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COMPARATIVE STUDY OF THE SURFACE
ROUGHNESS OF ORMOCER-BASED AND
CONVENTIONAL COMPOSITES
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Z he aim of this study was to evaluate the surface roughness of two Ormocer-based resin composites before and
after mechanical toothbrushing. The study compared the brands Admiraand Definite with composites based on

conventional monomer systems (BissGMA, BissEMA, UEDMA e TEGDMA), 2250 and A110. Eight samples of
each material with 4mm in diameter and 2mm in height were prepared using ametallic mold. After 24 hoursthey
were polished and examined with a profilometer for measurement of theinitial surface roughness (Ra, mm) before
mechanical toothbrushing (30,000 cycles). After toothbrushing, the samples were taken to the profilometer once
again to check the final surface roughness. The results were submitted to ANOVA and Tukey test (5%). The
Admiracomposite presented ahigher mean of surface roughness before toothbrushing (0.132mm), with astatistical
difference from the composite A110 (0.082mm). Definite (0.110mm) and Z250 (0.105mm) composites showed no
differences between themselves or among the other composites. No statistical differences were observed after
toothbrushing between the composites Definite (0.178mm), 2250 (0.187mm), Admira (0.181mm), and A110
(0.293mm). All composites showed astatistically significant increasein the surface roughness after toothbrushing.

UNITERMS: ORMOCER; Resin composite; Surface roughness.

INTRODUCTION

Light ectivated compositesused intherestoretion of cavities
in stress-bearing posterior teeth have increased rapidly in the
recent years. Besides, the ability to bond to hard tooth tissues
mediated by the adhesive systems features the advantages of
good esthetics and less expensive cost when compared to cast
goldinlaysand ceramicinlays However, theinsufficient materid
propertieslimit the success of compogiterestorationsin pogterior
teeth 7. Inadequate resistance to wear resulting in a loss of
anatomic form, fracture within the body of the restorationsand
margins, and margina leskage dueto polymerization shrinkage
were often cited as being the most common causes of failurein
posterior composite retorations?,

Abrasion of resin composite, caused by long-term clinical
usein the oral environment, includes both occlusal wear and
toothbrush abrasion. Occlusal wear of the composite materia
isproduced by masticatory stress. Toothbrush abrasion, which
is another important phenomenon as regards the wear
characterigtics of composites, isundesirable dueto esthetic and
biologic disadvantages, because daily toothbrushing with
dentifrice leads to changes in the surface condition of any
compositematerial. Rough surfaces of the composite materia
caused by toothbrushing areknown to increasetheaccumuletion
of dental plaque and decrease the gloss of the composite
restoration 2. Surface texture measurements can facilitate the
understanding of how amateria will stainor wear invivo. An
important factor in the clinical performance of a materid is
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how it respondsto oral hygiene measuressuch astoothbrushing
1 |f the composite material has asurface roughness of 0.2im
or more, dental plague accumul ation may occur, increasing the
risk to both cariesand periodontal inflammation?. Cannon et a
3 found that toothbrushing may substantially abrade poorly
finished surfaces of composites. Thetypeof compositemateria
isespecialy important fromaclinical standpoint, becausethe
type and composition of the current compositesintroduced as
restorative materialsdiffer widely.

There are a grest number of resin composites based on
conventional monomer systemssuch asBisGMA, UEDMA,
TEGDMA, and Bis-sEMA. In addition to these types of
composite material, which are based on cross-linking
dimethacrylatesand inorganic fillers, anew type of inorganic-
organic hybrid dental material, known as Ormocers, hasbeen
developed since 1991 °. The synthesis of this composite was
developed by the use of specid subgtitutesto create acomplex
structure, formed by only one polymerizable double bond and
akoxy group, responsible for the formation of the S-O-Si
gructure, converting themonomeric precursorsinto apolymeric
inorganic condensate via sol-gel processing. A considerable
widening of the adjustable propertiesis obtained through the
possible incorporation of different fillers in the Ormocer
composite (up to 67 vol %). The addition of fillers may bring
animprovement of the mechanica and physica properties of
thisclassof composites, such assmdl abrasion rate, low water
absorption, and low water solubility .

The literature presents few studies on the Ormocer based
composites and their beneficial physical and mechanical
properties. Therefore, the aim of this study was to determine
thetoothbrushing surface roughness of two Ormocer retorative
materials compared to two traditional composites, which
comprise the group of composites that can be considered as
the current standard material for clinical use.

MATERIAL AND METHODS

Themateridsusedinthisstudy areshownin Table 1. Eight
samples of each composite resin were constructed at 23+1°C
and 50+£5% relative humidity, using a metallic die (4mm
diameter and 2mm height), inatotal of 32 samples.

A polyester strip was placed on the bottom of the cavity
and the composite resin was inserted in a single portion and
compacted with award condenser #2. A polyester strip and a
thin glass dab were placed over the composite under aload of
200g to remove excess materid. After removal of the glass
dab, the samples were light-cured for 40s with a curing unit
XL 1500 (3M Denta Products, St. Paul, MN, USA), withan
output of approximately 500 mW/cm?. The composite resin
samples were then removed from the die and stored at 37°C
and 100% relative humidity.

After 24 hours, the specimenswere submitted to afinishing
process using the Sof-Lex system (3M Dental Products, St.
Paul, MN, USA) on a low-speed handpiece, without water
cooling, according to the manufacturer’s instructions. The
following discswere used in sequence; coarse, medium, fine,
and superfine, each for 40 seconds. The samples were stored
at 37°C and 100% relative humidity until the first analysis of
surfaceroughness, carried out after 24 hours.

Thespecimenswereindividualy positioned inaSurfcorder
SE 1700 profilometer (Kosakalab, Japan) to verify the
roughness (Ra) values of the surfaces submitted to thefinishing
procedure. Threereadingswere made on each surfaceusinga
stylustip (2umin diameter). Each reading was obtained after
turning the specimen 120°. The extension of each reading was
2.85mm, using a cut-off of 0.25mm. After thisfirst andysis,
the specimens were stored again under the same conditions
before mechanical toothbrushing.

A toothbrushing machine (Equilabor, SR, Brazil) that can
brush eight specimens at the same time was used. A Colgate
Classictoothbrush (Colgate, SP, Brazil) was used in thistest,

TABLE 1- List of composites used, manufacturers, composition and batch number

Composite Manufacturer Classification Composition
(filler %v)

Z250 3M Dental Products Small Particles Bis-EMA, UEDMA, Bis-GMA, Zirconia Silica Synthetic
(60%v) Filler (0.6nm)

A110 3M Dental Products Microfilled Bis-GMA, TEGDMA, aluminum oxide, silane, organic
(40%v) filler and silica (0.04nm)

Definite Degussa Hybrid ORMOCER, barium glass and silica (1-1.5mm)
(56%v)

Admira Voco Small Particles ORMOCER, aliphatic and aromatic dimethacrylate, glass

(60.2%v)

ceramic filler (0.7mm)
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with a compact head and soft nylon bristles with hexagonal
sections and rounded edges. The head of the toothbrush was
composed of 36 tufts containing, on average, 53 bristleseach,
in atotal area of 360mm?. The head was sectioned with a
tungsten carbide bur and fixed in the toothbrush holder device
of the machine using Super Bonder (L octite, SP, Brazil) fast
setting adhesive. The tufts of the toothbrush head were fixed
perpendicular to the specimen surface. Each toothbrush was
used to brush only one specimen. The specimenswerefixedin
anorificeof aplagtic plate (47mmlong, 20mmwideand 2.5mm
thick). The assembly was positioned in the metallic cani ster of
thetoothbrushing machine.

Six grams of Sorriso dentifrice (Sorriso, SP, Brazil)
containing calcium carbonate (mean particles 6.5um) as an
abrasive were weighed on a Chyo JK-180 Chyo, Japan)
precision scale and put into the metal lic canister together with
6ml of digtilled water. The polished surface of each specimen
was submitted to linear toothbrushing movements across the
gpecimens, at aspeed of 250 cycles per minute, considering a
double pass of the brush head over the surface, for two hours,
in atotal of 30,000 cycles per specimen. The test was made
under aload of 200g, used to smulate theload of oral hygiene
procedures in a temperature and humidity controlled room.
After mechanical toothbrushing, the specimenswereremoved
from the machine, washed in tap water, and stored at 37°C and
100% relative humidity.

After the mechanical toothbrushing test, the same surface
of each sample was submitted to a new reading of surface
roughnessin the same manner asthefirst reading. New samples
were constructed and polished for each composite used. The
respective samples of each materid tested after toothbrushing
were andyzed through scanning electron microscopy (LEO
VP 435, Germany) using an accel eration voltage of 15kV and
2500x magnification.

The data were analyzed with ANOVA and comparisons
between pairs of means between the test conditions for each
composite were performed using the Tukey test a a 95%
confidencelevel.

RESULTS

Table 2 shows the mean vaues of surface roughness for
each composite resin and indicates that the mechanical
toothbrushing process significantly increased the roughness of
all materials tested. For Admira, the increase in surface
roughness (from 0.1321mm + 0.0072 t0 0.1810mm + 0.0138)
after toothbrushing was the smallest among the composites,
with apercentageincrease of 37%. For Definiteand 2250, the
values were 62 and 77%, respectively. The A110 composite
wasthematerid withthe highest differencein surfaceroughness
(from 0.0823mm + 0.0039 to 0.1931mm + 0.0236) after
toothbrushing, with an increase of 134%. Figures 1-4
demongtrate the surface of the material stested beforeand after
toothbrushing.

Table 3 shows the mean vaues of surface roughness for
the materials employed. Before toothbrushing, no dtatistical
differencewasfound between the 2250 and Definite composites

andin comparisonwith theother two compositesused (p>0.05).
The Admiracomposite presented values of surface roughness
that were tatistically superior to the composite A110 (p<0.05)
before the mechanica toothbrushing test. After mechanical
toothbrushing, no statigticd differences were found between
thematerialsused (p>0.05).

DISCUSSION

The surface roughness of a materia is the result of the
interaction of multiple factors associated with thefiller (type,
size and digtribution of the particles), type of resinous matrix
of the materia and consequent degree of cure reached, and of
the efficient bond of filler and matrix at the interface®. Other
parameters such astype of polishing accomplished and light-
curing method area so of fundamental importancetothevalues
of surface roughness. However, they were standardized and
the different tested materials were submitted to the same
parametersasfor the polishing type/ light-curing method.

Both resin matrix and filler particle type or content are
thought to affect surface condition after toothbrushing because
of selective abrasion of theresin matrix and the did odgment of
filler particlescaused by long-term use 2. The Ormocer based
composites possess a modified organic matrix, formed by
monomers with asingle polymerizable end. The other end is
formed by an alkoxy group, resulting in an inorganic area,
bonded to other monomers by a chemical reaction of
condensation, converting the monomer precursors in a
polymericinorganic condensate, viasol-gel processing, cregting
acomplex structurewith theformation of the Si-O-Si chainin
the inorganic area of the polymer. The combination of this
organic-inorganic matrix and filler particles in high
concentrations (superior to 67%vol) would generally provide
physical and mechanical properties superior to those of
conventional composites, advantageousto the Ormocer based
composite ¥,

However, this modification of the matrix could bring the
disadvantage of a larger surface roughness of the Ormocer

TABLE 2- Comparative mean values (Ra, pum) of surface
roughness for all composites

Before After

Admira 0.132 (0.007) a 0.181 (0.013) a
A110 0.082 (0.003) b 0.193 (0.023) a
Definite 0.110 (0.006) ab 0.179 (0.004) a
Z250 0.105 (0.006) ab 0.188 (0.001) a
Mean Value 0.107 0.185

Mean values followed by different small letters in the column
are statistically different from each other as demonstrated
by the Tukey test at the level of 5%. The comparison of the
mean values in the row is significant at the level of 5%. () —
Standard Deviation
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FIGURE 1- A110 conventional composite: (A) after polishing with Sof-Lex discs and before the mechanical toothbrushing test;
(B) after the mechanical toothbrushing test. The arrows show the surface porosities of the composite sample. Original
magnification 2500x

FIGURE 2- Admira ORMOCER composite: (A) after polishing with Sof-Lex discs and before the mechanical toothbrushing
test; (B) after the mechanical toothbrushing test. Original magnification 2500x

FIGURE 3- Definite ORMOCER composite: (A) after polishing with Sof-Lex discs and before the mechanical toothbrushing

test; (B) after the mechanical toothbrushing test. Original magnification 2500x
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composite when compared to the conventional materias, due
tothecharacterigtic of itsorganic-inorganic resin matrix. The
largest roughness is responsible for an undesirable loss of
esthetics of the restoration, dueto theloss of surface glossand
biologica disadvantages?, causing denta plagueaccumulation
andincreasingtherisksof occurrence of cariesand periodontal
inflammation2.

However, this characteristic was not confirmed in this
experiment, because the two Ormocer based composites,
Definiteand Admira, did not differ satistically from the 2250
composite, aconventiona hybrid composite, after thepolishing
procedure. TheZ250 composite presentsasimilar concentration
of fillers compared to the Definite and Admira composites
(Table 1), and the medium size of the filler particlesis also
similar (0.7mm to 1.0mm). This resulted in no differencein
the surface roughness between the three mentioned materials,
despite the modified organic matrix of the Ormocer-based
composites. The conventional microfilled A110 composite
presented the smallest values of surface roughness before
toothbrushing, with a statistica difference compared to the
Admira composite. The ability of amicrofilled composite to
present alower surface roughness after polishing isitslargest
advantage, possibly related to the size of the extremely small
filler particles (0.04mm) and some degree of matrix protection
410 However, no statistica difference was found between the
composite A110 and the composites 2250 and Definitein this
study (Table2in column). Swartz et d * have aso concluded
that microfilled resins were less resistant to wear by
toothbrushing and abrasivesthan the hybrid compositeresins.

The effect of the mechanica toothbrushing test on the
surface of the composites employed can be verified on Table
2. The test was accomplished in a total of 30,000 cycles,
corresponding to an average of a 2-year toothbrushing period
in vivo!, and caused a significant increase in the surface
roughness of al composites employed. The Definite and
Admira composites presented an increase in the surface
roughness of 37 and 62% respectively, and the conventional
composites 2250 and A110, 77 and 134%, respectively. The
highly significant increase in the surface roughness of the
composite A110 (134%) is related to the emergence of

porositiesin the surface of this material after the mechanical
toothbrushing test (Fig 1). The porosities presented amedium
diameter of 40mm and were found in 7 out of the 8 samples
prepared with thismateria. Theemergence of these porosities
is possibly related to the easier incorporation of air in this
composite. All sampleswereprepared inthe sameway andthe
presence of porosities could also be verified in other samples
of different materias used, though in a much lower number
and diameter compared to that found in material A110.
Therefore, even though the composite A110 presents
advantageous characteristics as to polishing properties and
consequent surface smoothness, the emergence of a great
number of porosities caused the increase in the roughness
verified in thismateria. No satistical differenceswere found
in none of the four materials used after the mechanical
toothbrushing test. According to Bollen et a 2, a surface
roughness value equal or higher than 0.2mm leads to
accumulation of dental plague, increasing the risk of caries
and periodontd inflammation. Inthe present study, none of the
materia sanalyzed presented amean va ue of surfaceroughness
equd or higher than 0.2mm (Table 2), thusthenumber of cyces
used in the study (30,000 cycles) was not enough to producea
roughnessthat would bring disadvantagesfrom an esthetic and
biologica standpoint. However, inaninvivosituation, variables
other than toothbrushing can cause wear of the composites.
For example, temperature changes can cause tensile stressin
therestoration, because of differencesin thetherma expanson
coefficients between the matrix and thefiller&%. Occlusd wear
may aso causelossof materia during mastication®. All these
parametersmay modify the valuesof surfaceroughnessfound.

From the results obtained in this study, it may be conclude
that the Ormocer-based composites did not present Satistical
differences as to the surface roughness of the conventional
composite 2250, before or after the mechanical toothbrushing
test, despite of the organic-inorganic matrix of the Ormocer
composite. The conventional microfilled composite A110
presented a surface roughness statistically inferior to the
composite Admirabeforetoothbrushing. However, no satistical
differenceswerefound after themechanical toothbrushing test.
Complementary studies should be accomplished to confirm

FIGURE 4- Z250 conventional composite: (A) after polishing with Sof-Lex discs and before mechanical toothbrushing test; (B)
after mechanical toothbrushing test. Original magnification 2500x
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possible advantageous properties of the Ormocer-based
composites when compared to conventional composites.
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RESUMO

O ohjetivo desteestudo foi avaiar arugosidade superficia
antes e apés ensai 0 de escovacao de doiscompositosabase de
Ormocer e comparéa-los a compésitos a base de sistemas
monomeéricos tradicionais. O estudo comparou as marcas
Admira e Definite com os compositos baseados em sistemas
demonomeéricostradicionais(BisGMA, BisEMA, UEDMA
e TEGDMA): 2250 e A110. Oito amostras de cada materid
com 4 mm em diémetro por 2 mm em altura foram
confeccionadas em uma matriz metdlica rosqueavel. Depois
de 24 horas, asamostrasforam submetidasapolimentoeandise
da rugosidade superficial inicial (Ra, um) através de um
profildmetro antes do ensaio de escovagdo mecénica (30.000
ciclos). Apdso ensaio de escovacdo asamostrasforam levadas
maisumavez ao profilémetro paramensuracéo darugosidade
superficid final. Osresultadosforam submetidosaANOVA e
a0 teste de Tukey (5%). O composito Admira apresentou a
maior rugosidade superficiad antes do ensaio de escovacéo
mecéanica (0,132 um), média estatisticamente superior a0
compdsito A110 (0,082 um). Os compaésitas Definite (0,110
pm) eZ2250 (0,205 pm) ndo apresentaram diferencasedtatisticas
entre s nem aos demais compdsitos avaliados. Nenhuma
diferenca estatisticafoi observada apds 0 ensaio de escovacao
entre os compositos Definite (0,178 um), Z250 (0,187 pum),
Admira(0,181 pm), eA110 (0,193 um). Todos oscompésitos
apresentaram aumento estatisticamente significante da
rugosi dade superficial apis 0 ensaio de escovacdo mecanica

UNITERMOS: Compésito odontolégico; ORMOCER;
Rugosidade superficid.
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