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Introduction
Provisional restorations are vital and often challenging 
part of implant dentistry. Besides the fact that provisional 
restorations need to maintain an acceptable function and 
esthetic appearance until a permanent restoration can be 
placed, they serve as placeholders to prevent migration of 
neighboring teeth and extrusion of opposing teeth1. They 
are also important for determining the best restorative de-
sign for the given scenario and providing a template for 
soft-tissue contouring and maturing. Colour stability is one 
of these substantial qualities of these materials, and the 
inservice discolouration is considered as a major short-
coming of provisional restorative materials2. Dietary fac-
tors and medications are commonly reported among the 
agents that cause discolourization of the restorative mate-
rials. Mouthrinses are mostly used as an important caries 
and gingivitis control method, and a breath refreshener3. 
Because of their antiinflammatory, antiseptic, and analgesic 
properties, they are occasionally administered after tooth 
preparation in order to reduce the local inflammation and 
tenderness, and to hasten the mucosal healing; however, 
extrinsic staining of teeth has emerged as an unpleasant 
effect of some common brands of mouthrinses.

In the present study, the aim is to assess the staining po-
tentials of three commercially available mouth rinses on a 
provisional acrylic material by application of a digital sys-
tem for colour analysis.

Materials and method
In this study, the staining potentials of Colgate plax, Chlo-
rhexidine gluconate rinse, and Listerine rinse was investi-
gated. A total of 30 test material cylinders 13 mm in diam-
eter and 1 mm thickness were produced with the help of 
13X1mm split steel molds, and 10 specimens were used for 
each of the test solutions. In each session, all materials were 
placed on a black cardboard surface in order to acquire digi-
tal images (Fig 1). A digital camera which was fixed on a tri-
pod, with 40 cm. object–camera distance was oriented per-
pendicular to the test samples to acquire the digital image. 
The image was taken at 11:00 AM, under daylight on a clear 
day, was saved in TIFF format, and was later resolved on a 
24-bit resolution screen for further analysis that was provided 
by a commercial graphic software (Adobe Photoshop 6.0). 

It is possible to quantify colour by using instrumental 
measurements expressed in the coordinates of a colour or-

der system. CIELAB units, which – when analysed mathe-
matically- compares the colour parameters of different ob-
jects, have been used for colour quantification. In CIELAB 
system, the colour space consists of three coordinates L*, 
a*, and b*. The L* refers to the lightness coordinate, and 
its value ranges from 0 for perfect black to 100 for per-
fect white. The a* and b* are the chromaticity coordinates 
in the red-green axis and yellow-blue axis, respectively. 
Positive a* values reflect the red colour range and nega-
tive values indicate green colour range. Similarly, positive 
b* values indicate yellow colour range while negative val-
ues indicate the blue colour range. The differences in the 
lightness and chromaticity coordinates (∆L*, ∆a*, ∆b*) as a 
result of UV light exposure are determined first, and the 
total colour change (∆E*ab) can be calculated using the 
following relationship.

∆E*ab= (∆L*2+ ∆a*2+ ∆b*2)1/2

During the analyses, fixed circular areas which were 74 
pixels in diameter were selected in the middle third por-
tion of each sample. The L*, a*, b* values of these areas 
were measured three times by application of the histogram 
function of the software, and the mean values were record-
ed. (FIG 2)

Each of the acrylic samples was immersed separately in vi-
als, each containing 20 mL of the test or control solutions 
for 24 h, which was the equivalent time to 1 year of 2 min 
daily mouthrinse use. All vials were kept at 37 C through-
out the study and were shaken occasionally to provide ho-
mogenity. At the end of the test period, the samples were 
removed and were dried with tissue paper. The post-treat-
ment digital images of the test materials were obtained 
and were analysed to determine the L*, a*, b* values of 
each specimen as mentioned previously.

The total colour change (∆E*) of each single test specimen 
was then calculated using the previously mentioned rela-
tionship : ∆E*ab= (∆L*2+ ∆a*2+ ∆b*2)1/2

Statistical analyses of the mean ∆E values among the 
groups were achieved by analysis of variance (ANOVA). 
The level of significance was set as 0.05 in all tests.

RESULTS
∆E values obtained were 2.1 for chlorhexidine gluconate, 
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1.88 for benzydamine hydrochloride( Listerine) and 2.2 for 
Colgate plax. Statistical analyses of the mean ∆ E values 
among the groups will be achieved by analysis of variance 
(ANOVA). The level of significance was  set as 0.05 in all 
tests. The summary statistics of the comparison of the ∆ E 
values of the different groups is presented in Table 1.

Results of ANOVA test shows a statistically signifi-
cant difference between the groups (P < 0.0001). The 
p value corresponing to the F statistic of one way ANO-
VA is lower than 0.05, suggesting  statistically signifi-
cant  difference between the groups(Table 2). The re-
sults though show a statistically significant difference 
between the different mouthwashes however observa-
tion of the mean values shows that the samples im-
mersed in Colgate plax show greatest color change 
among the three mouthwashes.

DISCUSSION
Provisional restorations are an important and challeng-
ing part of implant dentistry Provisional restorations 
need to maintain an acceptable function and esthet-
ic appearance until a permanent restoration can be 
placed4. They serve as placeholders to prevent migra-
tion of neighboring teeth and provides a template for 
soft-tissue contouring. The prognosis of a fixed pros-
thodontic restoration depends on the quality of pro-
visional restoration. Color stability of provisional ma-
terials is a concern, particularly when the provisional 
restoration is in the esthetic zone and must be worn for 
extended periods of time as in the case of immediate 
loading and hybrid prosthesis. Ideally, provisional ma-
terials should not change in color or appearance subse-
quent to fabrication. Materials available for fabricating 
provisional restorations include auto polymerizing poly-
methyl methacrylate, polyethylene methacrylate, polyvi-
nyl methacrylate, urethane methacrylate, bis-acryl, and 
microfilled resin5,6.

The staining potentials of various mouthrinses have already 
been established. Up to date, the staining properties of 
mouthrinses have been established by using spectrophoto-
metric analyses. Digital shade analysis systems have been 
administered as an alternative method for colour analysis7.

Provisional restorative materials were immersed in dif-
ferent mouthrinses for 24 h in this study. This pe-
riod (24 h) is set as the proper length of time to de-
termine the effect of 1-year use of two times daily 
mouthrinse. Each sample was then evaluated for color 
change. Johnston and Kao evaluated the assessment 
of appearance match by visual observation and clini-
cal colorimetry and stated that the average color dif-
ference between compared teeth rated as a ‘match’ in 
the oral environment was 3.7 (∆E*)8,9. Seghi et al. also 
presumed that an acceptable color difference can of-
ten be two or three times greater than the detectable 
limits. The upper limit of acceptability in subjective 
visual evaluations has been confirmed by Ruyter et al. 
who suggested that a perceptible discoloration must 
be referred to as acceptable up to the value ∆E* = 
3.3. However, presuming that an acceptable color dif-
ference can be two or three times of the detectable 
limits, color differences less than 3.7 CIELAB units are 
generally stated as clinically acceptable10,. Considering 
that provisional restorations shall be aesthetically ac-
ceptable during in service period, a ∆ E value of 3.7 
is recorded as the cut-off point. All test solutions pro-
duced clinically acceptable value on the provisional 

material, with ∆ E values under 3.7.

Most alcohol-containing mouthrinses have shown color 
changes in the provisional resin (avoid spacing be-
tween words). Alcohol has been attributed to the sof-
tening of the polymer matrix, which results in its par-
tial removal from the surface. The partial removal of 
the resin matrix may result in the degradation of the 
filler-matrix interface, which can contribute to the de-
crease in hardness values, and this may be effect the 
increase color changes. As a result, it may be sug-
gested that mouthrinses with alcohol content may 
compromise the color stability of the provisional res-
torations and the clinician should warn the patients 
regarding the possible effects of alcohol-containing 
mouthrinses on their provisional prostheses especially 
if their prostheses are expected to function over an 
extended period of time11. The fact that benzydamine 
hydrochloride contains more alcohol content should re-
late to more color change in the samples immersed in 
this mouthrinse and less color change in the samples 
immersed in colgate plax. But this was not observed 
in the study as tea tree oil specimens exhibited more 
color change as compared to benzydamine hydrochlo-
ride specimens. Thus, the color change may be attrib-
uted to the type of colorant used in the two mouthrins-
es.

Hence, benzydamine hydrochloride may be a suit-
able mouthwash to be used in combination with both 
acrylic resin and bis-acryl composite provisional resins. 
In clinical conditions, effective patterns of mouthrinses 
on provisional materials may be different depending 
on many factors that could not be replicated in vitro. 
Studies are therefore necessary to determine the effect 
of  mouthwash on other properties as well as on other 
types of provisional acrylic resin and also to evaluate 
the effects of mouthrinses in vivo.

CONCLUSION
Color change of a commercially available provisional 
restorative material was evaluated after 24 h immer-
sion in three different mouthrinses. ∆E values obtained 
were 2.1 for chlorhexidine gluconate, 1.88 for benzy-
damine hydrochloride and 2.2 for Colgate Plax. Within 
the limitations of the current study, it is concluded that 
Listerine mouthwash with benzydamine hydrochloride 
as content exerts the least perceptible change in color 
of provisional resin material.

Tables and Figures

Table 1

Colgate Plax -A
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Listerine
Chlorexidine Gluconate - C

Table 2

The p value corresponing to the F statistic of one way ANO-
VA is lower than 0.05, suggesting  statistically significant  
difference between the groups.

Fig 1: Photograph of test samples 

 
Fig 2 Software analysis of samples to evaluate CIELAB 
values
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