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A b s t r ac t
Aim: To evaluate the effectiveness of xylitol, sodium fluoride, and xylitol–sodium fluoride mouthrinses on the plaque, salivary physicochemical
parameters, and Streptococcus mutans counts.
Materials and methods: A randomized controlled field trial was conducted on 60 children in the age group of 12–15 years who were randomized
into three groups namely xylitol (group I), sodium fluoride (group II), and xylitol–sodium fluoride (group III). The S. mutans counts, plaque scores,
and salivary parameters were measured before and after 21 days of mouthrinse usage. Caries experience was measured using the Decayed,
Missing, and Filled Teeth (DMFT) index at baseline. Acceptability of mouthrinses was evaluated by a prevailed questionnaire. The Chi-square
test, analysis of variance (ANOVA), and paired t-test were employed.
Results: The mean DMFT of group I, group II, and group III were (4.20 + 1.196) (4.45 + 0.945) (4.15 + 1.040), respectively. There was statistically
significant difference observed in plaque scores in all three groups from baseline to 21 days (p < 0.05). There was statistically significant increase
in flow rate observed in group II and group III from baseline to 21 days. S. mutans count reduced significantly in group I and group II from baseline
to 21 days. The order of overall acceptability of mouthrinse was group III>group II>group I (p < 0.05).
Conclusion: There was a reduction in plaque scores, improvement in salivary parameters, and reduction in S. mutans counts observed between
the xylitol, sodium fluoride, and combination (xylitol and sodium fluoride) mouthrinses. The combination of xylitol–sodium fluoride was the
most acceptable mouthrinse.
Clinical significance: In the current years, the use of chemical plaque control is one of the best ways of periodontal disease prevention. In the
present study, the combination of xylitol and sodium fluoride mouthrinse was better accepted by the children. Also, a synergistic effect of
fluoride and xylitol on inhibiting glycolytic activity has an added advantage to promote remineralization of teeth.
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Introduction

1–7

“The man with a toothache thinks everyone happy whose teeth are
sound”—George Bernard Shaw
Dental caries and periodontal diseases are major public health
concerns globally and have an adverse effect on the general health
and quality of life of an individual. Dental caries affect 60–90%
of school-aged children and almost 100% of adults while the
global prevalence of periodontal diseases is 20–50%.1,2 However,
oral health has not received sufficient importance since it is not
life-threatening. Dental caries is multifactorial disorder of the
hard structures of the teeth, having a correlation with microbial,
environmental, dietary, and host factors. 2,3 The dietary sugars
and other fermentable carbohydrates affect the integrity of teeth,
flow rate, pH, and composition of the saliva.4
The “dental plaque” is a biofilm of oral microbiota formed on a
tooth surface as an embedded matrix of polymers derived from both
host and bacterial origin.5 The dental plaque with adherent biofilm
properties can lead to clinically specific dental caries, periodontal
disease, and oral malodor.6–8 Thus, the management of plaque
formation has implications for dental caries and periodontal disease.
The management involves basically, mechanical oral
hygiene procedures such as tooth brushing, interdental

brushing, and flossing. However, despite the potential for
adequate mechanical plaque control, clinical experience, and
population-based studies demonstrate that such methods
are not being employed sufficiently by large numbers of the
population.7–9 Chemical plaque control measures are required in
addition to mechanical ones for reducing the cariogenic bacterial
level in plaque and saliva. This will provide an additional rationale
for the prevention of dental caries.8 Exploring efficacious, safe,
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feasible, and cost-effective caries preventive agents is need of
the hour.
The chemical plaque control methods correspond to the use of
mouthwashes, among which the sodium fluoride and xylitol have
been widely used as cariostatic agents. Fluoride inhibits the enolase
enzyme in the anaerobic glycolic pathway of major cariogenic
bacteria, S. mutans.9 The xylitol is a five-carbon natural sugar alcohol,
having a valuable role in caries prevention when metabolized
to xylitol-5-phosphate by phosphotransferase inhibits fructose
phosphotransferase enzyme that leads to glycolysis and thus protects
from cariogenic bacteria.10 There are studies that have documented
the effect of xylitol chewing gums on salivary S. mutans11,12 but there
are very few studies on xylitol mouthrinse. The studies that compared
fluoride and xylitol mouthrinses are also fewer.
According to World Health Organization, a school-age
of 12–15 years is the best age for evaluating both dental caries
and periodontal problems due to changes in dietary habits and
lifestyle. It is also regarded as the global monitoring age for oral
health surveillance.13 Knowledge and habits inculcated during the
formative years of a child remain with him for a lifetime. Taking
into consideration the current lacunae in the literature, the present
study was formulated to evaluate the relative effectiveness of
xylitol, sodium fluoride, and a combination of both mouthrinses,
on salivary S. mutans count, salivary flow rate, buffering capacity,
pH, and plaque score in high school children of Belgaum city.

M at e r ia l s

and

Methods

Study Design, Setting, and Ethical Considerations

A self- designed questionnaire was used to record
sociodemographic data, oral hygiene practices, food habits, and the
recording of clinical parameters. The interview method was used
to record the data. It also contained an assessment form to record
clinical and salivary parameters and questions pertaining to the
acceptability of mouthrinses after the intervention. The reliability
of the questionnaire was 0.80 assessed using Cronbach’s alpha and
the content validity ratio was found to be 0.84.

Selection of the Participants, Sampling, and
Randomization
A total of 448 children in the age group of 12–15 years underwent
the screening procedure, of which 131 children fulfilled the inclusion
and exclusion criteria. Of these, 20 children were assigned randomly
into three groups namely xylitol (group I), sodium fluoride (group
II), and xylitol–sodium fluoride (group III) mouthrinse groups by a
computer-generated table of random numbers, comprising a total
sample size of 60 (See Flowchart 1).

Mouthrinse Preparation
Xylitol mouthrinse was prepared by adding 40 grams of xylitol in
100 mL of distilled water to get 40% of xylitol mouthrinse. Sodium
fluoride mouthrinse was prepared by adding 0.05 grams of sodium
fluoride in 100 mL of distilled water to get 0.05% mouthrinse and
xylitol–sodium fluoride mouthrinse was formulated by adding
20 grams of xylitol and 0.025 grams of sodium fluoride in 100 mL
of distilled water to get 20% xylitol with 0.025% sodium fluoride
combination mouthrinse.

A double-blind randomized controlled field trial was conducted
among the children of M. V. Herwadkar English Medium High
School from January 2018 to March 2018 (2 months). The ethical
clearance was obtained from the institutional research and ethics
committee, (reference number: IL 021,0002–498). Permissions
were also obtained from the principal and Deputy Director of
Public Instructions. Parents/guardians, teachers, and children were
explained in detail about the study. Informed consent and assent
were obtained from parents and children, respectively.

Blinding

Eligibility Criteria

Study Phase

Children in the age group of 12–15 years who were free from any
systemic illness and with fair plaque scores (1–1.9) [as calculated by
Loe and Silness plaque index (1964)14], children having DMFT scores
in the range of 3–6, were included in the study. Children with any
medical condition or under medication that could affect the state
of salivary flow or microbiota (antibiotics), children with retained
deciduous teeth, and children using any chemical mode of plaque
control were not included in the study.

The school was visited on the scheduled dates and type III oral
examination was carried out on a wooden chair under natural
sunlight using a mouth mirror, explorer, and community periodontal
index (CPI) probe to record plaque14 and DMFT indices.16 Recording
clerk was used to record and document the readings accurately.
The study was divided into four phases as follows:

Sample Size and Pretesting Survey
The total sample size of 60 was calculated based on a previous
study taking 95% confidence interval and 90% power of the
study.15 Training and calibration of the examiner were done to
record plaque index, DMFT index, and the salivary parameters in the
Department of Public Health Dentistry. The intraexaminer variability
was calculated using kappa statistics for plaque index, DMFT index,
and salivary physicochemical parameters (pH, buffering capacity,
and flow rate) (0.80, 0.85) (0.84, 0.80) (0.78, 0.84), respectively which
indicated substantial level of agreement. Pretesting of the survey
was conducted on 15 children to assess flaws and feasibility of the
study and no flaw was reported.
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This was a double-blinded randomized controlled trial in
which children and the examiner were blinded to the type
of intervention used. The research assistant administered
mouthrinse to children in all three groups as selected by the
examiner. Standardized oral hygiene instructions were given to
all the children in different groups. They were instructed to use
same kind of oral hygiene aids for maintaining their oral hygiene
to eliminate confounders.

Phase 1 (Preparatory Phase)
Nonfluoridated composite (Unicorn Denmart Hybrid Light Cure)
restorations were done in all selected schoolchildren (n = 60) in
the mobile dental van to reduce the variance of S. mutans count
among the subjects. Total of 231 teeth were filled among 60 children
over 10 days. Children were advised to use only nonfluoridated
toothpaste (Miswak toothpaste) during the study period and were
also instructed to avoid any other mouthrinse, chewing gum, or
any product of xylitol.

Phase 2 (Preintervention Evaluation)
After 10 days, the school was revisited on the scheduled dates and
baseline recording of the plaque scores using the Loe and Silness
Plaque Index for all the treated children (n = 60) along with baseline
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Flowchart 1: Schematic presentation of methodology

salivary parameters (flow rate, buffering capacity, and pH) were
recorded by examiner. The salivary parameters were recorded using
disposable syringes, plastic cups, and Indikrom pH strips. A total of
20 children were examined per day.

Phase 3 (Study Phase)
After completion of baseline examination of the children,
administration of mouthrinses was commenced the next day. An
amount of 10 mL of freshly prepared xylitol, sodium fluoride, and
xylitol–sodium fluoride was administered to children according to
their group allocation twice daily (morning and night) for 21 days for
about 30 seconds, and was given standard oral hygiene instructions.
Throughout the study, the examiner was unaware of the mouthrinse
being given to which subject. Mouthrinsing was supervised by the
examiner in school and by parents at home.

Phase 4 (Postintervention Evaluation)
After 21 days of mouthrinse administration, plaque index, and
salivary parameters namely pH, buffering capacity, flow rate, and
salivary S. mutans counts of the children were reassessed by the
examiner. An acceptability questionnaire was administered to all
the children at the end of 21 days of intervention.

Salivary Parameter Analysis
For salivary microbial evaluation, standardized procedures were
used.17,18 Saliva was collected in the morning between 10 am to
11 am. Also, children were asked to refrain from eating anything
1 hour prior to saliva collection.
Children were asked to let saliva collect in their oral cavity
for 1 minute. After 1 minute, the examiner collected saliva
in a sterile disposable syringe; 0.5 mL of saliva was injected
into containers containing thioglycollate broth with hemin
and vitamin K transport media. The saliva samples of all the
children were identified by code number during the period of
sample collection and processing. The sample was transported
to the laboratory immediately after collection and cultured on

the same day. The processing was done at the Department of
Microbiology, KLE Vishwanath Katti Institute of Dental Sciences,
Belgaum. The saliva samples were vortexed at medium speed
(15 sec, cyclomixer, CM 101). One loop (1/1000th mL) of the sample
was inoculated on the Mitis Salivarius Agar with Potassium
Tellurite medium (Himedia M259). The plates were incubated
for 48 hours at 37°C in a 5–10% CO2 jar. After 48 hours, colony
characteristics were studied and the number of colony-forming
units of S. mutans (CFU/mL) of saliva was counted.
The flow rate of saliva was analyzed by asking the children
to collect resting saliva in a cup by spitting method and it was
expressed in terms of mL/min. Salivary pH was analyzed using
color indicator Indikrom pH strips (Analab Scientific India Pvt
Ltd) of a specific range. One drop of saliva was made to come
in contact with the pH strip. The color change was noted and
compared with the pH color scale provided with the strip.
For buffering capacity, 0.5 mL of saliva was added to 1.5 mL
of 0.0033 mol/L HCl in a bottle. pH strip was dipped into this
solution and color change was noted and compared with the
pH color scale provided with the strip.

Statistical Analysis
Data were entered in Microsoft excel and analyzed using SPSS
(Version 17; Chicago, IL, USA). Descriptive statistics were expressed
as frequencies, percentages, and mean values. The Chi-square
test and ANOVA were used to analyze the inter and intragroup
comparison at different time intervals, respectively, The Student’s
paired “t” test was used for evaluating the differences in the
plaque index, and salivary parameters of the three groups, before
and after an intervention. A value of p < 0.05 was considered for
significance.

R e s u lts
The mean age of children of xylitol (group I), sodium fluoride
(group II), and xylitol–sodium fluoride (group III) was 12.95 ± 0.826,
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13.30 ± 0.801, and 13.15 ± 0.745 years, respectively. There was a male
predominance in group I (65%) and group II (70%), respectively,
while in group III there was equal participation of males and females.
The relation between socioeconomic status and distribution in the
mouthrinse groups was statistically not significant.
In group I, 70.0% (n = 14) children cleaned their teeth once a day,
25.0% (n = 5) cleaned twice a day while 5.0% (n = 1) children didn’t
clean their teeth daily. In group II, 45.0% (n = 9) children cleaned
their teeth once a day, 55.0% (n = 11) cleaned twice a day. In group
III, 35.0% (n = 7) children cleaned their teeth once a day, 60.0%
(n = 12) cleaned twice a day while 5.0% (n = 1) children didn’t clean
their teeth daily.
The intergroup comparisons of the mean DMFT scores were
performed only at baseline to assess caries experience. The mean
DMFT of group I, group II, and group III were (4.20 + 1.196) (4.45 +
0.945) (4.15 + 1.040), respectively with no statistically significant
(p-value = 0.637) at baseline. The intergroup comparisons of plaque
scores and S. mutans counts were found insignificant in the given
sample (see Table 1). Likewise, the selective salivary parameters
assessed between the three groups, were also insignificant (p >
0.05) (see Table 2).
There was a statistically significant difference observed in
plaque scores in all three groups from baseline to 21 days (p <
0.05). Statistically, significant result was seen in group I in pH score
from baseline (7.17 ± 0.29) to 21 days (7.325 ± 0.24). There was a
statistically significant increase in flow rate observed in group II

and group III from baseline (0.850 ± 0.54) (0.735 ± 0.46) to 21 days
(1.1 ± 0.53) (0.95 ± 0.47), respectively (see Table 3).
Streptococcus mutans count reduced significantly in group I and
group II from baseline (1.79 ± 2.63) (11.04 ± 1.51) to 21 days (8.67 ±
3.62) (8.67 ± 4.19), respectively. No statistically significant difference
was observed in buffering capacity from baseline to 21 days
(p > 0.05) (see Table 3). Statistically significant overall acceptability
(for the taste, smell, and color) for the mouthrinses was observed
(p = 0.02*) (see Table 4).

Discussion
Dental caries and periodontal diseases are two of the most universal
oral diseases afflicting mankind and are highly prevalent in the
Indian subcontinent. According to National Oral Health Survey;
caries prevalence in India was 51.9, 53.8, and 63.1% at ages 5, 12,
and 15 years, respectively. The prevalence of periodontal disease
was 57, 67.7, 89.6, and 79.9% in the age groups 12, 15, 35–44,
and 65–74 years, respectively.19
Both dental caries and periodontal disease can lead to tooth
loss which may interfere with normal nutrition intake, speech,
self-esteem, and daily routine activities.20 The dental plaque and
associated biofilm is an arch criminal for both, dental caries and
periodontal disease.6 The mechanical oral hygiene (brushing) alone
being insufficient necessitates the need for chemical methods of
plaque control (mouthwashes) as adjuvants to maintain healthy

Table 1: Comparison of intergroup scores of plaque and microbial (CFU) scores using ANOVA test
Baseline scores
(Mean ± SD)

F-value

p-value

Postintervention
(Mean ± SD)

F-value

p-value

Streptococcus
Xylitol mouthrinse
(colony forming Sodium fluoride mouthrinse
units) counts
Combination of xylitol and sodium
fluoride mouthrinse

11.79 ± 2.63

1.113

0.336 (NS)

8.67 ± 3.62

0.595

0.555 (NS)

Plaque scores

Xylitol mouthrinse

1.35 ± 0.26

0.687

0.507 (NS)

Sodium fluoride mouthrinse

1.38 ± 0.30

0.504 ± 0.45

Combination of xylitol and sodium
fluoride mouthrinse

1.35 ± 0.28

0.58 ± 0.32

Parameter

Group

11.04 ± 1.51

8.67 ± 4.19

11.01 ± 1.17

9.8 ± 3.3
0.045

0.956 (NS)

0.45 ± 0.27

*Statistically significant (p < 0.05); NS, not significant

Table 2: Comparison of inter group scores of selective salivary parameters using ANOVA test
Parameter

Group

pH

Xylitol mouthrinse
Sodium fluoride mouthrinse
Combination of xylitol and sodium
fluoride mouthrinse
Salivary flow rate Xylitol mouthrinse
(mL/minute)
Sodium fluoride mouthrinse
Combination of xylitol and sodium
fluoride mouthrinse
Buffering capacity Xylitol mouthrinse
Sodium fluoride mouthrinse
Combination of xylitol and sodium
fluoride mouthrinse

Baseline
(Mean ± SD)

F-value

p-value

7.17 ± 0.29
7.2 ± 0.25
7.3 ± 0.23

2.627

0.08 (NS)

0.77 ± 0.44
0.85 ± 0.54
0.7 ± 0.4

0.286

5.55 ± 0.51
5.6 ± 0.46

0.594

5.7 ± 0.34

*Statistically significant (p < 0.05); NS, not significant
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Postintervention
(Mean ± SD)

F-value

p-value

7.32 ± 0.24
7.3 ± 0.25
7.3 ± 0.25

0.067

0.935 (NS)

0.752 (NS)

0.94 ± 0.49
1.1 ± 0.45
0.95 ± 0.47

0.609

0.547 (NS)

0.556 (NS)

5.75 ± 0.44
5.8 ± 0.34

2.186

0.06 (NS)

5.5 ± 0.37
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Table 3: Comparison of intragroup scores of plaque, microbial, pH, saliva flow rate scores using paired t-test
Baseline scores
(Mean ± SD)

Post intervention
(Mean ± SD)

t-value

p-value

Xylitol mouthrinse
Sodium fluoride mouthrinse
Combination of xylitol and sodium fluoride mouthrinse
pH scores
Xylitol mouthrinse
Sodium fluoride mouthrinse
Combination of xylitol and sodium fluoride mouthrinse
Salivary flow rate (mL/ Xylitol mouthrinse
minute)
Sodium fluoride mouthrinse
Combination of xylitol and sodium fluoride mouthrinse
Streptococcus mutans Xylitol mouthrinse
count
Sodium fluoride mouthrinse
CFU/100 mL
Combination of xylitol and sodium fluoride mouthrinse
Buffering capacity
Xylitol mouthrinse
Sodium fluoride mouthrinse

1.36 ± 0.26
1.38 ± 0.30
1.35 ± 0.26
7.17 ± 0.29
7.200 ± 0.25
7.350 ± 0.23
0.775 ± 0.44
0.850 ± 0.54
0.735 ± 0.46
11.79 ± 2.63
11.04 ± 1.51
11.08 ± 1.16
5.55 ± 0.51
5.65 ± 0.46

0.45 ± 0.27
0.50 ± 0.44
0.58 ± 0.32
7.325 ± 0.24
7.300 ± 0.25
7.300 ± 0.25
0.945 ± 0.49
1.1 ± 0.53
0.95 ± 0.47
8.67 ± 3.62
8.67 ± 4.19
9.80 ± 3.30
5.70 ± 0.44
5.80 ± 0.34

11.77
10.56
8.696
−2.349
−1.710
0.696
−1.876
−2.290
−4.990
4.594
2.624
1.574
−1.710
−1.371

0.001*
0.001*
0.001*
0.030*
0.104 (NS)
0.491 (NS)
0.076 (NS)
0.034*
0.001*
0.001*
0.017*
0.133 (NS)
0.104 (NS)
0.186 (NS)

Combination of xylitol and sodium fluoride mouthrinse

5.70 ± 0.34

5.52 ± 0.37

1.437

0.167 (NS)

Parameter

Group

Plaque scores

*Statistically significant (p < 0.05); NS, not significant

Table 4: Comparing the acceptability of three mouthrinses using Chi-square test

Liked the
Taste
Liked the smell
Liked the color
Mouth feels clean
Overall acceptability

Responses

Xylitol
mouthrinse

Sodium fluoride
mouthrinse

Xylitol– sodium fluoride
mouthrinse

Yes
No
Yes
No
Yes
No
Yes
No
Yes

13
07
18
2
8
12
16
4
15

2
18
13
7
6
14
15
5
6

18
2
17
3
13
7
15
5
16

No

5

14

4

Chi-square value
27.07

p-value
< 0.001*

4.375

0.112

5.253

0.07

0.85

0.65

12.832

0.02*

*Statistically significant (p < 0.05); NS, not significant

oral hygiene.7,8 In the current years, there has been a remarkable
rise in preventive dentistry for the prevention of oral diseases. Any
measures that would eliminate or substantially reduce colonization
by S. mutans would likely have an enormous impact on caries
development. Many investigators have used salivary levels as a
diagnostic aid to select individuals at risk as well as to evaluate
any predictive value of preventive measures used as a prophylactic
treatment to combat the disease. Literature has also quoted
that 21-day follow-up period is suitable to evaluate the effectiveness
of mouthrinses on the oral hygiene status of children. 21,22 This
period also has the added advantage of helping in the adoption
of a new habit.
Totally valid comparisons could not be done between the
present study and other studies in the literature due to the
paucity of research done on xylitol mouthrinses, sodium fluoride
mouthrinses, and a combination of both the mouthrinses. However,
in the present study, a sincere attempt is being made to compare
and discuss, to the extent possible and permissible.
As it was a short-term study there were no adverse effects of
mouthrinses and no dropped outs due to that which was a contrast to
the study conducted by Meurman JH et al. where dropped outs were

seen due to adverse effects of mouthwashes.23 In the current study,
there were more males (62.66%) than females (37.33%). Female: male
ratio of 598:1000 was delineated in the present study which represents
less than the usual gender-wise distribution of children in the high
schools of Belgaum. This is less compared to the normal female: male
population ratio in India (920:1000).24 This may be due to the very small
sample size in the present study which cannot be generalized to the
whole Indian population and it was difficult to get consent from the
parents of a female student, as compared to male students.
Mouthrinses were prepared based on a study done by Giertsen E
et al.25 In this study, 0.05% sodium fluoride mouthrinse, 40% xylitol
mouthrinse, and a combination of 0.025% sodium fluoride and 20%
xylitol mouthrinse were used. No sweetening agents or coloring
agents were added. The color of all three mouthrinses was similar
to water and identical to each other. No flavoring agent was
added as most of the flavoring agents like thymol, and menthol
are essential oils that might act as confounders in plaque and S.
mutans CFU count, considering essential oils are excellent plaque
inhibitors as stated by Choo A et al.26 Minimum concentration of
xylitol required to inhibit S. mutans count was 3.44 gm/day and no
additional benefit was found with more than 10.32 gm/day as stated
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by Kakuta et al.27 In the present study, the concentration of xylitol
was kept as 40% which accounts around 8 gm/day dose of xylitol
which is similar to concentration which was used in the study the
conducted by Giertsen E et al.25
A total of five parameters namely- plaque index, salivary flow rate,
salivary pH, salivary buffering capacity, and salivary S. mutans count
(CFU/1.00 mL) were assessed at baseline and after the intervention
(21 days). Statistically significant differences were found in plaque
scores at baseline and after 21 days among all three groups. These
results were similar to the study conducted by Giertsen E et al.25 and
Amita M Mali et al.28 Statistically significant improvements were seen
in all salivary physicochemical parameters after the intervention. The
increased salivary flow rate can be explained by the increased gustatory
effects of these mouth rinses on oral salivary gland stimulation while
the participants were rinsing with the mouthwashes.29 These results
were in contrast with a study conducted by Giertsen E et al.25 where
there was no statistically significant increase in flow rate between
control and test groups. The present study showed no statistically
significant difference in buffering capacity of saliva before and after
intervention in all three groups. These findings are in contrast with a
study conducted by Ribelles Llop M et al.30 on xylitol chewing gum
which showed that there was a significant change in buffering capacity
in the xylitol chewing gum group. This difference can be attributed
to the mechanical as well as chemical cleansing activity of chewing
gum when compared to the chemical activity of xylitol mouth rinse.
An increase in salivary pH was demonstrated in all the groups with
statistically significant results and the findings are similar to studies
conducted by Ricky et al. and Sjögren K et al.31,32
The most important finding of the present study was the mean
S. mutans count (CFU/1.00 mL) represented in log10. As there was
a large variance among the S. mutans count (CFU/1.00 mL) within
individual groups log transformation is taken into consideration.
Upon intragroup comparison, in all the three groups there was a
reduction in mean S. mutans count (CFU/1.00 mL) (represented in
log10) after 21 days as compared to baseline. Studies conducted
by Ersin NK et al., Subramaniam P et al., and Hanno AG et al.
demonstrated similar results. 33–35
The xylitol with fluoride was found superior to the other two
groups. The results of the current study are in line with a few
other similar studies. One of which showed that mouthrinse with
a combination of 0.05% sodium fluoride and 12.5% xylitol was
effective for reduction of S. mutans counts.36 While, another study
that compared routine chlorhexidine and xylitol plus 920 ppm
fluoride mouthwash, also highlighted a statistically significant
difference in S. mutans counts after use of mouthwash. 37 Literature
has highlighted that both xylitol and fluoride have an impact on
intracellular glycolytic intermediates. Xylitol inhibits the upper part
of the glycolytic pathway while fluoride inhibits the lower part.
This indicates that fluoride and xylitol together have synergistic
inhibitory effects on the acid production of S. mutans.38
Among the three mouthrinses, a combination of xylitol–sodium
fluoride was most acceptable by the children while sodium fluoride
was the least acceptable due to its bitter taste. Due to its ease of
preparation, low cost, and considering all precautions xylitol and a
combination of xylitol and sodium fluoride can be recommended
for use among the general population and other high-risk groups.
The strength of the study lies in the methodology while the
small sample under each group is the possible limitation. However,
studies with larger samples and multiple centers are recommended
to further validate the effect of these mouthrinses on caries, salivary,
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and plaque-related parameters. Furthermore, no adverse reactions
were reported in the current study with respect to all the three
mouthrinses.

C o n c lu s i o n
The study concluded that all three types of mouthrinses were
effective as antiplaque agents. Additionally, all three mouthrinses
improved the salivary parameters like pH, flow rate, and buffering
capacity after 21 days period and also reduced salivary levels of S.
mutans. The combination of xylitol and sodium fluoride was the
most preferred and acceptable mouthrinse.
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