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Effect of Probiotic Mouthrinses on Surface Microhardness of
Esthetic Restorative Materials
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A b s t r ac t
Aim: To assess the influence of three probiotic mouthrinses on the microhardness of three esthetic materials used for teeth restorations.
Materials and methods: Thirty specimens of each material: conventional glass ionomer cement (GIC), resin-modified glass ionomer, and resin
composite were randomly assigned to three groups. Surface microhardness was measured at baseline. The specimens were immersed in probiotic
mouthrinses, group I: (P2 probiotic power), group II: (Probioclean), and group III (BōKU natural). Microhardness was measured after 21 and
63 minutes of immersion which is comparable with 3 and 9 weeks of mouthrinse use every day, respectively. Measurements of microhardness
were completed using Micro Vickers testing machine with a 200 g load applied for a duration of 15 seconds.
Results: The microhardness change of the three restorative materials reveled statistically significant differences in all mouthrinse groups (p = 0.001).
BōKU natural mouthrinse decreased microhardness significantly in all restorative materials (p < 0.05). However, Probioclean mouthrinse was
associated with an increase in microhardness in all restorative materials. The effect of P2 probiotic power mouthrinse varied depending on time
cycles and the restorative material. The mean difference in mouthrinse groups of resin composite was highest in BōKU natural at immersion
time of 63 minutes. While no mean difference was seen in P2 probiotic power group at immersion time of 21 minutes which had no effect on
the microhardness of resin composite.
Conclusion: Surface microhardness was affected by immersion in probiotic mouthrinses. The BōKU natural mouthrinse had the highest reduction,
while resin composite showed the least change in surface microhardness.
Clinical significance: There is lack of studies that investigated the effect of probiotics mouthrinses on the surface properties of restorative
materials. This study showed evidence that some of the tested probiotic mouthrinses in this study decreased the microhardness of the tested
tooth-colored restorative materials after immersion for 21 and 63 minutes which is equivalent to 3 and 9 weeks of everyday use.
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I n t r o d u c t i o n
Surface quality is one of the important contributors to the esthetic
requirements of the tooth-colored restorations. The surface
properties of restorative materials play an important role in the
clinical success.1 Esthetic restorative materials are commonly
used in dentistry as anterior and posterior restorations in which it
requires minimal invasive techniques.2 One of the important factors
for any restorative material for its longevity is the microhardness. 2
The esthetic restorative materials have been widely investigated
for their longevity and durability in oral environment. 3 As long
as the microhardness is linked to rigidity and strength of the
material,4 it has a strong effect on the permanency of clinical
restorations.5 Surface microhardness has been used to measure
the polymerization adequacy as an indirect method 6 for its
simplicity and for presenting good association to the degree of
polymerization.7,8 With low surface hardness, the restoration will
be vulnerable for scratches and aggravate failure of restorations.9
Long-term survival of the dental restoration in the mouth is essential
for the oral health and quality of life.10 For this reason, meticulous
maintenance is essential for tooth-colored restorations.11 All
individuals are required to remove the bacterial plaque from all
surfaces of the dentition as a prevention.12,13 As a matter of a fact,
attaining satisfactory points of control of plaque is difficult with
single by using manual methods such as toothbrushing; thus,
mouthrinses usage is favorable and supported by dentists.12,13
Several forms of mouthrinses have been used over the years.14,15
Recently, a wide-ranging forms of mouthrinses are present in the
market, and many of them have not been tested for their influence
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on the dental restorations.16 Taking into consideration that frequent
use of mouthrinses may have unfavorable effects on oral tissues and
on the dental restorations.17 The contents of mouthrinses include
water, antimicrobial agents, salts, fluoride preventive anti-caries
agents, and some types of three alcohols.18,19 These contents comes
into variable concentrations in mouthrinses, which can cause a
change in pH of mouth20 and change in the inorganic phase of
the restorative material including the surface hardness.21–23 Even
alcohol-free mouthrinses might have an impact on the hardness
of the restorative materials.10 Currently, probiotics have been
incorporated into contents of mouthrinses.
World Health Organization defined probiotics as “live
microorganisms which when administered in adequate amounts
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confer a health benefit on the host.”24 Introduction of probiotic is
considered an innovation for oral health maintenance along with
being a natural defense against the harmful bacteria to the dentition
and gingiva.25 Studies are recently recommending that probiotics
have the potential to change or inhibit the microbiology of oral
flora, for example, dental caries and the periodontal diseases.26 The
results of studies on probiotic have indicated inhibition of Candida
albicans and Streptococcus mutans.24–27
At a young age or adult, probiotic bacteria do not colonize
continually the mouth. 24–27 The probiotic strains administration
resulted in caries reduction. 24,25 However, there was a lack of
studies that investigated the effect of probiotics containing
mouthrinses on the mechanical properties of the tooth-colored
restorative materials including the surface microhardness. In vitro
testing of any new mouthrinse product is recommended although
the effect pattern of the mouthrinses might not be the same on
different restorative materials taking into account many factors
that could not be replicated in vitro. 3 Therefore, the aim of this
investigation was to assess and compare the influence of the three
probiotic mouthrinses on surface microhardness of three esthetic
restorative materials. This was studied by assessing the change
in the microhardness of the restorative materials after 21 and 63
minutes cycles of four immersion in the probiotic mouthrinses.
The null hypothesis is no difference of the effect of the tested
probiotic mouthrinses on the microhardness of the three esthetic
restorative materials.

M at e r ia l s

a n d  M e t h o d s

This study was carried out as collaboration between College of
Dentistry, King Saud University and School of Dentistry, University
of Detroit Mercy, after obtaining the ethical approval. Three
restorative materials were used in this study: conventional glass
ionomer cement (GIC) (Ketac™ Universal Aplicap™; 3M ESPE, MN,
USA), resin-modified glass ionomer (Photac™ Fil Quick Aplicap™;
3M ESPE), and resin composite (Filtek™ Z350 XT; 3M ESPE). The
power sample size was 0.81 and level of significant σ = 0.05 with
estimated standard deviation = 0.9, and the sample size should be
at least nine in each group. Thirty specimens from each restorative
material were fabricated and used in this study (Table 1). Samples
were made using from each restorative material using silicon Teflon
mold (8 mm × 2 mm), matrix strip, and glass slide. Where applicable
each sample was polymerized on the top and bottom according to
Table 1: The restorative materials and mouthrinses used in this study
including numbers of specimens/readings
Restorative
materials
Conventional
GIC

Resin-modified
glass ionomer

Resin composite
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Mouthrinses
P2 probiotic
power
Probioclean
BōKU natural
P2 probiotic
power
Probioclean
BōKU natural
P2 probiotic
power
Probioclean
BōKU natural

Numbers of
specimens
10

Number of
readings
30

10
10
10

30
30
30

10
10
10

30
30
30

10
10

30
30

the instructions of the manufacturers using an light-emitting diode
curing light (Bluephase®; Ivoclar Vivadent, Schaan, Liechtenstein).
The samples were placed in distilled water at 37°C for 72 hours and
then polished sequentially under running water with 240, 320, 400,
and 600 silicon carbide paper. After that, the samples were stored in
distilled water for 72 hours at 37°C and thermocycled (Thermocycler
SD 5 Mechatronik; GmbH Dental Research Equipment, Germany)
1,500 times cycles in baths at 5 and 55°C, with 5 seconds transfer
time and 30 seconds dwell times.
The 30 specimens prepared from each material were randomly
assigned to three groups of 10 each according to the assigned
probiotic mouthrinses. Following the allocation of the specimens,
the baseline of the surface microhardness was measured. After
that, the specimens were immersed in the assigned probiotic
mouthrinses (Table 1) according to the manufacturer’s instructions
for daily single use. The experimental groups included group I
(I clean your teeth, P2 probiotic power, PA, USA—ingredients: a
proprietary blend of Food and Drug Administration Generally
Recognized as Safe (FDS GRAS) probiotics, enzymes, water,
and organic spearmint. No alcohol, phthalates, triclosan, or
sodium lauryl sulfate (SLS)), group II (Probiorinz, Probioclean, NY,
USA—ingredients: water and proprietary stabilized beneficial
organic probiotics), and group III (Mouth™, BōKU natural, CA,
USA—ingredients: olive oil, silica, spearmint oil, menthol, natural
plant saponins, monk fruit, vitamin E, vitamin C, peppermint, and
probiotic K-12). The investigator who fabricated the specimens of
the restorative materials and applied the probiotic mouthrinses was
different from the investigator who measured the microhardness
who was blind to each group. The first reading after immersion
was done after 21 minutes of immersion which is equivalent to 3
weeks mouthrinse use. It was followed by a second measurement
at 63 minutes of immersion time which is equivalent to 9 weeks of
daily use. Following each immersion, the specimens in all groups
were rinsed in running water for almost 5 seconds and then dried.
Microhardness measurements were done using a Vickers diamond
indenter (Innovatest, Micro Vickers tester, Micro-Met II; BUEHLER, IL,
USA) with a 200 gm load applied for a duration of 15 seconds. The
indentations were measured by a built-in graduated microscope
with ×40 objective lens. Three indentations/readings were made
for each specimen.
Two-way analysis of variance and Tukey’s post hoc multiple
comparison tests were utilized to compare the microhardness
values between different groups. All statistical analyzes were set
with a significance level of p < 0.05. The statistical analysis was
performed using SPSS Version 20 (Statistical Package for the Social
Science; SPSS Inc., Chicago, IL, USA).

R e s u lts
The means and standard deviations of microhardness values
of the three restorative materials for each period of analysis are
presented in Table 2. The microhardness change (Table 3) of
the three restorative materials that tested reveled statistically
significant differences in all mouthrinse groups (P2 probiotic
power, Probioclean, and BōKU natural) (p = 0.001). A significant
decrease in the microhardness was noted in the conventional GIC
after the cycles of immersion (baseline and post-immersion cycles
21 and 63 minutes) in the P2 probiotic power and BōKU natural
mouthrinse groups. While for Probioclean mouthrinse group, a
significant increase was observed over time to the baseline. The
mean difference in the mouthrinse groups of conventional GIC was
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Table 2: Mean microhardness values and standard deviation of the three restorative materials at baseline and after each immersion cycle of 21
and 63 minutes
Restorative material
GIC

Mouthrinse
P2

Probioclean

Bōku

Resin-modified glass
ionomer

P2

Probioclean

Bōku

Resin composite

P2

Probioclean

Bōku

Time of immersion
Baseline
21 minutes
63 minutes
Baseline
21 minutes
63 minutes
Baseline
21 minutes
63 minutes
Baseline

n
30
30
30
30
30
30
30
30
30
30

Mean
95.37
89.40
93.39
95.51
96.52
97.57
94.68
76.66
83.53
68.01

Standard deviation
0.81
0.89
1.52
0.90
0.91
1.25
0.85
0.87
2.05
0.90

21 minutes
63 minutes
Baseline
21 minutes
63 minutes
Baseline
21 minutes
63 minutes
Baseline
21 minutes
63 minutes
Baseline
21 minutes
63 minutes
Baseline
21 minutes
63 minutes

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

70.59
74.49
67.67
70.69
71.11
66.69
69.78
65.50
92.74
92.74
90.57
93.74
98.60
96.75
91.43
88.89
86.25

1.20
1.74
1.11
1.06
1.98
0.70
0.91
2.41
0.95
3.17
0.95
0.87
0.95
0.76
0.74
1.24
1.09

p value
0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

Table 3: Mean difference between the baseline and after each immersion cycle of 21 and 63 minutes
Restorative material
GIC

Mouthrinse
P2

P2

Time of immersion
Baseline
21 minutes
63 minutes
Baseline
21 minutes
63 minutes
Baseline
21 minutes
63 minutes
Baseline
21 minutes

Probioclean

Baseline

Bōku

Baseline

P2

Baseline

Probioclean

Baseline

Bōku

Baseline

Probioclean
Bōku
Resin-modified glass
ionomer

Resin composite

63 minutes
21 minutes
63 minutes
21 minutes
63 minutes
21 minutes
63 minutes
21 minutes
63 minutes
21 minutes
63 minutes

Mean difference (I–J)
5.97
1.98
−1.01
−2.05
18.02
11.15
−2.58

Standard error
0.29
0.29
0.27
0.27
0.36
0.36
0.34

p value
0.001
0.001
0.001
0.001
0.001
0.001
0.001

−6.48
−3.02
−3.45
−3.09
1.19
0.00
2.16
−4.85
−3.00
2.54
5.18

0.34
0.37
0.37
0.40
0.40
0.51
0.51
0.22
0.22
0.27
0.27

0.001
0.001
0.001
0.001
0.01
1.00
0.001
0.001
0.001
0.001
0.001
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highest in BōKU natural at immersion time of 21 minutes compared
with the baseline which significantly decreases the microhardness
of the conventional GIC. While the lowest mean difference in
mouthrinse groups of conventional GIC was seen in Probioclean
at immersion time of 21 minutes compared with the baseline
which significantly increases the microhardness of conventional
GIC (Tables 2 and 3).
A significant increase in the microhardness was observed in
resin-modified glass ionomer groups after the cycles of immersion
(baseline and post-immersion cycles) in the mouthrinse groups
except in BōKU natural in which after 63 minutes, there was a
significant reduction in microhardness compared with baseline of
immersion time (p < 0.00) (Tables 2 and 3). The mean difference in
mouthrinse groups of resin-modified glass ionomer was highest
in P2 probiotic power at immersion time of 63 minutes compared
with the baseline which increased significantly the microhardness
of resin-modified glass ionomer. While the lowest mean difference
in mouthrinses groups of resin-modified glass ionomer was seen
in BōKU natural at immersion time of 63 minutes which shows a
significant decrease in the microhardness (Table 3). BōKU natural
mouthrinse group showed a significant reduction in microhardness
of resin composite after the cycles of immersion. Moreover, a
significant reduction in the microhardness was observed after
immersion time of 63 minutes in P2 probiotic power, but no
change was observed after 21 minutes of immersion. In contrast,
Probioclean mouthrinse group revealed a significant increase in
the microhardness of resin composite after the cycles of immersion
(Table 2).
The mean difference in mouthrinse groups of resin composite
was highest in BōKU natural at immersion time of 63 minutes
compared with the baseline which significantly decreases the
microhardness of the resin composite. While no mean difference
was seen in P2 probiotic power group at immersion time of
21 minutes which had no effect on the microhardness of resin
composite (Table 3).

D i s c u s s i o n
The null hypothesis of this study was rejected, as there was
difference in the effect of the tested probiotic mouthrinses on the
microhardness of the three esthetic restorative materials. In general,
to prevent oral disease and maintain good oral hygiene, chemical
anti-plaque products are used frequently to improve the effect
of toothbrushing on plaque but not replace it.27 Several types of
mouthrinses are available to consumers, such as chlorhexidine,
herbal, alcohol-containing, and alcohol-free mouthrinses. 3,5,10,28
Recently, new formulations of mouthrinses have been introduced
to the market containing probiotics as an active ingredient. 29
The probiotic mouthrinse can perform an anti-plaque effect in
numerous methods by decreasing bacterial adhesion to the surface
of teeth, hindering them from growing and proliferation, preventing
the establishment of intercellular plaque matrix, decreasing the
formation of cytotoxic products by altering plaque biochemistry,
and lessening the pathogenic flora by modifying plaque ecology.30
The effect of mouthrinses on tooth-colored restorative materials
has been evaluated. 3,5,10,28 Up to our knowledge, there is a lack
of studies that evaluate the effect of probiotic mouthrinse on
mechanical properties of tooth-colored restorative materials. In this
study, P2 probiotic power, Probioclean, and BōKU natural were used
as probiotic mouthrinses. These mouthrinses were examined for
their effect on the microhardness of three tooth-colored restorative
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materials including conventional GIC, resin-modified glass ionomer,
and resin composite.
This study showed a statistically significant reduction in the
microhardness of conventional GIC restorative material group
when it was immersed in P2 probiotic power and BōKU natural
mouthrinses (p = 0.001). A previous study by Gürgan et al. reported
that the microhardness of GIC and resin composite was affected
in a similar way, after immersion in both alcohol-containing and
alcohol-free mouthrinses.10 The authors mentioned that the effect
of these mouthrinses might be altered by several elements which
cannot be9 simulated in an in vitro setting such as saliva and salivary
pellicle, taking into consideration that alcohol cause softening of
the restorative material.10 The microhardness of the glass ionomer
restorative material might be affected by the water component of
the mouthrinse.31 It was shown that the chemical composition of
the glass ionomer restorative material might facilitate the water
sorption and binding water molecules of the ion leachable glasses
and polycarboxylic acids. 3 Water has resulted in unfavorable
consequence on the microhardness of GIC which is increased
after 24 hours causing hydrolysis and dissolution of some of the
components by eroding the surface of the cement.32 In contrast, a
statistically significant increase in the microhardness of the same
conventional GIC restorative material occurred when immersed in
Probioclean mouthrinse (p = 0.001). Moreover, in our study, there
was a statistically significant decrease in the microhardness of resinmodified glass ionomer restorative material group when it was
immersed in BōKU natural for 63 minutes. Furthermore, there was a
statistically significant increase in P2 probiotic power, Probioclean,
and BōKU natural mouthrinses after 21 minutes of immersion. The
effect of these mouthrinses on the resin composite restorative
material group was shown as a statistically significant reduction
when it was immersed in BōKU natural at all cycles of immersion
times (21 and 63 minutes) and in P2 probiotic power only after
63 minutes (p = 0.001). As mentioned previously, both alcoholcontaining and alcohol-free mouthrinses have detrimental effect
on the microhardness of the resin composite.10 Similarly, another
study found that the chlorhexidine mouthrinse has reduced the
microhardness of the resin composite which might be due to the
acidic pH of the mouthrinse that caused acid erosion which begins
by acid etching and leaching the principal matrix forming cations.28
It has been reported that low pH mouthrinses have a detrimental
effect on the microhardness of the resin composites.5,10 However, a
statistically significant increase was resulted in the microhardness
of the same restorative material when immersed in Probioclean
(p = 0.001). However, P2 probiotic power mouthrinse showed
no statistically significant effect on resin composite when it was
immersed for 21 minutes (p = 1.00).
Additionally, considering that one of the mouthrinses
that was used in this study contain essential oil, which is BōKU
natural that showed mostly a reduction in the microhardness
of the used restorative materials. The literature showed that the
harmful effect of essential oil alcohol-containing mouthrinses
on the microhardness of the restorative material depends on the
type of the material, study design, and method of analysis. 33,34
Furthermore, in this study, some of the groups, as mentioned
previously, have showed an increase in the microhardness of the
restorative material after immersion for a specific time in one of our
probiotic-containing mouthrinses. An increase in the microhardness
was also reported for the resin composite restorative materials after
immersion in distilled water which might be resulted from post-
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irradiation and polymerization of unreacted components of resin
composites.35 It has been reported that differences in the results
among the restorative materials originated from the structure of
the materials themselves rather than the examined mouthrinses. 3
Further investigation is needed to understand the mechanism
leading to the effect of the mouthrinses on microhardness and how
it can be modified to improve clinical outcomes.
This study has some limitations including in vitro setting
which may not reflect the more complex oral environment
produced in vivo.36 In vitro studies are unable to simulate the oral
environment and other factors that could have an influence on
the microhardness. However, in this in vitro study, standardization
of experimental conditions was advantage, and the results
demonstrated a clear correlation between11 surface microhardness
of the tested restorative materials and the probiotic mouthrinses.
In addition, we only used three probiotic mouthrinses and three
restorative materials.

11.
12.
13.
14.
15.
16.

17.

C o n c lu s i o n
Under the experimental conditions and limits of this investigation,
we concluded the following: the consequence of probiotic
mouthrinses varied depending on the restorative material and
time cycles (21 and 63 minutes which is equivalent to 3 and 9 weeks
of daily use). BōKU natural mouthrinse had the highest reduction
of microhardness in all restorative materials. While Probioclean
mouthrinse was associated with an increase in microhardness in
all restorative materials.
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