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Abstract 
Background and Aim: This study aimed to assess the effects of 
chlorhexidine (CHX) and Listerine mouthwashes on color stability of 
glazed bilayer zirconia and IPs e.max ceramics.  
Materials and Methods: This in vitro experimental study was 
conducted on 36 glazed bilayer zirconia and IPS e.max ceramic 
specimens. The baseline CIE L*a*b* color parameters of specimens 
were measured by a spectrophotometer. The bilayer zirconia and IPS 
e.max ceramic specimens were then randomly assigned to two 
subgroups for immersion in 10 mL of 0.2% CHX (n=9) and 10 mL of 
Listerine (n=9). The specimens were immersed in the respective 
solutions for 2 minutes daily for 7 days. Next, their color parameters 
were spectrophotometrically measured again. The color change (∆E) of 
ceramics in the three groups was calculated and compared by the 
Kruskal-Wallis test and two-way ANOVA (alpha=0.05).    
Results: The L*, a*, and b* color parameters of glazed bilayer zirconia 
and IPs e.max ceramic specimens were not significantly different at 
baseline (P=0.8) or after the intervention (P=0.6). The ∆E of the 
subgroups was not significantly different either (P>0.05). 
Conclusion: Both glazed bilayer zirconia and IPs e.max ceramics 
showed clinically acceptable color stability (∆E<3.3) following 
immersion in CHX and Listerine mouthwashes.  
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Introduction 

Dental ceramics are among the most popular 
tooth-colored restorative materials due to their 
optimal properties such as favorable 
biocompatibility, long-term clinical service, high 
strength, and excellent esthetics [1,2]. At 
present, patients have high demands and 
expectations with regard to the esthetic 

appearance of dental restorations [2,3]. Optical 
properties of tooth-colored restorations are 
influenced by the oral environment, as well as 
their composition and solubility [4]. It has been 
reported that acidic solutions such as cola, 
orange juice, coffee, stomach acid, and some 
mouthwashes can affect the optical properties 
and surface roughness of ceramic restorations 
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[1,5]. Color change of restorations compromises 
their esthetic appearance [6].  

Several mouthwashes such as chlorhexidine 
(CHX) are used as an adjunct to mechanical 
plaque removal because of their antimicrobial 
properties. However, long-term use of such 
mouthwashes including CHX can cause brownish 
discoloration of tooth and restoration surfaces, 
and dorsal surface of the tongue [6]. Due to its 
highly cationic nature, CHX reacts with anionic 
ions and exerts its antimicrobial effects as such. 
CHX is commonly used for treatment of oral 
infections, resolution of inflammation and mouth 
malodor, and decreasing the occurrence of 
dental caries [5]. A previous study showed that 
CHX had the least effect on color of ceramics, 
compared with other mouthwashes [7]. CHX is 
available in 0.2% and 0.02% concentrations, and 
is commonly used for dental plaque control since 
it is highly effective against the bacteria [8-10].  

Listerine Zero is a non-alcoholic mouthwash 
and a neutral phenolic compound, which is used 
to prevent dental caries, dental plaque, and 
calculus formation [11]. However, information 
regarding its effect on color of ceramics is 
limited [12].  

Evidence shows that of different commonly 
used solutions that cause discoloration of dental 
ceramics such as orange juice, tea, coffee, and 
cola, coffee has the highest effect [13,14]. 
However, information regarding the 
discoloration of ceramics caused by 
mouthwashes is limited. 

Considering the gap of information regarding 
the effect of Listerine Zero on different types of 
ceramic restorations, this study aimed to 
compare the effects of CHX and Listerine Zero on 
color of glazed bilayer zirconia and IPS e.max 
ceramics. 
 
Materials and Methods 

This in vitro experimental study was ethically 
approved by the Research Council, Dental 

Faculty of Islamic Azad University (No: 
P.129.D.961110).  

The sample size was calculated assuming 
alpha=0.05, beta=0.2, and study power of 80%.  

The present study was conducted on 36 disc-
shaped ceramic specimens in two groups (A and 
B). Group A included 19 discs of bilayer zirconia 
(Amann Girrbach, Germany) with 10 mm 
diameter and 2 mm thickness fabricated by the 
computer-aided design/computer aided 
manufacturing (CAD/CAM, Amann Girrbach, 
Germany) system. After coloring with A2 shade, 
the specimens were coated with a thin layer of 
glaze paste (IPS e.max Ceram Glaze, Ivoclar 
Vivadent, Schaan, Liechtenstein) and sintered in 
a vacuum furnace (Austromat 3001; Dekema 
Dental Keramiköfen, Germany) at 950°C for 30 
seconds [11,14]. Group B included 19 discs with 
10 mm diameter and 2 mm thickness fabricated 
from A2 shade IPS e.max Ceram ingots (Ivoclar 
Vivadent, Germany) by the press technique 
(Ivoclar Vivadent, Germany). They were also 
glazed at 740°C [14]. To remove superficial 
impurities, the specimens were rinsed with 
distilled water and auto-glazed. All specimens 
were immersed in distilled water and incubated 
at 37±1°C for 24 hours. The specimens in each 
group were divided into two subgroups. 
Specimens in the first subgroup were immersed 
in 0.2% CHX (Shahr Daru Pharmaceutical Co., 
Tehran, Iran) with a pH of 5.1 at 37°C once daily 
for 2 minutes for a total duration of 7 days 
[11,12]. The specimens in the second subgroup 
(n=9) were immersed in non-alcoholic Listerine 
mouthwash (Listerine® Tooth Defense Antic, 
Johnson & Johnson, Italy) with a pH of 4.2 at 
37°C once daily for 2 minutes for a total duration 
of 7 days.  

Two other discs were also fabricated as 
control to verify the fabrication process of 
specimens. They were immersed in distilled 
water once daily for 2 minutes for a total 
duration of 7 days.  
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All specimens were then immersed in 
artificial saliva (Rooyingar Sanaat, Tehran, Iran) 
during the time interval between immersions in 
mouthwashes. The artificial saliva was refreshed 
daily as well.  

The CIE L*A*B* color system is used almost 
exclusively for color assessment in dentistry and 
defines the color space by three coordinates of 
L*, a* and b*. L* is similar to the Munsell 
system’s value, and a* and b* describe the 
chromatic characters of the color [15,16]. The 
baseline color parameters of dried specimens 
were measured by a calibrated 
spectrophotometer (T 70 PG instrument, Alma 
Park, Leicestershire, United Kingdom) against a 
white background. The color parameters of all 
specimens were measured in a reproducible 
position under similar conditions of D56 lighting 
at 380-780 nm wavelength [3]. After 7 days, the 
specimens were dried and their CIE L*a*b* color 
parameters were spectrophotometrically 
measured for the second time as explained 
earlier [11].  

The color change (∆E) of specimens was 
calculated by the following formula: 

ΔE*ab = ([ΔL*]2 + [Δa*]2 + [Δb*]2)1/2  
ΔE values ranging from 1 to 3 are not 

detectable by the naked eye while values greater 
than 3.3 are clinically unacceptable [12]. 

Two-way ANOVA was used to analyze the 
effects of ceramic type, mouthwash type, and 

their interaction on ΔE*, ΔL*, Δa*, and Δb* 
values. Comparison of the means was performed 
by the Kruskal-Wallis test (alpha=0.05). 

 
Results 

Table1 presents the baseline and post-
immersion color parameters of the specimens 
and their ∆E in the groups. As shown, the 
baseline a*, b*, and L* parameters were not 
significantly different in the subgroups (P=0.8). 
The post-immersion a*, b*, and L* parameters 
were not significantly different in the subgroups 
either (P=0.7). The maximum ∆E (0.48) was 
noted in IPS e.max specimens immersed in 
Listerine, while the minimum ∆E was recorded 
in zirconia bilayer specimens immersed in 
Listerine (0.35). The ∆E values were not 
significantly different among the subgroups 
either (P=0.6). Also, all ∆E values were within 
the clinically acceptable range (∆E<3.3). 
 
Discussion  

Considering the gap of information regarding 
the effect of Listerine Zero on different types of 
ceramic restorations, this study compared the 
effects of CHX and Listerine Zero on color of 
glazed bilayer zirconia and IPS e.max ceramics. 
The results showed no significant difference in 
color parameters of the groups at baseline or 
after the intervention. The ∆E values were not 
significantly different either. 

Table 1. Baseline and post-immersion color parameters of bilayer zirconia and IPS e.max specimens  
 

Time Group 
Chlorhexidine Listerine 

a* b* L* ∆E** a* b* L* ∆E** 

Before  
immersion 

Bilayer 
zirconia 

2.41+0.33 16.45+1.50 76.62+1.05  2.32+0.19 16.92+0.86 74.41+0.87  

IPS-e.max 1.91+0.19 16.68+0.48 74.31+0.33      

After 
immersion 

Bilayer 
zirconia 

2.43+o.34 16.62+1.52 76.96+0.95 0.39+0.25 2.39+0.18 17.13+0.88 76.68+0.91 0.35+0.14 

IPS-e.max 2.02+0.15 16.96+0.16 74.48+0.37 0.39+0.14 1.96+0.16 17.14+0.20 74.83+0.43 0.48+0.29 
 
* a, b, and L: CIE L*A*B* color parameters      
**∆E: Color change of specimens 
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Derafshi et al. [11] evaluated the effects of 
CHX and Listerine mouthwashes on color 
stability of monolithic zirconia and feldspathic 
porcelain, and reported that their ∆E after 
immersion in CHX and Listerine was within the 
clinically acceptable range and non-perceivable 
by the human eye. They reported maximum ∆E 
following immersion of ceramics in CHX, which 
was different from the present findings. This 
difference may be due to higher frequency of 
spectrophotometric measurements of secondary 
color parameters in their study, which increased 
the accuracy of their findings. Palla et al. [17] 
evaluated the color stability of lithium disilicate 
ceramics after thermocycling and immersion in 
commonly consumed drinks. They showed 
clinically undetectable ∆E values in all groups, 
except for the specimens immersed in tea. Tea 
caused significant color change of specimens. 
Also, glazed ceramics had higher color stability 
than non-glazed ceramics. This finding was in 
line with the present results, showing optimal 
color stability of glazed ceramics. 

Heydari et al. [18] evaluated the effect of 
polishing and glazing on discoloration of 
CERAMCO III dental porcelain immersed in CHX. 
They reported clinically acceptable color 
stability of both glazed and polished specimens 
with no significant difference in ∆E between 
them. Color change was not significant in any 
group, which was similar to the present findings. 
In general, it has been shown that CERAMCO III 
and glazed ceramics have high color stability 
against CHX [17-20].  

Lee et al. [21] evaluated the color stability 
and surface properties of lithium disilicate 
ceramic, polymer-infiltrated ceramic, high-
translucency zirconia, nano-ceramic resin, and 
feldspathic porcelain immersed in four types of 
mouthwashes. They revealed that immersion in 
Listerine Healthy White whitening mouthwash 
caused a significant color change in all groups, 
which was different from the present findings. 
Difference between their results and the present 
findings may be due to the use of different types 

of Listerine mouthwashes and the fact that they 
used 100 ppm mouthwash for 180 hours to 
simulate 15 years of clinical service. They found 
a significant difference in ∆E of zirconia in CHX 
and Listerine Healthy White groups in 
comparison with Listerine and distilled water 
groups. Difference between their results and the 
current findings can also be due to the use of 
high-translucency zirconia in their study versus 
bilayer zirconia in the present study, and their 
larger sample size (200 versus 38). Sasany et al. 
[4] evaluated the effect of different 
mouthwashes on optical properties of laminate 
and all-ceramic CAD/CAM restorations. They 
used lithium disilicate, Y-TZP, and Zirkonzahn 
zirconia and showed that both zirconia types 
experienced greater ∆E after immersion in 
Listerine, compared with CHX, which was similar 
to the present findings. They reported maximum 
∆E in all three ceramics following immersion in 
Listerine. However, the ∆E in all groups was 
within the clinically acceptable range. Haralur et 
al. [22] assessed the effects of commonly 
consumed drinks and mouthwashes on color 
stability of lithium disilicate and zirconia-based 
ceramics. They fabricated lithium disilicate 
ceramics by the heat press technique. They 
compared lithium disilicate, bilayer zirconia, and 
monolithic zirconia specimens and concluded 
that immersion in coffee caused maximum ∆E in 
monolithic zirconia, followed by bilayer zirconia 
and then lithium disilicate. Immersion in green 
tea caused maximum ∆E in monolithic zirconia 
followed by bilayer zirconia. CHX caused 
minimum ∆E in all three ceramic groups. Their 
results were different from the present findings 
since they reported higher ∆E in monolithic 
zirconia and then bilayer zirconia. This 
difference may be due to the conduction of 3000 
hydrothermal aging cycles between 5-55°C, 
which can cause small cracks in zirconia and 
increase its porosities while the aging process 
was not performed in the present study. Lower 
∆E in bilayer zirconia can be due to its coating 
with feldspathic ceramic, which prevents the 
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penetration of coloring agents into the cracks 
and subsequent discoloration [22]. Khaledi et al. 
evaluated the effect of CHX on over-glazed, auto-
glazed, and polished ceramics. They reported 
significant ∆E in ceramics, which appears to be 
due to the high frequency of exposures to the 
mouthwash for 16 days [16].  

The present study had some limitations. In 
vitro design limits the generalization of the 
results to the clinical setting, since oral clinical 
conditions and eating habits of individuals could 
not be simulated in vitro. Also, secondary color 
parameters were only measured once while it 
would be ideal to repeat each measurement at 
least three times [11]. 

 
Conclusion 

The results revealed that both glazed bilayer 
zirconia and IPs e.max ceramics showed 
clinically acceptable color stability following 
immersion in CHX and Listerine for 7 days. 
Maximum ∆E was noted in IPS e.max specimens 
immersed in Listerine while minimum ∆E was 
noted in bilayer zirconia specimens immersed in 
Listerine. 
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