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Antimicrobial Effectiveness of a Highly Concentrated Chlorhexidine
Varnish Treatment in Teenagers with Fixed Orthodontic Appliances

Rengin Attina; Anika Ilseb; Carola Wernerc; Annette Wieganda; Thomas Attind,e

ABSTRACT
Objective: To evaluate the recolonization pattern of Mutans streptococci (ms) on densely colo-
nized teeth with fixed orthodontic appliances after treatment with a highly concentrated (36%)
chlorhexidine varnish.
Materials and Methods: Healthy subjects (n � 19) with fixed orthodontic appliances and high
bacterial ms counts in saliva were recruited. In order to establish a baseline registration, plaque
adjacent to brackets was sampled and cultivated on Dentocult� strips. Following professional tooth
cleaning, chlorhexidine varnish was applied on all teeth for 8 minutes. The degree of recolonization
with ms was assessed 2 weeks after varnish application in plaque around the brackets. For
statistical analysis, the data were subjected to a repeated measures design.
Results: After 2 weeks, ms counts were reduced as compared to baseline values. However, the
reduction only weakly met statistical significance (P � .049).
Conclusions: The application of a highly concentrated chlorhexidine varnish in patients with fixed
orthodontic appliances does not result in a distinct reduction of ms numbers 2 weeks after treat-
ment.

KEY WORDS: Orthodontic treatment; Caries prevention; Antibacterial varnish; Chlorhexidine;
Streptococcus mutans

INTRODUCTION

Caries-preventive measures—good oral hygiene,
establishment of noncariogenic dietary habits, and
regular fluoride supplementation—often are not suffi-
cient to prevent the occurrence of new carious lesions
in orthodontic patients with high caries activity. Beyond
a certain caries activity level, neither an increase in
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gen, Göttingen, Germany.

b Research Fellow, Department of Operative Dentistry and
Preventive Dentistry and Periodontology, University of Göttin-
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the frequency of tooth-brushing nor an increase in the
dosage of administered fluoride is suitable to effec-
tively stop the demineralization process in high-risk in-
dividuals.1,2 Patients undergoing orthodontic therapy
are subjected to oral ecologic changes that lead to
increased numbers of Streptococcus mutans in saliva
and plaque.3,4

It has also been shown that orthodontic treatment
with fixed appliances results in enamel demineraliza-
tion and an increased number of carious lesions, pre-
dominantly in sites adjacent to brackets.5 Therefore,
preventive efforts in these risk group have concen-
trated on direct suppression of the cariogenic microflo-
ra by chemotherapeutics as an adjunct to improved
oral hygiene.

Chlorhexidine is the most potent documented anti-
microbial agent against Mutans streptococci (ms) and
dental caries. Different modes of administration are
recommended for caries prevention.6–8 It has been
suggested that chlorhexidine application in the form of
a varnish results in longer-lasting suppression of ms
concentrations by chlorhexidine compared with other
forms of application.9–11 High and low concentrations
have been reported to reduce the number of ms in
plaque and saliva for considerable periods of time.12–14



1023ANTIBACTERIAL TREATMENT IN ORTHODONTIC PATIENTS

Angle Orthodontist, Vol 76, No 6, 2006

Numerous studies have examined highly concentrated
chlorhexidine varnishes as supersaturated solutions of
chlorhexidine diacetate in ethanol, stabilized by the nat-
ural resin sandarac.15–19 In these examinations, the op-
timal chlorhexidine varnish concentration suggested
for suppression of ms amounted to 36% chlorhexidine,
as represented by the varnish EC40� (Dentres, Nij-
megen, The Netherlands).

The consensus of these studies was that ms were
significantly suppressed for at least 4 weeks after a
single chlorhexidine varnish application. This effect
has been tested on teeth free of orthodontic applianc-
es. On the other hand, studies performed in high-risk
orthodontic patients with highly concentrated varnish
treatment did not show any influence on the caries
increment.20 A rapid recolonization of the teeth with ms
and a return to baseline values was regarded as a
possible reason for the failure of chlorhexidine treat-
ment in orthodontic patients.

Orthodontic patients usually are seen at appoint-
ments every 4–6 weeks. Therefore, it is desirable that
suppression of ms caused by antimicrobial treatment
last for at least this period of time. Hence it is of in-
terest to evaluate whether suppression of ms within a
suitable, and for orthodontic patients common, recall
interval is possible. Moreover, as yet it is not known
whether highly concentrated chlorhexidine varnishes
are effective in suppressing recolonization of ms when
applied in patients with fixed orthodontic appliances.

Therefore, the objective of the present study was to
investigate the time period in which ms in patients with
densely colonized teeth and fixed orthodontic appli-
ances return to baseline values after a single treat-
ment with the 36% chlorhexidine varnish EC 40�.

MATERIALS AND METHODS

Participants

The participants and their guardians gave informed
consent for taking part in the study. Thirty-two volun-
teers with fixed orthodontic appliances treated in a pri-
vate practice were screened, and 19 of them (median
age, 14 years) were selected. The appliances had
been inserted at least 2 months prior to the start of the
study. All study participants fulfilled the inclusion cri-
teria of high levels of ms in saliva as demonstrated by
at least a score of 2 identified with the chair-side Strip-
mutans� method according to Jensen and Bratthall.21

None of the subjects had detectable frank caries le-
sions or defective restorations. Moreover, clinical ex-
amination and radiographs did not reveal any lesions
on interproximal tooth surfaces.

Study Design

Professional tooth cleaning was performed and oral
hygiene instructions were given to the participants pri-

or to the study. Before baseline examination, the sub-
jects refrained from all oral hygiene measures for 24
h. At baseline, the ms levels in plaque and saliva were
recorded.

The plaque ms scores were determined with the
site-specific modified Strip-mutans� technique (Orion
Diagnostica, Espoo, Finland) as originally described
by Wallman and Krasse22 and modified by Twetman.31

The number of colony-forming units (CFU) with char-
acteristic morphology was screened and scored 0–3.
The evaluation was blinded. Scores were as follows:

• 0 indicates no CFU (ms below detection level).
• 1 indicates 1–10 CFU, corresponding to approxi-

mately � 104–105 CFU
• 2 indicates 10–100 CFU, corresponding to approxi-

mately 105–106 CFU
• 3 indicates �100 CFU, corresponding to �106 CFU.

Selected teeth for plaque sampling were isolated
with cotton rolls and dried. A small sterile brush was
carefully brushed on the sites around the brackets of
eight teeth (teeth 11, 14, 22, 25, 31, 34, 42, and 45)
in each of the 19 patients. This means that a total of
152 sites were evaluated.

All brackets had been placed by the same ortho-
dontist with etching gel, bonding material, and light-
curing composite (Transbond XT�, 3M Unitec�,
Neuss, Germany). In case of an extracted premolar,
the adjacent premolar was evaluated. Sampled plaque
was immediately spread on the roughened side of the
plastic strip from the Strip-mutans� kit (Orion Diagnos-
tica, Espoo, Finland). The strips were allowed to dry
for 5 minutes at room temperature and were then in-
cubated for 48 hours in a liquid medium. The compo-
sition of the medium was similar to the composition of
mitis salivarius agar, with a sucrose concentration in-
creased to 30%. Addition of a bacitracin disc from the
kit results in a final concentration of 0.36 U of bacitra-
cin per ml of medium.23 Additionally, a saliva Strip-mu-
tans� test was performed for each participant and
evaluated. After 48 hours cultivation in the liquid me-
dium, the scores of ms in plaque were recorded with
the aid of a stereomicroscope with 10–25� magnifi-
cation.24

The 19 subjects fulfilling the inclusion criteria were
treated with EC40� at the next recall 1 week later.
EC40� is a highly concentrated chlorhexidine varnish
as supersaturated solution of chlorhexidine diacetate
in ethanol, stabilized by the natural resin sanda-
rac.17,25–28 The varnish is available in glass ampoules
containing approximately 1.5 mL varnish. The am-
poules fit into the normal syringe used for anesthesia.
For application of varnish, a wide needle with an inner
diameter of 0.8 mm. was used

Prior to each varnish application, the orthodontic
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TABLE 1. Cross-tabulated Number of ms Values Indicating Tooth-
wise Changes From Baseline to Two Weeksa

ms
Score

2 wk

0 1 2 3 Total

Baseline 0
1
2
3

4
4

11
15

6
6
8
6

5
7

17
20

0
1

17
25

15
18
53
66

Total 34 26 49 43 152

a Numbers set in bold are ms scores that remained unchanged
during the two experimental weeks. Entries above bold numbers
demonstrate numbers of sites with deterioration in ms scores; en-
tries below bold numbers illustrate numbers of sites with improved
ms scores. ms indicates Mutans streptococci.

Figure 1. Relative effects of ms counts in plaque at baseline and 2
weeks after treatment with EC40�.

arch wire was removed and the teeth were profes-
sionally cleaned with a rubber cup and pumice paste.
The interdental areas were cleaned with unwaxed
dental floss. Each quadrant was isolated with cotton
rolls and dried with compressed air. EC40� was ap-
plied to all teeth with a brush and delivered into the
interproximal areas with unwaxed dental floss. Follow-
ing the manufacturer’s advice, the varnish was left in
place for 8 minutes and then removed with a brush.
Two weeks after varnish treatment, ms levels in
plaque were recorded on the buccal sites as described
above.

Statistical Methods

All microbiological measurements were recorded on
a grading scale; the observations are so-called or-
dered categorical data, and thus standard statistical
methods such as the t-test or analysis of variance can-
not be applied. For the analysis of such data, ranking
methods have been developed.29 Therefore, the orig-
inal observations are replaced with their ranks. Be-
cause only the four grades 0, 1, 2, and 3 are possible
values, many observations will have the same values,
which are called ties in the statistical literature. When
ranking tied observations are given, midranks are as-
signed. Because ranking methods are used for the
analysis of the data, it is reasonable to use the relative
treatment effects to summarize the outcome of the trial
in tables and graphs.

The statistical design underlying the observations in
our trial is a repeated measures design, ie, the same
patients are repeatedly observed at several time
points. This means that statistically significant differ-
ences are assumed when time profiles are not parallel
to the x-axis. For a detailed description of these meth-
ods, see Brunner et al.30

RESULTS

The statistical analysis was done as described
above using relative treatment effects. For better illus-
tration of the original data, the distributions of ms score
changes during the 2-week interval are given in a
cross-table (Table 1). The table demonstrates that a
deterioration to higher scores occurred in 36 cases,
whereas in 64 sites an improvement to lower scores
took place. Scores for the other 52 sites remained un-
changed. However, ms scores were below detection
level (score 0) in only 34 sites at the end of the 2-
week period.

In Figure 1, the results of site-specific plaque sam-
ples on teeth with brackets at baseline (T0) and 2
weeks (T1) after varnish treatment are demonstrated.
After 2 weeks, ms counts were reduced as compared
to baseline values. The reduction did meet statistical

significance, but only weakly (P � 0.049). In the de-
sign of the study, we intended to record ms levels in
plaque every 2 weeks until ms values returned to
baseline values. Because in nearly every subject re-
colonization with ms was already complete after 2
weeks of varnish application, recording of ms values
was not continued.

Nevertheless, we could observe intra-individual dif-
ferences. The degree of reinfection varied consider-
ably between different patients (Table 2). However,
only 2 patients showed a distinct suppression of ms
counts.

DISCUSSION

The ms counts in the present study were evaluated
with a commercial available S. mutans test, namely
the chair-side Strip-mutans-Dentocult� test.31 The re-
liability of this method has been proven by numerous
studies. There is a significant correlation between con-
ventional analysis with MSB agar32 and the Strip-mu-
tans� test.33,34 Intra-individual differences with the
Strip-mutans� method were investigated by El-Nadeef
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TABLE 2. Exemplary Plaque ms Scores (0–3) in a 13-Year-Old Girl
and a 14-Year-Old Boy at Baseline and 2 Weeks After Treatment
Given for the Respective Teeth at Which Plaque Samples Were Tak-
ena

Tooth

13-Year-Old Girl

Baseline 2 wk

14-Year-Old Boy

Baseline 2 wk

14
11
22
25
34
31
42
45

3
3
3
2
3
2
1
1

1
1
2
1
2
1
1
0

3
2
3
3
2
1
1
3

3
3
3
3
3
2
2
2

a ms indicates Mutans streptococci.

and Bratthall.35 They observed that tests that were re-
peated in one subject usually showed no differences.
Tests varied in more than one category in very rare
cases. Therefore, with good handling, the Strip-mu-
tans� method is a very reliable method.

If fluoridation measures and dietary counseling are
not considered, the use of antimicrobials is currently
the only promising alternative to improved oral hy-
giene. However, it must be noted that studies per-
formed in high-risk orthodontic patients did not find sig-
nificant differences in caries increment after repeated
application of high- or low-concentration chlorhexidine
varnishes.36,37 In contrast to these findings, other in-
vestigations with orthodontic patients have document-
ed a reducing effect of chlorhexidine and/or fluorides
on caries increment and S. mutans.38–42 However, in
contrast to the present investigation, in these studies
patients taking part in the trials were not preselected
with regard to caries risk, caries activity or levels of ms
in plaque and saliva, respectively,

In a former study it was proved that the efficacy of
a highly concentrated varnish is reduced by bands and
brackets.43 In this split-mouth–designed study, recol-
onization on teeth with orthodontic appliances oc-
curred significantly faster than on teeth without appli-
ances.

It was assumed that the duration of ms suppression
depends partly on the extent to which any retention
niches are coated with varnish. In a previous study by
Jenatschke et al,44 ms counts were assessed only at
baseline and 8 weeks, so the definite time point of the
recolonization was not discernible. In that study, the
varnish was applied on the day of bracket placement
and was repeated at 8-week intervals, while the fixed
appliances were in place. As mentioned above, in this
investigation the caries increment was not reduced de-
spite the use of chlorhexidine varnish treatment. It can
be assumed that the recolonization must have taken
place during this time interval (ie, 8 weeks) so that

recolonization with ms and caries development could
not be avoided.

The recolonization with ms after antimicrobial ther-
apy in highly colonized teeth was investigated in the
present study. We could show that ms counts had
nearly returned to baseline values after 2 weeks. Be-
cause only a weak significant difference between
baseline and 2-week values was observed, the reduc-
tion of ms is assumed to be not clinically relevant. This
suggestion is corroborated by the fact that most of the
samples were not below detection level 2 weeks after
varnish treatment.

Additionally, it could be assumed that a complete
recolonization would have taken place within a short
period after completion of the 2-week interval chosen
in the present study. This finding may act as an ex-
planation of why no effect on caries increment was
achieved in former studies. On the other hand, an ap-
plication modus applying the varnish even more often,
eg, once a week, is not practicable. A more effective
application mode must be found to hamper the fast
recolonization of ms in orthodontic patients.

Emilson and Lindquist45 evaluated the coherence of
the infection level of ms and recolonization of teeth
after chlorhexidine treatment and observed that tooth
surfaces with a high level of infection are more rapidly
colonized by ms. This was true even if these micro-
organisms had previously been suppressed to unde-
tectable levels after antimicrobial treatment. This ob-
servation makes clear that a slow recolonization pat-
tern and higher efficacy more presumably can be
achieved in teeth with low levels of colonization.

Unfortunately, patients with a fast recolonization pat-
tern are more likely to develop carious lesions after
application of fixed orthodontic appliances. Therefore,
an effective way of suppressing ms should be found
for these patients. An effective way could be to apply
the varnish immediately before bracketing and band-
ing of the teeth. It may be hypothesized that this re-
sults in a slower recolonization of ms. Afterwards, the
exact recolonization time after varnishing has to be de-
termined to set an application interval and to suppress
ms during the entire therapy with fixed appliances. An-
other focus should be set on the cleaning of the
tongue, because the tongue may act as an infection
source, possibly favoring the recolonization pattern on
the teeth. Of course, it can also be assumed that in
the present study no suppression at all could be
achieved. This is speculative, because no ms counts
were assessed right after varnish treatment. The au-
thors had expected suppression for at least 4 weeks,
and because of this assumption, the ms counts were
investigated after a 2-week interval.

Therefore, development of more effective therapy
modes and identification of reasons for lack of effec-



1026 ATTIN, ILSE, WERNER, WIEGAND, ATTIN

Angle Orthodontist, Vol 76, No 6, 2006

tiveness need to be investigated in further studies.
Furthermore, interdisciplinary work between the car-
iologist and orthodontist should be intensified to de-
velop caries prevention strategies for orthodontic pa-
tients, because these patients are at a high caries
risk.46

CONCLUSIONS

• A single 36% chlorhexidine varnish application is not
effective in suppression of ms counts to a clinically
relevant degree in patients with fixed orthodontic ap-
pliances and highly colonized ms salivary counts.
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