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Effect of Listerine and Chlorhexidine mouthwashes with anti-
discoloration system on the colour change of CAD/CAM 

conventional and novel lithium disilicate ceramics
Sherif	Elsayed	Sultan	

Original Article

INTRODUCTION
Dental	 ceramics	 have	 become	 indispensable	
in	 modern	 restorative	 dentistry	 because	 they	
offer	excellent	aesthetics,	biocompatibility,	and	
durability1.	Among	 the	 various	 types	 of	 dental	
ceramics,	lithium	disilicate	(LS2)	ceramics	have	
gained	 widespread	 acceptance	 owing	 to	 their	
favourable	 mechanical	 properties	 and	 natural	
appearance2.	LS2	ceramics	are	commonly	used	
to	fabricate	inlays,	onlays,	crowns,	and	veneers,	
providing	 patients	 with	 durable	 and	 aesthetic	
restorations3.
Despite	their	numerous	advantages,	LS2	ceramics	
are	susceptible	to	discoloration	over	time,	which	
can	 compromise	 the	 aesthetic	 outcomes	 of	
dental restorations4. Discoloration of ceramic 
restorations	 may	 result	 from	 various	 factors,	
including	 exposure	 to	 environmental	 agents,	
dietary	habits,	and	oral	hygiene	practices5. One 
significant	factor	that	can	contribute	to	ceramic	
discoloration is the use of mouth-rinse solutions 
containing	potentially	stained	compounds6.
Mouth washes are widely used in daily oral 
hygiene	routines	because	of	 their	antimicrobial	
and	 anti-inflammatory	 properties7.	 However,	
certain mouth-rinse formulations may contain 
ingredients	that	can	interact	with	dental	materials	
and	 induce	 color	 changes8.	 Chlorhexidine	 is	 a	
common antimicrobial mouth rinse associated 
with	tooth	surface	staining	and	discoloration	of	
dental restorations9. Similarly, mouth washes 
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Background
It	 has	 been	 reported	 that	 using	 mouthwashes	 can	 discolour	
the	 surface	 of	 teeth.	 Their	 effect	 on	 the	 stainability	 of	 newly	
introduced	lithium	disilicate	ceramics	is,	however,	unknown.
Objective:	The	purpose	of	this	in	vitro	study	was	to	investigate	
how	 mouth	 washes	 affected	 the	 color	 change	 of	 new	 and	
conventional	lithium	disilicate	(LS2)	ceramics	that	were	finished	
using	various	techniques.

Materials and Methods
A	 total	 of	 56	 ceramic	 slices	were	 produced	 from	 conventional	
LS2	(E	Max	CAD,	Ivoclar)	and	a	novel	virgilite	based	LS2	(Cerec	
Tessera,	Dentsply	Sirona).	According	to	the	finishing	method,	the	
specimens	were	divided	into	glazed	and	polished	subgroups.	Each	
subgroup	was	 further	 subdivided	 into	 two	based	on	 immersion	
in	 chlorhexidine	 (CHXD)	 or	 Listerine	 (LIST)	 mouth	 washes.	
A	 handheld	 spectrophotometer	 was	 used	 to	 measure	 the	 color	
attributes,	and	color	differences	(ΔE00)	were	then	counted	using	
specific	equation.	Data	were	analyzed	using	ANOVA	and	Tukey’s	
post-hoc	tests.	

Results
Significant	 differences	 in	 color	 change	 (∆E00)	 values	 were	
observed	between	conventional	and	novel	LS2	ceramics,	as	well	
as	between	different	finishing	methods	and	mouth-rinse	solutions.	
Chlorhexidine	 induced	 higher	 color	 differences	 than	 Listerine,	
with	average	∆E00	values	of	0.959	and	0.885,	respectively	(p	<	
0.001).	The	polished	specimens	generally	exhibited	higher	∆E00	
values	than	the	glazed	specimens,	with	average	values	of	1.071	
and	0.792	for	conventional	LS2,	and	0.836	and	0.786	for	novel	
LS2	(p	<	0.001).	However,	most	color	changes	did	not	exceed	the	
perceptibility	and	acceptability	thresholds.

Conclusion
Using	CHXD	and	LIST	mouth	washes	affected	the	color	change	
of	 polished	or	 glazed	 conventional	 and	novel	 lithium	disilicate	
ceramics.	In	general,	the	stainability	of	polished	specimens	was	
higher	 than	 that	 of	 glazed	 ones.	There	was	more	 discoloration	
on	specimens	immersed	in	CHXD	than	those	immersed	in	LIST.

Keywords
Lithium	 disilicate	 ceramics;	 mouth	 washes;	 color	 stability;	
finishing	method;	digital	spectrophotometer.
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containing	essential	oils,	 such	as	Listerine,	have	been	
reported	 to	 cause	 color	 changes	 in	 dental	materials10. 
Chlorhexidine	 mouth	 washes	 with	 anti-discoloration	
system are recently introduced too. 
The	 color	 stability	 of	 dental	 ceramics	 is	 essential	 for	
achieving	 long-term	 aesthetic	 success	 in	 restorative	
dentistry11.	 Changes	 in	 ceramic	 color	 can	 be	 visually	
perceptible	and	may	lead	to	patient	dissatisfaction	and	
the	 need	 for	 replacement	 or	 repair	 of	 restorations12. 
Therefore,	 understanding	 the	 potential	 effects	 of	
mouth washes on ceramic color stability is crucial 
for	 optimizing	 the	 treatment	 outcomes	 and	 patient	
satisfaction.

Data	 in	 the	 literature	 highlight	 the	 impact	 of	 mouth	
washes on the color stability of dental ceramics, and 
limited	information	is	available	regarding	their	effects	
on	different	types	of	LS2	ceramics	with	varying	finishing	
methods13.	 Furthermore,	 advancements	 in	 ceramic	
technology	have	led	to	the	development	of	novel	LS2	
formulations	 with	 improved	 color	 stability	 such	 as	
virgilite	 containing	 LS2	 ceramics14.	 CEREC	 Tessera	
is	 the	 only	 commercially	 available	 LS2	 containing	
virgilite.	 It	 is	 recently	 introduced	 by	Dentsply	 Sirona	
with	 improved	 mechanical	 and	 aesthetic	 properties.	
Therefore,	there	is	a	need	to	compare	the	color	change	
susceptibility	of	conventional	and	novel	LS2	ceramics	
to	different	mouth-rinse	solutions,	considering	various	
finishing	methods.
The	 purpose	 of	 this	 in	 vitro	 study	was	 to	 investigate	
how	mouth	washes	affected	the	color	change	of	new	and	
conventional	lithium	disilicate	(LS2)	ceramics	that	were	
finished	using	various	techniques.	The	null	hypotheses	
were	that	the	ceramic	material	type,	finishing	method,	
and	mouth	washes	will	not	affect	the	color	change.

MATERIALS AND METHODS
Study Design: 

This	 study	 employed	 an	 in	 vitro	 experimental	 design	
to	 compare	 the	 effects	 of	mouth	washes	 on	 the	 color	
change	 of	 conventional	 and	 novel	 lithium	 disilicate	
(LS2)	glass-ceramics	with	different	finishing	methods.
Sample size and specimen Fabrication:

The	sample	size	was	calculated	using	G*	power	software	
version	3.1.9.7	using	 the	data	 available	 from	previous	
similar	 studies	 [13,14].	 A	 total	 of	 fifty-six	 ceramic	
slices	were	 produced	 for	 the	 experiment.	 	A	 diamond	

precision	 saw	with	water	 coolant	 (PICO	 155S,	 PACE	
technologies)	was	used	to	obtain	1.5	thick	slices	keeping	
the	original	width	and	length	of	the	ceramic	block.		1.5	
mm	 thickness	 was	 used	 to	 mimic	 clinical	 indications	
and	for	easy	detection	of	color	difference	[15].	

Selection of Lithium Disilicate Ceramics:

Two	distinct	types	of	lithium	disilicate	(LS2)	ceramics	
with	same	translucency	and	shade	(LT,	A2)	were	used	
in	this	study:	conventional	LS2	(E	Max	CAD,	Ivoclar)	
and	 Novel	 LS2	 (Cerec	 Tessera,	 Dentsply	 Sirona).	
These	ceramics	have	been	chosen	for	their	relevance	to	
clinical	practice.

Group Allocation:

The	specimens	were	categorized	into	two	main	groups	
based	on	 the	 type	of	 ceramic	used:	 conventional	LS2	
(28	slices)	and	Novel	LS2	(28	slices).	

Subgroup Division:

Within	 each	main	 group,	 the	 specimens	 were	 further	
divided	 into	 subgroups	 according	 to	 their	 finishing	
methods.	These	finishing	methods	included	glazing	and	
polishing	finishes.	Glazing	involves	the	application	of	
a	 thin	 layer	 of	 glass	 to	 the	 ceramic	 surface,	 whereas	
polishing	 aims	 to	 achieve	 a	 smooth	 and	 glossy	
appearance.	

Manufactures	 recommended	 protocols	 were	 followed	
for	crystallization,	glazing	and	polishing	of	both	ceramic	
types.	 	 For	 the	 conventional	 ceramic	 (E	 max	 CAD)	
crystallization	of	all	slices	was	performed	in	Programat	
Furnace	 (P310;	 Ivoclar).	 For	 glazed	 specimens,	 glaze	
firing	was	done	using	 IPS	 Ivoclare	glaze	powder	 and	
liquid.	For	polished	specimens,	3	step	finishing	protocol	
using	Ivoclare	Optrafine	polishing	system	was	done.		

For	the	novel	ceramic	(Cerec	Tessera),	glazing	of	glazed	
specimens	was	done	in	CEREC	SpeedFire	furnace	using	
Cerec	glaze	spray.	Polishing	of	the	polished	specimens,	
was	 done	 using	 a	 combination	 of	 diamond	 polishers	
and	 Lab	 CAD/CAD	 finishing	 kit	 (Luster	 CAD/CAM	
kit)	with	different	grit	 sizes	 starting	 from	coarser	 and	
moving	to	fine	grits	to	obtain	smoother	surface.

Rationale for Subgroup Division:

Subdivision	 based	 on	 finishing	 methods	 is	 essential,	
as	surface	characteristics	play	a	significant	role	 in	 the	
interaction	 between	 dental	 restorations	 and	 external	
factors, such as mouth washes. 
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Immersion in Mouth Washes:

Once	 the	 specimens	 have	 been	 fabricated	 and	
categorized	into	their	respective	groups	and	subgroups,	
they	 undergo	 immersion	 in	 mouth-rinse	 solutions.	
This	immersion	process	is	a	crucial	step	in	simulating	
practical	exposure	of	dental	restorations	to	commonly	
used	mouth	washes	encountered	in	clinical	practice.

Selection	of	Mouth	Rinse	Solutions:

Two	 distinct	 types	 of	 mouth	 rinse	 solutions	 were	
utilized	in	this	study:	chlorhexidine	(CHXD;	Curasept)	
and	Listerine	(LIST;	Johnson	&	Johnson).	Each	ceramic	
slice	 was	 immersed	 into	 15	ml	 of	mouth	 rinse	 in	 an	
incubator	at	37	degrees	for	7	days	which	is	equivalent	to	
15	years	of	daily	exposure,	the	solutions	were	replaced	
daily13.

Subgroup Allocation:

Each	 subgroup,	 comprising	 seven	 specimens,	 was	
immersed in one of the two mouth-rinse solutions. 
Consequently,	within	each	ceramic	type	(conventional	
and	novel	LS2),	there	are	two	subgroups:	one	immersed	
in	 chlorhexidine	 and	 the	 other	 in	 Listerine.	 This	
allocation	 ensured	 an	 equal	 representation	 of	 each	
mouth	rinse	solution	for	both	ceramic	types.

Assessment of Color Parameters:

Following	immersion	in	the	mouth	rinse	solutions,	the	
color	 parameters	 of	 the	 specimens	were	meticulously	
evaluated	 to	 quantify	 any	 changes	 in	 color	 induced	
by	 exposure.	This	 assessment	was	 conducted	 using	 a	
handheld	 spectrophotometer	 (Easyshade	 Advance;	
Vita)	a	 sophisticated	 instrument	capable	of	accurately	
measuring	 the	 reflectance	 spectrum	 of	 light	 from	 the	
surfaces	 of	 objects.	 Before	 each	 measurement,	 the	
spectrophotometer	 was	 calibrated	 according	 to	 the	
manufacturer’s	 instructions.	 By	 holding	 the	 device	
probe	tip	perpendicular	to	the	surface	of	each	ceramic	
slice and in the centre of it, three measurements were 
recorded	 using	 the	 “Tooth	 single”	 mode	 [16].	 All	
measurements were conducted at the same time of day 
against	a	black	background	and	on	the	same	side	of	the	
ceramic slice as a standardization measure. 

Utilization of Digital Spectrophotometer:

A	digital	spectrophotometer	served	as	the	primary	tool	
for	objective	color	assessment	in	this	study.	By	capturing	

and	analysing	the	spectral	data	of	 light	reflected	from	
the	 specimen	 surfaces,	 the	 spectrophotometer	 enables	
the	precise	measurement	of	color	attributes,	 including	
hue,	saturation,	and	brightness.

Calculation of Color Difference (ΔE00):

The	color	difference	(ΔE00)	between	the	pre-	and	post-
immersion	states	of	each	specimen	was	quantified	using	
established	mathematical	algorithms17.	The	ΔE00	values	
provide	a	numerical	representation	of	the	magnitude	of	
the	color	change	experienced	by	the	specimens	due	to	
exposure	to	mouth	rinse	solutions.

Comparison with Perceptibility and Acceptability 
Thresholds:

To	contextualize	the	observed	color	differences,	ΔE00	
values	were	compared	against	predefined	perceptibility	
and	 acceptability	 thresholds.	A	ΔE00	 value	 of	 0.8	 is	
commonly	 recognized	 as	 the	 perceptibility	 threshold,	
shows	the	colour	change	point	at	which	the	human	eye	
can	detect	a	shift	in	colour.	Similarly,	a	ΔE00	value	of	
1.8	represents	the	acceptability	threshold,	beyond	which	
color	changes	are	considered	clinically	unacceptable.

Clinical Relevance of Analysis:

By	 assessing	 color	 changes	 against	 perceptibility	 and	
acceptability	thresholds,	the	analysis	aimed	to	ascertain	
the	clinical	 significance	of	 the	observed	alterations	 in	
color.	 This	 approach	 enables	 differentiation	 between	
perceptible	 but	 clinically	 acceptable	 changes	 and	
those	 that	 exceed	 acceptable	 limits	 and	 may	 warrant	
corrective	action.

Statistical Analysis

The	collected	data	was	subjected	to	statistical	analysis	
using	 Analysis	 of	 Variance	 (ANOVA)	 to	 assess	 the	
overall	 effect	 of	 different	 factors,	 such	 as	 ceramic	
type,	 finishing	 method,	 and	 mouth	 rinse	 solution	 on	
color	change.	Post-hoc	Tukey	tests	were	conducted	to	
identify	specific	differences	between	the	subgroups.	The	
significance	level	was	set	at	α=0.05,	with	a	confidence	
level	of	95%.

RESULTS
Table	 1	 presents	 the	 color	 difference	 (∆E00)	 values	
for	 polished	 and	 glazed	 specimens	 of	 conventional	
and	novel	 lithium	disilicate	(LS2)	ceramics	 immersed	
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in	chlorhexidine	(CHXD)	and	Listerine	(LIST)	mouth	
rinse	 solutions.	 On	 average,	 for	 conventional	 LS2	
ceramics,	 the	 highest	 ∆E00	 value	 was	 observed	 in	
polished	 specimens	 immersed	 in	 CHXD	 (1.286),	
whereas	 the	 lowest	 value	 was	 observed	 in	 glazed	
specimens	immersed	in	LIST	(0.757).	Similarly,	for	the	
novel	 LS2	 ceramics,	 the	 highest	 average	 ∆E00	 value	
was	 found	 in	 glazed	 specimens	 immersed	 in	 LIST	
(0.929),	whereas	 the	 lowest	was	 in	 glazed	 specimens	
immersed	in	CHXD	(0.643).
Table 1: Color Difference (∆E00) Values for 
Conventional and Novel Lithium Disilicate Ceramics

Sa
m

pl
e 

Conventional Novel 

Polished Glazed Polished Glazed

CHX LST CHX LST CHX LST CHX LST

∆ 
E

00

∆ 
E

00

∆ 
E

00

∆ 
E

00

∆ 
E

00

∆ 
E

00

∆ 
E

00

∆ 
E

00

1 1.4 1.1 0.9 0.8 0.8 0.8 1.1 0.8

2 1.1 0.8 0.8 0.8 0.9 0.7 0.1 1.3

3 1.4 0.9 0.7 1.1 0.9 0.7 0.5 1.2

4 1.3 0.7 0.9 0.9 1 0.1 0.5 0.3

5 1.3 0.8 0.9 1.2 0.5 1.8 0.8 1.5

6 1.3 0.9 0.6 0.8 0.6 0.9 0.9 0.9

7 1.2 0.8 0.5 0.8 0.7 0.7 0.6 0.5

Average	 1.286 0.857 0.757 0.914 0.771 0.814 0.643 0.929

Table	 2	 compares	 the	 mean	 ∆E00	 values	 of	 the	
conventional	and	novel	LS2	ceramics	across	different	
finishing	methods	and	mouth	rinse	solutions.	Statistical	
analysis	 revealed	 significant	 differences	 (p	 <	 0.001)	
between	 the	 conventional	 and	 novel	 ceramics	 in	 all	
scenarios	except	for	the	polished	specimens	immersed	
in	LIST.	

Table 2: Comparison of Color Difference (∆E00) 
Values Between Conventional and Novel Lithium 
Disilicate Ceramics

Ceramic Type
Surface 

Treatment
Mouth Rinse 

Solution
Mean 
∆E00

Standard 
Deviation

p-value

C
on
ve
nt
io
na
l

Polished

Chlorhexidine	
(CHX)

1.286 0.345

<0.001

Listerine 
(LST)

0.857 0.217

Glazed

Chlorhexidine	
(CHX)

0.757 0.278

Listerine 
(LST)

0.914 0.321

N
ov
el

Polished

Chlorhexidine	
(CHX)

0.771 0.185

Listerine 
(LST)

0.814 0.202

Glazed

Chlorhexidine	
(CHX)

0.643 0.197

Listerine 
(LST)

0.929 0.263

Table	 3	 compares	 the	mean	 ∆E00	 values	 induced	 by	
chlorhexidine	 (CHXD)	 and	 Listerine	 (LIST)	 mouth	
rinse	 solutions	 for	 both	 conventional	 and	 novel	 LS2	
ceramics.	 Significant	 differences	 (p	 <	 0.001)	 were	
observed	 between	 the	 two	 mouth	 rinse	 solutions	 for	
both	the	ceramic	types.	Chlorhexidine	tends	to	induce	
higher	color	differences	than	Listerine,	with	the	effect	
being	more	pronounced	in	conventional	LS2	ceramics.
Table 3: Comparison of Color Difference (∆E00) 
Values Among Different Mouth Rinse Solutions

Mouth Rinse Solution Conventional (∆E00)
Novel 
(∆E00)

p-value

Chlorhexidine	(CHX) 0.959 0.831
<0.001

Listerine	(LST) 0.885 0.872

Table	4	compares	the	mean	∆E00	values	of	the	polished	
and	glazed	specimens	for	both	conventional	and	novel	
LS2	ceramics.	Significant	differences	(p	<	0.001)	were	
observed	 between	 the	 polished	 and	 glazed	 specimens	
for	both	ceramic	types.	In	general,	polished	specimens	
exhibit	higher	color	differences	than	glazed	specimens,	
indicating	that	the	finishing	method	plays	a	crucial	role	
in color stability.
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Table 4: Comparison of Color Difference (∆E00) 
Values Between Polished and Glazed Specimens

Surface Treatment Conventional (∆E00) Novel (∆E00) p-value

Polished 1.071 0.792
<0.001

Glazed 0.836 0.786

DISCUSSION
The	 results	 analysis	 showed	 that	 the	 ceramic	 type,	
finishing	 method,	 and	 mouth	 washes	 significantly	
affect	 the	 final	 color	 change	 of	 ceramic.	 So,	 the	 null	
hypotheses	were	rejected.	The	purpose	of	this	in	vitro	
study	was	to	investigate	how	mouth	washes	affected	the	
color	change	of	new	and	conventional	lithium	disilicate	
(LS2)	 ceramics	 that	 were	 finished	 using	 various	
techniques.	These	findings	 shed	 light	on	 the	potential	
impact	of	commonly	used	mouth	rinse	solutions	on	the	
color	stability	of	dental	restorations,	providing	valuable	
insights	for	clinicians	and	dental	technicians.
The	color	stability	of	dental	restorations	is	a	critical	aspect	
of	their	clinical	performance	and	aesthetic	longevity18. 
Changes	 in	 color	 can	 compromise	 the	 aesthetic	
outcomes	 of	 restorative	 treatments,	 leading	 to	 patient	
dissatisfaction	and	the	need	for	replacement	or	repair19. 
Previous	research	has	highlighted	the	susceptibility	of	
ceramic	 materials	 to	 discoloration	 when	 exposed	 to	
various	environmental	factors,	including	dietary	habits,	
oral	 hygiene	 practices,	 and	 chemical	 agents	 such	 as	
mouth washes20.	Therefore,	understanding	the	influence	
of mouth washes on ceramic color stability is essential 
for	 optimizing	 the	 treatment	 outcomes	 and	 patient	
satisfaction.
The	results	of	this	study	revealed	significant	differences	
in	 color	 change	 (∆E00)	 values	 between	 conventional	
and	 novel	 LS2	 ceramics,	 as	 well	 as	 among	 different	
finishing	 methods	 and	 mouth	 rinse	 solutions.	
Conventional	 LS2	 ceramics	 exhibited	 higher	 average	
∆E00	 values	 than	 novel	 LS2	 ceramics,	 indicating	 a	
greater	 susceptibility	 to	 color	 change.	This	 finding	 is	
consistent	with	previous	research	suggesting	that	novel	
ceramic	formulations	may	offer	improved	color	stability	
compared	 with	 their	 traditional	 counterparts	 21.	 The	
lower	color	change	observed	in	the	novel	LS2	ceramics	
highlights	 the	 potential	 benefits	 of	 advancements	 in	
material	 technology	 for	 enhancing	 the	 longevity	 and	

aesthetics of dental restorations.
Finishing	method	also	emerged	as	a	 significant	 factor	
influencing	 color	 stability,	 with	 polished	 specimens	
generally	 exhibiting	 higher	 ∆E00	 values	 than	 glazed	
specimens.	 This	 finding	 underscores	 the	 importance	
of	 surface	 finishing	 techniques	 for	 minimizing	 color	
changes	 and	 maintaining	 the	 aesthetic	 integrity	 of	
ceramic	restorations.	Polishing	procedures	can	influence	
the	 surface	 roughness	 and	 morphology,	 thereby	
affecting	the	susceptibility	of	ceramics	to	staining	and	
discoloration22.	 Therefore,	 clinicians	 should	 carefully	
consider	 the	 choice	 of	 finishing	 method	 based	 on	
individual	patient	needs	and	aesthetic	requirements.
Furthermore,	 the	 type	 of	 mouth	 rinse	 solution	
significantly	 influenced	 the	 color	 change	 in	 both	
conventional	 and	 novel	 LS2	 ceramics.	 Chlorhexidine	
mouth	 rinse	 induced	 higher	 color	 differences	 than	
Listerine,	 suggesting	 that	 the	 chemical	 composition	
of	 mouth	 washes	 plays	 a	 crucial	 role	 in	 ceramic	
discoloration.	 Chlorhexidine	 is	 known	 for	 its	
antimicrobial	properties	and	is	widely	used	in	clinical	
practice	for	the	prevention	and	treatment	of	oral	diseases	
23.	However,	the	potential	for	tooth	surface	staining	and	
ceramic	discoloration	has	been	reported	in	literature10,	
24.	Conversely,	Listerine,	which	contains	essential	oils	
and	other	ingredients,	exhibited	a	milder	staining	effect	
on the ceramics in this study.
The	 observed	 differences	 in	 color	 stability	 among	
mouth	 rinse	 solutions	may	 be	 attributed	 to	 variations	
in	 their	 chemical	 compositions	 and	 interactions	 with	
the	 ceramic	 surfaces.	 Chlorhexidine	 has	 been	 shown	
to	 adsorbs	 onto	 hydroxyapatite	 surfaces	 and	 forms	
insoluble	complexes,	leading	to	discoloration	over	time	
25.	On	the	other	hand,	Listerine	may	exert	less	staining	
potential	 due	 to	 its	 composition,	 which	 includes	
essential	oils	with	antimicrobial	and	anti-inflammatory	
properties	 [26].	The	distinct	mechanisms	of	 action	of	
these	 mouth	 washes	 underscore	 the	 importance	 of	
considering	 their	 potential	 effects	 on	 dental	materials	
when	prescribing	oral	hygiene	regimens.	An	interesting	
finding	of	this	study	is	that	the	color	change	of	CHXD	
stained	 specimens	 in	 novel	 LS2	 is	 lower	 than	 LST	
stained	specimens.	This	may	be	attributed	to	 the	anti-
discoloration	system	(ADS)	contained	into	the	Curasept	
CHXD	mouth	rinse	used	and	the	novel	microstructure	
of	 vigilite	 crystals	 of	CEREC	 tessera.	Further	 studies	
are	required	to	explore	these	findings.	
Notably,	the	perceptibility	and	acceptability	thresholds	
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for	 color	 differences	 (∆E00	 =	 0.8,	 ∆E00	 =	 1.8,	
respectively)	were	not	 exceeded	 in	most	 cases	 in	 this	
study.	 However,	 even	 subtle	 changes	 in	 color	 may	
be	 clinically	 significant,	 particularly	 in	 aesthetically	
demanding	 cases	 or	 when	 restorations	 are	 placed	 in	
highly	visible	areas	of	the	mouth27.	Therefore,	clinicians	
should	exercise	caution	and	consider	 the	potential	 for	
color	 change	 when	 selecting	 ceramic	 materials	 and	
advise	patients	on	oral	hygiene	practices.
The	 findings	 of	 this	 study	 have	 several	 clinical	
implications	for	dental	practice.	First,	clinicians	should	
be	aware	of	 the	potential	 for	color	change	 in	ceramic	
restorations	 when	 exposed	 to	 mouth-rinse	 solutions,	
particularly	 chlorhexidine.	 Patient	 education	 and	
counselling	 regarding	 the	 selection	 and	 use	 of	mouth	
washes	 may	 help	 to	 mitigate	 the	 risk	 of	 ceramic	
discoloration. Second, the choice of ceramic material 
and	finishing	method	 should	 be	 tailored	 to	 individual	
patient	factors	and	aesthetic	considerations	to	optimize	
the	 color	 stability	 and	 long-term	 outcomes.	 Finally,	
further	research	is	warranted	to	explore	the	underlying	
mechanisms	 of	 ceramic	 discoloration	 and	 to	 develop	
strategies	to	minimize	its	occurrence	in	clinical	practice.
This	study	had	several	 limitations.	 It’s	 in	vitro	design	

may	not	fully	represent	the	oral	environment,	warranting	
future	in	vivo	or	clinical	trials.	Additionally,	the	study	
focused	on	specific	mouth-rinse	solutions	and	finishing	
methods,	limiting	generalization.	Future	studies	should	
explore	 the	effect	of	ceramic	surface	 roughness	and	a	
wider	 range	 of	 products.	Moreover,	 investigating	 the	
effect	of	different	material	 thicknesses,	cement	shades	
and	 thickness	 in	 future	 studies	would	provide	a	more	
holistic	understanding.	

CONCLUSION
As	per	the	findings	of	this	study,	we	can	conclude	that:	-
1. The	 color	 change	 of	 conventional	 and	 virgilite	

based	 LS2	 glass	 ceramics	 is	 affected	 by	 the	
finishing	methods	and	the	use	of	CHXD	and	LIST	
mouth washes.

2.	 Immersion	of	virgilite	based	LS2	into	LIST	mouth	
washes	 produced	 more	 staining	 than	 immersion	
into	CHXD	mouth	washes	with	anti-discoloration	
system. 

3. In	 general,	 glazed	 LS2	 glass	 ceramic	 are	 more	
resistant	 to	 staining	 from	 mouth	 washes	 than	
polished	counterparts.
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