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Objective: The aim of this in vitro study was to evaluate the influence of erosive conditions on the wear resistance of aesthetic direct restor-
ative materials. Methods: Six dental filling materials were tested: two composites (Filtek Z550 and X-tra fil), two compomers (Dyract Extra and
Twinky Star) and two glass ionomers (Ketac Molar and Fuii Il LC). Twenty disks (10mmx2mm) of each material were prepared (n=120) and
kept in artificial saliva at 37°C for 24 hours. Specimens were cycled in acidic soft drink (Coca-Cola) 5x/day, for 5°, over 30 days. Initial surface
roughness ISR (Ra-um) and final surface roughness FSR were measured using a profilometer. The wear rate was calculated as difference of
final minus the initial roughness (ASR=FSR-ISR). For statistical analysis t-test and one-way ANOVA test were used by GraphPad Prism version
5.03 statistical software. The level of significance was set at p<0.05. Results: The erosive wear rates (mean+SD, pm) after exposure to acidic
beverage were: 0.30+0.083 (Ketac Molar), 0.28+0.04 (Fuiji Il LC), 0.27+0.00 (Filtek 2550), 0.23+0.01 (X-tra fil), 0.20+0.00 (Twinky Star) and
0.14+0.01 Dyract Extra, respectively. There were significant differences between the tested materials (p<0.05). Conclusions: Dental filling
materials had different behaviour under the same erosive condition, however all investigated aesthetic restorative materials showed surface
degradation. These findings suggest that erosive wear resistance of tooth coloured restoratives could influence their longevity in intraoral
acidic conditions. Acknowledgements: The study was supported by the Internal Research Grant no. 5/30.01.2013 of the University of
Medicine and Pharmacy of Tirgu Mures.
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Introduction

Nowadays, a remarkable increase has been reported in the
incidence of non-carious lesions in the general population,
especially dental erosion [1]. Factors as bulimia, gastric acid
reflux, acidic medicines and frequent acidic diet exposure
represent significant factors in the development of dental
erosion [2-4]. The global increase in the ingestion of acidic
beverages, such as soft drinks and fruit juices is one of the
main causes of the high prevalence of dental erosion [5].

Tooth-coloured direct restoratives are often used in ero-
sive lesions for enamel and dentin rehabilitation. Physical
and chemical properties of dental filing materials are indi-
cators that predict their clinical performance. The rough-
ening of the surface caused by wear and chemical degra-
dation may affect gloss and consequently increase plaque
retention, thus decreasing the longevity of the restoration
[0].

Therefore, failure or success of aesthetic restorations
depends on their behaviour under still persisting erosive
conditions. The critical oral environment conditions, i.e.,
pH changes and humidity, may increase dental materials
biodegradation over time [7]. This is a complex process
that may lead a composite, a glass ionomer or a compomer
polymer matrix to collapse, causing several problems such
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as filler-polymer matrix debonding [8], release of residual
monomers [9]. This process may deteriorate the chemical
and mechanical properties of the material and reduce the
clinical life of resin restorations.

Previous studies concerning dental filling materials sus-
ceptibility to common erosive agents degradation have
shown that acidic drinks (such as wine, soft drinks) and
mouth rinses have varied degrees of damage on auto- and
light-cured composite resins [6,10].

However, only few studies have reported data regarding
the potential erosive effects of these agents on the tooth-
coloured restoratives such as the glass ionomer cements
(GICs), the resin modified GICs (RMGICs), quartz or
glass filler containing resin composites (CRs) and polyacid
modified composite resins (compomers) [6].

The purpose of this study was to evaluate the effects of
acidic beverages, under pH-cycling conditions, on the sur-
face roughness of six aesthetic direct restorative materials
and to compare their depth of bulk loss.

The tested null hypothesis was that exposure to an acidic
soft drink in a pH-cycling model, would not influence the
roughness and surface degradation of the evaluated dental
restoratives.
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Methods

Six aesthetic dental filling materials were selected for the
study: a universal nano-filler Filtek Z550 (3M St. Paul, MN,
USA), a posterior composite X-tra fil (Voco GmbH, Cux-
haven, Germany), two compomers Dyract Extra (Dent-
sply/Caulk, Milford, DE, USA) and Twinky Star (Voco
GmbH, Cuxhaven, Germany), a glass ionomer filling ma-
terial Ketac Molar (3M ESPE, Seefeld, Germany) and a
resin-reinforced glass ionomer restorative Fuji II LC (GC
America, Illinois).

All materials were polymerized according to manufac-
turers’ instructions into plastic rings (10mm in diameter
and 2mm in thickness) to obtain specimens identical in
size. These rings were slightly overfilled with the material,
covered by a Mylar strip (Henry Schein; Melville, NY) and
placed between two glass slides. The glass ionomer filling
material was hand mixed and the rest of restoratives were
polymerized on each side (exposure time 40 seconds) with
a visible light curing unit (Demetron, Kerr, Orange, CA).
The intensity of the light was verified with a radiometer
(SDS Kerr, Orange, CA). The light was placed perpendicu-
lar to the specimen surface, at a distance of 1.5mm.

Twenty cylindrical specimens of each material were
prepared (n=20) in this manner, for a total of 120 speci-
mens (n=120). After polymerization the discs were kept
immersed in artificial saliva (Bioxtra, Biopharm, Peschiera
Borromeo, MI, Italy) at 37°C. After 24 hours each group
was cycled in Coca-Cola® beverage 5x/day, for 5°, over 30
days. The acidic soft drink was employed at the tempera-
ture of consumption 4°C. The specimens were kept im-
mersed in artificial saliva at 37°C during the period be-
tween the cycles.

The average surface roughness of discs (Ra—pm) was
measured using a profilometer (Surftest SJ 201, Mitutoyo
Co, Kawasaki, Japan). Three roughness measurements
were recorded for each specimen (cut-off length of 0.25
mm). The mean value of these measurements was recorded
as the surface roughness for each specimen.

Initial surface roughness ISR (Ra—pm) and at the 30
day the final surface roughness FSR was measured. The
wear rate was calculated, response variable was the differ-
ence of final minus the initial roughness (ASR=FSR-ISR).
For erosive wear resistance assessment, intermediate sur-
face roughness were measured daily for every material.

Data analysis was accomplished by the GraphPad Prism
version 5.03 statistical package (San Diego, CA, USA).
Data were analyzed by analysis of variance (ANOVA) and
Tukey post hoc tests followed by one sample t-test for sta-
tistical comparisons. The significance was preset to 5%

(p<0.05).

Results

The effect of exposure to pH-cycling with intermittent
immersion in carbonated acidic beverage (Coca Cola)
on the surface roughness of the Ketac Molar, Fuji Il LC
Filtek Z550, X-tra fil, Twinky Star and Dyract Extra speci-

mens following the thirty days test period is presented
in Table I.

Table I. Summary of obtained data (mean value+SD, pm) before
and after exposure to Coca-Cola of the tested materials (n=120).

Initial surface Final surface

Material roughness (ISR) roughness (FSR) p value
Ketac Molar 0.23+0.04 0.53+0.03 0.0001
Fuji 1 LC 0.20+0.05 0.48+0.04 0.0001
Filtek Z550 0.11+0.03 0.38+0.03 0.0001
X-tra fil 0.12+0.02 0.35+0.03 0.0006
Twinky Star 0.12+0.03 0.32+0.01 0.001

Dyract Extra 0.11+0.03 0.25+0.04 0.003

Data analysis showed a statistically significant altera-
tion in surface roughness (ASR) of the specimens. Ketac
Molar (p<0.0001) presented the highest depth loss, fol-
lowed by Fuji Il LC (p<0.0001), Filtek Z550 (p<0.0001),
X-tra fil (p<0.0006), Twinky Star (p=0.001) and Dyract
Extra (p=0.003), respectively.

The ANOVA test indicated statistically significant dif-
ferences with respect to surface roughness of each ma-
terial (p<0.05, Fig 1).
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Fig. 1. Erosive wear rates (um, ASR=FSR-ISR) of the tested dental
materials.

Prior to exposure to acidic soft drink the glass iono-
mers had the highest surface roughness. Following in-
termittent immersion in Coca-Cola all materials experi-
enced increasing in surface roughness over the tested
period (Fig 2).

Discussion
Dental composites are considered the treatment of choice
to seal tooth enamel and minimize further loss due to acid
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Fig. 2. Intermediate surface degradation over the tested period.

exposure [11]. The main advantages of composites are their
aesthetic properties and high bond strength to the tooth
structure. However, their success in use is sensitive to the
application technique.

Glass ionomer cements are particularly useful in treating
erosive and carious lesions in low stress areas, and for this
reason many improvements in these materials have been
developed, such as RMGIC, dual- and tri-cured GIC, and
metal-reinforced GIC [12].

There are different methods that can be used to evalu-
ate the erosion of dental materials: 1) a solubility test; 2)
a method that measures the residual weight of a solution
in which the dental material has been immersed; 3) a test
which measures the depth loss of the material in a cavity
filled with it [13]. In our study the erosion rate of three dif-
ferent types of tooth coloured dental filling materials were
evaluated by measuring the depth loss of the surface.

Based on the results of this study, the anticipated null
hypothesis was rejected. All tested materials showed sta-
tistically significant surface roughness increase in a cycling
model with intermittent immersion in carbonated bever-
age (Coca-Cola). All compomers presented higher erosive
wear resistance than resin composites and glass ionomers
after cycling in acidic soft drink.

The erosive wear resistance of the tested universal nano-
filler composite was less than that of the posterior composite.

Conventional glass ionomer showed higher erosive wear than
resin-reinforced glass ionomer restorative under the same
acidic conditions.

It is recognized that these tests may not represent the
possible in vivo effects of dietary acids, and that the protec-
tion of saliva, dental pellicle and possibly plaque would
reduce this effect [14]. However, the study set out to exam-
ine the worst case scenarios, such as might occur in a xeros-
tomic patient with high consumption of acidic beverages.

In fact, the surface roughness is related to a combination
of factors such as size, hardness and the percentage of sur-
face area occupied by filler particles [15], the composition
of the monomer [16], the degree of conversion of the resin

matrix and the interaction matrix/particle, as well as the
silane union stability [6].

These data are discordant of another study in the litera-
ture [17], which observed no significant increase on rough-
ness means for composite resins and significant increase
on surface roughness for compomers after one month of
storage in Coca-Cola® and after three months of storage in
citric acid. This discrepancy in relation to the time factor
can be attributed to the difference between the method-
ologies, because, in that, the specimens were immersed in
solutions for the whole period of experiment and, in this
one, it was tried to simulate ‘real life’ conditions by using
the pH-cycling study design.

Our results are similar to those of Chanothai et al. [18],
who reported that composites resisted to acidic solutions
better than a resin-reinforced glass ionomer (Fuji II LC).
Ibrahim [19] also concluded that low pH beverages aggres-
sively attacked RMGIC materials, while composite resins
were relatively less affected. Reasons for the greater reduc-
tion in RMGIC include selective acid attack on the poly
salt matrix between the residual particles and release of
fluoride from the material following immersion in acidic
environments [19].

Therefore, the relative susceptibility of different com-
posite resins, polyacid modified resins and glass ionomers
to erosive conditions warrants further investigation. More
studies are necessary to assess the effect of various erosive
formulations on various dental restorations.

Conclusions

According to the results obtained in the present study and

considering the 7z vitro study restrictions, it can be con-

cluded that:

* Surface degradation was observed in all investigated re-
storative materials in a pH-cycling model with intermit-
tent exposure to acidic soft drink.

* The tooth coloured dental filling materials had different
behaviour under the same erosive conditions.

* Under the experimental acidic condition the erosive
wear resistance of compomers was greater than that of
the tested composites and glass ionomers, respectively.

* Dissimilar degradation as a result of exposure to low Ph,
could be influenced by the different chemical composi-
tion and structure of the modern tooth-coloured dental
restorative materials.

* The morphological surface differences of the tested den-
tal restoratives may suggest possible variations of the
clinical performance in intraoral erosive conditions.
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