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Original Article

Effectiveness of a Hydrophilic Primer When Different
Antimicrobial Agents Are Mixed

Ali Ihya Karaman, DDS, MS, PhDa; Tancan Uysal, DDSb

Abstract: The purpose of this study was to determine whether different types of antimicrobial agents
with hydrophilic primer applied to etched enamel surfaces will affect the shear bond strength (SBS) and
the bracket/adhesive failure modes of metallic orthodontic brackets. Eighty noncarious human premolars
were divided into four groups of 20 each. A composite resin (Transbond XT) was used to bond stainless
steel brackets. Teeth in the first group were used as a control and bonded with standard procedures. For
the other three groups, mixtures containing a hydrophilic primer (Transbond MIP) and one of three anti-
microbial agents were prepared (Cervitect: in 1:2 ratio; chlorhexidine mouthwash and EC40t varnish in
1:1 ratio). These mixtures were applied to the etched enamel surfaces and thoroughly light cured for 20
seconds, and the brackets were bonded and light cured for 40 seconds. The SBS values of these brackets
(Mpa) were recorded using a universal testing machine. Adhesive Remnant Index scores were determined
after failure of the brackets. Data were analyzed using analysis of variance (ANOVA), Tukey honestly
significant difference, and chi-square tests. Results of ANOVA revealed statistically significant differences
in bond strengths among the various groups tested (P , .05). The bond strength values in these four
groups compared favorably with those from other studies and the minimal bond strength values that are
clinically acceptable. However, results of this study demonstrated that groups 1 (control) and 2 (Cervitec
varnish) had higher SBS values than the other applications. Application of different antimicrobial agents
may result in differences in the site of failure. (Angle Orthod 2004;74:414–419.)

Key Words: Hydrophilic primer; Chlorhexidine; Antimicrobial agents

INTRODUCTION

The practice of orthodontics is constantly being im-
proved with the use of new techniques and materials that
benefit both the patient and the clinician.1–3 Nevertheless,
patients who undergo orthodontic therapy have changes in
the oral ecologic, such as a low-pH environment, increased
retentive sites for Streptococcus mutans, and increased re-
tention of food particles, which may lead to increased pro-
portions and absolute numbers of salivary S. mutans.4–9

These changes may be responsible, in part, for the obser-
vations of post–orthodontic treatment decalcification in cer-
tain cases.10,11 Øgaard et al12 indicated that a high preva-
lence of carries may be caused by the high cariogenic chal-
lenge prevailing in the plaque around orthodontic applianc-
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es. Proper oral hygiene is more difficult to maintain, and
pH levels lower than 4.5 have been measured in the plaque
around the brackets and the bands during orthodontic treat-
ment.12 At such a low pH, the remineralization phase is
hampered and more fluoride will not necessarily give a bet-
ter cariostatic effect.13 For that reason, Øgaard and Rølla13

suggested that fluoride agents could be further improved by
the addition of antibacterial agents.

Placement of fixed orthodontic appliances is normally
followed by an increase in oral colonization by mutans
streptococci, concomitant with an elevated risk for the de-
velopment of dental caries.6,14–17 The application of Cervitec
varnish induced a significant reduction of S. mutans in sa-
liva over a one-month period18 and a reduction in the pro-
portion of S. mutans in the plaque adjacent to brackets.
However, no clinical differences were found in the inci-
dence of incipient enamel demineralization around the
bracket bases.19 The differences decreased with time, be-
coming statistically nonsignificant during the third month.
Twetman and Petersson20 proved an intensive treatment
(three applications within a two-week period) was more ef-
fective than a monthly application during a three-month
period.

Sandham et al21 treated 26 children with Chlorzoin at
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FIGURE 1. Flowchart for the bonding procedure.

four time points during the month before initiating ortho-
dontic treatment. Treatment resulted in a decrease in sali-
vary mutans streptococci counts after one week (23 subjects
had nondetectable S. mutans levels) and one month post-
treatment (22 subjects still had nondetectable S. mutans lev-
els), gradually decreasing toward the end of the study, with
11 subjects free of detectable S. mutans six months later.

Using an agar diffusion inhibitory test,22 Petersson et al23

tested the effect of the Cervitec varnish on pure cultures of
a series of gram-positive and gram-negative bacteria as well
as yeasts. Their results reported Porphyromonas gingivalis
and Actinobacillus actinomycetemcomitans as the most sen-
sitive and Streptococcus sanguis and Candida albicans as
the least sensitive. Thymol was considered to be responsi-
ble for the antimicrobial effect on S. sanguis. Both strep-
tococcal and actinomycetes species were affected by the
test varnish, which may be of clinical importance for enam-
el and root surface caries reduction, as had been suggested
previously.24

Schaeken and de Haan25 reported their initial results with
a varnish prepared by mixing 50% (wt/wt) chlorhexidine
diacetate with a five wt% NaF varnish (Duraphatt, Woelm
Pharma, Eschwege, Germany). Gradually, this varnish has
been modified and commercialized as EC40t (Certichem,
Nijmegen, The Netherlands) and contains 40% chlorhexi-
dine, sandarac, and ethanol.

Bishara et al1 and Damon et al2 determined the effects
of chlorhexidine varnish on the bond strength of orthodon-
tic adhesives on etched enamel surface. Bishara et al3 also
published the effects of various methods of chlorhexidine
application on shear bond strength (SBS). They indicated
that SBS is not significantly affected when chlorhexidine is
applied if the varnish is premixed with the sealant and ap-
plied on the etched enamel surfaces and then light cured.
These reports are the starting points of this investigation.

The purpose of this study was to determine whether the
application of different types of antimicrobial agents with
hydrophilic primer will affect the SBS and the bracket/ad-
hesive failure modes of metallic orthodontic brackets.

MATERIALS AND METHODS

Eighty noncarious human premolars, extracted with or-
thodontic indications, were used in this study. Teeth with
hypoplastic areas, cracks, or gross irregularities of the
enamel structure were excluded from the study. The criteria
for tooth selection dictated no pretreatment with chemical
agent such as alcohol, formalin, hydrogen peroxide etc. The
teeth were stored in distilled water continuously after ex-
traction. The water was changed weekly to avoid bacterial
growth. The sample was divided into four random groups
of 20 each. Each tooth was mounted vertically in self-cure
acrylic so that the crown was exposed. The buccal enamel
surfaces of the teeth were cleansed and polished with non-

fluoridated pumice and rubber prophylactic cups, washed
with water, and dried before any procedure.

Before the starting procedure, the surface of each tooth
was polished for one minute using the combination of a
polishing agent and a brush at a low speed (3000 rpm). A
37% phosphoric acid gel (3M Dental Products, St Paul,
Minn) was used for acid etching of 20 premolars for 30
seconds each. The teeth were rinsed with water for 30 sec-
onds and dried with an oil-free source for 20 seconds. In
all etched cases the frosty white appearance of etched
enamel was noticed. An orthodontic composite (Transbond
XT, 3M Unitek, Monrovia, Calif) was used to bond stain-
less steel brackets (Dyna-lock series, 3M Unitek). The av-
erage surface area for the orthodontic bracket base used was
14.00 mm2. Excess bonding resin was removed with a scal-
er. The sealant was light cured for 20 seconds, and the
adhesive was light cured for 40 seconds. Except for the
control group, all the other groups were prepared according
to the recommendations of Bishara et al3 (Figure 1).

After acid etching, the brackets were bonded in the fol-
lowing manner:

Group 1 (control). The teeth were sealed with primer
(Transbond MIP), and then air was blown gently on
each tooth for two to five seconds, aiming the air
stream perpendicular to the labial surface of the tooth.
The brackets were then bonded.

Group 2 (Cervitect varnish). The chlorhexidine varnish
used (Cervitec, Vivadent, Schaan, Lichtenstein) con-
tains equal amounts of chlorhexidine and thymol (1 mg
of each/g). Primer and varnish3 were thoroughly mixed
in a 1:2 proportion, applied to the enamel surface, and
light cured for 20 seconds, and then the brackets were
bonded.

Group 3 (chlorhexidine mouthwash). A mouthwash con-
taining 0.012% chlorhexidine gluconate was used in
this group (Drogsan Pharmaceuticals, Ankara, Turkey).
Primer and mouthwash were thoroughly mixed in a 1:
1 proportion, applied to the enamel surface, and light
cured for 20 seconds. The brackets were then bonded.

Group 4 (EC40t varnish). Another chlorhexidine varnish,
EC40t (Certichem), containing 40% chlorhexidine,
sandarac, and ethanol, was used. Primer and varnish
were thoroughly mixed in the same proportion (1:1),
applied to the enamel surface, and light cured for 20
seconds, and the brackets were bonded (Figure 1).
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TABLE 1. Descriptive Statistics of the Four Groupsa

Groups
Testedb n Mean SD Range Test c

Group 1
Group 2
Group 3
Group 4

20
20
20
20

18.96
16.77
10.60
13.70

4.52
4.26
4.02
2.35

11.1–25.7
10.9–26.2
5.7–19.7
9.2–21.2

A

A

B

B

a Values in MPa. n indicates sample size; SD, standard deviation.
b Group 1 indicates the control; group 2, Cervitec varnish; group

3, chlorhexidine mouthwash; group 4, EC40 vanish.
c Groups with different letters are significantly different from each

other.

TABLE 2. Frequencies of ARI Scoresa,b

Groups
Tested n 1 2 3 4 5

Group 1
Group 2
Group 3
Group 4

20
20
20
20

—
2
—
—

3
3
—
—

6
8
—
—

9
6
2
1

2
1

18
19

x2 5 77.743, P 5 .0001

a ARI indicates adhesive remnant index; n, sample size.
b ARI scores: 1 indicates all of the composite, with an impression

of the bracket base, remained on the tooth; 2, more than 90% of the
composite remained; 3, more than 10% but less than 90% of the
composite remained on the tooth; 4, less than 10% of composite
remained on the tooth surface; 5, no composite remained on the
enamel.

c Group 1 indicates the control; group 2, Cervitec varnish; group
3, chlorhexidine mouthwash; group 4, EC40 vanish.

Debonding procedure

The embedded specimens were secured in a jig attached
to the base plate of a universal testing machine (Micro 500,
Testometric, Maywood Instruments Limited, Basingstoke,
UK). A chisel-edge plunger was mounted in the movable
crosshead of the testing machine and positioned so that the
leading edge aimed the enamel-adhesive interface before
being brought into contact at a crosshead speed of 0.5 mm/
min. The maximum load necessary to debond the bracket
was recorded. The force required to take off the brackets
was measured in Newtons (N), and the SBS (1 MPa 5 1
N/mm2) was then calculated by dividing the force values
by the bracket base area (14.00 mm2).

Residual adhesive

After debonding, all teeth and brackets were examined
at a 103 magnification with light microscopy. Any adhe-
sive remaining after bracket removal was assessed with the
adhesive remnant index (ARI)26,27 and scored with respect
to the amount of resin material adhering to the enamel sur-
face. The ARI scale has a range between 5 and 1, with 5
indicating that no composite remained on the enamel; 4
indicating less than 10% of the composite remained on the
tooth; 3 indicating more than 10% but less than 90% re-
mained on the tooth; 2 indicating more than 90% of the
composite remained; and 1 indicating all the composite re-
mained on the tooth, along with the impression of the
bracket base. The ARI scores were used as a more com-
prehensive means of defining the sites of bond failure be-
tween the enamel, the adhesive, and the bracket base.

Statistical methods

Descriptive statistics including the mean, standard devi-
ation, and minimum and maximum values were calculated
for each of the four groups of teeth tested. Comparisons of
means were made using analysis of variance (ANOVA) and
Tukey honestly significant difference (HSD) tests. The chi-
square test was used to determine significant differences in
the ARI scores among the different groups. All statistical
analyses were performed using the SPSS software package
(SPSS for Windows, version 10.0.1, SPSS Inc, Chicago,
Ill).

RESULTS

Shear bond strength

The descriptive statistics, including the mean, standard
deviation, and minimum and maximum values, for each of
the four groups are presented in Table 1. Data were ana-
lyzed using ANOVA, Tukey HSD, and chi-square tests. The
results of this study demonstrated that the group 1 (control)
had higher SBS values than the other applications. Results
of ANOVA revealed statistically significant differences in
bond strengths among the various groups tested (P , .05).

The Tukey multiple range analysis indicated that the
highest SBS values occurred when the brackets bonded
with direct Transbond MIP primer (group 1) (mean 18.96
6 4.52 MPa) and when the chlorhexidine varnish (Cervi-
tec) was premixed with the sealant and applied to the etched
enamel surface (group 2) (mean 16.77 6 4.26 MPa). On
the other hand, when the chlorhexidine mouthwash and the
other forms of chlorhexidine varnish (EC40) were premixed
with the sealant and applied to the etched enamel surface,
significantly lower SBS values were observed, (SBS values
of groups 3 and 4, 10.60 6 4.02 and 13.70 6 2.35 MPa,
respectively).

Adhesive remnant index

The residual adhesive on the enamel surfaces as evalu-
ated by the ARI scores are presented in Table 2. There were
statistically significant differences present among the vari-
ous groups. (x2 5 77.743, P 5 .0001). In groups 1 and 2,
there was a higher frequency of ARI scores of 3 and 4,
which indicated cohesive failures within the resin. Espe-
cially in groups 3 and 4, there was no or little adhesive
remaining on the tooth (ARI scores 4 and 5); ie, almost all
the adhesive stayed on the bracket base. These failures were
mostly adhesive at the resin/enamel interface.
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DISCUSSION

Hahn et al28 indicated that microbes accumulate on re-
storative materials. Among these, mutans streptococci are
known to cause secondary caries at the margins of com-
posite restorations as well as directly attack the enamel.29,30

Chlorhexidine is one of the most widely used broad spec-
trum antibacterial or antiseptic agents in dentistry.31 It has
proven to be very effective in the maintenance of plaque
control and gingivitis in both short-32 and long-term stud-
ies33 without developing resistant organisms in the oral flo-
ra. The prevalence of bacteremia found with chlorhexidine
application was less than the prevalences obtained without
chlorhexidine.34 There is evidence in the literature that an-
tiseptic mouthwashes applied before dental manipulations
may reduce the incidence and severity of bacteremia.34

Some of the side effects of using chlorhexidine that limit
its widespread acceptance include brown staining of the
teeth, an increase in calculus deposition, and the difficulty
in completely masking its taste when used as a rinse.31

Cervitec, EC40, and other forms of antimicrobial var-
nishes cannot be found in every clinic, and they are very
expensive. However, some agents used as mouthwashes are
generally found in dental clinics for irrigation or antiseptic
purposes. We believed that for antimicrobial purposes other
agents could be used instead of chlorhexidine varnishes be-
fore or during orthodontic bonding procedures. Therefore,
this project was devised for test the SBS values of different
antimicrobial agents. Little or no information is available
on the use of liquid forms of antimicrobial agents after
etching the enamel and before placing the bracket. Apply-
ing chlorhexidine to the enamel surface could add increased
protection around the bracket periphery but could also ad-
versely influence the bond strength, depending on the meth-
od of application.3

In the present study, Tukey HSD analysis revealed that
the SBS was not significantly affected after treating the
enamel surface with a hydrophilic primer (Transbond MIP)
and Cervitec varnish (Table 1). Bishara et al1 and Damon
et al2 reported that the bond strength was not affected after
the application of a hydrophobic primer (Transbond XT)
with chlorhexidine varnish on etched enamel. These find-
ings are in accordance with other findings.1,2 However, the
SBS values were significantly affected after treating the
enamel surface with the same primer and other forms of
antimicrobial varnish EC40. Statistically significant lower
SBS values were obtained with these mixtures. Therefore,
it was thought that different chemical properties or com-
positions of varnishes have some effects on SBS values of
orthodontic brackets.

Bishara et al3 indicated that 40% of the brackets tested
did not register any debonding force, and the brackets sep-
arated with all the adhesive remaining on the bracket base,
with a sticky varnish layer almost acting as a separating
medium from the enamel surface. In our study, during the

preparation of the test materials the SBS value was signif-
icantly reduced when liquid forms of antibacterial agents
were premixed with the primer and applied to the etched
enamel and light cured before applying the adhesive. De-
spite this reduction, all the brackets tested in the current
study registered debonding forces contrary to the results of
Bishara et al.3 We thought that these changes occurred be-
cause of using the hydrophilic primer.

Reynolds35 determined that the clinically acceptable min-
imal bond strength values in direct orthodontic bonding
systems are 5.9 MPa to 7.8 MPa. The bond strength values
in all four groups compared favorably with Reynolds’35

minimal bond strength values. However, clinical conditions
may significantly differ from an in vitro setting. It needs to
be emphasized that this is an in vitro study and the test
conditions have not been subjected to the rigors of the oral
environment.3 Heat and humidity conditions of the oral cav-
ity are highly variable. Because of the probable differences
in in vivo and in vitro conditions, a direct comparison can-
not be made with the findings of the other studies.

The differences in the SBS values among the four dif-
ferent groups are reflected in the distribution of the ARI
scores in Table 2. In groups 3 and 4, the failure rate in-
creased and the site of bond failure shifted statistically sig-
nificantly toward the composite-varnish interface (ARI
scores of 4 and 5). These findings reveal that the adhesive
did not effectively bond to the enamel surface as in groups
1 and 2. These findings were similar to Bishara’s3 findings.

Thorough plaque and inflammation control is very dif-
ficult in patients with fixed orthodontic appliances; chemi-
cal agents such as chlorhexidine or benzydamine, used in
the form of mouth rinses or oral sprays, have been shown
to be useful adjuncts in plaque and inflammation control.36

Varnish forms of the other antibacterial solutions such as
benzydamine, triclosan, and xylitol could be helpful in or-
thodontic patients for suppressing levels of oral mutans or
the other microbes for long periods after application when
used before the placement of fixed orthodontic appliances.
For that reason we expect that varnish forms of the other
antimicrobial agents will be developed by manufacturers.

The literature indicates that subgingival irrigation with a
solution of chlorhexidine, either by single or repeated ap-
plications over varying time periods, effectively reduces in-
flammation and plaque in periodontal patients not under-
going active orthodontic treatment.37–43 Therefore, further
studies investigating the effects of different antimicrobial
agents on gingival tissues in the form of subgingival irri-
gation are needed.

CONCLUSIONS

The findings derived from the study are as follows:

• The bond strengths of groups 1 and 2 were clinically
acceptable and statistically different from groups 3 and 4.
However, in the experimental groups where the varnishes



418 UYSAL, KARAMAN

Angle Orthodontist, Vol 74, No 3, 2004

were premixed with the primer and applied on the etched
enamel surface and then light cured, SBS values and
bracket failure rates were of such a magnitude as to make
them clinically acceptable.

• Although the primer has a hydrophilic character, the an-
timicrobial agent in mouthwash form premixed with
primer was clinically unacceptable.

• Application of hydrophilic primer, when different antimicro-
bial agents are mixed, significantly alters the site of failure
during debonding. This may be beneficial in the clinic be-
cause less residual adhesive remains on the tooth surface.
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