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ABSTRACT 

The aim of the study was to investigate the chemical corrosion in artificial saliva of some commercial 

composite resins.  Material and method. 20 samples of a nanocomposite resin (Filtek Supreme XT, 3M ESPE) 

and 20 samples of a microhybrid composite resin (Filek Z250, 3M ESPE) were immersed for 30 days in 

Fusayama artificial saliva. After that, they were examined by scanning electron microscopy and energy-

dispersive X-ray spectroscopy. Results. It resulted that the corrosion is mainly due to the pitting, micrometric 

holes being observed for both materials. Also, preferred directions of corrosion resulted, as consequence of 

micro-scratches formation during the samples preparation. The oxygen content generally increased due to the 

oxides formation, while carbon, silicon and zirconium normalized atomic percents decreased. Conclusions. The 

corrosion of the composite resins in artificial saliva is mainly represented by pitting, and micrometric holes. The 

chemical corrosion affected both polymeric matrix and filler particles.  
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INTRODUCTION 
Dental restorative composites 

consisting of polymeric resin matrices and 

inorganic fillers have been in dental use since 

the mid sixties. Compared to their main 

alternatives, dental amalgams, silicate 

cements and acrylic resins, the composites 

possess better esthetic property, have less 

safety concern, and have shown reasonably 

satisfactory clinic results. They have been 

widely adopted by the dental practitioners as 

the first choice in dentistry. The latest 

development in the field has been the 

introduction of nanofilled materials, by 

combining nanometric particles and 

nanoclusters in a conventional resin matrix. 

Nanofilled materials offer excellent wear 

resistance, strength and ultimate esthetics due 

to their exceptional polishability and shinny 

appearance [1,2]. 

Corrosion tests of dental materials are 

fundamental and they are often made in 

artificial solutions due to the instability and 

fluctuant characteristics of natural saliva. 

More than 60 formulas of artificial saliva  

were elaborated, a comprehensive 

presentation being given in Refs. [3,4]. Some 

of these solutions are simulating well the 

human saliva, especially regarding the 

electrochemical behaviour and they were 

often used in corrosion tests. The interactions 

of various salts with the substrate are 

complex [5]. The chlorides produce a slight 

intercrystalline corrosion around attacking 

areas, as porosities. Adding HPO4
2- reduces 

corrosion effect and the accumulation of 

corrosion products in those specific areas. 

Adding HCO3
- to the system Cl-/HPO4

2- 

increases corrosion [6,7]. Contrarily, adding 

SCN- to the previous system decreases the 

corrosion of the microstructure.  

The aim of this study was to compare 

the corrosion process of different composite 

restorative after their immersion in artificial 

saliva using scanning electron microscopy 
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(SEM) and energy-dispersive X-ray (EDX) 

spectroscopy. 

 

MATERIAL AND METHODS 
The materials used in this study were 

a nanocomposite resin: Filtek Supreme XT 

(3M ESPE) and microhybrid composite resin: 

Filtek Z250 (3M ESPE). 20 cylindrical 

samples (10.8 mm in diameter and 2.5 mm in 

thickness) were made from each material. 

The samples resulted after composite photo-

polymerization using a LED light source 

(Optilight LD MAX, Gnatus).  

The samples were immersed in 

Fusayama artificial saliva (pH 5.29), in closed 

chambers for 30 days. The chemical 

composition of the saliva is given in Table 1. 

After 30 days, they were cleaned with 

distilled water and dried with air. The surface 

topography and the chemical composition 

were assessed using SEM and EDX detector 

(VEGA II LSH TESCAN, Czech). 

 

 

Table 1. Chemical composition of 

Fusayama artificial saliva 

Chemical 

compound 

(g/l) 

NaCl 0.400 

KCl 0.400 

CaCl2·2H2O 0.795 

NaH2PO4·H2O 0.690 

Na2S·9H2O 0.005 

CH4ON2 1.000 
 

 

Filtek Supreme XT is a nano-filled 

composite, having non-agglomerated 

nanoparticles and clusters of agglomerated 

zirconia/silica. Filtek Z250 is a hybrid 

material, having nanometric and micrometric 

particles of zirconia/silica.  

 

The resin system and the filler load is 

the same for both materials, while they differ 

by the particle size distribution (table 2). 

 Table 2. Restorative materials used in this 

study 

Material Matrix Filler 

Filtek 

Supreme 

XT 

Bis-GMA, 

Bis-EMA, 
TEGDMA 

UDMA 

Silica and zirconia 

0.01-3.5 µm, 

average size 

0.6 µm 

60% volume 

Filtek 

Z250 

Bis-GMA, 

Bis-EMA, 
TEGDMA 

UDMA 

Non-

agglomerated/non-

aggregated 20 nm, 

nanosilica 

Zirconia/silica 

clusters 0.6-

1.4µm 

60% volume 
 

 

Results 
The typical microstructure of Filtek 

Supreme XT after corrosion is given in figure 

1 (SEM 250×). Two distinct areas corroded 

by pitting were observed: a strongly corroded 

one which is characterized by 10-25 micro-

holes/0.01mm2, with diameters between 2 and 

50 µm, and a weakly corroded area which is 

characterized by 2-5 micro-holes/0.01 mm2 

with  diameters  less than 10 µm. A specific 

direction of corrosion was recorded due to the 

non-uniform application of the restorative 

material and micro-scratches formation 

during the sample preparation (marked with 

arrow in Fig. 1). 

  

Figure 1. Microstructure of Filtek Supreme 

XT after corrosion in Fusayama artificial 

saliva 

The chemical composition of Filtek 

Supreme Universal XT before and after 

chemical corrosion, as resulted from EDX 

Weakly corroded area 

Strongly corroded area 

Preferred direction for chemical 

compounds formation   
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measurements is presented in Fig. 2. An 

increase of the oxygen percent can be 

generally observed as a consequence of the 

oxides formation on the sample surface. The 

carbon, silicon, and zirconium ion percents 

decreased, showing the corrosion process 

both in polymeric matrix and in fillers. 

Small quantities (less than 1%) of calcium, 

potassium, and sodium were detected and 

they resulted by the chemical reaction 

products. The existence of these compounds 

is confirmed by the local peaks of atomic 

percent (see Fig. 3) along a line of 220 µm 

(dotted line in Fig. 1). 

 

 

 
Figure 2. Chemical composition of Filtek Supreme XT before and after the corrosion in 

Fusayama artificial saliva on 2×2 mm
2
 area 

 

 
 Figure 3. Chemical composition of Filtek Supreme XT after the corrosion in 

Fusayama artificial saliva along a line of 220 µm 

 

The typical microstructure of Filtek 

Z250 after corrosion is given in Fig. 4 (SEM 

100× (a) and 1000× (b)). Similar features as 

for the Filtek Supreme XT were observed. 

The corrosion is mainly given by pitting, 

with micrometric holes. Also, chemical 

reaction products can be seen in a higher 

magnification (see Fig. 4b).  

In Fig. 5 atomic percents of each 

detected element is plotted before and after 

the corrosion of Filtek Z250 samples. The 

same tendency as for Filtek Supreme XT 

was recorded: the oxygen ion content 

increased, while carbon, silicon and 

zirconium ion percents decreased as 

consequence of oxide formation process. 

Moreover, when comparing the initial 

content of silicon and zirconium for Filtek 

Supreme XT (nano-composite) and for 

Filtek Z250 (micro-hybrid), a slightly 

increased content of silica particles for the 

first composite was recorded, while the total 



Romanian Journal of Oral Rehabilitation 

Vol. 7, Issue 4, October - December 2015 

 

40 

filler load was almost preserved. Small 

amounts (less than 1%) of sodium, 

potassium, chlorine, and calcium ions were 

detected, originating from the artificial 

saliva.  

 

   

Figure 4. Microstructure of Filtek Z250 after corrosion in Fusayama artificial Saliva: 100× (a) 

and 1000× (b) 

 

Figure 5. Chemical composition of Filtek Z250 before and after the corrosion in Fusayama 

artificial saliva (2×2 mm
2
 area)

Discussions 
In wear phenomenon of resin-based materials 

multiple degradation processes, such us 

corrosive, abrasive, adhesive, fatigue are 

involved [8]. Corrosive wear results from the 

chemical reaction of the material with its 

environments and from the mechanical 

removal of corroded layers. The following 

steps are associated with the corrosive wear 

of resin composites [9,10]: i) the process of 

water absorption as the resin restoration is 

placed in the oral environment. The water-

sorption leads mainly to hydrolytic corrosion 

of silane coupling and reinforcing fillers; ii) 

the internal diffusion of the water through 

resin matrix, filler interfaces, pores which 

dissolves the filler particles and alters their 

reinforcing effect. If the corroded layer is 

removed due to mastication or tooth brushing, 

a fresh surface is exposed, and the cycle of 

corrosion continues. Since the restorative 

composite degradation appears to depend on 

the filler size distribution through the number 

of matrix-filler interfaces, two types of 

a) b) 
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materials, nano-filled and hybrid, were 

chosen for comparison. Moreover, the tested 

materials had similar polymeric matrix and 

filler load, as described in the followings. 

The monomer Bisphenol A 

diglycidylmethacrylate (Bis-GMA) has been 

widely used as an important dental base 

monomer since it was invented in early 1960s 

[11]. Bis-GMA is a very viscous liquid. To 

improve the handling qualities, a low 

viscosity diluent monomer, such as Tri 

(ethylene glycol) dimethacrylate (TEGDMA), 

is added to thin the resin. In Bis-

GMA/TEGDMA dental resin, Bis-GMA 

functions to limit the photopolymerization 

induced volumetric shrinkage and to enhance 

resin reactivity, while TEGDMA provides for 

the increased vinyl double bond conversion. 

In Filtek Z250 restorative, the majority of 

TEGDMA has been replaced with a blend of 

UDMA (Urethane dimethacrylate) and Bis-

EMA (Bisphenol A polyethylene glycol 

diether dimethacrylate) [12]. The filler 

consists in zirconia and silica particles. The 

particle size distribution is 0.01 μm to 3.5 μm 

with an average particle size of 0.6 μm. The 

inorganic filler loading is 60% by volume. 

Filtek Supreme XT Universal 

Restorative material [13] have the same resin 

system as that Filtek Z250, but the producers 

discovered a way to modify the sintering 

process to produce loosely agglomerated 

nanoparticles, i.e. nanoclusters. Although 

structurally different from densified particles, 

these nanoclusters behave similarly to the 

densified particles found in other composites 

in terms of providing high filler loading. This 

resulted in a material with the strength and 

wear of hybrids with significantly improved 

polish retention and optical properties. The 

filler consists in a combination of a non-

agglomerated/non-aggregated, 20 nm 

nanosilica filler, and loosely bound 

agglomerated zirconia/silica nanocluster, 

consisting of agglomerates of primary 

zirconia/silica particles with size of 5-20 nm 

fillers. The cluster particle size range is 0.6 to 

1.4 microns. The filler loading is 78.5% by 

weight. 

For laboratory studies, slightly low 

pH mediums best mimic in vivo conditions, 

but the corrosion effects are obtained slowly. 

Therefore, to produce quick microstructural 

damages high alkaline or very low acid 

mediums would be used [8-10]. 

Our results show that the chemical corrosion 

process can be microscopically evidenced by 

micro-pores formation after the immersion of 

both materials in slightly acid Fusayama 

artificial saliva. Even if macroscopically, 

mass looses couldn’t be measured, changes of 

the atomic percents were recorded through 

EDX. 

 

 

 

Conclusions 
The corrosion of the composite resins 

in artificial saliva is mainly represented by 

pitting, micrometric holes being observed for 

both materials. The preferred direction of 

corrosion is resulted as a consequence of 

micro-scratches formed during the samples 

preparation. The chemical corrosion affected 

both polymeric matrix and filler particles.  
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