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Fe objective of thiswork was to eval uate the surface roughness changes of three current resin cements after

tooth brushing simulation, aswell as discussitsrelation with scanning electron microscopic observations. The
materials employed were Enforce Sure Cure (Dentsply), Rely X (3M-ESPE) and Variolink Il (Vivadent). They
were subjected to brushing abrasion (100,000 strokes for each specimen) and the surface roughness alterations
(before and after strokes) were detected. For each roughness test condition, specimens were coated with gold-
palladium and observed on aDSM 900 Zei ss scanning el ectron microscope. Roughness changes values (Ra) were
statistically increased after brushing strokes. Based on the microscopi ¢ observations and roughness changes analysis,
all cements studied became rougher after brushing strokes.

UNITERMS: Roughness; L uting cement, wear; Toothbrush abrasion.

INTRODUCTION

The fitting of indirect restorations in the ora cavity
implies directly on the gap formation between the tooth
structure and the restorative material . Thisleads cementsto
exposure and degradation in the oral environment and
includes several phenomena such as sliding, abrasion,
chemical degradation and fatigue®. In addition, these
mechanisms may operate either doneor in combinationwith
othersand, considering theintricacy of the oral environment,
the breakdown of dental materials mediated by biological
activity is very complicated™.

Various methods were utilized to predict degradation of
restorative materials, such asleaching of filler elements',
scanning el ectron microscopy?®, polarized light microscopy®
and weight change®. One of the most utilized methods

regards to surface roughness alterations®s 2!, expressed in
Ra(mm) values, or roughness average.

Itiswell documented that surface roughness changes of
restorative materials caused by degradation may be afactor
in bacterial colonization and in the maturation of plaque on
restorative materials'”. Thismay predispose arestoration to
the development of secondary caries and periodontal
disease?. Staining of indirect restorations'® and their
completelosswere al so described™. The present work aimed
at evaluating the surface roughness changes of three current
resin cements after tooth brushing simulation and discuss
itsrelationship with scanning e ectron microscopic findings.
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METHODS AND MATERIALS

Themaeridsemployed arelisedin Table 1. Ten specimens
were performed of each resin cement. Materias were handled
according to the respective manufacturer* singtructions.

They were inserted in a silicon matrix with internal
dimensions of 5mmX3mm and covered with a polyester gtrip
(TDV Dentd Ltda, Santa Catarina, Brazil) and a glass dab
(CorningMexicanaS.A, Mexico) thet waspressed withan axia
load of 500g for 30 seconds, to flow out excess of materid.
Following, the polymerization was carried out for the
manufacturer’ srecommended exposuretimes (60sthrough the
strip) withavisblelight unit with hal ogenlamp (Optilight 600,
Gnatus, Ribeirao-Preto, Brazil). The opposite surfaces of the
specimenswerea o polymerized (60 seconds). After, they were
finished using in order medium, fine and superfine aluminum
oxide finishing system (Sof-lex, 3M-ESPE, Sumare, Brazil).
Then, specimenswereultrasonicaly cleaned for 10 minutesand
individually stored at 37°C in deionized weter.

The surface roughness analysis of the specimens was
conducted using a Hommel Tester Basic T1000 machine
(Hommelwerke GmbH ref. # 240851 — Schwenningem -
Germany) and expressed in Ra vaues (Roughness average —
nm). Each specimen wasgently dried with absorbent paper and
thetracingscarried out for fivetimes, infivedifferent locations,
for each surface. The basdline roughness was obtained by the
arithmetic mean of thesereadings.

Thenthespecimensweresubjected totooth brushing abrasion
test. This was performed with an automatic tooth brushing
equipment (M.N. S8o Carlos—Brazil). Soft nylon bristles(Oradl
B 35) were applied with aload of 300g, horizontal length of
20mmand 4.5 strokes per second speed. Thedurry wasprepared
by mixing 2:1 of deionized water and Colgate MFP (Colgate
Pdmolive—Osasco— S8o Paulo—Braxzil) dentifrice by weight.
Onehundred thousand brushing strokesweredonefor each group
(total of 21 hours of brushing test). The specimens were then
rinsed under running tap water for one minute (each sample)

TABLE 1- Materials tested

RESULTS

Sgnificant roughnessdterationsafter toothbrushing abrasion
were andyzed using paired t-tests for each materia (1=0.05)
andthe daigtica difference between the roughness changes of
the material swas obtained with one-way variance analysisat a
significanceleve of 0.05.

All materid spresented anincreesein Rava uesafter brushing
grokes, they weregtatigticdly significant (Table2). Thevariance
andysis showed no datisticaly differences in the roughness
changes between the materials tested (F=2.40, P=0.2). The
roughnesstracingsand SEM of cementsareshowninFiguresl,
2and 3. Generaized wear of theluting agentswasminimal.

DISCUSSION

According to the results of this study, al resin cements
investigated presented an increase in roughness average (Ra)
values after the toothbrushing test, they were statistically
dgnificant. Also, nogatidticaly sgnificant differenceswerefound
for theroughnessaverage changes between the materid stested.

Thexefindingsmay beexplained by theroughnessparameter
utilized inthisstudy. Themost utilized parameter isRa, roughness
average, thearithmetic mean of the deviationsof theroughness
profileabout thecenterliné?., ItisalsoknownasCLA or Center
Line Average. Thus the centerline corresponds to that section
through the profile, which cuts off equa areas above and below
it*. However, the same vaue of Ra can be obtained by awide
rangeof different profilesand textures. Conversdly, thisisone of
themogt employed parameters*+*8 and wasadopted in the present
study to provide comparison to others. Five readings were
performed for each gpecimen in order to increase the surface
measurement accuracy of the present study.

Someworksexamined the surface roughness of composites.
When different brandswerestudied, Willemset d 2 (1992)found

Material Manufacturer Batch # Filler Size (mm) Filler content (% weight)
Enforce Dentsply 176 1 60

Rely X 3M-ESPE 27071 1.5 67.5

Variolink 11 Vivadent C55626 0.7 73.4

and ultrasonically cleaned for 10 minutes. Theresfter, thesame
protocol utilized for basdline roughness determination was
repeated. Roughness variation was observed as the difference
between basdineand find readings'®

For each roughnesstest condition, before and after brushing
strokes, 6 specimens were coated with gold-paladium with a
MED 010 Ba zers sputter coater for 3min and observed under a
DSM 900 Zeiss scanning el ectron microscope.
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TABLE 2- Paired “T” test*

Material “T” value p
Enforce -6.6719 0. 0001
Rely X -8.5517 0.00001
Variolink 11 -6.2459 0.0001

* Significance level of 0.05
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FIGURE 2- Roughness and microscopic evaluation of Rely X (3M) resin cement before (a) and after (b) brushing simulation
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that Heliosit (Vivadent), Certain (Johnson & Johnson) and
Heliomolar (Vivadent) were the smoothest (0.07um, 0.08um
and 0.09um) Rava ues, respectively, whereas Litefil A (Shofu
Inc.) wasinitidly theroughest (Ra=1.56pm). All sudiesshowed
Rava uesranging from 0.03um up to 0.2um? after polishing. In
the present work the basdine Rameanswere Enforce: 0.07um;
Ry X: 0.11um and Variolink I1: 0.05um.

According to Nowicki* (1985), roughnessheight ismerely
one estimator of surface quality and as stated by Jung™ (1997)
the horizonta aspect of roughnessremainslargely unconsidered
when Ra parameter is used. The same author proposed the
measurement of the LR, profile length ratio, which takes into
account the vertical and horizontal dimensionsof roughness at
the same time. As mentioned, athough severa methods were
used to predict degradation of restorative materias, changesin
the surface profile have been determined as being ussful for
measuring the effects of abrasion resistance of restorative
material$’. Due to the complexity of the surface of restorative
materids, amulti parameter representation must be advocated
asamethod capable of providing full description.

Similarly to the profile tracings, the microscopic findings
aso indicated differences between the cement surfaces before
and &fter they were subjected to brushing simulation. These
characteristics are correlated to the material composition,
percentage conversion of monomer to polymer during curing,
medium filler size, problemswith coupling agent effectiveness
and hydrolysis that have aso been proposed as possible wesk
links” . As described by Kawai, lwami, Ebisu? (1998),
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composites abrasion occurs in two geps: initidly there is a
sHectivewear inorganic matrix, whichleadstoinorganic patides
exposure and protrusion. Afterwards, the mechanical stress
did odgesthese particlesfromthematrix.

Whilecomparing Enforce (Dentsply) and Rely X (SM-ESPE)
profiles with microscopic photographs before and after the
abrasiontest (Figs. 1 and 2), lossof organic matrix and inorganic
particle protrusion were observed. These characteristics were
dso obsarved infig. 3, in aless expressve way, what may be
explained to Variolink |1 medium filler size, 0.7um, which is
amdler than Enforceand Rely X, 1.0 umand 1.5 pm respectively
(Figures 1, 2 and 3). For specimen’ s preparation, the base and
catalyst luting compositewere mixed. Thistypeof manipulation
canguideto bubbleincorporation® asitisshowninfigs. 1and 3
(arows). Inthesecasestheremust beaconcern, sincethediamond
needle of some equi pments can penetrate in these bubblesand
neglect theinternal surface contact, omitting the correct surface
averageroughnessdescription. Inthe present sudy thesereadings
weredisregarded.

CONCLUSION

All resin cements studied became rougher after being
submitted to brushing strokes, they weregtatigtically significant.
No gatigticd differences were found in the roughness changes
between different materids. SEM observationsreveded that the
generalized wesar of theluting agentswasminimal.

FIGURE 3- Roughness and microscopic evaluation of Variolink Il (Vivadent) resin cement before (a) and after (b) brushing simulation
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RESUMO

O objetivo desseestudo foi avdiar adteracio derugosidade
superficid detréscimentosresinosos apds submeté-losaciclos
deescovacéo Smuladaeandisar quditativamenteasuasuperficie
aravésde obsarvagies microscopicas. Osmeteriaisempregados
neste estudo foram Enforce Sure Cure (Dentsply), Rely X (3M-
ESPE) eVaridlink 11 (Vivadent). Estesforam submetidosacidos
de escovacao smulada (100.000 ciclos paracadaespécime) ea
dteracgo desuarugos dade superficid (antese gpdsescovacio)
foi avaliada. Para cada materid e condicdo de rugosidade,
espécimes foram sdlecionados, metaizados e obsarvados em
microscopiaeetrénicadevarredura(DSM 900 Zeiss). Baseado
nas observagBes microscopicas e nos vaores de dteracéo de
rugosidade, todos os materiais apresentaram aumento de
rugosidade aritmética (Ra) apos ciclos de escovacdo smulada.

UNITERMOS: Rugosdade superficid; Cimento resinoso,
desgaste; Escovacdo smulada
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