRPSDUHG�WR�)LOWHN�/6�ZKLFK�VKRZHG�VLJQLÀFDQWO\�ORZ-
est mean Ra values. Conclusions: both the storage media and tooth brushing affectedthe surface 
roughness of all tested materials. Silorane-based restorative material exhibited more acid and 
abrasion resistance than methacrylate-based restorative materials. 
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INTRODUCTION 

Marked improvements in restorative materials 
have occurred during the past decade. Recently, 
the public fascination in esthetic dentistry has 
dramatically increased and the importance of direct 
placement of esthetic tooth-colored restoratives 
is also increasing. Despite their success in this 

respect, resin-based restorative materials still 
face some clinical problems and their longevity 
can be compromised, especially in the adverse 
conditions of the oral environment [1].One of the 
problems that could affect the clinical performance 
of these materials is wear which could occur as a 
result of occlusion, chewing, tooth brushing or 
parafunctional activities like grinding and clenching 
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as well as hostile chemical, thermal and biological 
components involved[2]. Previous studies have 
reported that acidic challenge has detrimental 
effects on wear, surface and physical properties of 
glass ionomer cements and composite resins[3-5]. 
Such erosive attack can induce, at least to some 
H[WHQW�� WKH�GHJUDGDWLRQ�RI� WKH�PDWUL[�DQG�ÀOOHUV�RI�
restorative materials [6, 7]. Thus the performance of 
D�GHQWDO�FRPSRVLWH�UHVLQ�GHSHQGV�RQ�ÀOOHU�W\SH�DQG�
DPRXQW�� UHVLQ� FRPSRVLWLRQ�� ÀOOHU�PDWUL[� ERQGLQJ��
DQG� SRO\PHUL]DWLRQ� FRQGLWLRQV�� )LOOHU� OHYHOV�� ÀOOHU�
treatments, and degree of polymerization have been 
VKRZQ� WR� LQÁXHQFH� ZHDU�� )LQH� ÀOOHUV� KDYH� EHHQ�
used to reduce inter-particle spacing to improve 
wear resistance. Moreover, the continuing action of 
tooth brushing could result in surface alterations of 
restorative materials making it more prone to plaque 
DFFXPXODWLRQ� DQG� VRIW� WLVVXH� LQÁDPPDWLRQ� [8]. As 
the tooth brush abrasion and erosion could have 
a synergistic effect on surface roughness of resin-
based materials, therefore, the aim of this article 
is to investigate the effect of storage media and 
simulated tooth-brushing on surface roughness of 
some contemporary resin based dental restorations.

MATERIALS AND METHODS

Composite materials and storage media

Three directesthetic restorative materials 
were selected for this study; Filtek Supreme Plus 
�QDQRÀOO� FRPSRVLWH�� .HWDF� 1���� �UHVLQ�PRGLÀHG�
nanoionomer; and Filtek LS (Silorane based 
composite). Shade A2 was selected for all materials. 
The details of the restorative materials used are 
shown in table (1). The storage media used were 
deionized water (control), acidic medium (2ml 
lactic acid solution, at concentration of 0.02mol -1at 
pH 2.7) [4,9], and alkaline medium (20 mL of 0.1 N, 
NaOH at pH 13)

Specimen preparation 

Fifteen discs (n=15) from each material 
were fabricated according to the manufacturer 
instructions. The restorative material was packed 
DV�RQH�LQFUHPHQW�DQG�SUHVVHG�LQWR�D�7HÁRQ�PRXOGRI�
dimensions;(3 mm diameter, 2 mm depth) using an 
appropriate instrument. Each mould was slightly 
RYHU� ÀOOHG� WKHQ� FRYHUHG� ZLWK� D� JODVV� PLFURVFRSH�
VOLGH� WR�DFKLHYH�D� VPRRWK�ÁDW� VXUIDFH�DQG�H[WUXGH�
the excess material,thenlight cured for 40 seconds 

TABLE (1) Materials used in the sudy

Material Type Composition Fillers /Vol. Manufacturer 

Filtek 
Supreme Plus

1DQRÀOOHG�UHVLQ�
composite

Bis-GMA, Bis-EMA, UDMA, 
TEGDMA

Nano silica and zirconia/silica 
nano-clusters

(Particle size = 20–75 nm
Cluster size = 0.6–1.4ƫm, 59.5 

vol %)

3M ESPE, 
Seefeld-
Germany

Ketak N100 5HVLQ�PRGLÀHG�
nanoionomer

Fluoro-alumino silicate glass(FAS), 
FRSRO\PHU��D�PHWKDFU\ODWH�PRGLÀHG�

polyalkenoic acid, HEMA, Deionized 
water

Two types of surface treated FAS 
QDQR�ÀOOHUV������QP��DQG�QDQR�

clusters (1.0-1.6)m
69 % wt

3M ESPE, 
Seefeld-
Germany

Filtek LS Microhybrid 
resin composite

Silorane-based hydrophobic resin 
matrix Bis-3,4-Epoxycyclohexylethyl-

Phenyl-Methylsilane
3,4-Epoxycyclohexylcyclopolymethyl-

siloxane, stabilizers and pigments

6LODQL]HG��ÀQH�4XDUW]�
ÀOOHU�<WWULXP�ÁXRULGH
(0.1-2ƫm, 55 vo%l)

3m ESPE 
Seefeld-
Germany
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from both sides using LED light curing unit (blue 
phase, Ivoclar, Vivadent). The curing light was 
placed perpendicular to the specimen’s surface 
at contact with the glass slide to ensure curing 
HIÀFDF\��&XULQJ�OLJKW�LQWHQVLW\�ZDV�PHDVXUHG�DW�����
mW/cm2 and monitored with a light meter. The 
ÀIWHHQ�VSHFLPHQV�RI�HDFK�UHVWRUDWLYH�PDWHULDO�ZHUH�
randomly distributed amongst three groups (n=5) 
according to the storage medium; deionized water, 
lactic acid and sodium hydroxide, then stored for 
one week at 37o C. 

3RZHU�WRRWKEUXVKLQJ�DSSDUDWXV>ÀJ�@

Simulated tooth-brushing apparatus was 
used to perform tooth-brushing abrasion [10]. The 
apparatus consisted of a power toothbrush (Braun 
Oral-B CrossAction power Max 7500DLX, Braun 
GmbH Frankfurter Stabe 145 61476 Kronberg/ 
Germany) which has a pulsating action added to 
an oscillating/rotatingaction in order to realistically 
imitate real brushingof the restorative materials.  
$YHUWLFDO�ORDGRI����J�ZDV�À[HG�RQ�WKH�KHDG�RI�WKH�
WRRWKEUXVK���6DPSOHV�ZHUH�À[HG�LQ�D�ZD[�ULP�ÀOOHG�
glass dish and were totally immersed in abrasive 
slurrycontaining 50 g of toothpaste and 100 ml of 
deionized water(Colgate Fluoriguard, Colgate Oral 

Care, Sydney, Australia). The power toothbrush was 
À[HG� LQ� WKH� WRRWKEUXVK� KROGHU� RI� WKH� DSSDUDWXV� VR�
that all the bristles are in contact with the specimen, 
and was moved in rotating action on the specimen 
at a frequency of approximately 374 strokes per 
minute at room temperature. Each experiment was 
allowed to run for 100000 strokes, representing 
4.2 yr of clinical use (Wang et al; 2004) [11]. A new 
toothbrush and fresh slurry was used for each group. 
Following the test, the specimens were removed 
and rinsed with deionized water for ten minutes and 
then air-dried.

Surface roughness analysis

Ra is the universally recognized and most used 
international parameter of surface roughness. It is 
the arithmetic average of the peaks and valleys of 
a surface from the mean line. All specimens were 
subjected to surface roughness measurements using 
photomicrographs obtained by Stereo-microscope 
image analysis (Olympus DP10, SZ-PT, Japan, 
and software: Image J1.4.1 (NIH, USA) at 40X 
before and after storage and after tooth-brushing 
abrasion. Two samples from each group were 
randomly selected for environmental scanning 
HOHFWURQ� PLFURVFRSH� �(6(0�� �4XDQWD� ������ )(,��
Netherland with measuring program XT document).
The ESEM offers three-dimensional images (height 
image). Representative images were obtained and 
compared.

Statistical analysis

Statistical analyses were performed using SPSS 
������6WDWLVWLFDO�3DFNDJH�IRU�6FLHQWLÀF�6WXGLHV��IRU�
Windows (SPSS Inc, Chicago, IL, USA).Data were 
presented as means, standard deviation (SD) values. 
Repeated measures ANOVAwas used to study the 
effect of material, storage media and brushing on 
PHDQ� VXUIDFH� URXJKQHVV�� 7KH� VLJQLÀFDQFH� OHYHO�
ZDV�VHW�DW�3��������2QH�ZD\�$129$�ZDV�XVHG�WR�
compare between percentages of change in surface 
roughness of different groups. 

FIG. (1) Simulated power tooth brushing apparatus (a-power 
tooth brush, b-head load, c- tooth brush holder, d- metal 
ligature, e- glass dish, f- wax rim, g- movable wooden 
EDVH��K��À[HG�ZRRGHQ�EDVH��L��VWRS�ZDWFK�

®SPSS, Inc., Chicago, IL, USA.
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RESULTS 

Surface roughness (Ra)

The mean, standard deviation (SD) values of Ra of the three materials are presented in table 2. ANOVA test 
VKRZHG�WKDW�DOO�YDULDEOHV�DQG�WKHLU�LQWHUDFWLRQV�KDG�D�VWDWLVWLFDOO\�VLJQLÀFDQW�HIIHFW�RQ�WKH�PHDQ�5D�YDOXHV��

TABLE (2) The mean, standard deviation (SD) values and results of comparison between the three materials 
with different storage media

Brushing
       Material

Storage media

F N S
P-value

Mean SD Mean SD Mean SD

Before

De-ionized water 131.2 1.1 132.6 2.6 132.4 1.8 0.655

Lactic acid 133.2 a 1.3 132.4 a 3.8 130.0 b 1.8 0.004*

Na OH 133.9 a 2.3 132.0 b 1.0 131.8 b 1.5 0.026*

After

De-ionized water 134.8 0.7 134.3 0.3 133.6 0.8 0.152

Lactic acid 138.2 a 1.6 138.2 a 2.0 131.8 b 1.2 <0.001*

Na OH 138.3 a 1 138.8 a 1.5 135.1 b 1.2 <0.001*


��6LJQLÀFDQW�DW�3���������0HDQ�ZLWK�GLIIHUHQW�OHWWHUV�LV�VWDWLVWLFDOO\�VLJQLÀFDQWO\�GLIIHUHQW�DFFRUGLQJ�WR�7XNH\·V�WHVW�UHVXOWV

)LOWHN�/6��6��VKRZHG�VLJQLÀFDQWO\�ORZHVW�PHDQ�
5D� YDOXHV�� 1R� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFH�
was found between the mean Ra of Filtek Supreme 
�)��DQG�.HWDF�1DQR�1����ÀJ���

As for storage media, the results showed that 
WKHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFH�
between mean Ra of Lactic acid and Na OH, which 
VKRZHG� WKH� VWDWLVWLFDOO\� VLJQLÀFDQWO\� KLJKHVW� 5D�
values. De-ionized water showed the statistically 

VLJQLÀFDQWO\�ORZHVW�PHDQ�5D�YDOXHV��ÀJ����

Regarding the effect of tooth brushing, in 
JHQHUDO��WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLÀFDQW�LQFUHDVH�
LQ�PHDQ�5D�URXJKQHVV�DIWHU�EUXVKLQJ��ÀJ����

However, de-ionized water group, there was no 
VLJQLÀFDQW� GLIIHUHQFH� EHWZHHQ� WKH� WKUHH� PDWHULDOV�
before and after brushing. In lactic acid��before and 
DIWHU� EUXVKLQJWKHUH�ZDV� QR� VWDWLVWLFDOO\� VLJQLÀFDQW�
difference between Filtek supreme and KetacN; 

FIG. (3) Comparison between the mean Ra values of different 
restorative materials

FIG. (2) Comparison between the mean Ra values of all 
restorative materials in different storage media 



INFLUENCE OF STORAGE MEDIA AND POWER-TOOTHBRUSHING ON CONTEMPORARY (5)

ERWK� VKRZHG� VWDWLVWLFDOO\� VLJQLÀFDQWKLJKHVW� PHDQ�
URXJKQHVV� ZKLOH� )LOWHN� /6� VKRZHG� VLJQLÀFDQWO\�
lowest mean roughness. On the other hand, in Na 
OH before brushing, Filtek Supreme exhibited 
WKH� VLJQLÀFDQWO\� KLJKHVW� PHDQ� URXJKQHVV� ZKHUH�
QR� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFH� ZDV� IRXQG�
between KetacN and FitekLS, which showed the 

VWDWLVWLFDOO\� VLJQLÀFDQW� ORZHVW� PHDQ� URXJKQHVV�
(Table 2). 

ESEM results

Samples of all materials immersed in de-
ionized water exhibited a relatively smooth surface. 
Samples of Filtek Supreme immersed in lactic acid 
�ÀJ� ��� VKRZHG� H[SRVHG� ÀOOHU� SDUWLFOHV� DQG�PDWUL[�
degradation as well as irregularities and relatively 
URXJK� VXUIDFH� ZKHQ� LPPHUVHG� LQ� 1D2+� �ÀJ� �����
These irregularities together with voids were more 
SURQRXQFHG�DIWHU�WRRWK�EUXVKLQJ��ÀJ��D���E��

.HWDF�1�VDPSOHV�LPPHUVHG�LQ�ODFWLF�DFLG��ÀJ����
and Na OH displayed changes in surface morphology 
associated with voids and cracks which appear more 
DJJUHVVLYH�DIWHU�WRRWK�EUXVKLQJ��ÀJ���������

FilteK LS (Silorane-based composite) undergone 
mild surface changes when immersed in lactic acid 
and in NaOH. These surface changes were more 
DSSDUHQW�DIWHU�WRRWK�EUXVKLQJ��ÀJ����

FIG. (4) Comparison between the mean Ra values of all 
restorative materials before and after brushing

FIG. (6) 

Ketaknano 2D, 3D (control-
deionized water)

FIG. (5) 

Filtek supreme (a. lactic acid,  
b. lactic acid + brushing)
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DISCUSSION 

In the oral cavity, corrosive wear results from 
the chemical reactions taking place between the 
wear couple and the environment. This type of 
wear can be due to chemicals from drinks, food, 
microorganisms and saliva. In fact, on exposure 
to plaque acids, food simulating constituents and 
enzymes, resin composites undergo softening[12,13], 
and roughening[14]. Such circumstances may create 
continuous exposure of these materials to the 
chemical agents absorbed by adherent debris such 
as calculus and food particles. Consequently, lactic 
acid was used in this study being a basic constituent 
in the plaque encountered in active carious lesions[15] 
and NaOH to mimic the in vivo degradation that 
arises from the reaction with OH_which is enhanced 
by raising the PH[16]. Generally, the corrosion is 
rapid initially and tends to slow down, or even 
FHDVH��DIWHU�D�FRKHVLYH�ÀOP�KDV�EHHQ�IRUPHG�RQ�WKH�
surface [17]. However, when this pellicle is removed 
by sliding of surfaces that meet or tooth brush and 
dentifrice, an unaltered surface is exposed and the 
chemical attack continues, thus resin composites 
may show an increased abrasive wear rate [18]. Since 
the wear evaluation depends on time consuming 
clinical trials, accelerated laboratory tests are 
available [19, 20].To simulate in vivo aspects of tooth 
brushing conditions, such as load and stroke rate, 
brushing simulating device was designed [10]. In the 
laboratory studies, the abrasion resistance of resin 
FRPSRVLWHV� KDV� EHHQ� HYDOXDWHG� E\� SURÀORPHWULFDO�

tracings, weight loss, photomicrographs or 3D 
laser scanning [5,20-22]. Specimens in this study were 
immersed in the respective solutions for one week 
before subjected to testing as previous studies 
reported that the greatest change in hardness of 
FRPSRVLWHV� RFFXUUHG� ZLWKLQ� WKH� ÀUVW� �� GD\V� DIWHU�
exposure to food simulating liquids [23].

5HVXOWV� RI� WKLV� VWXG\� UHYHDOHG� D� VLJQLÀFDQW�
increase in surface roughness of Filtek Supreme 
and Ketac N glass ionomer as compared to FilteK 
LS (silorane-based composite) which exhibited 
VLJQLÀFDQWO\� ORZHU� VXUIDFH� URXJKQHVV�� 0RUHRYHU��
WKHUH�ZDV�D�VLJQLÀFDQW�LQFUHDVH�LQ�VXUIDFH�URXJKQHVV�
of these materials after exposure to lactic acid and 
NaOH in comparison to the control group (deionized 
water). 

Corrosive wear, as described by Sarkar [16], 
involves a sequence of events beginning with water 
absorption that causes hydrolytic degradation of 
VLODQH� FRXSOLQJ� DQG� UHLQIRUFLQJ�ÀOOHUV� LQ� WKH� UHVLQ�
based materials. The absorbed water diffuses 
LQWHUQDOO\�WKURXJK�WKH�UHVLQ�PDWUL[��ÀOOHU�LQWHUIDFHV��
SRUHV�DQG�RWKHU�GHIHFWV��VORZO\�GLVVROYLQJ�WKH�ÀOOHU�
particles, compromising their reinforcing effects. 
The result is the formation of a corroded subsurface 
layer that is softer and more porous that can be 
easily removed by toothbrush or mastication forces. 
Therefore, any alteration of the surface of resin-
based materials at low PH should predominantly be 
due to hydrolytic degradation [5, 24]. Moreover, it was 

FIG. (7) 

Filtek LS (deionized water, 
lactic. NaOH, brushing)
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reported that the TEGDMA content in resin matrix 
led to an increase in water uptake, having higher 
hydrophilicity [25]. Besides, Yap et al[26], reported 
WKDW�]LUFRQLD�JODVV�ÀOOHUV�ZHUH�PRUH�VXVFHSWLEOH� WR�
aqueous attack.

In addition, the exposure of resin composites 
to plaque acids and food simulating media have 
shown to undergo softening [12,27], loss of surface 
integrity [14,16], and increase of surface wear[5, 24, 28].
Our results are also supported by previous studies 
which concerned storage media in increasing the 
degradation process of resin based composites 
and glass ionomer cements [29-34].Consequently, 
the results of this study could be related to the 
wear process encountered in resin-based materials 
(FilteK Supreme) and glass ionomer cement (Ketac 
N) leading to loss of the softer resin matrix and 
SURWUXVLRQ� RI� ÀOOHU� SDUWLFOHV� WKXV� LQFUHDVLQJ� WKH�
surface roughness. Similarly, the dissolution of the 
polyacid salts in the glass ionomer matrix in aqueous 
environment enhanced by the chemicals could 
account for the increase in roughness. Although, 
some investigators claimed that composites 
ZLWK� ODUJHU� ÀOOHUV� SUHVHQWHG� KLJKHU� ZHLJKW� ORVV�
DQG� URXJKHQLQJ� WKDQ� WKH� ÀQHU� PDWHULDOV[35,36], yet 
RWKHUV� UHSRUWHG� WKDW� IRU� D� VSHFLÀF� FRPSRVLWLRQ��
ÀQHU� SDUWLFOHV� GLVVROYH� IDVWHU� WKDQ� FRDUVHU� RQHV� WR�
create more interfaces –one for the paths of ion 
diffusion[37]. Thus as evidenced by the present study, 
Filtek supreme and Ketac N still suffer from loss 
of particles probably due to the heterogeneity in the 
structure of the material as they combine two types 
RI� ÀOOHU�QDQR�SDUWLFOHV� DQG� QDQRFOXVWHUV� LQ� WKHLU�
composition (table 1).

On the other hand, Filtek LS (Silorane) presented 
VLJQLÀFDQWO\� ORZHU�VXUIDFH�URXJKQHVV�DIWHU�VWRUDJH�
in lactic acid and NaOH. This could be attributed 
to the fact that silorane has a unique silorane based 
resin matrix.The silorane-based composites (SBCs) 
are obtained from the reaction of oxirane and 
siloxane molecules. They have low polymerization 
shrinkage due to the ring opening oxiranemonomer 

and increased hydrophobicity due to the presence 
of siloxane species[38]��0DQ\�VWXGLHV�KDYH�FRQÀUPHG�
the stability and insolubility of silorane in biological 
ÁXLGV�VXFK�DV�DTXHRXV�VROXWLRQV�FRQWDLQLQJ�HSR[LGH�
hydrolase, procaine liver esterase or diluted  
HCL[39-41]. Moreover, silorane is marketed as 
posterior composite having higher wear resistance 
than anterior composites. 

,Q� JHQHUDO�� WKHUH� ZDV� D� VLJQLÀFDQW� LQFUHDVH� LQ�
surface roughness of all the tested materials after 
tooth brushing with Filteksilorane being the least 
DIIHFWHG��+RZHYHU��WKLV�LQFUHDVH�ZDV�LQVLJQLÀFDQW�LQ�
the control group (deionized water) as compared to 
lactic acid and NaOH storage media. This appears 
in the same line with Suzuki et al [42], who reported 
a uniform tooth brushing abrasion with Filtek 
supreme with nano-clusters protruding from the 
surface. Greater or minor alterations on the material 
surface after tooth brushing with dentifrice depends 
on the composition and inherent characteristics of 
composite resins [8, 11] as well as the tooth brushing 
variables such as time and load [43]. Correr[44], 
reported that the simultaneous challenge of corrosive 
and abrasive wear produced a generalized increase 
in wear of resin-based materials, likely because 
WKH� VXSHUÀFLDO� H[SRVHG� OD\HU� RI� WKH� PDWHULDO� ZDV�
abraded away as soon as it reached a critical degree 
of softening. This would be a continuous process 
occurring during lifetime of the restoration. This 
KROGV�WUXH�VSHFLÀFDOO\�WKDW��LW�ZDV�IRXQG�WKDW�URXJK�
specimens of reinforced nanohybrid composite 
material immersed in cola solution had the lowest 
surface hardness [45]. The synergistic effect of tooth 
brushing abrasion and erosion on resin composites 
DQG� JODVV� LRQRPHU� FHPHQWVZDV� DOVR� FRQÀUPHG� E\�
another study by Wiegand [46]. The minor effects 
of erosive and or abrasive attack on Filteksilorane 
in this study could be related to the unique matrix 
composition devoid of methacrylates.

The SEM images correlated well with the results 
of the surface roughness, showing that all materials 
presented surface changes after erosive or abrasive 
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attack depending on the storage medium and the 
material composition. These changes ranged from 
minor surface irregularities to severe changes 
associated with voids and cracks. Similarresults 
were observed by other studies [11,16, 35, 46-48]. 

CONCLUSIONS 

Under the effect of the variables of this study, it 
could be concluded that:

1.  Storage media and power-toothbrushing abra-
sion increased the surface-roughness of all test-
ed materials. 

��� 1DQRLRQRPHU� �.HWDN�1DQR�� DQG� 1DQRÀOO�
(Filtek-Supreme-Plus) were more affected by 
erosive and abrasive challenge than Filtek LS 
(silorane based composite)

3.  The novel network matrix of Silorane-based 
restorative provided the material with a stable 
chemical structure that is more erosion and 
abrasion resistant than methacrylate-based re-
storatives.
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