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ABSTRACT

Background: The surface roughness, the material structure and the adhesion of restorative materials at dental hard
tissue level is a current topic, numerous researches highlighting this fact. The aim of this study was that there are
differences in the surface of structure analyzed by AFM (Atomic Force Microscopy) and by SEM (Scanning
Electron Microscopy) between NCR (nanocomposite resin), MRC (micro-filled resin composite), O (ormocer), C
(compomer) and G (giomer); (2) Methods: A descriptive study of the surface of materials used in secondary
prevention of dental caries. For AFM analysis were prepared samples of NCR, MRC, O, C and G. The roughness
was analyzed for each specimen for a size of 1x 1pum (micrometers), with a scan rate of 0.5 Hz, 256 x 256 pixels
with 300 points. The dimensional topographic analysis was performed by analysis software (XEI - Image-
Processing and Analysis) and the 3D topographic data was analyzed by using 3D non-contact optical profilometry
with a data analysis software (Nano Scope |11, Version 5.12r2, Digital Instruments, Santa Barbara, CA, USA).
Microstructures and the interface between of biomaterials and teeth analysis using SEM; (3) Results: The results
obtained by AFM profilometric analysis and by SEM highlighted differences in the roughness of the materials
with Ra (arithmetic mean deviation of the evaluated profile) and their adhesion at the enamel level. The roughness
analysis highlighted differences for the studied materials in contrast to NCR, this having a Ra level of 10 to 20
times higher than the other studied materials, respectively NCR-Ra=10.75 nm (nanometers) compared to MRC-
Ra= 0.49 nm, O-Ra=0.70 nm, C-Ra=1.56 nm and G-Ra=1.45 nm; (4) Conclusions: The most favorable results
were obtained by O followed by G, C, MRC and NCR.

Keywords: Atomic Force Microscopy; Scanning Electron Microscopy; resin composite;
ormocer; compomer; giomer.

INTRODUCTION to stimulate the remineralization of the
Restoring the dental morphology ideally dental structure adjacent to the obturation;
over a long period of time is quite difficult. obturation longevity under masticatory
In order to obtain an optimal dental pressures; the aesthetic aspect. No filling
restoration, certain aspects must be taken material is universal and material selection
into account, respectively: retention; has a significant effect on the durability of
topography of the lesion; obturation the restoration, as the material will
longevity under masticatory pressures; the influence the longevity of the tooth itself.
ability to protect the dental structure; All current sealing and restorative materials
prevention of secondary caries; the ability have their disadvantages and the properties
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of each should be used according to studies
[1-5]. Thus, restoring the hard dental
structure by restoring with adhesive
materials involves many aspects related to
their composition and properties. The
orientation of the choice towards these
materials is determined by the aesthetic
properties and the biological properties.
The remineralization capacity of the
materials is given by their component
elements and mainly by the fluorine
content. The ability of the materials to
release and load with fluoride ensures
continuous protection of the hard dental
structure by: reducing the amount of acid
released especially by Streptococcus
mutans, remineralization, inhibiting the
formation of bacterial plaque. Restorative
materials are used depending on the
topography of the lesion, depending on the
caries risk of the patient, on the aesthetic
demands. But very important is the
durability of these materials over time
without affecting the aesthetic aspect. Thus,
in this context, the adhesion of bacterial
plaque is a major disadvantage highlighted
in other specialized studies [6-8]. Adhesion
to bacterial plaque depends on the degree of
roughness of the material. The roughness a
restorative material is, the more adherent it
will be to bacterial plaque [9]. The degree
of finishability of the restorative materials
depends on their structure, on the size of the
filler particles. In order to highlight these
aspects, the  evaluation of the
morphological characteristics of the surface
of the materials must be carried out under
the same finishing conditions. Composite
resins present numerous advantages,
among which the micromechanical
adhesion that ensures the entanglement of
the material in the organic structure,
aesthetics, finishability and resistance to
wear being desirable properties for any
restorative material, properties that we have
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also analyzed in other specialized studies
[10]. One of the major disadvantages of
bioadhesive restorative materials is the
socket contraction and reduced
remineralization capacity of the dental
structure compared to glass ionomer type
materials. Also, composite resins have the
highest degree of polished compared to GI
(glass ionomers). On the other hand, glass
ionomers present the advantages of
biocompatibility, the lowest contraction of
the socket and the highest release of
fluorine [11-16]. At the same time, glass
ionomers have the highest roughness due to
their structure [17]. To combat the
disadvantages of the two categories of
materials, hybrid restorative materials were
developed. These are represented by
compomers, giomers, resin modified glass
ionomer. These types of materials combine
the favorable aspects of the two classes of
materials. Compomers are defined as
PAMR (Polyacid-Modified Composite
Resins) restorative materials. They are
resins, with the difference that the
monomers, components of the resin, are
modified containing functional acid groups
capable of participating in the acid-base
reaction of GI after polymerizing the resin
molecules. The advantages of using these
materials are given by the cariostatic effect;
smooth surface, substantially reducing the
retention of bacterial plaque; high-
performance adhesion ensuring the
marginal integrity of the fillings; good
abrasion resistance - contains small
particles; optimal modeling possibilities;
reduced application steps by removing the
grout; optimal handling (does not stick to
tools). Giomers are hybrid restorative
materials resulting from the mixture of
glass ionomer cements with composite
resin. These materials combine more
advantages than other hybrid restorative
materials, namely release and recharge with
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fluoride, very good aesthetics, finishability,
biocompatibility. Giomers mainly contain
resin and polymerized glass ionomer
particles (PRG — Pre-reacted Glass-
Ionomer which contain glass ions,
aluminum-silicate fluoride in combination
with polyacrylic acid). The properties of
giomers are close to those of compomers
and composites, except for the release of
fluorine which is higher but it is not a
sudden discharge of fluorine as in
conventional GI, but a slow one that takes
place over 28 days [18]. Regarding
polishing, it was shown that these materials
have a smoother surface than GI but not
than resin composites [19]. Thus, their
properties have determined their use more
and more in practice, being evaluated in
preventive techniques. The success of the
application of various restorative materials
depends on several factors, but the factors
related to the restorative materials are the
technical characteristics, the abrasion rate,
the marginal microcracks at the level of the
restorative material-dental hard structures
interface [20]. The presence of microcracks
at the tooth restoration interface is a
favorable factor for the percolation of
microorganisms, fluids or other substances.
Manufacturers have made significant
progress in reducing microcracks by

introducing materials with greater adhesion
strength and lower polymerization
shrinkage, but these microcracks still
remain the main reason for clinical failures.
The surface roughness of restorative
materials is a current topic, numerous
researches highlighting this fact [21-23].
The purpose of this study was to analyze the
roughness and characteristics of some
direct restoration materials used in the
secondary prevention of dental caries NCR
(nanocomposite resin), MRC (micro-filled
resin composite), O (ormocer), C
(compomer) and G (giomer).
MATERIALS AND METHODS

A descriptive study of the surface of some
materials used in the secondary prevention
of dental caries was carried out.

Materials

For AFM analysis were prepared samples
of four different materials composite resin
according to the table 1. The tested
materials ~ were: [F]=Filtek  Z250
(BM/ESPE), BIS-EMA=Bisphenol A
ethoxylated Di methacrylate; BIS-GMA =

Bisphenol A glycol di-methacrylate;
TEGMA = triethylene glycol Di
methacrylate; UDMA=urethane di-
methacrylate, [Gr]=Gradia (GC), [A]=

Admira (Voco), [D]=Dyract AP (Dentsply
DeTrey), [B]=Beautifil (Shofu).

Table I. Lists of investigated materials with the parameters established by the manufacturer.

Filler type

Loading

CS FS VH WR

o 0,
Code  Material Manufacturer Wi% MPa MPa Hz wi% F PS%
NCR BIS-GMA,
F Filek oo CoP St UDMA,  BIS- 82 85 155 60 No 33
7250 i i EMA resins
Lanthanoid
Gr  MRC GC  Europe, fluoride  nano- 569 78 35 No 3.1
Gradia Leuven particles, silica
nano-particles
Voco, Anton- silicon oxide
(0] Flettner-Str.,
A Admira Cuxhaven, 84 307 132 141 Yes 1.60
Germany
Polyacid Polymerisable
Modifiye Dentspl resins
D Composit Py TCB resin 73 330 148 68 0,56 Yes 2.4
R DeTreyL
C
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Dyract Strontium-
AP fluoro-silicate
glass
Strontium
fluoride
Photo initiators
Stabilisers
Bis-GMA,
TEGDMA,
PRG,
G Shofu Dental  Aluminofluoro-
B Beautifil ~ Corporation borosilicate 83 330 130 62 0,52 Yes
1I Osaka, Japan glass, A1203,
DL-
Camphorquinon
e
37% SchotchbondEtch
SE™  phosphori 3MESPE- - - - -
cacid Seefeld, Germany -
Bis-GMA,
AdperSin HEMA, silica
ASBP gleBondP élz/lr]rgnsaiE Seefeld, nanofiller - - - -
lus Y dimethacrylate,

ethanol, water

CS=Compressive strength; FS=Flexural strength; VH=Vickers hardness; WR=Wear resistance; F=Fluoride Release and

Recharge; PS=Polimerization Shrinkage

Specimen preparation for AFM

The materials were applied in conformity
with manufacturer indication between two
matrix strips of celluloid (Nr. 437 Alfred
Becht GmbH-D 7600 Offenburg, Germany)
and then between two glasses plates to
obtain a flat surface, polymerized cu
halogen lamp (QTH), power density
570mW/cm?2 (3BMESPE), protocol
described in other previous studies [24].
Samples were made from the start with the
maximum degree of finishing given by the
contact of the material with the celluloid
strips. A ruler was applied under the glass
plate to establish the diameter of the sample
and a glass plate with a thickness of 3 mm
was applied over the material without
pressing. A 1 mm thick divider was placed
between the glass plates to ensure the
thickness of the material. Discs of each test
material were prepared, 10 mm diameter x
I mm maximum thickness. Subsequently,
polymerization was carried out with
halogen light. After finishing the first
polymerization cycle, a second
polymerization cycle was performed after
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removing the glass plate. After
polymerization the materials were
removed. Then the samples were stored in
distilled water for 24 hours and analyzed by
AFM.

Specimen preparation for SEM

Five caries free human molars and
premolars were extracted from
orthodontically and periodontological
reasons. The research was conducted with
the agreement of the Ethics Commission of
UMPh Grigore T. Popa, Iasi according to
the approved protocol. Standard cavities
were performed at each tooth: inside a
template with the size of 2.5 mm depth and
4 mm wide. Cavities were performed at
slow and high speed under water spray with
round and cylindrical diamond burs no:1.
The teeth were randomly restored
according to the manufacturer’s instruction.
The materials used for filled the teeth were
adhesive system with SE™ with ASBP
which contain silica nano-filler Bis-GMA,
HEMA, di-methacrylate, ethanol, water, a
photo initiator system and a methacrylate
functional copolymer of polyacrylic and
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itaconic acids, F, Gr, A, D, B. The samples
were cut medio-distal longitudinal M
polishing, etched with H3PO4 35% for four
seconds, washed for two minutes with
distilled water and stored in saline solution
48 hours.

Surface roughness analysis using AFM
The roughness was analyzed for each
specimen for a size of 1pm X 1pm, with a
scan rate of 0.5 Hz, 256 x 256 pixels with
300 points in a row like in protocol
described in another study [24]. The
average surface roughness of each sample
was measured for Rpv (maximum profile
height and distance between the highest
peak and the average roughness profile
line) Rq (average deviation quadratic of the
evaluated profile and represents the
standard deviation of the profile height
distribution), Ra  (arithmetic = mean
deviation of the evaluated profile), Rz
(deviation on the Z axis). The dimensional
topographic analysis was performed by
analysis software (XEI - Image-Processing
and Analysis) and the 3D topographic data
was analyzed by using 3D non-contact
optical profilometry with a data analysis
software (Nano Scope III, Version 5.12r2,

Digital Instruments, Santa Barbara, CA,
USA). The analyzes were performed at the
Institute for Physical Research in Iasi,
Romania.

Microstructures and the interface between
of biomaterials and teeth analysis using
SEM

The modality by adhesion was
characterized by SEM with JEOLJSM
6390? Japan. The measure was performed at
walls of the restauration in at least three
different points, making the average for
each sample. Images were taken at 500
times magnification.

RESULTS

The results obtained by AFM profilometric
analysis and by SEM highlighted
differences in the roughness of the
materials and their adhesion at the enamel
level. The roughness analysis highlighted
differences for the studied materials in
contrast to NRC type F materials, this
having a roughness level of 10 to 20 times
higher than the other studied materials,
respectively Ra= 10.75 nm compared to Gr
-Ra= 0.49 nm, A-Ra=0.70 nm, D-Ra=1.56
and Ra=1.45 nm for giomer B (Tab. II).

Table II. Roughness values for the studied materials, respectively Rpv, Rq, Ra, Rz in

nanometers
Material  Type Rpv(nm) Rqg(nm) Ra(hm) Rz(nm)
F NRC 6144 1351 10.75 51.39
Gr MRC 2.55 0.60 0.49 2.31
A ) 5.14 0.89 0.70 3.297
D C 10.54 2.052 1.56 7.067
B G 8.41 1.83 1.45 7.32

Inm=nanometers.

Comparative analysis of the roughness of
bioadhesive materials

Roughness analysis of composite materials
The  two-dimensional and  three-
dimensional analysis of the analyzed
materials highlighted for the NRC material
F a more attenuated profile even if the
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average roughness it presents is higher (Fig.
1 a, b). The analysis of the roughness of the
composite materials highlighted the fact
that the O material A, which has
polymerized particles in its structure, had a
roughness level similar to material MRC-
Gr, although the three-dimensional imaging
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aspect reveals a more no uniform roughness
profile with more reliefs (Fig.1 e, f). The
roughness values were similar for the two
composite resin materials, respectively Gr

and A, and the three-dimensional aspect
highlights this. As well as the profile line of
the roughness which is uneven by their
structural particles Fig. 1 c, e).

(a) (b

(c) (d)

(e) ®
Figure 1. AFM image Scan Size 1 micrometers, Y Scan Size 1 micrometers for three resin composite
materials (a) bidimensional appearance of NRC-F Ra =10.752 nm; Rz = 51.394 nm, F histograms of
levels for the modulus images; (b) three-dimensional appearance of NRC-F - the roughness profile of
the material can be observed; (c) bidimensional appearance of the Gr resin composite structure Ra
=0.491 nm; Rz =2.310 nm, Gr histograms of levels for the modulus images; (d) the variability of
the roughness profile can be observed at the material Gr level in tridimensional aspect; (e)
bidimensional appearance of O-A with pre-reacted particles Ra =0.707 nm; Rz = 3.297nm A
histograms of levels for the modulus images; (f) the variability of the roughness profile can be
observed at O material A level in three-dimensional aspect;
Analysis of the roughness of compomer type The roughness analysis of C type materials
hybrid materials highlighted a very uneven profile even if
the average values were reduced to
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Ra=1.56nm. Practically, the size of the obtained for material D, the three-
particles being inscribed in this pattern, we dimensional profilometric analysis
can say that a minimum roughness has been highlighting this fact (Fig. 2 a, b).

(a) (b)
Figure 2. AFM image Scan Size 1 micrometers, Y Scan Size 1 micrometers for C hybrid materials:
(a) bidimensional appearance of D nanostructure Ra =01.564 nm; Rz = 7.067nm, D histograms of
levels for the modulus images; (b) three-dimensional appearance of C-D the roughness profile of the
material can be observed;

Analysis of the roughness of giomer type particles being inscribed in this pattern, we
hybrid materials can say that a minimum roughness has been
The roughness analysis of G type materials obtained for material B, the three-
B highlighted a very uneven profile even if dimensional profilometric analysis
the average values were reduced to highlighting this fact (Fig.3 a, b).

Ra=0.49 nm. Practically, the size of the

(a) (b)

Figure 3. AFM image Scan Size 1 micrometers, Y Scan Size 1 micrometers for G hybrid materials:
(a) bidimensional appearance of G-B nanostructure Ra =0.491nm; Rz =2.310nm, B- histograms of
levels for the modulus images; (b) three-dimensional appearance of G-B - the roughness profile of the
material can be observed,;

Comparative analysis of the structure of NRC-F shows a polymerization contraction
bioadhesive materials of 3.3%, Gr of 3.1%, and O-A of 1.6%,
Comparative of the structure of adhesive (Tab. I) the hybrid layer resulting from the
materials highlights a structural imbrication of the restorative material at the
homogeneity for all analyzed materials, enamel level is similar for the three
homogeneity which will favor the reduction materials, it is uniform, it does not present
of polymerization contraction. Even if delamination, only that it varies between 2-
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4 microns (Fig. 4 b, d, f). The filler loading particle size that varies for F between 0.01-
of the material, for F 82%, for Gr 73% and 3.5 microns with an average of 0.6, and for
for A 84% (Tab. I) not allowing a better Gr particle size 0.85 microns (Fig.4 a, c,
entanglement of the material. Also, the e).

(d) : 10kV X500 . 50pl't'l"

S e : R < <
Flgure 4. Top-view SEM photomlcrographs ofa template filled with images of the polymer NRC-F
magnification x500, interface infiltrated: (a) SEM X 500 The image of the structure of the composite
resin material with hybrid particles, F, which shows a structural density of the particles and
homogeneity throughout the structure; (b) SEMX500 the appearance of NRC- F enamel interface
where a uniform, constant hybrid layer can be observed, without delamination; (c) SEM X 500 image
of the structure of the MRC-Gr material, where you can see the structure of the material which is not
very compact, containing polymerized fillers Lanthanoid fluoride, and Silica nanoparticle containing
polymerized fillers; (d) SEMXS500 the appearance of the G composite resin enamel interface where a
uniform, constant hybrid layer can be observed, without delamination; (¢) SEM X 500 image of the
structure of the composite resin material with Admira polymerized particles, where a structural
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density of the particles and homogeneity in mass can be observed; (f) SEMXS500 the appearance of
the composite resin enamel interface with O-A pretreated particles where a consistent, uniform,
constant hybrid layer can be observed without delamination.

Compomer and Giomer type materials are
hybrid materials that have GI and RC in
their composition, having a chemical
adhesion mechanism for adhesion to the
dental structure. The filler loading of C- D
(Fig. 5 a) is similar to that of MRC- Gr (Fig.
5 «c¢), vrespectively 73%, but the
polymerization contraction of C-D is lower,
respectively 2.4% (Tab. I). However, at the
level of the interface with the dental
structure, C presents a hybrid layer at the

g "bw}m»xqrnf wuF %

Figure 5. Top-view SEM photomicrographs of a

enamel level, in a continuous form without
delamination and with a uniform thickness
of approximately 2 microns (Fig. 5 b). G
has more varied particles in size, having
pretreated GI particles in its structure, (Fig.
5 ¢) and the filler loading of 83% is similar
to NRC F 82% (Tab. I). Adhesion is
uniform over the entire extent of the
interface at the enamel level the adhesion
mechanism being mechano-chemical (Fig.
54d).

ENAMEL

YT &)
" DYRACT AP W

ENAMEL

BEAUTIFIL
HYBRID LAYER

15kV X500 10 75°SEl

template filled with images of the hybrid materials C

and G, interface infiltrated: (a) SEM X 500 The image of the structure of C material D, which shows
a structural density of the particles and homogeneity throughout the structure; (b) SEMX1000 the
appearance of C material D - enamel interface where a uniform, constant hybrid layer can be
observed, without delamination; (¢) SEM X 500 image of the structure of G-B, where you can see the
structure of the material which is not very compact, are various sizes of filler particles; (d) SEMX500
the appearance of G-B enamel interface where a uniform, constant hybrid layer can be observed,
without delamination.

DISCUSSION
Surface roughness analysis using AFM

Surface finish quality of tooth-colored
restorations is a determining factor in the
aesthetics and longevity of such
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restorations [25-26]. Restorations with
rough surfaces enhance plaque
accumulation and stain retention and may
cause gingival irritation and dental caries
[27-28]. The results of the pre-sent study
indicate that all the materials have a degree
of roughness. AFM has several advantages
for surface analysis, including higher
resolution and the ability to provide 3D
topographic images of the surface and
suitability for qualitative and quantitative
comparison of surface texture and
roughness [29]. The material composition
for NRC-F is BIS-EMA; BIS-GMA;
TEGMA; UDMA matrix, 60 m%
silica/zirconia, average particle size 0.6 um,
particle size range: 0.01-3.5 pm, Filler
Type=Zirconia/silica, Particle Range (um),
Mean size 0.60 pm [30]. Another study
highlighted Ra values for each material
ranged from 0.200 to 0.410 um for |Filtek
7250, the values being much higher than
those obtained by our study [30].

The results for an in vitro study that
analyzed the effect of energy drinks on the
roughness of Filtek Z 250 composite resin
restorative materials showed that the
roughness for the control group was Ra =
47 + 6 nm for an area of 5 pm x 5 um a
studied samples [31]. Also, the results of
another study that studied the roughness of
composite materials highlighted higher
values of the roughness of the Filtek Z 250
material both before finishing Ra= 0.240
um and after finishing 0.219 pm, our study
highlighting a roughness 20 times lower
which indicates as a recommendation for
the application of celluloid tapes and for
reducing as much as possible the required
polishing of fillings, no system being so
efficient in this regard [32]. The results of
another study also carried out on the Filtek
Z 250 material on a scanning area of 10 pm
showed an average roughness Ra=8.40
nanometers, highlighting the fact that there
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are no significant differences in the average
roughness between the scanned areas [10].
For an AFM study also made on the Filtek
7 250 material at a 20 um scan, a roughness
of Ra=570 nm was obtained [33].
Regarding the MRC - Gr material, the
results of other studies have highlighted the
fact that although it presented a distinct
morphology of the particles in the SEM
study, in the AFM study at a 50x50 um
scan, a Ra of 12.4+1.7 pum, the size of the
roughness being much higher than the one
obtained in our respective study from a 1x1
um scan [34]. The results of another study
highlighted for the Gradia composite resin
an average roughness of 811.5 (22.7) nm.
Our study highlighted for this material a
measured roughness of 0.49 nm, this fact
being attributed to the finishing technique
of the mate-rial [35]. The giomer in our
study presented a good entanglement in the
enamel structure and a roughness of
Ra=1.45 nm, another study highlighted an
average roughness for G-B of 0.27 pm [36].
The limitations given by this study are
given by the different structure of the teeth
on which the materials were applied and by
the analysis area that varies depending on
the orientation of the enamel prisms.
Another limitation is the analysis of a small
number of samples. Thus, carrying out a
larger number of tests would emphasize
more the probity of the results obtained.
CONCLUSIONS

In this study different direct adhesive
materials were analyzed by means of the
AFM and SEM technique. Within the limits
of this study, we can state that the highest
roughness was obtained with the NRC-F
material, as well as the lowest entanglement
in the enamel structure. The most favorable
results were obtained by the ormocer A type
material, both from the point of view of
roughness and from the point of view of
entanglement. The comparative analysis
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highlighted differences between the
analyzed materials, but the technique of
applying the materials under the celluloid
tape led to very good results of the surface
roughness, this being minimal for all the
studied samples. Also, the hybrid layer was
uniform for all the materials studied, with
no delamination along its length, this could
also be influenced by the adhesive system

used, which was the same for all the
materials studied.
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