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Abstract The aim of this in vitro investigation was to com-
pare various roughness and topography measurement meth-
ods to characterize the surface quality in several types of
resin composites. The initial surface quality of several resin
composites was compared. The materials evaluated were of
three categories: i) hybrid: TPH Spectrum; ii) reinforced
microfill: Micronew and iii) microhybrid: Synergy Duo,
Esthet-X, Point.4 and Palfique Estelite. Three Groups of
identical disk-shaped specimens (10 x 1.5mm) were pre-
pared from each material (n =6) and polished with Soflex
discs. Macro-roughness (Ra) was measured with Group 1
by 2-D profilometry. Atomic Force Microscopy (AFM) gave
3-D images and micro-roughness (Ra) of Group 2. Surface
optical gloss at 60° was determined for Group 3. Specimens
of each material were also studied by scanning electron mi-
croscopy. Macro-Ra values (um) ranged from 0.30 to 0.56.
Micro-Ra values ranged from 0.03 to 0.14 and they differed
from macro-Ra values in ranking order. Percentage Gloss
values ranged from 30.6 to 70.1%. The results revealed that
micro-roughness showed a high correlation with gloss val-
ues (r =0.93), whilst macro-roughness did not (r =0.62).
Moreover, the AFM method showed higher capability to dis-
tinguish surface roughness compared with the 2-D profilom-
etry and to reveal more detailed definition of surface texture
than the examination under SEM.
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Clinical significance

Reinforced microfill composite exhibited similar gloss and
roughness values with microhybrid resin composites but il-
lustrated higher gloss and lower roughness values compared
with the hybrid resin-composites evaluated. Data recorded by
the AFM method described more reliably the surface quality
of resin composites.

Introduction

Aesthetic concepts have been particularly important in driv-
ing the development of dental restorative materials in the
last few years. A glossy and perfectly smooth surface is a re-
quirement for desirable aesthetic appearance. It also needs to
remain like this for a long period within the oral environment.
The smooth surface, apart from enhancing the aesthetic re-
sult, prevents the formation of discoloring films and plaque
retention due to the absence of micro-roughness. Moreover,
surface smoothness decreases the coefficient of friction and
subsequently this may reduce wear rate [1], which compro-
mises the clinical performance of the restorations. Surface
quality also affects the fracture resistance in brittle materials
such as the resin composites [2].

The quality of a polished resin composite surface is related
to intrinsic material properties and to the finishing/polishing
procedure applied. A type of resin composite is known as
microhybrid. These materials incorporate a high volume-
fraction of filler particles, with a mean size below 1 um,
along with a narrow particle size distribution. Manufacturers
claim that the characteristics of microhybrid resin compos-
ites include improved handling properties, adequate cohesive
strength, high-gloss, ceramic-like smooth polished surface
and optical properties which mirror the natural enamel and

@ Springer



156 J Mater Sci: Mater Med (2007) 18:155-163

dentin [3]. However, independent in vitro and in vivo stud-
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The aim of this study was to assess surface characteris-
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Demetron Corp., Danbury, CT, USA). The mold was then
removed and the directly irradiated surfaces were polished
sequentially with a complete series of Soflex polishing discs
(3M ESPE, St Paul, MN, USA). A single operator, using
a low-speed handpiece at approximately 4,000-5,000 rpm,
performed the polishing procedure. After that, the pol-
ished surfaces were water-rinsed with an air-water syringe
for 60s, to remove any surface debris left and then were
air-dried for 30s. The surfaces were immediately exam-
ined under a metallographic microscope (ME 600 Eclipse,
Nikon-Kogaku, Tokyo, Japan) to assure the absence of
any defects. The surface properties assessed included the
roughness average (R,) by a two-dimensional profilome-
ter and (S,) by an atomic force microscopy (AFM) as well
as the gloss. Furthermore, surface texture evaluation was
performed under AFM and scanning electron microscopy
(SEM).

A calibrated, mechanical 2-D profilometer (Diavite DH-5,
Asmeto, Richterswill, Germany) was used to measure the R,
for each material, according to DIN 4768. A diamond sty-
lus of 5 um and stylus angle 90° was traversed in a length of
1.25 mm and with cut-off length 0.25 mm. Six measurements
in the center of each sample at crossing directions were per-
formed. Three-dimensional images of each polished surface
per material were obtained at 100 ;um scan sizes using a mul-
timode scanning probe microscope (Nanoscope Illa, Digital
Instruments, Santa Barbara, CA, USA). This was equipped
with a scanner of maximum ranges 120 um x 120 um x
7 pm, in x, y and z directions respectively, and an optical
microscope to locate the region of interest by monitoring the
sample on a TV screen. The images were acquired in con-
tact mode by using a 10 nm etched silicon nitride probe at
320 KHz oscillating frequency and 5 min acquisition period.
One region in the center of each specimen, with no visual
defects, was analyzed in order to avoid the bias of sensi-
tivity readings of the AFM cantilever. The AFM roughness
analysis software was used to evaluate the surface roughness
parameter S,, which is equivalent to the line profilometric pa-
rameter described above. Six specimens were analyzed from
each material by performing two recordings per specimen’s
surface at 100 um scan size.

Qualitative evaluation of the polished surfaces was made
by observation under scanning electron microscopy (Quanta
200, FEI, Hillsboro, OR, USA). The surfaces were imaged
by low vacuum SEM, operating at 1 Torr pressure, and
20 KVa. Four randomly selected specimens—half from 2-D
profilometer and AFM groups-per resin-composite were ob-
served and representative images at 800 x magnification were
taken.

The surface gloss was measured at 60° incidence an-
gle, using a calibrated infrared gloss-meter (IG 330, Horiba
Ltd., Kyoto, Japan). The average of six measurements was
recorded per surface.

Statistical analysis of the roughness values, assigned by
both techniques, and of the gloss values was performed to
define differences among the materials tested, using one-way
analysis of variance (ANOVA) and Scheffe tests, atox = 0.05.
The same statistical analysis was applied to compare the two
measurement techniques in terms of R,. Regression analysis
was applied to determine any possible correlation among
the R, measurement techniques and between R, and gloss
values. Statistical analyses were performed by SPSS Version
11.0 (SPSS Inc, Chicago, IL, USA).

Results

The R,, S, and surface gloss values recorded are presented
in Table 2.

Overall, the AFM method gave lower roughness values
(S,) than the 2-D profilometer (R,) for all resin composites.
Moreover, different rankings of the materials with respect
to the roughness values were found with the two measur-
ing techniques. The higher roughness values were found for
TPH Spectrum and Synergy Duo and the lower for Micronew,
Point.4 and Palfique Estelite when the assessment was facil-
itated by AFM. Considering those obtained by the 2-D pro-
filometer, the higher values were recorded for Synergy Duo,
Palfique Estelite and Point.4 and the lower for Micronew and
Esthet.X. No correlation was found between the S, values
recorded by AFM and the R, values by the 2-D profilometer
(r =0.59).

Gloss values ranged from 30.6 percent for TPH Spectrum
to 70.1 for Palfique Estelite. A high correlation coefficient
(r = 0.93) was found between gloss and S, values (Fig. 1),
whereas such correlation was not established for R, and gloss
(r =0.62).

Under SEM evaluation, Palfique Estelite and Point.4
showed more homogeneous surface textures although sev-
eral narrow scratches were found on a Point.4 surface (Fig. 2).
White small spots, randomly distributed, were only noted on
Palfique Estelite surface. Microphotographs revealed a rela-
tively uniform surface for Synergy Duo. Filler particles were

Table 2 Surface roughness values (S,) measured by AFM and 2-D
profilometer (R,) and gloss values at 60°

Materials S« (AFM) R, (2-D profilometer) Gloss
Palfique Estelite 0.03 (0.01) b 0.53 +0.06 b 70+ 119¢
Micronew 0.04 (0.01)b 0.38+0.03a 62+9.7c
Point.4 0.05(0.01)b 0.52+0.06b 61 +£89¢c
Esthet.X 0.10(0.02)a 0.30+£0.03a 48 £6.1b
Synergy Duo 0.12 (0.03)a 0.56 £0.07b 46 £5.8b
TPH Spectrum  0.14 (0.05)a 0.39 £0.05 a 30+43a

-within a column, values with similar lower case letters are statistically
equivalent.
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Fig.1 Graph correlation between AFM roughness (S, ) and Gloss (60°)
values.

exposed from the matrix of TPH Spectrum, whereas Esthet. X
established a moderate relief (Fig. 3). Larger fillers with TPH
Spectrum than with Esthet.X surfaces were noticed. Black,
areas abnormal in shape and with several large projected
fillers (>5 pum) were detected on Micronew surface (Fig. 4).

AFM images for TPH Spectrum showed a non-uniform
surface with distinct sharp projections dotted with pores
(Fig. 5). Narrow, deep scratch lines crossed the Synergy Duo
surface causing an irregular area (Fig. 6). Esthet.X demon-
strated a moderate irregular surface with heights and valleys.
A low profile, interrupted by randomly located rounded-
off projections, characterized the Micronew surface (Fig. 7).
Moderate and slight relief with shallow scratches, were dis-
played on Point.4 and Palfique Estelite, respectively.

Discussion

The term surface quality reflects a set of widely different
properties such as gloss, roughness, colour, polarity and mor-
phology. In the present study, the characteristics of morphol-
ogy, roughness and gloss were selected to assess polished
resin composite surfaces. It has been established previously
that the resin composite surface quality is material- and pol-
ishing procedure-related. Although each manufacturer for
most of the materials evaluated recommends specific polish-
ing systems, the same polishing procedure was applied for
all the materials, in the current study, to avoid any differences
that might be caused by different polishing systems.

The series of Soflex discs was the system of choice. Alu-
minum oxide discs have been suggested as standard protocol
[14] because of their capability to produce non-destructive,
smooth polished surface on a variety of resin composites in-
cluded microfills as well as heavy filled materials [15]. Con-
cerning the experimental procedure, every effort was applied
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Fig.2 SEM images of the surfaces (a) Palfique Estelite and (b) Point.4.
Small white spot areas are observed on Palfique Estelite and slight lines
on Point.4.

to standardize the polishing, in terms of the number, direc-
tion and duration of the strokes, and by using one operator
to prepare all the specimens.

In this study, the surface characteristics were defined
by both qualitative evaluations, assessed by atomic force
microscopy and scanning electron microscopy, and by
quantitative measurements conducted by 2-D and 3-D pro-
filometry. Both null hypotheses tested in this study were
rejected. AFM proved to be a more accurate method for
determining the surface quality in resin composites. Also,
differences were established among the microhybrid resin
composites evaluated.
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(b)
Fig.3 SEM images of the surfaces TPH (a) Spectrum and (b) Esthet.X.
Projected fillers —smaller on Estet.X than TPH Spectrum —are noted.

The qualitative examination of the surface state enabled
discrimination between the inherent roughness of the ma-
terial and the destructive effect of the finishing/polishing
instruments. SEM is commonly used to observe surface
scratches and defects produced on a surface. SEM im-
ages revealed an absence of such defects from the resin
composites tested, except for slight grinding lines noticed
on a Point.4 surface. However, SEM has limitations in
defining surface topography [16]. The electron beam tech-
nique does not allow visualization of three-dimensional
surface texture. Also, because in beam techniques the
contrast relies on the different emission of electrons,

Micronew

Fig. 4 SEM image of the Micronew surface, characterized by rarely
disturbed exposed fillers (large, white areas).

these cannot give contrast on flat homogeneous surface
materials.

AFM can be applied for qualitative measurements as
well, and provides three-dimensional data. Thus, polishing
scratches were detected on TPH Spectrum, Synergy Duo and
Esthet.X surfaces and detached fillers were distinguished on
TPH Spectrum. These features, were not visible in the SEM
images. The differences found between SEM and AFM tech-
niques suggest that AFM can offer more detailed definition
of surface topography.

In general, roughness values obtained by profilometers
facilitate a quantitative measure of the surface irregularities.
The surface roughness, in the current study, was assigned by
R, parameter. Although R, is considered as a poor indicator
of surface texture, this is the most frequently recorded value
to verify surface topography in dental materials [17, 18].

Surface topography is three-dimensional in nature. There-
fore, the measurement of 3-D surface topography can
represent the natural characteristics of a surface, while
the measurement of a 2-D profile does not achieve this.
The parameters obtained from 3-D are more realistic
than those obtained from 2-D profiles [19]. The infor-
mation that can be obtained by 3-D measurement gives
a complete description of surface topography and is
more comprehensive than the 2-D measurement [20]. Sty-
lus type profilometers used in the present study provide
definitions of surface features for a scale size related
to the probe dimensions. Compared to the 5um dia-
mond stylus of the 2-D profilometer, the AFM equipped
with a 0.01 um SiNj3 tip, permits more precise tracings.
Obviously, because of its size, 2-D profilometer cannot pene-
trate certain micro-irregularities [21] and could not represent

@ Springer



160 J Mater Sci: Mater Med (2007) 18:155-163

Fig. 5 3-D AFM image of TPH
Spectrum showing strong
irregular surface with dislodged
fillers.

Fig. 6 3-D AFM image of
Synergy Duo.
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Fig. 7 3-D AFM image of
Micronew. Low surface profile
is interrupted by rounded shinny
projections on surface.

surface features, which were narrower than the stylus. The
latter may result in underestimation of the surface roughness
[6].

The ranking of the resin composites in terms of S,, pro-
vided by AFM, largely corresponds to the surface appearance
of the materials, as depicted by AFM and SEM images. A
similar relationship could not be established when R, was
measured by the 2-D profilometer. These findings again high-
light the higher capability of the AFM method to distinguish
surface texture compared with the 2-D profilometer.

The significantly lower arithmetic values of S, recorded
by AFM compared with 2-D profilometer R, may be partly
attributed to the smaller sample area studied by AFM
(100 x 100 pm). It is likely low R, values were obtained,
because the value of each surface parameter depends on
the size of the area examined. In addition, the 2-D surface
profilometer determines line roughness, in either horizontal
or vertical directions, while AFM identifies area roughness
monitored on an entire surface. It is therefore unwarranted
for arithmetic R, values from a 2-D profilometer to be
compared with AFM analogues.

Comparison of R, values from this study by the 2-D
profilometer with those reported in other investigations is

problematic, since several experimental factors influence R,
measurements [17]. Such comparison is not yet possible for
S, values facilitated by AFM because so far such data are
not available in the literature for resin composites.

Although a threshold for unacceptable surface roughness
has not yet been agreed, Bollen & others [22] have re-
ported that 2-D surface roughness (R,) above 0.2 um re-
sults in an increase of plaque accumulation and higher risk
for caries and periodontal inflammation. But other reports
have found no appreciable differences in plaque accumula-
tion on surfaces with R, values ranged from 0.7 to 1.4 um
[23-25]. Chung [26] found that when R, was lower than
1 um the surfaces were visibly smooth. Considering that
all R, values obtained in the current study were above
0.2 um and below 0.7 um independently of the measure-
ment method, the resin composite surfaces evaluated may
be considered to have demonstrated a smooth surface, from
the clinical point of view, which presents no risk of plaque
accumulation.

During finishing/polishing, the softer resin matrix is sub-
jected to a preferential loss between the harder glass particles
and the unsupported fillers are then exposed [14]. It can be
assumed that large fillers cause rough surfaces on polished

@ Springer



162

J Mater Sci: Mater Med (2007) 18:155-163

resin composite. Thus, differences were found among the
materials tested, with regard to the roughness and texture
established by AFM, which may reflect variations in compo-
sition and size distribution of the fillers.

Palfique Estelite and Point.4, which contain the smaller
filler particles, exhibited overall superior surface quality
compared with the rest of the materials. This suggests the
significant benefit of sub-micron filler particles. However,
although Synergy Duo and Esthet.X also contain sub-micron
fillers, these demonstrated inferior surface characteristics
compared with the other resins classified as microhybrid. A
wider size distribution of the fillers along with the slightly
higher mean particle size may cause this behavior. The round
shape of the fillers in Palfique Estelite may be an additional
contributor factor for the lowest surface relief observed.

The white spot projected areas distinguished on Palfique
Estelite surface may represent alumina oxide particles re-
moved from Soflex discs during polishing, which subse-
quently were embedded into the resin matrix. More profound
surface relief on the other resin composites may not permit
visual detection of these particles. Scratches observed on sev-
eral resin composites can be mostly attributed to the grinding
effect of the dislodged fillers. Thus, resin composites com-
posed of smaller fillers exhibited narrower and shallower
lines.

Micronew is a highly reinforced microfill composite, since
apart from the predominately amorphous silica particles, a
small percentage of larger strontium aluminum fillers are
incorporated as a reinforcing phase. The latter is possible to
cause the rounded projections found on its surface.

Gloss is an important property and is used primarily as
a measure of surface shine [4]. A perfect mirror surface is
said to have maximum gloss. Gloss is the number assigned
for the reflectance value of a surface. As more direct light
is reflected, higher gloss value is recorded which indicates
a smooth and high-luster surface [27, 28]. It is obvious that
high gloss for a resin composite gives a natural, aesthetic
appearance to a restoration [29].

Generally, gloss values obtained by various measurement
methods depend on experimental conditions such as spec-
tral distribution of the light and viewing angle. According to
ISO 2813, ASTHD 523 and 2457 and DIN 67530 semigloss
surfaces should be measured with 60° angle of illumination,
which was applied in the current study. Although a wide
distribution of values was recorded, all the materials tested
can be characterized as being “semigloss” because the data
fall into the range of 10 to 70 units. Furthermore, 60° an-
gle gloss measurements are considered more reliable from a
clinical perspective since it is closer to the angle from which
the average person will observe the surface. Smoother resin
materials with lower surface relief, as found under AFM eval-
uation, gave higher gloss values. It is an interesting finding
that gloss values were directly linked to S, values obtained
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by AFM but not to R,. Thereby, the validity of the AFM
method for surface roughness measurements, was further em-
phasized.

Conclusions

(a) Micro-roughness showed a high correlation with gloss
values, whilst macro-roughness did not.

(b) The AFM method was more suitable to distinguish sur-
face roughness than compared was 2-D profilometry, and
was able to give a more detailed definition of surface tex-
ture than SEM.

(c) Microhybrid resin-composites presented higher gloss
and lower roughness values, compared with the hybrid
resin composite evaluated, but were comparable to the
reinforced microfill.
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