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Objective: To assess the effect of simulated brushing 
after different treatments in color maintenance and sur-
face roughness of a ceramic. Materials and methods: 
Thirty lithium disilicate ceramic blocks were obtained, 
sintered, finished with water abrasive paper grit, and 
divided into: Group P- polished with diamond-coated 
silicone tips; Group G- glaze; Group S- pigment layer 
and glaze. A brushing simulator machine (37 oC/120 
rpm) was used (10,000; 30,000; and 100,000 cycles) 
and surface roughness analysis was performed before 
and after this simulation in a rugosimeter (Ra parame-
ters - mean roughness). The samples color were assessed 
with a spectrophotometer (Easyshade, Vita; parameters 
L*a*b*). Results: Regarding surface roughness, Group 
P presented statistical difference after 10 years. Group 
G presented difference for the initial measurement, and 
after 1 and 3 years. Regarding color, Group P did not 
vary after 10 years. Group G presented difference for 
the initial measurement, and after 1 and 3 years; Group 
P did not vary after brushing, except for 1 and 10 years 
The initial color of Group G was similar after 1 and 3 ye-
ars, however, it presented statistical difference after 10 
years. Group S presented similar behavior between the 
initial periods from 1 to 3 years, however, the initial ΔE 
differed statistically for 10 years. Group S were shown 
to be statistically different from others for all periods, ex-

cept for S and P in 1 year. Conclusion: It was concluded 
that Group P did not suffer initial color alteration after 
simulated brushing, and Group G and S suffered color 
alteration after 10 years of simulated brushing.
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Introduction

Long-lasting esthetics combined with coordi-
nated and quick dental treatment are the featu-
res patients most want from private dental clinics. 
Currently, it is possible to perform extensive reha-
bilitations in record times with new techniques and 
materials available, such as the CAD-CAM system, 
and more recently, the intraoral digital impression-
-taking systems. Thus, it has become possible to eli-
minate various clinical and laboratory steps, and 
even the manufacturing cost1.

Lithium disilicate-based ceramics are the most 
attractive because they exhibit a translucence and 
chromatic depth, very similar to those of natural 
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teeth2. This ceramic may be fabricated by injection 
system and the CAD-CAM system, in which tooth 
preparation is scanned (intra- or extraorally), resto-
ration is digitally fabricated in a specific program, 
ceramic is cut by the cutting unit, and taken for 
sintering afterwards. This system presents ceramic 
blocks in basic shades, and for esthetics improve-
ment, a “make-up” with pigments and opacifiers 
may be applied to color-match the restoration3.

Fixed partial dentures pressed in a single piece 
present higher survival rates than those fabricated 
in two stages (pressed ceramic infrastructure and 
stratified covering ceramic2,4), however, they pre-
sent inferior esthetic qualities and need a layer of 
pigment on the surface to improve these characte-
ristics. These pigments are applied on the ceramic 
surface, and vitrification is performed on this layer. 
This process has been described in literature for ye-
ars as the most indicated treatment before clinical 
use in the oral cavity5,6. 

When pigmenting a prosthetic restoration is 
required, some problems may arise, since it is kno-
wn that ceramics get worn during use because of 
occlusal contacts between tooth and restoration, 
resulting in ceramic wear capable of exposing the 
adjacent ceramic and removing the vitreous layer 
containing the pigments7,8.

Studies have investigated the effect of brushing 
on surface alterations in restorative materials9-12, 
among these, ceramic abrasion as a result of brushing 
with dentifrices13, which may remove the pigmented 
layer of the restoration and affect the esthetic cha-
racteristics, has been studied. This abrasion in ante-
rior teeth is the problem that may possibly alter the 
esthetic qualities of the restoration, since there is no 
occlusal contact on the buccal surface.

The aim of this study was to assess the effect of 
simulated brushing on a machined ceramic, after 
the processes of vitrification, make-up application 
and vitrification, and polishing regarding the color 
maintenance and surface roughness. The hypothe-
ses of this study were as follows: (1) vitrified or po-
lished ceramics would not present changes in color 
and surface roughness after simulated brushing 
cycles; (2) ceramics with make-up application and 
vitrification lose their initial roughness charac-
teristics and chromatic quality after simulated 
brushing cycles. 

Materials and method

Pre-sintered lithium disilicate glass-ceramic 
blocks (IPS E-max CAD, Ivoclar Vivadent), were 
used to obtain 30 blocks (7.5 x 7.5 x 2.5 mm) cut 
with a precision cutting machine Isomet™ 1000 
(Buehler, USA), and crystallized in a specific fur-
nace (Programat P300/G2™ - Ivoclar Vivadent AG, 

Schaan, Principality of Liechtenstein), according to 
the cycle recommended by the manufacturer. 

The blocks were flattened and finished with wa-
ter abrasive paper grit 400, 600 and 1200 (3M do 
Brasil Ltda, Sumaré, SP, Brazil), for 1 minute on 
each grit.

Experimental Groups

Blocks were randomly divided into three ex-
perimental groups: P- polished; G- glazed; S- sha-
ded. The samples in Group P were polished with 
diamond-coated silicone tips (Edenta AG, Haupts-
trasse, AU/SG, Switzerland) in the following order: 
1st Stage- coarse-grained diamond tip; 2nd Stage- 
medium-grained diamond tip; 3rd Stage- super fine-
-grained diamond tip. A single operator performed 
the procedure with the samples held in between fin-
gers under controlled manual pressure, in a stan-
dardized finishing time of 10 seconds, developing 
circular movements at 8.600 rpm. 

The blocks in Group G were vitrified in a Progra-
mat P300/G2 furnace, using Glaze Fluo (Ivoclar Vi-
vadent AG, Schaan, Principality of Liechtenstein), 
according to the cycle recommended by the manu-
facturer. Group S received an application of pig-
ment (Shade- Ivoclar Vivadent AG, Schaan, Princi-
pality of Liechtenstein) with a paint brush, and was 
taken to the furnace according to manufacturer’s 
recommendations. Afterwards, these samples also 
received a layer of vitrification with glaze over the 
pigmented layer. A trained dental prosthesis tech-
nician performed these procedures.

Surface roughness analysis

Surface roughness was analyzed before and 
after the periods of simulated brushing (10,000; 
30,000; and 100,000 cycles).

Quantitative surface roughness analysis was 
performed with the analyzer tip in a Mitutoyo SJ 
400 rugosimeter  (Mitutoyo, Tokyo, Honshu, Japan) 
by a single trained examiner, using the following 
parameter: Ra (mean roughness) - corresponding 
to the arithmetic mean of absolute values of rou-
ghness profile ordinates (peaks and valleys) in re-
lation to the midline, within the measurement run.

To fix the samples during the analyzer tip re-
adings, they were placed on double-sided adhesive 
tape (Scotch- 3M, Sumaré, SP, Brazil). Three per-
pendicular measurements were taken on the sam-
ple surfaces with a distance of 1 mm between each 
measurement. The rugosimeter covered a 3 mm-
-long test span. For each sample, a mean value was 
obtained from three measurements. After this, the 
arithmetic mean of each group was obtained. 
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Simulated brushing 

For simulated brushing, a Brushing Simulator 
Machine MEV-2T (Odeme, Joaçaba, SC, Brazil) 
was used (mean temperature of 37 °C; 120 cycles 
per minute).

For fixation on the brushing simulator machine, 
samples were inserted in acrylic resin according to 
the size of the machine tub. The resin device was 
adapted to the machine tub that contained the den-
tifrice/distilled water slurry (1/2:1)14.

Bitufo toothbrushes (Clássica/28/Macia – Itupe-
va, São Paulo, Brazil) were fitted to the simulator, 
making linear movements under an axial load of 
200g. The dentifrice used was Colgate Tripla Ação 
(Colgate-Palmolive Indústria e Comércio, São Ber-
nardo do Campo, SP, Brazil).

Samples were submitted to 10,000 cycles, 
which corresponded to approximately one year of 
brushing15, 30,000 cycles, corresponding to three 
years of brushing, and 100,000 cycles equivalent to 
10 years of brushing. Brushes were replaced after 
every 20,000 cycles. Brushing was simulated in a 
temperature-controlled environment (37 °C).

Color determination

Samples were assessed on color with the 
Easyshade spectrophotometer (Vita Zahnfabrik, Bad 
Säckingen, Germany), using the parameters L*a*b* 
16. Coordinate L* represents color changes on the bla-
ck and white scale; a* represents color and satura-
tion on the red-green axis; b* is related to saturation 
on the blue-yellow axis. Thus, L* is the “luminosity” 
factor, while a* and b* are the chromatic coordinates 
that allow numerical definition of color and the diffe-
rentiation existent between two colors.

Three readings were taken at each point of the 
sample with the Easyshade spectrophotometer, be-
fore and after the periods of brushing.

Results
Roughness

Roughness results (Ra) were assessed by the 
non-parametric Kruskall Wallis method, and 
Dunn’s test (post-test) (α=0.05). The numerical va-
lue corresponded to the mean (SD) (Table 1).

Table 1 - Mean and Standard Deviations of Roughness values (Ra)

TIME/
TREATMENT

INITIAL 10,000 30,000 100,000 p

POLISHING 0.11(0.02) B c 0.15 (0.03) B b 0.13(0.26) B b 0.28(0.07) A b p<0.0001

GLAZE 0.41(0.11) A b 0.28 (0.10) B c 0.23(0.03) B c 0.40(0.09) A b p=0.0006

SHADE 1.02(0.26) A a 0.96 (0.16) A a   1.06(0.28) A a 0.97(0.23) A a p=0.4267

p p<0.0001 p<0.0001 p<0.0001 p<0.0001
*Same capital letters on the same line represent equality

*Same lower case letters in the same column represent equality

The Polished group presented statistical diffe-
rence in roughness only after 10 years of brushing. 
Whereas the Glaze group presented difference 
from the initial measurement after 1 and 3 years, 
which differed after 10 years as well. The Shade 
group presented no difference in roughness at all 
time intervals. 

The roughness between the groups in the initial 
period of the Shade group was higher than that pre-

sented by the Glazed and Polished groups. In the 
periods of 1 and 3 years the Shade group presented 
higher roughness, followed by Groups Polished and 
Glazed. Whereas after 10 years, Group Shade diffe-
red statistically from the other two groups.

The results of color (ΔE) were evaluated by 
the non-parametric Kruskall Wallis method, and 
Dunn’s test (post-test) (α=0.05). The numerical va-
lue corresponded to the mean (SD) (Table 2).

Table 2 - Mean and standard deviation of color values (ΔE).

TIME/TREATMENT INITIAL 10,000 30,000 100,000 P

POLISHING 81.97(1.58) AB a 81.7(1.04) B ab 82.82(1.31) AB a 83.45(0.62) A a p=0.0092

GLAZE 82.4(1.3) B a 82.81(1.61) AB a 83.80(1.19) AB a 84.14(0.9) A a p=0.0204

SHADE 76.3(3.72) B b 79.8(2.43) AB b 78.14(1.90) AB b 80.5(2.26) A b p=0.0146

p p=0.0013 p=0.0130 p=0.0012 p=0.0003

*Same capital letters on the same line represent equality

*Same lower case letters in the same column represent equality
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For Group P the ΔE values did not vary after 
the periods of simulated brushing, except for the 
period relative to 1 and 10 years (81.7±1.04A and 
83.45±0.62B, respectively). In Group G, initial color 
was similar after 1 and 3 years, however, it presen-
ted statistical difference in the period of 10 years 
of simulated brushing (82.4±1.3B and 84.14±0.9A, 
respectively). The samples that received pigment 
make-up (Group S) presented a similar behavior 
between the initial periods of 1 and 3 years, howe-
ver, the initial ΔE (76.3±3.72B) differed statistically 
from the period of 10 years (80.5±2.26A) (Table 2).   

.The values of Group S were shown to be statisti-
cally different (p<0.05) from those of Groups P and 
G for all the simulated brushing periods (initial, 1 
year, 3 years, and 10 years), except for S and P in 
the period of 1 year (79.8±2.43b and 81.7±1.04ab, res-
pectively).

Discussion

Literatures shows articles where the brushing 
technique has been used to assess wear resistance 
and color maintenance of different restorative ma-
terials15,17. The choice of the type of ceramic surface 
finishing treatment is important, considering the in-
crease in surface roughness due to exposure to denti-
frices or even foods and beverages capable of promo-
ting biofilm accumulation, favoring caries recurren-
ce and the development of periodontal disease. 

In the oral cavity, restorative materials are sub-
ject to the action of various agents that may alter 
the quality of their surfaces18, which makes wear 
resistance an important physical property19. In 
the present study, the option was taken to repro-
duce conditions similar to those that occur in vivo, 
by using a brushing machine, which is an effective 
method for assessing wear resistance of restorative 
materials such as: resin composites, glass ionomer 
cement, ceramics, titanium, gold, amalgam, and 
acrylic resins15,18,20. 

The roughness of the Group Shade in the ini-
tial period was higher when compared to the values 
presented by the Glazed and Polished Groups. In 
the periods of 1 and 3 years, Group Shade presen-
ted higher roughness, followed by Groups Polished 
and Glazed. Whereas after 10 years, Group Shade 
statistically differed from the other two groups. The 
Polished group presented statistical difference in 
roughness only after 10 years of brushing. 

When assessing the effect of brushing with di-
fferent dentifrices on a hybrid composite, Golds-
tein e Lernet15 (1991) showed that the brushing 
routine and tooth paste used altered the surface 
topography. Whereas Etman and Woolford8 (2010) 
showed that IPS e.max Press crowns had a clinical 
performance compatible with that of the Procera 
AllCeram system and metal ceramic restorations; 

however, wear resistance of this type of ceramic is 
higher than that of the Procera AllCeram system, 
which presented greater wear of the ceramic and 
antagonist tooth. Heintze et al.21 (2010) showed that 
microhybrid and hybrid composites presented gre-
ater surface deterioration when submitted to high 
loads, whereas ceramic materials (IPS d.SIGN and 
IPS Empress) showed little or no deterioration over 
time, regardless of the load applied. Moreover, ce-
ramic materials presented no deterioration after 5 
hours of brushing. 

When analyzing color results (ΔE) of Group P, 
it was shown that there was no statistically signifi-
cant difference (p < 0.05) between the initial period 
and the simulated brushing cycles (1 year, 3 years, 
and 10 years). Group S, which received pigmenta-
tion on the surface, presented alteration in color va-
lues (ΔE) compared to the other groups (P and G), 
initially and after 3 and 10 years, and showed chro-
matic difference even after 10 years of brushing. 
However, in Group S, the initial color showed statis-
tical difference after 10 years of brushing, revealing 
color change, meaning the loss of optical characte-
ristics of this pigmented ceramic. In a recent study 
conducted by Etman and Wollford8 (2010), lithium 
disilicate restorations with makeup (painted) main-
tained the initial color tonalities, with the exception 
of some points on the occlusal surface, due to wear 
and loss of finish. 

Well-designed in vivo studies with follow up in 
the long term are required to clinically prove the 
findings of this study. Thus, the results obtained in 
this study in a simulated manner (in vitro) cannot 
be completely generalized to the clinical situation.

Conclusion

Within the limitations of this study, it may 
be concluded that polished ceramics do not suffer 
initial color alteration after periods of simulated 
brushing, and ceramics that received glaze or pig-
ment suffered color alteration after 10 years of si-
mulated brushing.

Resumo
Objetivo: Avaliar o efeito da escovação simulada após 
diferentes tratamentos na manutenção de cor e rugosi-
dade superficial de uma cerâmica. Materiais e método: 
Trinta blocos de cerâmica de dissilicato de lítio foram 
obtidos, sinterizados, planificados com lixa d’água e 
divididos em: Grupo P- polido com pontas de silico-
ne revestidas por diamante; Grupo G- glaze; Grupo 
S- pigmento e glaze. Uma máquina de escovação (37 
°C/120 rpm) foi utilizada (10.000, 30.000 e 100.000 
ciclos) e a análise de rugosidade foi avaliada antes e 
após a simulação com um rugosimetro (parâmetro Ra 
- rugosidade média). A cor das amostras foi avaliada 
com um espectrofotômetro (Easyshade, Vita; parâme-
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tros L*a*b*). Resultados: Para a rugosidade superficial, 
o Grupo P apresentou diferença após 10 anos; Grupo G 
apresentou diferença para a medida inicial, após 1 e 3 
anos. Em relação à cor, o Grupo P não apresentou dife-
rença após 10 anos. Grupo G apresentou diferença para 
a medida inicial,  após 1 e 3 anos; Grupo P não variou 
após a escovação, exceto 1 a 10 anos. A cor inicial do 
Grupo G ficou semelhante após 1 a 3 anos, no entanto, 
apresentou diferença após 10 anos. Grupo S apresentou 
comportamento similar entre o período inicial, de 1 a 3 
anos, contudo, o ΔE inicial diferiu para 10 anos. Grupo 
de S foi estatisticamente diferente dos outros para todos 
os períodos, exceto para S e P em 1 ano. Conclusão: 
Concluiu-se que o Grupo P não sofreu alteração de cor 
inicial após escovação e os grupos G e S sofreram alte-
ração de cor após 10 anos de escovação simulada.

Palavras-chave: Cerâmicas. Escovação dentária. Pro-
priedades de superfície.
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