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Comparative evaluation of chlorhexi-
dine varnish and fluoride varnish on
plaque Streprococcus mutans count —
an 7z vivo study

Abstract: Aim: The aim of the study was to assess and compare the
effect of chlorhexidine varnish and fluoride varnish application on
Streptococcus mutans counts in plaque of occlusal pits and fissures
of permanent mandibular first molars. Materials and methods.: The
study was an in vivo comparative study, conducted among 50
schoolchildren aged 7-8 years under a field setting. The 50 subjects
were randomly allocated into two groups. Baseline plaque samples
were collected from all the subjects followed by the application of two
varnishes, Cervitec and Duraphat. The varnish was applied to pit and
fissures of occlusal surface of mandibular first molar. The varnish
application was carried out on the first day, fifth day and tenth day
after baseline plague sampling. Subsequent plaque samples were
collected at the end of 1 month and at the end of 3 months after the
varnish application. Results: The Cervitec varnish has shown a
statistically significant reduction at the end of 1 month and at the end
of 3 months (P < 0.05). Duraphat varnish did not show a statistically
significant difference in reducing the plaque S. mutans count at the
end of 1 month and third month (P > 0.05). Conclusion: Cervitec
varnish was found to be effective in reducing S. mutans count for a
3-month period, when compared to Duraphat varnish.

Key words: caries; chlorhexidine varnish; dental caries; fluoride; gel;
micro-organism; S. mutans

Introduction

The goal of dentistry is to help the individuals in achieving maximum
oral health throughout their life. Major challenge for achieving this goal
is the widespread nature of dental diseases, mainly dental caries and peri-
odontal disease. Successful attempts were made to combat high incidence
of dental caries in developed countries, but the increased incidence of
dental caries is still a great burden in the developing countries (1).
Although dental caries is not a life-threatening disease, it still has great
biological, physical, social and economic implications. Effective methods
to control caries hence receive a great attention.

Dental caries is a multifactorial disease. Various host, agent and envi-
ronmental factors play an important role in the development of dental
caries. In recent days, various strategies for controlling dental caries focus
on disrupting the interaction between all the risk factors that are thought
to play an important role in the dental caries. Some of these measures
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include dietary modification, adequate oral hygiene practices,
use of fluorides, pit and fissure sealants and use of antimicro-
bial agents.

All such measures directly or indirectly target the oral micro-
flora. Some of the direct measures for controlling dental caries
include the use of antimicrobial agents to suppress the growth
of microorganisms responsible for dental caries. A group of
microorganisms are thought to play an important role in the
dental caries. Among all the species, Streptococcus mutans
(8. mutans) has found to be a predominant organism responsi-
ble for dental caries. §. mutans are predominantly found in
retentive areas such as carious lesions and pit and fissures of
teeth. Among all the surfaces of the tooth, pit and fissure areas
harbour increased proportion, about 70%, of . mutans. Longi-
tudinal studies have found a significant association between
increased proportion of 8. mutans in saliva and dental plaque
and incidence of dental caries (2, 3).

Epidemiological evidence suggests that incidence of dental
caries is high among children (4) It has also been reported in
the literature that pits and fissures of occlusal surfaces, espe-
cially of mandibular permanent first molar in children, are
favourable sites for the development of dental caries (5). Some
of the reasons attributed to this are morphology of pits and fis-
sures, which makes them inaccessible to tooth brush bristles,
and lack of manual dexterity among young children to effec-
tively use tooth brush (6, 7). Newly erupted teeth undergo
post-eruptive maturation and are highly vulnerable to the
development of dental caries before they undergo complete
maturation (8). So tooth protection becomes crucial during this
stage.

Research in the field of caries prevention has been focused
on targeting the plaque microflora, which can work indepen-
dent of patient compliance. Various antimicrobial agents have
been tested and tried to reduce or eliminate the plaque flora
completely. One such successful agent is chlorhexidine, a bis-
biguanide salt, which acts by selective suppression of 8. mutans
leaving other bacteria unaffected. Chlorhexidine in the form of
mouthwash and gel has found to be effective in reducing the
level of microorganisms, but faster recovery of microorganisms
to original level was a frequent observation (9, 10). Moreover,
the use of these two preparations is associated with side
effects such as staining and altered taste sensation (11, 12).

However, with the use of chlorhexidine in the form of var-
nish, the level of microorganisms in saliva and dental plaque
was suppressed for extended period of time and it was found
to be associated with fewer side effects when compared to
mouthwash and gel (13-17). The degree of reduction was
based upon the concentration of chlorhexidine varnish used
and its frequency of application. Many studies have reported
that chlorhexidine varnish has significantly reduced the §. mu-
tans levels in saliva and approximal plaque(18-21), but studies
on the effect of chlorhexidine varnish on the level of 8. mutans
in pits and fissures of occlusal plaque are limited (22-24).
Results of these studies indicate a wide variation in the period
of suppression of 8. mutans depending upon the concentration
of chlorhexidine used in the varnish and also upon the
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frequency of applications. The lapse in knowledge base per-
taining to exact concentration and frequency of application
served as an area for the exploration in the current study.

The combination of chlorhexidine and fluoride varnish has
shown an increased period of suppression of §. mutans in saliva
than chlorhexidine varnish alone, providing some evidence of
synergistic effect and indicating the possible role of fluoride
varnish in reducing §. mutans counts (18). Some other studies
have tested the antimicrobial efficacy of sodium fluoride var-
nish, but the results showed that there was no significant
effect (25-28). Several iz vitro and in vivo studies have shown
that the concentration of fluoride in the plaque after topical
fluoride application can interfere with metabolic activity of
S. mutans and thereby reduces the growth of §. mutans, but
the evidence is not clear (29). The effect of sodium fluoride
mouth rinse, sodium fluoride gel and APF gel application on
S. mutans in saliva and dental plaque has been tested, but the
results were not encouraging (30-32).

Davangere city, which is selected for the present study, is
known to have high prevalence of dental caries among children
and increased proportion of subjects with pit and fissure caries
(33). As the studies have shown that level of . mutans in saliva
and dental plaque is directly proportional to incidence of pit
and fissure caries (34), the strategies for effective control of car-
ies in these areas include effective suppression of S. mutans for
a sustained period. Thus, in this regard, an effort is made in
this study to assess and compare the effect of chlorhexidine
varnish and fluoride varnish application on §. mutans level in
dental plaque of occlusal pits and fissures.

Methodology

The present study is an experimental study conducted to eval-
uate the effect of chlorhexidine varnish and fluoride varnish
application on §. mutans counts in dental plaque of occlusal
pits and fissures of mandibular first permanent molars among
selected schoolchildren aged 7-8 years in Davangere city as
measured by the difference in the level of ‘colony-forming
units’ of 8. mutans at different time intervals such as at the
baseline, at the end of 1 month and at the end of 3 months.

The study proposal was submitted for approval and clear-
ance from the ethical review board of Bapuji Dental College
and Hospital, Davangere. All the required and relevant infor-
mation about the number and location of government lower
primary schools in Davangere city was obtained from the office
of DDPI, Davangere. Voluntary written informed consent was
obtained from the parents of selected 7- to 8-year-old school-
children.

Sample size determination based upon pilot study results

The ‘o’ (probability of committing type | error, significance
level) and ‘B’ (probability of committing type II error) were
fixed well in advance by the investigator at <0.05 and <20%,
respectively. The power of the study being 1—f was main-
tained at 86%. Based on these values, the minimum sample



size recommended for each group was 20. In the present
study, a total of 25 subjects in each group were considered. It
accounted for a total sample size of 50 subjects.

T'he kappa coefficient value for interexaminer variability with
respect to 8. mutans count was 0.87. Davangere city was arbi-
trarily divided into four zones (north-ecast, north-west, south-
east and south-west). From each of the zones, two schools were
selected randomly by employing lottery dip method. Hence,
eight schools were selected of four zones. A total of two schools
were randomly selected from eight schools using lottery dip
method. Block randomization method was used, and each
school was considered as a block. In each school, a total of 25
children were randomly selected from a group of children who
fulfilled the eligibility criteria, and thus, there were two blocks.
Cervitec varnish and Duraphat varnish application constituted
two interventions for two groups. The two groups are randomly
allocated under two arms of experimental trial, Group 1 — Cer-
vitec varnish — and Group 2 — Duraphat varnish.

Inclusion criteria were:

1 Subjects should belong to 7- to 8-year age group.
2 Subjects should have fully erupted mandibular first per-
manent molars with no evidence of caries.

Exclusion criteria were:

1 Subjects who were on antimicrobial therapy for any time
in the last 3 months.

2 Subjects who are suffering from any systemic illness.

3 Subjects who were on any artificial fluoride supplementa-
tion or on any antimicrobial mouth rinse for the last
6 months.

4 Subjects who were physically and mentally handicapped.

Plaque sampling and varnish application methods

Prior to plaque sampling, at baseline, at the end of 1 month
and at the end of the 3 months, the subjects were informed to
refrain from oral hygiene procedures for 24 h. Baseline plaque
samples were obtained from the selected teeth of the selected
subjects just before the application of allocated varnish. Adher-
ent saliva on the test teeth was removed by a gentle blow of
air. Disclosing solution (alpha plac; Dental Products of India,
Mumbai, India) was applied on the occlusal surface of both the
mandibular first molars using a cotton pellet to facilitate easy
identification of plaque. A sterile arch explorer (Shepard’s hook
end, No 23) was used to collect the plaque from occlusal pits
and fissures of every mandibular first permanent molar (35). All
the available plaques from the occlusal pits and fissures of both
the mandibular first molars on either side were collected sepa-
rately and, with the help of sterile wooden tooth pick, trans-
ferred into two small separate test tubes containing 100 pl of
normal saline. All the above-mentioned procedures were
performed by the investigator under field setting with proper
aseptic measures.

The plaque samples were processed within 1 h. Samples
were homogenized manually by stirring using a stirrer. Inoculat-
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ing loop with a diameter of 0.05 pul was used to collect the
diluted plaque from test tube. Plaque samples were spread over
MSB culture media (Mitis Salivarius supplemented with baci-
tracin and 20% sucrose), a selective medium for S. mutans, and
incubated for 48 h at 37°C in an incubator (36). After 48 h of
incubation period, §. mutans appeared on the culture plate as
small, rough, raised and adherent colonies. Those colonies that
were atypical were further confirmed by mannitol and sorbitol
test. Colonies so identified were counted using an electronic col-
ony counter (Deep Vision Company, Chennai, India). All the
microbiological procedures were performed by microbiology
technician, who was blinded to culture plates of different groups
and the group from which the plaque was collected. The col-
ony-forming units per ml of diluted plaque were measured
based on the values obtained per 100 pl of diluted plaque.

After baseline plaque samples were obtained from each of
the subject in both the groups, respective varnish application
procedure was carried out for each of the subject. Before the
application of varnish, the selected teeth of both groups were
thoroughly cleaned by passing a jet of water. They were then
isolated with cotton rolls and dried with gentle blow of air
using chip blower. Group I was treated with Cervitec varnish
(containing 1% w/w chlorhexidine diacetate and 1% w/w thy-
mol as active ingredients, Vivacare, Schaan Liechtenstein), and
Group II was treated with Duraphat (containing 5% of sodium
fluoride; Colgate Palmolive Company, New York, NY, USA).
Approximately 0.1 ml of the designated varnish was applied to
the occlusal pits and fissures of mandibular first molars of both
the groups. A small brush supplied by the manufacturer was
used for Cervitec group. For Duraphat varnish groups, small
cotton pellets were used for the application of varnish. Varnish
was allowed to dry, and after 25 s, cotton rolls were removed
(18). Subjects in both groups were instructed not to drink or
eat anything for 3 h and not to brush on those teeth for 24 h.

The varnish application was repeated at fifth day and tenth
day for both the groups. The follow-up plaque samples from
both the varnish groups were taken at the end of 1 month and
at the end of 3 months in the same manner as described
before and assessed for §. mutans counts using above-men-
tioned microbiological procedures. During the study period,
the subjects were asked to report any adverse effects noticed
by them immediately to the school authorities and the investi-
gator. However, none of the subjects reported any adverse
effects or side effects.

Statistical analysis

Pairwise comparisons of plaque 8. mutans counts of two groups
at baseline, 1 month and 3 months were made by unpaired
r-test. Comparison of plaque 8. mutans counts at baseline, at
the end of 1 month and at the end of 3 months for each group
was made by paired 7test. Comparison of plaque §. mutans
counts within the groups at baseline and at the follow-up per-
iod of 1 month and 3 months was made by one-way ANOvA
followed by intergroup comparison by post Aoc test.
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Results

The mean colony counts of 8. mutans for both Cervitec and
Duraphat varnish groups at different follow-ups are shown in
Fig. 1. At baseline, the levels were 8.476 x 10° ml™! of diluted
plaque for Cervitec varnish group and 8.356 x 10° ml~' of
diluted plaque for Duraphat varnish group. At the end of
1 month, the levels were 2.316 x 10° ml™! of diluted plaque
for Cervitec varnish group and 8.280 x 10° ml~" of diluted pla-
que for Duraphat varnish group. At the end of third month,
8. mutans counts were 4.432 x 10° ml™" of diluted plaque for
Cervitec varnish group and 8.552 x 10°> ml™! of diluted plaque
for Duraphat varnish group. Table 1 shows that there was no
significant difference (P > 0.05) between both groups at base-
line. Table 2 shows that at the end of 1 month, there was a sig-
nificant difference (P < 0.05) between Cervitec and Duraphat
varnish groups. Table 3 shows that at the end of third month,
there was a significant difference between both the groups
(P = 0.000). The results of one-way ANOVA on §. mutans count in
the plaque are summarized in Table 4. There was a significant
difference at different follow-ups for Cervitec varnish group
(P = 0.000 P < 0.05). Post hoc test (Tukey—Kramer) showed that
there was significant difference from baseline to 1 month, from
baseline to 3 months and from 1 month to 3 months. Table 5
shows the results of one-way aNova for Duraphat varnish group.
There was no significant difference in Duraphat varnish group
at different follow-ups (0.920, P > 0.05).

M Cervitec M Duraphat

Baseline One month Third month

Fig. 1. Comparison of mean plaque Streptococcus mutans count for both
Cervitec and Duraphat varnish groups at different follow ups at base-
line, 1 month and third month.

Table 1. Comparison of mean plaque Streptococcus mutans
count between Cervitec varnish and Duraphat varnish group at
the baseline

Groups  Mean SD SE tvalue Pvalue Significance

Group 1 8.476 1.909 0.381
Group 2 8.356 2.031 0.406

0.215  0.831 NS

NS, Non-significant.

S. mutans count is generally presented as the ‘mean unit
x10° cfu mI~" of diluted plaque.

P> 0.05.
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Table 2. Comparison of mean plaque Streptococcus mutans
count between Cervitec varnish and Duraphat varnish group at
the end of 1 month

Mean SD SE

Groups tvalue Pvalue Significance

Group 1 2316 0968 0.193 11.923 0.000 HS

Group 2 8.280 2.305 0.461

HS, highly significant.
P < 0.05.

Table 3. Comparison of mean plaque Streptococcus mutans
count between Cervitec varnish and Duraphat varnish group at
the end of third month

Groups  Mean SD SE tvalue Pvalue Significance

Group 1 4.432 1.465 0.293 6.376
Group 2 8552 2879 0.575

0.000 HS

HS, highly significant.
P < 0.05.

Discussion

This study was conducted under field setting including a total
of 50 subjects belonging to 7- to 8-year age group representing
two schools (25 subjects in each group) that were randomly
selected from a list of all the schools in Davangere city. The
study employed block randomization method. Each school was
considered as a block. As the two test materials were different
in their colour, consistency and taste, there was no other alter-
native to blind the participants with respect to two different
test materials used in the study except by applying block
randomization.

T'he study aimed to test the effect of two varnishes in real-life
situation without exercising too many controls on subject charac-
teristics such as dietary practices, socioeconomic status and oral
hygiene practices. The study being community trial has made
an attempt to test the selected two varnishes under field condi-
tions unlike clinical trial. The present study results can be attrib-
uted to whole varnish and not to active ingredients alone, as the
study design does not incorporate suitable negative control.

The present study aimed to assess and compare the effect
of chlorhexidine varnish and fluoride varnish on 8. mutans
counts in dental plaque of occlusal pits and fissures of mandib-
ular first permanent molars, and there is no scope for attribut-
ing obtained results exclusively to active ingredients in the
varnishes.

The caries susceptibility is high for newly erupted perma-
nent first molar (15, 37-39). Dirk er a/. reported that 83.3% of
permanent first molars are carious by 8 years of age (39). Con-
sidering the high prevalence of caries in the first 2 years after
eruption due to post-eruptive maturation, 7- to 8-year age
group is preferred in the present study.

Cervitec varnish was found to be effective in reducing pla-
que 8. mutans count at the end of 1 month and at the end of
3 months, but the mean plaque §. mutans score at the end of
3 months shows a tendency to shift towards baseline values.
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Table 4. Mean plaque Streptococcus mutans count measured as colony-forming units at baseline, at the end of 1 month and at the

end of 3-month interval for Cervitec varnish group

Study groups Mean F value P Value Significant Post hoc

Baseline 8.476 109.13 0.00 HS Significant difference between baseline and 1 month, baseline
One month 2.316 and third months, 1 month and third months

Three months 4.432

HS, highly significant.
P < 0.05.

Table 5. Mean plaque Streptococcus mutans count measured
as colony-forming units at baseline, at the end of 1 month and
at the end of 3-month interval for Duraphat varnish group

Study groups Mean Fvalue P Value Significant
Baseline 8.356 0.083 0.920 NS

One month 8.280

Three months 8.552

NS, non-significant.
P> 0.05.

Similar results were obtained in some other studies (15, 16,
22, 23). In the studies of Joharji ez a/l. (22), Bratthall ez al. (23)
and Araujo et al. (15), the use of Cervitec varnish application
on pits and fissures on monthly intervals showed the suppres-
sion of 8. mutans counts for a period of 3 months. In the study
of Joharji er al. using Cervitec varnish, suppression up to
9 months was observed, but last application was carried out at
the end of 6 months, indicating the overall period of suppres-
sion of 3 months. In the present study, three applications
within 2-week interval were carried out and the suppression
for 3-month period was observed. Based on these observations,
it can be speculated that intensive application of three times
within 2-week interval has similar efficacy compared to
monthly applications.

In comparison, studies on the use of Cervitec varnish on pla-
que 8. mutans of interproximal areas showed that the intense
applications of chlorhexidine varnish have better effect com-
pared to monthly applications (40, 41). In the study of Eken-
back ez al. (26), the S. mutans count was reduced in the plaque
samples of root carious lesions for a period of 1 month.

The present study results are in conformity with the above-
mentioned study results; although some of the studies report
the efficacy of Cervitec varnish in reducing the plaque §.
mutans of other tooth surfaces, the overall effect on S. mutans
and the period of suppression were found to be similar.

T'he suppression of 8. mutans in the plaque is dose depen-
dent (42, 43). Few of the studies have observed longer period
of suppression with high concentration of chlorhexidine var-
nish, but the safety dose and tolerance dose need further eval-
uation. So, in the present study, a lower concentration of
chlorhexidine was used. The present study is a short-term
study of 3 months. A long-term study would also have been
designed using few more periodic estimations to evaluate the
precise period of suppression. This is one of the limitations of
the study.

In the present study, Duraphat varnish has not shown a sig-
nificant antimicrobial effect on . mutans level. Similar results
were observed in the study of Zickert and Emilson (27),
Ekenback ez al. (26) and Shaecken ez al. (25). In the study of
Zickert and Emilson (1982), plaque samples were collected
from smooth surface and §. mutans counts were evaluated at
fourth, tenth and twenty-first day after Duraphat varnish appli-
cation. The study is first of its kind in assessing S. mutans
count in the plaque of pit and fissures. In the study of Eken-
back (26), §. mutans level in plaque collected from root caries
was determined. In the study of Shacken ez a/. (25), the
plaque samples were obtained from smooth surfaces and
evaluated for six consecutive weeks.

At the end of 1 month, the mean plaque §. mutans counts
between the two groups showed a significant variation. Cervi-
tec was found to be superior to Duraphat. Similar results were
observed in the studies of Ekenback ez /. (26), Shaecken and
Haan (24), S Twetman ¢ a/. (21), Sandham ¢z a/. (44). At the
end of 3-month period, a statistically significant difference was
observed between the two groups with reference to mean pla-
que S. mutans counts. Cervitec group was found to be maxi-
mum benefited when compared to Duraphat group. The
pairwise comparison clearly revealed the superior effect of
Cervitec in reducing plaque §. mutans counts, when compared
to Duraphat. Similar results were observed in the study of
Peterson ez al. (20).

In the present study, evaluation of effect of Duraphat varnish
on plaque §. mutans count has shown that there is a small, non-
significant reduction in §. mutans count at the end of 1 month.
Fluoride may have an initial bactericidal effect on 8. mutans,
but sustainability of effect might be lacking. As the study has
not estimated the immediate effect on S. mutans count, the
effect of Duraphat varnish on 8. mutans cannot be underesti-
mated. The precise effect of fluoride varnish on plaque §. mu-
tans count needs to be evaluated through further studies. The
lack of efficacy can also be attributed to minimal amount of
plaque on the pit and fissure areas due to thorough cleaning
before the application of Duraphat varnish and insufficient
amount of fluoride in the plaque to show a significant effect.

Few of the studies have employed splitmouth technique
(15, 22, 23), which is undoubtedly the most powerful design to
eliminate all the individual variations in plaque microflora.
The present study is an active controlled trial and Duraphat
varnish was used as a control. If the splitmouth technique is
employed, there would be a probable contamination of respec-
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tive tooth with the other varnish through saliva. Then, the
question would arise whether results obtained are due to the
synergistic effect of two varnishes or the effect of single var-
nish. T'o avoid the probable biasing of results, the technique is
not employed in the present study.

The study limits its findings and conclusion only to the
effect of selected varnishes on the 8. mutans count in the
occlusal fissures of lower first molars. The caries preventive
effect of these varnishes may be a function of variation in
S. mutans load. As dental caries is a disease of complex aetiol-
ogy, which is dictated and influenced not just by §. mutans
counts but also by an array of host factors and environmental
factors, further studies are required to clarify the role of these
varnishes in the prevention of dental caries.

Conclusions

The following conclusions can be drawn from the present
study.

The application of Cervitec varnish to occlusal pits and fis-
sures of permanent mandibular first molars at the application
frequency of three times within 2-week interval can success-
fully reduce plaque S§. mutans counts for a period of 3 months
and Cervitec varnish has provided maximum benefit against
S. mutans when compared to Duraphat varnish. Probably if the
study was further extended, few more periodic estimations, if
conducted, would reveal precisely the exact period for which
the suppression of §. mutans might continue. If one can deter-
mine the optimum period for which Cervitec may suppress
S. mutans, it will help in planning a preventive regimen includ-
ing periodic Cervitec applications, which may contribute to the
promotion of oral health and prevention of dental caries.
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