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Abstract
Background and Aim: Toothbrushing can potentially abrade the teeth and direct
and indirect dental restorations, and may also affect their color. This study aimed to
assess the color change (∆E) of Ceramill Zolid FX following abrasion with/without
toothpaste in two groups of simultaneous and separate staining and glazing.
Materials and Methods: This in vitro, experimental study was conducted on 40
cylindrical specimens measuring 2 x 10 mm fabricated from Ceramill Zolid FX by
the computer-aided design/computer-aided manufacturing technology. The
samples were randomly divided into four groups (simultaneous and separate
staining and glazing) and subjected to simulation of 3, 6 and 9 years of
toothbrushing in a cross-brushing machine with and without toothpaste. The ∆E of
specimens was measured before and after the intervention by using Shade Pilot
spectrophotometer, and compared using the Mann-Whitney and Friedman tests
(alpha=0.05).
Results: Significant differences were noted in ∆E of simultaneous staining and
glazing control (without toothpaste) and intervention (with toothpaste) groups
over time (both P=0.000). Both the control and intervention subgroups in separate
staining and glazing group also showed significant differences in ∆E over time (both
P=0.000).
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Introduction

Tooth-colored restorations have long been
favored due to optimal esthetics. Dental
ceramics have excellent esthetics, favorable
biocompatibility, and high strength for dental
Summer And Autumn 2021; Vol. 33, No. 3-4

restorations [1]. Use of dental porcelain is
increasing due to favorable optical and esthetic
properties [2]. In the past 40 years,
metal-ceramic restorations have served as a
reliable treatment option. However, advances in
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science and technology, increased demand for
esthetics, and questionable biocompatibility of
metals and alloys used in meta-ceramic
restorations further led to growing popularity
of all-ceramic dental restorations [3]. Dental
ceramics inherently have high compressive
strength and low tensile strength. Zirconia is
used as a core material in some types of ceramic
restorations. However, chipping of the porcelain
veneering due to its weak bond is one drawback
of this type of restorations. To overcome this
shortcoming, some researchers suggested the
use of full anatomic zirconia [4,5]. Zirconia has
greater strength than other types of dental
ceramics. The potential concerns regarding
these restorations are mainly related to wear of
the opposing or adjacent enamel, and/or their
optimal and esthetic properties. Recently, some
manufacturers marketed a high-translucency
zirconia [6,7].
The favorable optical properties and color of
these restorations are attributed to the use of
intrinsic and extrinsic stains. However, since the
stains are exposed to the oral environment, they
may be worn over time due to the effect of
environmental factors such as toothpastes.
Abrasives are present in the composition of
toothpastes, and several studies have evaluated
the effects of toothbrushing on superficial stains
of feldspathic porcelain [8,9]. Toothbrushing
has several advantages including plaque
removal, elimination of external stains,
prevention of gingivitis and periodontitis, and
prevention of dental caries [8,9]. Toothpastes
also help mechanical plaque removal by
toothbrushing due to the presence of abrasives
and detergents in their composition. On the
other hand, absence or inadequate amount of
abrasives in toothpastes often leads to
increased external staining of teeth and
restorations. However, it has been accepted that
some degree of abrasion by toothpaste is
inevitable in teeth at the expense of their
optimal cleaning.
All-ceramic restorations have gained wide
acceptance in the recent years. Adequate
strength of ceramic cores in combination with
optimal esthetics of the veneers yield
restorations with high biocompatibility and

52

Abolhasani et. al

favorable esthetics [10]. The cores are often
made of reinforced disilicate, leucite, or zirconia
oxide
crystals.
At
present,
different
manufacturers have introduced zirconia-based
ceramic systems. High strength, dimensional
stability, and a coefficient of elasticity
comparable to that of stainless steel made
zirconia a suitable alternative to metal cores
[11,12].
This study aimed to assess the color change
(∆E) of Ceramill Zolid FX following abrasion
with/without toothpaste by simulation of 3, 6,
and 9 years of clinical service in two groups of
simultaneous and separate staining and glazing.
The ∆E was assessed using the CIE L*a*b* color
space.

Materials and Methods

In this in vitro, experimental study, 40
cylindrical specimens measuring 2 x 10 mm
were fabricated from Ceramill Zolid FX (Amann
Girrbach, Germany) using computer-aided
design/computer-aided
manufacturing
technology (imes-icore). The specimens were
randomly divided into four groups as follows:
(I) Simultaneous staining and glazing of
specimens followed by exposure to Puneh
toothpaste (Tehran, Iran; RDA=68)
(II) Simultaneous staining and glazing of
specimens with no exposure to toothpaste
(III) Separate staining and glazing followed by
exposure to Puneh toothpaste
(IV) Separate staining and glazing with no
exposure to toothpaste
A polisher machine (3M Perfect-It) was used to
reduce 100 µm of the thickness of specimens.
After sintering, C4 Vita stain was applied on the
surface of specimens in 100 µm (±30) thickness
and heated. Each specimen was then mounted
in cold-cure acrylic resin and placed in a crossbrushing V8 machine, which used a medium
toothbrush (GUM) with 1.96 N force and back
and forth brushing motion at 90 rpm. The color
parameters of specimens were measured before
simulated toothbrushing and after simulation of
3, 6, and 9 years of toothbrushing (80,000,
160,000, and 240,000 cycles, respectively) [13]
using
Shade
Pilot
spectrophotometer
(Degudent, Germany) according to the CIE
Summer And Autumn 2021; Vol. 33, No. 3-4
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L*a*b* color space. The mean color change (∆E)
was calculated and the intervention and control
groups
were
compared
using
the
Mann-Whitney and Friedman tests. Data were
analyzed using Excel 2010 and SPSS version 20
software programs. Level of significance was set
at 0.05.

and intervention (P=0.000) groups over time
(Figure 2).
Table 3 shows color change of simultaneous and
separate staining and glazing groups at different
time points.
Comparison of simultaneous and separate
staining and glazing protocols showed
significantly greater ∆E of specimens in simultaneous staining and glazing groups (Figure 3).
Regarding the effect of toothpaste on color
change, the results showed a significant change
only at 9 years in the toothpaste groups of both
simultaneous and separate staining and glazing
(P=0.02). No significant change was noted in
any other group (P>0.05).
The degree of abrasion and the resultant ∆E in
the toothpaste groups was greater than that in
the no-toothpaste groups over time. The color
of specimens became lighter after tooth
brushing with toothpaste. Wilcoxon test (Table
4) showed that the color change was maximum
between 3-9 and minimum between 3-6 years.

Results

According to the Friedman test, a significant
difference was noted at different time points
regarding ∆E in the control (no exposure to
toothpaste) (P=0.000) and intervention
(exposure to toothpaste) (P=0.000) subgroups
of simultaneous staining and glazing group
(Figure 1). Table 1 presents the mean ∆E of
simultaneous staining and glazing subgroups
(control and intervention), while Table 2
presents the mean ∆E of separate staining and
glazing groups (control and intervention).
The Friedman test showed a significant
difference in ∆E within the control (P=0.000)

Figure 1. Color change of simultaneous staining and glazing groups at different time points

Table 1. Mean ∆E of simultaneous staining and glazing groups (control and intervention)
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Time

Mann-Whitney
Statistic
P value

Number

Control

Intervention

3 years

10

1.0±24.12

1.0±32.26

44.50

0.68

6 years
9 years

10
10

1.0±94.11
2.0±86.08

1.0±95.22
2.0±67.19

44.00
19.50

0.68
0.01

Statistic

20.00

20.00

P value

0.000

0.000

Friedman test

Summer And Autumn 2021; Vol. 33, No. 3-4

53

Journal of Iranian Dental Association (JIDA) Summer And Autumn 2021 ;33, (3-4)

Abolhasani et. al

Table 2. Mean ∆E of separate staining and glazing groups (control and intervention)
Mann-Whitney
Time

Number

Control

Intervention

3 years
6 years
9 years
Friedman
test

10
10
10
Statistic

32.17±1.0
98.16±1.0
78.24±2.0
020.00

33.14±1.0
07.31±2.0
86.13±2.0
19.53

P value

0.000

0.000

Statistic

P value

44.50
49.00
45.00

0.68
0.97
0.73

Figure 2. Color change of separate staining and glazing groups at different time points

Table 3. Color change of simultaneous and separate staining and glazing groups
at different time points

Group

Control
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Friedman
Intervention
Friedman
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Number
3 years
6 years
9 years
Statistic
P value
3 years
6 years
9 years
Statistic
P value

Separate staining
and glazing with
toothpaste

Simultaneous staining
and glazing with
toothpaste

32.17±1.0
98.16±1.0
78.24±2.0
020.00
0.000
33.14±1.0
07.31±2.0
86.13±2.0
19.53

24.12±1.0
94.11±1.0
86.08±2.0
20.00
0.000
32.26±1.0
95.22±1.0
67.19±2.0
20.00

0.000

0.000

Mann-Whitney
Statistic

Statistic

0.81
1.01
0.03

0.41
0.30
0.96

0.65
1.31
2.22

0.51
0.19
0.02
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Figure 3. Effects of simultaneous (A) and separate (B) staining and glazing on color change
at different time points

Table 4. Pairwise comparisons by the Wilcoxon test
Group
Simultaneous staining and
glazing intervention group
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Simultaneous staining and
glazing control group

3 and 6
years
3 and 9
years
6 and 9
years
3 and 6
years
3 and 9
years
6 and 9
years

Summer And Autumn 2021; Vol. 33, No. 3-4

Mean difference

Test statistic

P value

Outcome

0.63

2.80

0.005

Significant

1.35

2.82

0.005

Significant

0.72

2.82

0.005

Significant

0.70

2.83

0.005

Significant

1.62

2.82

0.005

Significant

0.92

2.82

0.005

Significant
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Discussion

Successful color match of dental restorations
and the adjacent natural teeth is an important
topic in dentistry. Traditionally, color selection
is performed by using a shade guide. However,
it is now known that this method is a subjective
method and is influenced by a number of factors
[14]. The composition of toothpastes has greatly
changed since their introduction. Nonetheless,
abrasives are a constant ingredient in the
composition of almost all toothpastes. They
account for 25% to 60% of the composition of
toothpastes. Abrasives are used to clean the
tooth surface [15]. Several factors can affect the
level of abrasivity of toothpastes such as the
inherent hardness of the abrasive components,
their shape, size and percentage, technique of
toothbrushing, pressure applied to toothbrush,
hardness of the bristles, and direction and
frequency of brushing movements [15,16]. Due
to the fragile nature of dental porcelain, a
suitable core is required to support the
veneering porcelain in all-ceramic restorations.
Zirconia has superior mechanical properties
compared with other materials for use as a core
in all-ceramic systems due to its transformation
toughening mechanism. Thus, it is increasingly
used for this purpose [17]. This study aimed to
assess the color change of Ceramill Zolid FX
following abrasion in a cross-brushing machine
with and without using a toothpaste. Puneh
toothpaste was used in this study. The results
showed a significant difference in ∆E of both the
intervention and control groups with
simultaneous staining and glazing (P=0.000).
This result was in agreement with the findings
of Debra et al, [18] who showed that using a
toothpaste caused significant ∆E and lightened
the tooth shade (due to stain removal). Roselino
et al. [19] evaluated the effect of toothbrushing
with toothpaste on color change and surface
roughness of composites and concluded that
use of toothpaste and increased duration of
toothbrushing caused color change of
composites; however, these parameters had no
significant effect on surface roughness of
composites. Their results were in line with the
present findings although they evaluated
composite resins while we assessed zirconia
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ceramics. Garza et al. [20] evaluated the effects
of toothbrushing on color and surface
roughness of two different ceramics and found
no significant change in color or surface
roughness of Empress Esthetic ceramic
irrespective of the staining technique. However,
significant changes in color and surface
roughness were noted in the IPS group (lithium
disilicate-based ceramic) after 12 hours of
simulated toothbrushing. The results in the
latter group were in agreement with the present
findings. A number of factors can affect the
color of specimens in vitro. Heydari et al. [21]
evaluated the effect of repeated baking of dental
ceramics on their color stability following
exposure to tea and coffee. They concluded that
the color change of ceramics was influenced by
the frequency of baking cycles (3, 5, and 7
times) and also the type of ceramic system. Tea
and coffee had no significant effect on the
ceramic color.
This study had some limitations including in
vitro design, presence of confounding factors
like environmental temperature alterations, and
operator errors, which should be addressed in
future studies.

Conclusion

The results showed greater color change over
time in simultaneous staining and glazing due to
the presence of one layer of stain and glaze,
compared with separate staining and glazing.
The effect of toothpaste on color change was
only significant at 9 years in both simultaneous
and separate staining and glazing groups.
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