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INTRODUCTION

Dental restorative materials are used to repair 
teeth damaged by injury or disease. Therapeutic 
treatment should result in the reconstruction of 
the shape, aesthetics and function of the teeth. 
Dysfunctions in the stomatognathic system as-
sociated with the destruction or loss of teeth can 
cause pain, malnutrition, speech disorders, tem-
poromandibular joint disease and other pathol-
ogies, as well as systemic diseases. In addition, 
dentition as an important part of facial appear-
ance is important for continued high self-esteem, 
mental health, well-being and interpersonal rela-
tions. There are an increasing number of reports 
in the reference literature demonstrating the link 
between oral health and systemic disease, and the 
health and function of the whole body [1–4].

The restoration of the aesthetics and function 
of teeth is therefore the primary objective of re-
storative dentistry. Hence, there is a very high 
demand for dental restorative materials that re-
produce the appearance and function of natural 
tooth tissue. The choice of material is driven by 
aesthetic qualities and its physical and mechani-
cal performance. Dental material manufacturers 
have introduced bulk-fill composites to simplify 
the application procedure, condensation and po-
lymerisation of the material in the cavity. 

As mentioned by Kumar, bulk-fill materials 
are present in unidoses, syringes or tubes. The fill-
er content and incorporation of fibres in the bulk-
fill composites are classified into various types [5]. 

The placement procedure for bulk-fill res-
torations is faster in time because of the fea-
sibility of introducing and polymerising these 
composites in a 4–5 mm layer. In addition, the 
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relatively low shrinkage of these materials, cou-
pled with the high filler content result in low 
shrinkage stresses, allowing thicker layers to be 
deposited. The main advantages of resin-based 
composite restorations require minimal tooth 
preparations, and the entire restorative proce-
dure which could be in one single appointment; 
it is cost-effective, too [6].

There are many composite materials on the 
dentistry supplies market used for reconstruc-
tion of missing tooth tissues. The compositions 
of these materials include micro, macro, and 
nanoparticles and feature different physical and 
mechanical properties, along with different aes-
thetic finish qualities. However, they did not in-
clude a material comprising glass fibres which 
improve the strength of the polymer matrix. 
Glass fibre-reinforced (GFR) composite mate-
rials are unique and innovative solutions which 
have been available on the market for a few years 
only, under brand names EverX Posterior and 
EverX Flow GC. As tooth enamel substitutes, 
most composite materials provide optimum 
properties, like high abrasion resistance and 
good aesthetic qualities. However, they cannot 
be put on par with dentin in terms of cracking 
resistance. The EverX composite material solves 
this issue with an excellent cracking resistance 
which is comparable to that of dentin, by virtue 
of short glass fibres that are strongly bonded to 
the resin matrix [3].

This is of fundamental importance in clin-
ical practice, as the composite material allows 
retaining the organic tooth tissues while reinforc-
ing them without any need of enhanced grinding 
(deduction) otherwise require to crown a tooth. 
Another important matter is cost efficiency; direct 
reconstruction of teeth using an innovative GFR 
composite that meets the parameters and speci-
fications concerning the occlusion forces is a far 

less expensive alternative to patients than a labo-
ratory-fabricated prosthetic crown [5].

EverX Posterior is a glass fibre-reinforced 
(GFR) bulk-fill composite used as a dentin ‘sub-
stitute’. Thanks to the presence of glass fibres, it 
boasts very good strength properties. The fibres 
inhibit the propagation of cracks in the material 
and dental structures. Thanks to its properties, 
EverX Posterior is used for the restoration of large 
and deep cavities, particularly in posterior teeth. 
It also finds applications in tooth restoration after 
endodontic treatment. The manufacturer recom-
mends covering the EverX Posterior composite 
with a layer of conventional light-curing com-
posite. FiltekTM Z250 is a universal light-curing 
composite material. It designed for filling cavities 
in anterior and posterior teeth.

According to Drummond JL, the damage to 
composite material may results from deterioration 
of the matrix and fillers or is due to mechanical 
and environmental loads, interfacial debonding, 
microcracking or filler particle fracture, which 
may reduce the survival probability of compos-
ite restorations during in vivo tests [7]. Properties 
like compressive strength test, flexural strength, 
hardness and elastic moduli improve as the filler 
content increases [8].

The objective of this study was to evaluate the 
compressive strength of a glass fibre reinforced 
(GFR) composite material used in restorative 
conservative dentistry. 

MATERIALS AND METHODS

The following dental composites were used 
in this study (Table 1). In the everX Posterior 
composite, the short glass fibres protect from and 
inhibit fracture growth in the restoration and in 
the teeth. Moreover, a fracture resistance similar 

Table 1. The composition of the two composite materials used in the study [9]
Composite EverX posterior Z250 Filtek

Manufacturer GC Europe 3M ESPE
Type Fiber-reinforced composite Nano-hybrid zirconia filled composite

Resin matrix
Bis-GMA
TEGDMA

PMMA

Bis-GMA
UDMA

TEGDMA
Bis-EMA
PEGDMA

Fillers
E-glass fibers length (1–2 mm)

Diameter (17 mm)
Barium borosilicate glass (0.1–2.2 mm)

Surface modificate zirconia/silica (≤ 3 mm)
Non-agglomertaed/nonggregated surface- 

modified silica (20 nm)
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to that of dentin and almost double that of any 
composite is achieved. There is minimal linear 
contraction due to the orientation of fibres.

These materials were used to fabricate molar 
crown phantoms in dedicated celluloid moulds 
imitating the shape and size of human molars. 
Two types of phantom models were made. The 
first type group comprised dental crown phan-
toms, made of the everX Posterior GFR compos-
ite coated with a conventional composite, Filtek 
Z250 Group One (Phantoms E). The second type group 
(Phantoms F) comprised phantom models in which the 
crown was restored with a single composite mate-
rial, Filtek Z250, layered and polymerised.

Compressive strength

Compressive strength tests were carried out 
on a Shimadzu AG-X testing machine with a 
force range of 20 kN. The feed rate was 2mm/min 
for each specimen. The counter-specimen in the 
compressive strength test was a rod with a 10 mm 
spherical tip. This rod ensured that the applied 
load represented the true state when the highest 
bite forces were present (Figure 1). 

Fracture analysis 

A detailed analysis of the fractures pro-
duced by failure of the phantoms in compressive 

Figure 1. View of a compression test specimen
with the phantom mounted

strength test was carried using a Nikon SMZ 1500 
stereo microscope (Nikon, Japan).

Microstructure 

The microstructure examination of failed 
phantoms made of the composite materials was 
performed on a Nova NanoSEM 450 high-res-
olution scanning microscope (ThermoFisher, 
USA) set to 100 Pa low vacuum, 4.0 spot size 
and 10 kV voltage. In addition, an analysis of 
the interphase connections and an analysis of 
the fractures resulting from the compressive 
strength test were done. 

RESULTS

Table 2 shows the results which define the 
most important parameters obtained during the 
phantom compressive strength test. In the anal-
ysis of the maximum force values (Table 2, Fig-
ure 2) at which the Phantoms F and Phantoms 
E failed revealed that the failure force was ap-
proximately 1750 N and 2000 N, respectively. 
The yield point defines a stress value that causes 
irreversible plastic deformation in the materi-
al. Comparing these force values, it is apparent 
that Group One (E) had a higher compressive 
strength of approximately 300 N compared 
to Group Two (F). In addition, Group One (E) 
achieved a Young’s modulus value that was 
close to that of the glass fibres themselves. 

The t-student test was done. The parametric 
student’s T test showed that there were statistically 
significant differences p = 0.000005, i.e. p < 0.05.

Figure 3 shows the fractures of the phantoms 
of both groups after the compressive strength 
tests. Figure 3 reveals that the failure mode of the 
phantoms varies between the groups. In Group 
One Phantom E a clear separation of the two compos-
ite materials at the separation boundary can be 
seen. In contrast, in Group Two Phantom F the frac-
ture ran from the nodule through the entire com-
posite. A fractographic analysis of the fractures in 
the phantoms is shown in the Figure 4 and 5. 

In Group One Phantom E, fracture was found 
across the fibre boundaries and voids were ob-
served after removal of the glass fibres (Figure 
4a, b). The composite also revealed areas of re-
coil from the oriented glass fibres, shown in high-
lighted in red in the figures. In Figure 4c, there 
is presence of glass fibre fractures formed during 
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the compressive strength tests. The weakest point 
can be noticed, which was the location of fracture 
initiation, with fracture propagation lines.

Figure 5 reveals the separation boundary of 
the two composites in Group One Phantom E. In ad-
dition to the readily visible separation boundary 
where the fracture occurred, voids can be seen 
left by the pulled out glass fibres.

Figure 6 shows an analysis of the fractures 
in Group Two Phantom F. The cracks in the compos-
ite are visible, along with the internal structure, 
where individual filler particles are evident.

This work presents a failure analysis of se-
lected composite materials used in restorative 
conservative dentistry. The tests were performed 
in two groups of phantoms, which were formed to 

Table 2. Average force values for the test groups one and two
Name Group one Phantoms E Group two Phantoms F

Young’s modulus [GPa] 18.81 ± 0.12 14 ± 9.89

Max force [N] 2010 ± 65.66 1742 ± 35.09

Max stress [MPa] 40 ± 2.46 34 ± 3.86

Figure 2. Compressive strength force vs. displacement diagram for: (a) Group One Phantom E 
and (b) Group Two Phantom F

Figure 3. View of the two phantoms after the compression test for: a), b) Group One Phantom E 
and c), d) Group Two Phantom F; stereoscopic microscope imaging
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model tooth crowns. The first group of phantoms 
was fabricated using the everX Posterior GFR 
composite material overlaid with a conventional 
Filtek Z250 composite, while the second group 
of dental crown phantoms were made using a sin-
gle type of composite material only, Filtek Z250. 
Compressive strength tests were carried out to 
evaluate the state of failure of the materials used 
in the phantoms. After analysing the compressive 
strength tests, it can be concluded from the data 
in the tables and graphs that each of the materials 
revealed correspondingly high strength levels. 

Considering that the highest bite forces are 
present on the molars and are estimated to be 
around 580 N, the composite materials used for 
the tests, both Filtek Z250 and everX Posterior, 

revealed sufficiently high strength levels, as frac-
ture of the specimens occurred at maximum force 
values of more than 1300 N. 

In contrast, when comparing the maximum 
forces of specimen fracture, the phantoms using 
the everX Posterior GFR composite revealed sig-
nificantly higher strength levels. Similar observa-
tions were made by Lassila L. et al. who demon-
strated very favourable failure performance for a 
GFR material [10]. Lassila L. et al. observed good 
shearing properties. This was driven by the addi-
tional glass fibres present in the everX Posterior 
structure. Higher maximum stresses was found in 
the phantoms made with everX Posterior, which 
may also be significantly affected by the glass fi-
bres, items of low stiffness. It is the glass fibres 

Figure 4. Fractures: a), b) of phantoms in Group One Phantom E with a clear fracture mode and
c) failure of fibres; SEM imaging

Figure 5. Separation boundary between the composites in Group One Phantom E; SEM imaging
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that were responsible for the transfer of stresses. 
They were shaped like perfectly smooth cylinders 
that adhered very well to the matrix [10].

The short fibres increased the material’s re-
sistance to crack propagation and reduction of 
stress severity within the cracks. Fracture tough-
ness is a mechanical property that tells the resist-
ance of brittle materials to the propagation of de-
fects under a load, and therefore, the material’s 
tolerance to damage [12].

Flexural strength results in Abdulp-Monem 
et al. [9] showed that the fiber-reinforced com-
posite had the highest flexural strength com-
pared to the nano-hybrid composites, similarity 
as the Autor’s study. According with Cipmean 
[13] the fiber reinforced composite everX Pos-
terior has been shown to increase the fracture 
resistance endodontically treated teeth. Using 
everX posterior as a dentine replacement in 
large cavities and overlaying it with a conven-
tional composite for enamel replacement cre-
ates a biomiemetic restoriations of the tooth and 
provides a solution for stronger more durable 
posterior composite restoriations.

Garoushi et al. explains that the mere inser-
tion of fibers does not enhance the fracture resis-
tance properties, but its length and diameter play 
a vital role [14–15].

CONCLUSIONS

The phantoms made of the GFR compos-
ite showed greater strength than polymer-filled 
phantoms, devoid of short glass fibres. The short 
fibres, rather than the polymer matrix itself, were 
responsible for the load transfer.

The deterioration of the GFR composite 
phantoms was less destructive, as the glass fibres 
absorbed the failure forces. The fracture analysis 
revealed that the separation boundary between 
specific composite layers remained intact, a 
tell-tale of their good mutual adhesion. 

The voids visible after removal of the fibres 
and the cracks in the polymer matrix are indica-
tive of a force required to cause a GFR compos-
ite failure that is higher than the force required 
to cause a conventional composite filling failure.
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