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ABSTRACT

Background: Fluoridated dentifrices have been
used for the prevention of dental caries since
ages. However, to avoid the risk of fluorosis,
the use of newer nonfluoridated options in
dentifrices has shown a great interest in reducing
Streptococcus mutans (SM) in early childhood
caries (ECC). Aim: The study aimed to evaluate the
antimicrobial efficacy of active oxygen (AO)-based
dentifrice with amine fluoride (AF)-, sodium
monofluorophosphate  (SMP)-, herbal (HB)-,
and tricalcium phosphate (TCP)-based
dentifrices on SM count in children with
ECC. Materials and Methods: Two hundred and
fiftty children aged 3-6 years with def >4 were
selected and randomly divided into five groups
of 50 each, based on the type of dentifrices used;
Group I: AO-based, Group II: TCP, Group III: SMP,
Group IV: AF, and Group V: HB dentifrice, and were
asked to brush twice daily for 15 days. The saliva
samples were collected at baseline, and after 15 days,
cultured for SM colonies count. Results: Difference
in colony-forming units (CFU)/ml between baseline
and 15 days was highly significant in all the five
groups (P < 0.001). Significant difference was
observed in SM count after 15 days between Groups I
and IV (P = 0.017), while nonsignificant differences
were seen when compared with Groups II, III, and
V (P =0.975, 0.137, and 0.992). Conclusions: All the
dentifrices were efficacious in reducing SM count in
children with ECC. Although AO dentifrice showed
superior results when compared to SMP, TCP, and
HB, it did not prove to be superior to AF.
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Introduction

Early childhood caries (ECC) is one of the most
prevalent diseases in India and in the world. Its global
prevalence as reported by Uribe et al. was 48%, and in
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India, it was found to be 49.6%.I'2 The consequences
of ECC often include a higher risk of new carious
lesions in both the primary and permanent dentitions,
hospitalizations and emergency room visits, high
treatment costs, loss of school days, diminished ability
to learn, and diminished oral health-related quality
of life.! The predominant microorganism of the oral
microflora is Streptococcus mutans (SM), and its increased
levels in saliva have shown to be the most substantial
cause of ECC. SM is a nonmotile, catalase-negative,
and gram-positive streptococcus. This facultative
anaerobe acts by breaking down the sugars on the tooth
surface, further producing an acidic environment that
ultimately demineralizes calcium in the tooth.*?!

The most feasible method of prevention of decay is
the use of mechanical oral hygiene aids, i.e., the use
of a toothbrush and toothpaste with a few chemical
compounds. For decades, fluoride-containing tablets,
dentifrices, and mouthwashes have been used to
prevent the initiation of dental decay. Different types
of fluoride formulations are available in dentifrices,
such as sodium monofluorophosphate (SMP), sodium
fluoride, and amine fluoride (AF) either alone or in
combination.”! AF, which was developed years ago,
works by disrupting the membrane stability after
adhering to the cell surface of bacteria.”

SMP is the widely used active constituent in dental
formulations due to its effective anticaries action.
Nonfluoridated toothpastes containing tricalcium
phosphate (TCP) for children are also being popularized
by various manufacturers. It works by releasing
calcium, which can inhibit demineralization, and
hydroxide and phosphate ion release may aid in acid
buffering. Toothpastes containing TCP have shown
a significant reduction in SM levels in the saliva of
children.! However, there is a shift in the mindset of
publicowing toaherbal (HB) resurgenceall over the globe.
Neem (Azadirachta indica), an age-old herb, has been
used by Asians and South Indians since time immemorial
is known for its strong antibacterial properties and is an
active ingredient of many HB dentifrices.”!

Recently, a novel dentifrice containing honey ensuring
active oxygen (AO), lactoferrin, and xylitol as its main
ingredients has been introduced. AO formula of honey
and lactoferrin contributes to the antibacterial action of
the dentifrice,"” while xylitol present in this toothpaste
inhibits the growth and adhesion of SM.M"

Since ECC is the most prevalent disease in children
among all the oral diseases, the upsurge of new products
for its prevention is always a novel approach. There
have been very limited research studies to compare the
efficacy of various medicated dentifrices against SM in
children with ECC. Thus, the present study was planned
to determine the efficacy of AO-based dentifrice with
TCP-, SMP-, AF-, and HB-based dentifrices on the SM
count in children with ECC.
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Materials and Methodology

The present clinico-microbiological study was
conducted in the Department of Pediatric and
Preventive Dentistry in association with Department
of Oral Pathology and Microbiology, Subharti Dental
College and Hospital, Meerut, Uttar Pradesh. Sample
size for the present study was done by applying the
following formula:

(r "'1)(2“\2 +2,, )2 o’

N —
rd?

The permission of the Institutional Ethical Committee
was obtained before the study. Two hundred and fifty
healthy children between the age group of 3-6 years
with ECC and def >4 and cooperative child patient
with Frankl’s Rating Scale 3 and 4 were included.
Children with any systemic illness/recent systemic
antibiotic administration, children with special
health-care needs, recent history of professionally
applied topical fluoride, or marked intraoral soft tissue
pathology were excluded from the study. Children
were checked for caries experience, and then, the saliva
sample of each child was collected for baseline value
for SM. The children were randomly divided using
table of numbers into five groups, namely, Group I
AO toothpaste (Bluem® AO toothpaste fluoride free),
Group II TCP, (Mee Mee Fluoride-Free Strawberry
Flavor Toothpaste), Group III SMP toothpaste having
458 ppm fluoride (Cheerio Fluoride Medicated Oral
Gel), Group IV AF with 500 ppm (manufactured
by Group Pharmaceuticals Ltd.), and Group V
HB toothpaste (Patanjali Dant Kanti Junior Dental
Cream), and were asked to brush using pea-sized
dentifrice (according to the American Academy of
Pediatric Dentistry [AAPD] 2020 guidelines) twice
daily by horizontal scrub brushing method for 15 days.
Patients were asked to sit in an upright position, and
the saliva samples were obtained 2 h after breakfast
to minimize diurnal variation. Then, patients were
asked to spit the saliva into a sterile container. Thus,
2-3 ml of unstimulated saliva was collected and
termed as baseline sample. The saliva sample was
sent immediately to the department of oral pathology
and microbiology for the microbiological analysis.
The samples were inoculated onto freshly prepared
mitis-salivarius-bacitracin agar (MSB agar) and were
incubated for 48 h under aerobic conditions. Colonies
were expressed as the number of colony-forming units
per ml of saliva using colony counter (Yorco Company,
UP). Unstimulated saliva was again collected after
15 days of intervention and was inoculated/incubated,
and colonies were counted.

Results

The data were compiled on a MS Office Excel
Sheet (v 2019© Microsoft, USA) and were subjected
to statistical analysis using the Statistical Package for
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the Social Sciences (IBM SPSS Inc., Chicago II, USA,
version 23.0). Data were tested for normality using the
Chi-square test, Wilcoxon signed-rank test, Kruskal-
Wallis test, and Mann-Whitney test. The comparison
of colony-forming units (CFU)/ml at baseline and after
15 days in each group was done using the Wilcoxon
signed-rank test.

The results of the study found that the difference
between baseline and 15 days count in all the five
groups was very highly significant (P < 0.001). The
most significant reduction in CFU/ml was observed
in Group IV (AF), then Group I (AO), followed by
Group III (SMP), Group V (HB), and Group II (TCP) at
15-day follow-up [Table 1 and Figure 1].

When the pair-wise comparison of all the groups
was done, the difference in CFU/ml count between
Group I (AO) and II (TCP) (mean difference = 7.80),
GroupI(AO)and1V (AF), and GroupI (AO)and V (HB)
was found to be statistically significant (P = 0.043,
0.017, and 0.018, respectively) [Table 2].

Discussion

ECC negatively affects a child’s lives in several ways; its
short-term consequences include difficulty in drinking
hot or cold liquids, in chewing and biting, reduction in
appetite, and having trouble in sleeping.l'>'* The main
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Figure 1: Comparison of CFU/ml at baseline and after 15 days in each
group. CFU: Colony-forming units

microorganism responsible for human dental caries is
the bacteria SM, which also has a significant impact on
the etiology of ECC. The colonization of SM in human
dentition occurs in early childhood before the onset of
dental caries."! In the present study, saliva was used for
the estimation of bacterial countin children with ECC as
there is a strong association between ECC and Mutans
Streptococci, mainly in saliva and biofilm samples.!'%
Unstimulated saliva is preferred for collection of saliva
as it minimizes the dilution of analytes, and passive
drooling is considered gold standard for young
children." The AAPD supports the use of fluoridated
dentifrices in no more than a pea-sized amount for
children aged 3-6 years.["! Different types of fluoride
and nonfluoride formulations available in dentifrices
are SMP, sodium fluoride, AF, calcium phosphate, and
HB formulations either alone or in combination, which
have been added to children’s dentifrices nowadays.!'¥

In the present clinico-microbiological study, a total of
250 children with ECC in the age group of 3-6 years
were randomly selected. The reason for selection
of this age group was probably the presence of the
window of infectivity at this age interval, increased
acquisition, and colonization of SM occurs, making
the oral cavity, particularly molars, more prone to
caries.”?l Horizontal scrub was advised in the present
study for children, as it was proven to be the best
technique for children up to 6 years of age.”! MSB agar
was used to count colonies of SM in aerobic conditions
as it is considered to recover the maximum number
of colonies of SM.[2?! Further, for quantification of
bacteria, CFU determination on agar plating was done
as it is considered a standard method to estimate the
viability of bacteria.* The reason for counting colonies
after 15 days was based on previous studies conducted,
which evaluated the colony count after 7-14 days.[>%!
However, one study that evaluated CFU/ml after 15
and 30 days did not find any statistically significant
difference at these two intervals./l Another reason for
recalling the patient after 15 days was that one tube of
dentifrice lasted for 15 days.

In the present study, marked reduction of bacterial
count was observed after 15 days of intervention was

Table 1: Comparison of CFU/mL at baseline and after 15 days in each group

Group Interval Mean SD Difference P

I Baseline 386.80x10° 983.92x10° 143.38 <0.001* (VHS)
At 15 days 243.42x10° 605.98x10°

II Baseline 315.38x10° 779.49x10° 24.90 0.001* (VHS)
At 15 days 290.48x10° 740.42x10°

I Baseline 456.86x10° 1126.21x10° 74.56 <0.001* (VHS)
At 15 days 382.30x10° 1078.08x10*

v Baseline 476.90x10° 1063.05x10* 178.62 <0.001* (VHS)
At 15 days 298.28x10° 51w7.61x10°

Y Baseline 345.42x10° 1024.97x10° 57.78 <0.001* (VHS)
At 15 days 287.64x10° 969.08x10°

SD=Standard deviation; VHS=Very highly significant
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Table 2: Pair-wise comparison of CFU/mL after
15 days between all the groups

Group Mean difference P

I versus II 47.06 0.975 (NS)
I versus III 138.88 0.137 (NS)
I versus IV 54.86 0.017*

I versus V 44.22 0.992 (NS)
11 versus III 91.82 0.218 (NS)
II versus IV 7.80 0.043*
II versus V 2.84 0.956 (NS)
III versus IV 84.02 0.243 (NS)
I versus V 94.66 0.154 (NS)
IV versus V 10.64 0.018*

*Significant difference at P <0.05. Mann-Whitney test. NS=Nonsignificance

seen in all the five groups. When the mean comparison
of posttreatment in Group I was compared with
GroupsIL III, and V, it was seen that AO dentifrice, TCP,
SMP, and HB dentifrices were effective in reducing
the bacterial load, and the difference among them
was nonsignificant. The exact mechanism of action of
toothpaste containing AO and lactoferrin against SM in
childrenwith ECChasnotbeenreported in theliterature
till date. However, the various components present in
this include active enzymes such as hydrogen peroxide,
sodium perborate, honey, xylitol, and lactoferrin. This
new over-the-counter toothpaste’s producer claims
that its underlying mechanism of action is based on
the regulated delivery of reactive oxygen species to
damage areas and the presence of AO and lactoferrin
in its formulation.™ In addition, xylitol is assumed to
inhibit the development of pathogens and possesses
antibacterial-like action specifically against Mutans
streptococci.® Thus, it could be recommended that it
is safer and can be used in children with ECC. When
the comparison of AO containing toothpaste with
Group IV (AF) was made, superior results were shown
by AF containing dentifrice. As there is no literature
as of now comparing both the dentifrices, it could be
hypothesized that the superiority of AF may be due
to its organic component, amine, which improves the
bioavailability of fluoride.

On comparison of TCP (Group II) with SMP (Group III),
AF (Group IV), and HB (Group V) dentifrices after
15 days, the results were found to be comparable,
and no significant difference was seen between these
groups in reducing the CFU/ml against SM. The
reduction was due to the high alkaline pH of calcium
ions in dentifrice containing TCP; the release of these
calcium ions prevent further demineralization, while
the release of phosphate and hydroxide ions might
potentially help with acid buffering, contributing to
its anti-plaque properties.t?! Similar results were
found in various in vitro studies showing a comparable
antimicrobial activity against the SM strain with
other nonfluoridated and fluoridated dentifrices.!'33%
However, when comparison was done with Group II
with Group IV (AF dentifrice), it was inferred that
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AF-containing dentifrice was more effective than TCP
dentifrice (Group II).

When Group III (SMP-containing dentifrice with
458 ppm fluoride) was compared with Group IV
(AF dentifrice with 500 ppm fluoride) and Group V
(HB dentifrice) after 15 days, the results were found
to be comparable, and no significant difference was
seen between these groups in reducing the CFU/
ml against SM. The antibacterial action of sodium
monofluorophosphate is attributed to its inhibition of
bacterial glycogen. It basically decreases the internal
polysaccharide content of S. mutans.B!! The presence
of fluoride in an acidic environment reduces the
dissolution of calcium hydroxyapatite.*>* The results
obtained in the present study were in accordance with
an in vitro study conducted by Suetenkov et al.,? in
which they concluded that toothpaste containing
AF, sodium fluoride, and SMP showed a significant
antibacterial activity than toothpaste containing
xylitol. However, contrasting results were found in
the study conducted by Randall et al.,B¥ in which
fluoridated dentifrices showed a greater antimicrobial
activity against SM compared to HB dentifrices.

When the posttreatment comparison was made
between Group IV (AF) and Group V (HB) dentifrice,
superior results were shown by AF-containing
dentifrice. This may be attributed to the hypothesis
that HB toothpaste used by the children in the study
had an unacceptable taste and they might have
skipped using it regularly. The greatest antimicrobial
activity of AF-containing dentifrice in this present
study might be due to its mechanism of action. In
AF, the amine portion is positively charged, and it
readily binds to the enamel surface.™ Various studies
have shown similar results when AF toothpaste
with 500 ppm of fluoride was compared with other
toothpastes.[1823¢

The reduction in HB dentifrice used is due to the
presence of active ingredients like neem which has got
antiseptic, antibacterial, and antifungal activity.’”! The
secondary metabolites, including alkaloids, flavonoids,
polyphenols, and lectins present in neem, attribute to
its antibacterial properties.®*! Similar results showing
the efficacy of HB toothpaste against SM were also
obtained in a study conducted by Patil et al.,) where
HB toothpaste containing neem and fluoridated
toothpastes was equally efficacious in the prevention
of caries in children.

Thus, when the efficacy of all the dentifrices used in
the study was compared, all proved to be efficacious
against SM. However, AF containing dentifrice
showed maximum reduction in CFU/ml, followed by
AQO, SMP, and HB dentifrice and least reduction was
found in dentifrice with TCP at 15 days. However, a
short follow-up period of 15 days and a limited sample
size may be considered major limitations of this study,
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and further studies are needed to be conducted on a

larger sample size and with a long-term follow-up.

Conclusions

All the dentifrices were found to be efficacious
in reducing the CFU/ml in children with ECC.
The maximum reduction in CFU/ml was shown
by dentifrice containing AF (Group I). Dentifrice
containing TCP (Group II) showed the least reduction in
the SM count compared to other groups. Furthermore,
AO dentifrice showed superior results compared to
other dentifrices except AF dentifrice. Thus, newer
dentifrices containing AO can be considered safer to

be used in children with ECC.
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