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Abstract
In dentistry, the use of dental fillings is a routine procedure. The use of fillings is a cheap, simple and low-
harm dental operation, however, the filling of deep cavities is a difficult task. During this research, three 
types of fillings were tested: composite fillings bonded directly to the cavity walls, fillings bonded to the cavity 
walls with a semi-direct method, and composite fillings bonded to the cavity lined with polyethylene fibres. 
In the course of our examinations, the gaps between the wall of the dental cavity and the dental filling were 
observed using scanning electron microscopy. The results of these measurements can be used to determine 
the quality of each type of filling procedure.
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1. Introduction
Dental diseases affect approximately 3,5 billion 

people worldwide. Based on the statistics of the 
WHO, nearly 100% of adults suffer from tooth de-
cay, which is significant [1]. Therefore, restoring 
carious teeth is a very important public health 
issue. The methodology and material science be-
hind the restoration is accordingly a dynamically 
evolving field of dentistry.

The main part of the tooth, from the neck to the 
root, is the dentin. Dentin is a hard but flexible or-
ganic tissue covered with enamel on the coronal 
part and dental cement on the root part. Dentin 
provides flexible and strong support for a much 
harder, more brittle enamel with little organic 
content [2]. A thin layer can be observed between 
the dentin and the enamel called the dentin 
enamel junction (DEJ), which ensures adhesion 
between the two tissues [3]. 

1.1. Biomimetics
Biomimetics is an innovative, multidisciplinary 

approach based primarily on collaboration be-
tween biology and engineering or other sciences, 
with the aim of developing solutions to a variety  
of practical problems by modeling biological 

systems [4]. In dentistry, the objective of biomi-
metics is to restore tissues, by combining meth-
ods and materials while keeping the original 
structure of the tooth, biomechanically and aes-
thetically [5–7]. One of the key objectives of the 
biomimetic approach in dentistry is maximizing 
the bonding force between the remaining tooth 
and the restoration (eg filling) during the binding 
of the restoration and reducing stress within the 
system formed by the tooth and the restoration to 
increase durability. Different tissues of the tooth 
have different bondability, which means that the 
strength of each cohesive/adhesive bond varies. 
Therefore, the bonding of the enamel and the 
dentin should be treated differently. The usage 
of a so-called hybrid layer for strong bonding is 
necessary, which is a reinforced transition layer 
infiltrated with a hydrophilic resin of the collagen 
fibres of demineralised dentin. It is important for 
the hybrid layer to decouple with time, otherwise 
the bond will not be strong enough and separa-
tion will occur on this surface [8, 9].

The different binding capacity of the tissues can 
cause polymerisation shrinkage of the composite 
dental fillings (if the composite is polymerized 
within the tooth with bulk fill method), which 
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must be avoided to prevent the formation of gaps 
and cavities. Therefore, the reduction of the po-
lymerisation shrinkage is key to a long-term suc-
cess [10]. One possible method for achieving this 
is the application of dental fibre reinforcement, 
which reduces the risk of separation, by absorb-
ing the stress caused by shrinkage [11]. Another 
possible solution is Semi-Direct dentin replace-
ment, where the polymerisation takes place out-
side of the tooth, which is advantageous because 
the hybrid layer is not subjected to direct tensile 
stress due to the polymerisation shrinkage of the 
composite filling, and the hybrid layer has enough 
time to develop a stronger bond [12].

In dentistry, the configuration factor (or C-fac-
tor) refers to the number of bonded surfaces in 
an adhesive dental restoration. The bigger this 
value is, (which means more binding surface), 
the more polymerisation shrinkage will occur. 
During our research, we examined Class I cavities 
with a C-factor of 5, which is highly exposed to 
cracks and residual stress. These cavities are con-
ventionally filled in 2-3 layers which creates large 
internal stress and can lead to crack formation 
and propagation [13, 14]. 

Nowadays, dental fillings are mainly reviewed 
with microstructural and micro-tensile bond 
strength tests [15–17]. In this research, innovative 
dental fillings have been examined, which might 
substitute the usage of dental crowns in most cas-
es, keeping most of the natural part of the tooth 
during the procedure.

Our goal is to create more flexible, gapless den-
tal fillings than ever before with a novel den-
tin-like material and biomimetic method.

2. Materials and methods
2.1. Materials

In this study, Class I cavities were restored with 
fillings. The restorations were created by the same 
dentist (F. P. Z.) in all cases.

As filling material, EverX Posterior glass fibre 
reinforced composite was used, which was devel-
oped to replace the dentin in deep dental fillings 
(Class I) with a large C-factor. For reinforcement, 
the specially woven Ribbond polyethylene bonda-
ble reinforcement ribbon was applied. The bond-
ing material was the Kuraray Clearfil SE Protect 
two-component, 6th generation, self-etching ad-
hesive in all cases. The coverage of the filling was 
ensured by the Estelite Asteria Syringe nano com-
posite. The gap between the tooth and the polym-
erised filling material for the Semi-Direct method 
was filled with Renamel Microfill liquid composite.

2.2. Filling methods
For the studies, structurally sound wisdom teeth 

were used, removed for prevention. The removed 
teeth were placed in room temperature 0,5% 
Chloramine T solution for at least 24 hours before 
and after the preparation as well, in order to keep 
them moist, thus keeping the structure as intact 
as possible. During the teeth preparation, 4×4×4 
mm size deep Class I cavities were drilled and 
were preconditioned uniformly. Then, in all cases 
one of the three procedures were followed, thus 
creating the three groups for testing. The first 
group contained EverX bulk filled (Direct) fillings, 
where the composite was filled in the cavity in 
one load. The second group was the Semi-Direct 
method, where the bulk filled composites were 
polymerised extra-orally and then placed into the 
cavity. In the third group, polyethylene fibre re-
inforcement was used as underlining before the 
bulk filling. 

2.3. Measurement methods
The restored wisdom teeth were prepared by 

the following method. The teeth were embedded 
in Ø20 mm silicone cylinders with Duracryl Plus 
two-component epoxy resin for further examina-
tion. After crosslinking, the obtained block was cut 
in the longitudinal direction with a Buehler IsoM-
et 1000 cutting machine at 200 1/min speed with a 
diamond disc, with the lowest possible load. The 
cut sections were grinded with P600 and P1200 grit 
sandpaper, finally polished with a liquid contain-
ing 3 µm diamond particles. 

The samples were first examined at a lower 
magnification with a Zeiss EVO MA10 scanning 
electron microscope (SEM) at 20 kV accelerating 
voltage to find and measure the gaps between the 
filling and the tooth. The resulting layers were ex-
amined at higher magnification. Since the resin 
and the tooth have low electrical conductivity, the 
surface was coated with a thin layer of gold to en-
sure conductivity. 

3. Results
On the micrographs (Figure 1) the gap between 

the filling and the tooth and, its size can be ob-
served. 

As seen, the bulk filled EverX composite sepa-
rated at the corners because of the stress concen-
tration at the filling-tooth connection. This phe-
nomenon gives an opportunity for further cavity 
formation and postoperative sensitivity.
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It can also be observed that the different lay-
ers of the Semi-Direct fillings are separable (Fig-
ure 2), and no gap can be found throughout the 
whole plane.

Figure 1. SEM micrographs of the direct (a), Semi-Di-
rect (b) and Ribbond reinforced (c) dental 
fillings.

Figure 2. Layers of the semi-direct filling on SEM.

When the filling was reinforced with a Ribbond 
polyethylene fibre (Figure 1.c ), during sample 
preparation, the tooth itself cracked, also minor 
gaps were observed at the corner of the filling, 
which led to the conclusion that however the pol-
yethylene fibre absorbed some stress caused by 
the shrinkage, some gap formation still occurs.

4. Conclusions
Based on microstructural studies, gap formation 

has been observed at the direct EverX filling, fol-
lowed by a slight gap in the Ribbond strengthened 
sample. No gaps could be found on the sample 
with the Semi-Direct method filled tooth. Because 
the structure of every tooth differs, only a large 
number of samples could lead to a definite con-
clusion as to the differences between the filling 
methods. 

The results reported here confirm the applica-
bility of the test methodology and provide a ba-
sis for further, quantifiable studies. One of our 
future plans includes conducting micro-tensile 
bond strength tests, this way in addition to the 
qualitative data, we will have access to quanti-
tative data suitable for statistical analysis on the 
adequacy of the restorations.
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