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Objective: The aim of this prospective study was to evaluate the re-colonisation pattern of Streptococcus mutans (MS) in high-
level MS-colonised patients with fixed orthodontic appliances following 40% chlorhexidine varnish application prior to bracket 
placement.
Materials and methods: The subjects of this single-blinded clinical trial were 13-14-year-old adolescents (N = 14) with significant 
orthodontic treatment need, a high salivary MS count but without any carious lesions. Baseline MS levels were determined by the 
cultivation of saliva collected from each subject using strips developed for this purpose (Strip-mutans, Orion Diagnostica, Espoo, 
Finland). Prior to the bonding of orthodontic brackets, 40% chlorhexidine varnish (EC 40, Explore, Nijmegen, Netherlands) was 
applied to all teeth for 10 minutes. The re-colonisation of MS was assessed at one, two, four and six week time periods. The 
data obtained were subjected to a repeated measures design. 
Results: Chlorhexidine varnish reduced salivary MS significantly at the first, second and fourth weeks compared to baseline 
values. Significant MS suppression lasted less than six weeks and MS colonisation gradually returned to baseline level.
Conclusion: Repeated application of chlorhexidine varnish in orthodontic patients with high MS levels may be beneficial 
throughout fixed appliance orthodontic treatment.
(Aust Orthod J 2013; 29: 52-57)
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Introduction

Dental caries is a consequence of the production and 
continuous challenge of organic acids by cariogenic 
bacteria, which eventually results in enamel 
demineralisation.1 Preventive measures involving 
good oral hygiene, a non-cariogenic diet and regular 
fluoride supplements, are often not sufficient to 
prevent this undesired process in orthodontic patients 
who express high caries activity.1 Beyond a certain 
level, neither an increase in the frequency of tooth 
brushing nor an increase in the dosage of administered 

fluoride are effective in stopping the demineralisation 
process in high-risk individuals.2 The oral microbiota 
in orthodontic patients with fixed appliances shows 
increased numbers of Streptococcus mutans (MS) in 
saliva which remains the most powerful factor in 
caries prediction models.2-5

An increased incidence of enamel demineralisation 
and carious lesions has been reported in patients 
undergoing orthodontic treatment.6,7 Caries risk 
increases with the insertion of orthodontic devices, 
as fixed appliances create retentive areas which are 
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difficult to mechanically clean and which lead to 
the accumulation of plaque and cariogenic micro-
organisms.6,7 Therefore, preventive efforts in these 
risk groups mainly target the direct suppression of 
the micro-organisms by chemotherapeutics and the 
remineralisation of early decalcification.8-10 

Chlorhexidine (CHX), used in the prevention of 
dental caries, is one of the most effective antimicrobial 
agents against MS.11 Different modes of administration 
have been recommended which involve mouth 
rinses and varnishes.12-14 It has been demonstrated 
that CHX varnish application results in a longer-
lasting suppression of MS compared with other 
forms of application.14-16 Schaeken et al. achieved the 
inhibition of MS in plaque and saliva for considerable 
periods of time using varying concentrations of CHX 
in varnishes.17-19 High concentration CHX varnishes, 
as supersaturated solutions of chlorhexidine-di-
acetate in ethanol stabilised by natural resin sandarac 
were found to be most effective at a suggested CHX 
concentration of 40 per cent.19-21 

Schaeken et al. showed that MS was significantly 
suppressed for at least four weeks after a single CHX 
varnish application in appliance-free patients.19-21 
However, Jenatschke et al. reported that the use of 
highly concentrated CHX varnish had no influence 
on the caries involvement of patients wearing 
orthodontic appliances.22 Even though the CHX 
varnish application was repeated every eight weeks 
until the end of treatment, long-term bacterial 
suppression was not achieved and the plaque 
retentive areas were claimed to be responsible for this 
unfavourable result.22 Attin et al.23 further confirmed 
that eight weeks after CHX varnish application, the 
MS population had gradually returned to its baseline 
value. Therefore, knowledge of the exact re-population 
time of MS in highly colonised orthodontic patients 
after antimicrobial therapy would appear valuable, in 
order to determine a varnish re-application scheme to 
achieve long-term bacterial suppression.

The objective of the present study was to investigate 
the effect and re-colonisation pattern of 40% CHX 
varnish on MS levels of high-level MS-colonised 
orthodontic patients undergoing fixed appliance 
treatment over a six-week period. The null hypothesis 
to be tested was that 40% CHX varnish applied before 
bracket placement has no long-term suppressive effect 
on MS in dental plaque of high-level MS-colonised 
patients undergoing fixed appliance treatment.

Materials and methods

Subjects
Subjects identified to participate in the study provided 
informed, written consent. Forty patients treated in a 
private practice with the need for full fixed orthodontic 
appliances were screened and 14 (6 boys and 8 girls, 
mean age of 13 years), were selected. All fulfilled the 
inclusion criteria requiring high levels of MS in saliva 
(involving at least a score of 2 identified by a chair-
side Strip-mutans® test method according to Jensen 
and Bratthall24), no detectable frank carious lesions 
or defective restorations and no detectable lesions 
on interproximal tooth surfaces. Prior to bracket 
placement, the patients were provided with routine 
oral hygiene instruction requiring toothbrushing 
twice per day with a fluoridated toothpaste. 

Saliva sampling
To facilitate saliva sampling, subjects were instructed 
to refrain from all oral hygiene measures for 24 hours. 
The samplings were performed in the mornings and 
the participants were required not to eat or drink for at 
least 1 hour before the sampling. Samples of paraffin-
stimulated saliva were tested by means of special strips 
(Dentocult® SM Strip-mutans, Orion Diagnostica, 
Espoo, Finland) developed for this purpose, at baseline 
and again after one, two, four and six weeks.

Determination of Streptococcus mutans in 
saliva
The levels of salivary MS were estimated using 
the Dentocult® SM Strip-mutans according to the 
manufacturer’s instructions. The strips were rotated on 
the back of the tongue and cultivated on selective agar 
for 48 hours at 37°C in semi-anaerobic conditions. 
The number of colony-forming units per square 
centimetre was estimated using a stereomicroscope 
(x10-25 magnification, Zeiss, Göttingen, Germany).

Evaluation of MS samples
The number of colony-forming units per ml saliva 
(CFU / ml saliva) were screened using a blinded 
approach and scored 0-3.24-26 

A score of 0 represented no CFU / ml saliva (MS 
below detection level),

a score of 1 = 1-10 CFU / ml saliva, corresponding to 
< 104-105 CFU / ml saliva,
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a score of 2 = 10-100 CFU / ml saliva, corresponding 
to 105-106 CFU / ml saliva, and

a score of 3 > 100 CFU / ml saliva, corresponding to 
>106 CFU / ml saliva. 

MS levels of baseline, one, two, four and six week 
measurements after varnish treatment were similarly 
recorded.

Chlorhexidine varnish application

In preparation for varnish application, accessible 
tooth surfaces were cleaned with a rubber cup and 
fluoride-free pumice. The interdental areas were 
cleaned with unwaxed dental floss. Each quadrant was 
isolated with cotton rolls and dried with air. The teeth 
of all subjects were painted, with the provided brush, 
with 40% CHX varnish (EC40®, Explore, Nijmegen, 
Netherlands) while varnish delivery into interproximal 
areas was gained via unwaxed dental floss. The varnish 
was left in place for 10 minutes and removed with 
a brush and floss. Following varnish application, 
banding and bracketing were immediately performed. 

Data analysis

The obtained categorical data formed by repeated 
measures scored using the grading scale were analysed 
using ranking methods25-27 which replaced the original 
four grading scores with ranks. The smallest score 
in the data set was assigned a rank of 1, the second 
smallest score a rank of 2, and so on until all scores 
had been converted to ranks. Tied scores were assigned 
midranks (i.e. if the second and third score in the data 
set were the same number, the assigned ranks would 
be 2 and 3, but they would be given an average rank, 

or midrank, of (2 + 3) / 2 = 2.5). The assigned group 
ranks were summed and divided by the number of 
observations to calculate each group’s mean rank. 
The time profiles of the rank means were tested at 
the 5% significance level (p ≤ 0.05). Post-hoc analyses 
were performed by appropriate adjustment of the 
significance level in case of rejection of parallel time 
profiles.27 More detailed description of the ranking 
method has been described elsewhere.27,28 

Results

There was a statistically significant decrease in MS 
counts at the first (p < 0.001), second (p < 0.001) 
and fourth week (p < 0.05) measurements compared 
with the baseline level. The sixth week counts did not 
reveal a significant decrease (p = 0.924). 

The number of patients who scored higher MS 
counts was the lowest at the first week time point 
and gradually increasing MS counts were observed at 
each time point thereafter. A return to baseline levels 
was reached at the end of the six-week interval. The 
percentage distributions of the bacterial counts are 
shown in Table I. Assigned rank means of MS in saliva 
and the change in time are shown in Figure 1. 

Discussion

The present study was designed to gain information 
on the effect of 40% CHX varnish on the MS level 
and re-colonisation pattern of highly MS-colonised 
orthodontic patients undergoing fixed appliance 
treatment over a six-week period. The results 
demonstrated that the CHX varnish application did 
not prevent MS re-colonisation to baseline levels 
after six weeks and repeated applications might be 
beneficial in order to support other caries preventive 
measures. The null hypothesis was accepted.

The MS counts in the present study were  
evaluated with a commercially-available chair-side  
Strip-mutans® test. The reliability of this method 
has been previously proven and identified through 
a significant correlation between a conventional 
analysis with mitis salivarius bacitracin agar and the 
Strip-mutans®.24,29 El-Nadeef and Bratthall investi-
gated the individual differences with the Strip-mutans  
method30 and observed that repeated tests performed 
on one subject showed no significant discrepancy. 
Only in rare cases, high intra-examiner variances were  

Figure 1. Rank means of Streptococcus mutans counts in saliva at 
baseline (TO) and 1 (T1), 2 (T2), 4 (T3) and 6 weeks (T4) after 
treatment with EC40®, respectively.
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observed. Therefore the Strip-mutans® method was  
considered reliable with its expedient handling  
characteristics.

The anti-bacterial effect of the CHX varnish may be 
explained by the radical damage to the cell membrane 
of prokaryotes and the disruption of cytoplasmic 
contents which results in cell death.11 The elimination 
of almost all MS in a single application of high 
concentration CHX varnish within the limits of the 
painted areas has been reported previously.15,16 This 
reduction effect is also assumed to result in a delayed 
bacterial re-colonisation compared with treatments 
using low concentration agents.23 However, the 
disadvantage of CHX application is its transient effect 
and the regrowth of MS over time.31 The presence of 
protected sites beyond the range of professional tooth 
cleaning continues to harbour MS so that complete 
elimination is impossible.16 Due to the high viscosity 
of the varnish and its inability to flow into retentive 
areas, MS could not be totally eliminated. It is 
therefore reasonable to assume that the remaining MS 
bacteria were likely responsible for the re-colonisation 
of the teeth. The suppressant effect of the varnish 
could possibly be ameliorated by using low-abrasive 
air-polishing methods incorporating glycine or 
sodium bicarbonate containing powders to clean the 
teeth and to reduce the level of MS prior to varnish 
application. An alternative possibility might be 
additional cleaning of the tongue as its rough surface 
harbours micro-organisms, which also promote the 
dental re-colonisation pattern.

Although many studies provide evidence of the caries-
preventive effect of CHX derivatives, the present study 
was inconclusive in regard to children and adolescents 
without fixed orthodontic attachments.31-34 However, 
the need for further studies to test the effective 
concentrations of CHX, sufficient to control MS, was 
highlighted.32 Accordingly, studies that particularly 

targeted caries prevention with CHX in orthodontic 
patients were carried out by several investigators.4,22,33 
The results failed to demonstrate a significant 
decrease in caries incidence after repeated applications 
using high or low concentration CHX varnishes in 
orthodontic patients with a high caries risk.4,22,33 
However, these studies applied antibacterial therapy 
when appliances were already in place.

To address the concern and potential effect of fixed 
attachments, Attin et al. tested the efficacy of a 
highly concentrated varnish and showed that the 
caries-preventive effect reduced because of attached 
orthodontic bands and brackets.23 In a split-mouth 
design study, re-colonisation of teeth with fixed 
attachments occurred significantly faster than on 
teeth with smooth surfaces. It was considered that 
the duration of MS suppression partly depended on 
the extent to which any retention niches were coated 
with varnish. Due to the time intervals evaluated, at 
baseline and after eight weeks, the definite time point 
of the re-colonisation was unable to be determined.23 

Beyth et al. confirmed that salivary MS levels increased 
after bracket placement and decreased following CHX 
application.34 

In a recent study, Attin et al. showed that no long-
lasting suppression of MS could be achieved in 
patients with highly colonised teeth undergoing 
fixed appliance therapy.28 CHX was applied when the 
appliances were in place and, two weeks after CHX 
treatment, no significant MS reduction was observed. 
In the present study, highly concentrated CHX varnish 
was applied prior to appliance placement in order to 
increase the time before MS re-colonisation. This 
strategy may have lead to a significantly decreased MS 
count four weeks after varnish application compared 
with baseline levels. This is contrary to previously 
reported results in which a return to baseline values 
was observed over this period. 

MS score T0 T1 T2 T3 T4

3 8 (57%) 1   (7%) 4 (29%) 4   (29%)   4   (29%)

2 6 (43%) 3 (21%) 1   (7%) 8   (57%)   9   (64%)

1 0   (0%) 4 (26%) 7 (50%) 2   (14%)   0     (0%)

0 0   (0%) 6 (43%) 2 (14%) 0     (0%)   1     (7%)

∑ 14 (100%) 14 (100%) 14 (100%) 14 (100%) 14 (100%)

Table I. Number of subjects with average saliva scores (0-3) for MS (Streptococcus mutans) at baseline (T0) and 1 (T1), 2 (T2), 4 (T3), 6 (T4) weeks after 
varnish treatment. Percentages are given in parentheses.
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As orthodontic patients are usually recalled every 
four to six weeks, it would be beneficial if the 
antimicrobial suppression of MS lasted for at least 
this period of time. The present study demonstrated 
that MS re-colonisation time could be prolonged so 
that a significant reduction was still present after four 
weeks. This result suggested a prevention strategy in 
which patients could be screened for high caries risk 
before orthodontic treatment and highly concentrated 
varnish applied immediately before bracketing. During 
the course of orthodontic therapy, varnish treatments 
would be repeated at four-weekly-intervals. Further 
studies employing this strategy are needed to confirm 
the effect on caries susceptibility.

Conclusion

The repeated application of chlorhexidine varnish 
in orthodontic patients with high MS levels may be 
beneficial in four to six weekly follow-up intervals in 
order to support other caries preventive measures. The 
development of more effective applications providing 
long-term suppression of MS should be the aim of 
further studies.
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