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In Vitro Inhibition
of Bacterial Growth
Using Different Dental
Adhesive Systems

R Walter ® WR Duarte ® PNR Pereira
HO Heymann * EJ Swift Jr ® RR Arnold

Clinical Relevance

All materials tested, especially iBond, have a potential long-term antibacterial effect against the

oral bacteria tested.

SUMMARY

Objectives: This study evaluated the antibacteri-
al potential of four different adhesive systems.

*Ricardo Walter, DDS, MS, assistant professor, Department of
Operative Dentistry, The University of North Carolina at
Chapel Hill, Chapel Hill, NC, USA

Wagner R Duarte, DDS, PhD, assistant professor, Department of
Periodontology, Dental Research Center, The University of
North Carolina at Chapel Hill, Chapel Hill, NC, USA

Patricia NR Pereira, DDS, PhD, assistant professor, Department
of Operative Dentistry, Dental Research Center, The University
of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Harald O Heymann, DDS, MEd, professor, Department of
Operative Dentistry, The University of North Carolina at
Chapel Hill, Chapel Hill, NC, USA

Edward J Swift Jr, DDS, MS, professor, Department of
Operative Dentistry, The University of North Carolina at
Chapel Hill, Chapel Hill, NC, USA

Roland R Arnold, PhD, professor, Department of Diagnostic
Sciences & General Dentistry, Dental Research Center, The
University of North Carolina at Chapel Hill, Chapel Hill, NC,
USA

*Reprint request: Manning Drive & Columbia Street, CB #7450,
Chapel Hill, NC 27599-7450, USA; e-mail: rick_walter@
dentistry.unc.edu

DOI: 10.2341/06-115

Methods & Materials: Gluma Comfort Bond +
Desensitizer, Gluma Comfort Bond, iBond and
One-Up Bond F were tested against
Streptococcus mutans, Streptococcus sobrinus,
Lactobacillus acidophilus and Actinomyces visco-
sus. The inhibition of growth by calibrated
preparations was quantified by the measurement
of zones of inhibition on bacterial lawns.
Bactericidal activity was determined as reduc-
tions in recoverable colony-forming units in bac-
terial suspensions exposed to test preparations.
Results: All the preparations exhibited
detectable zones of inhibition for all target bac-
teria through six months. When the bactericidal
action was evaluated, all the materials were able
to kill all the tested bacteria when tested imme-
diately after polymerization. After one week of
aging, iBond was the only material that contin-
ued to kill all of the test strains.

INTRODUCTION

Bacteria present in the oral cavity might lead to unde-
sired outcomes, such as caries development.! Once a
carious lesion is established, caries removal and an ade-
quate cavity preparation are required as part of the
restorative treatment. To overcome residual caries and
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reduce the possibility of cariogenic bacteria from being
left in the cavity preparation, caries disclosing dyes
have become available to guide the clinician in the
removal of involved tissue. It has been suggested, how-
ever, that this method is not precise and might result in
either under or over preparation of the tooth structure.*

In addition to residual caries, the prevention of sec-
ondary caries development remains a challenge for
dentists. It is estimated that approximately half of the
restorations placed by dentists are replacements, with
secondary caries being the most frequent cause of
restoration failure.®® Secondary caries has been
described as a lesion located at the margin of an exist-
ing restoration, while the relationship between mar-
ginal integrity and secondary caries is not entirely
clear.’ Likewise, little is known about the microbial eti-
ology of this disease.” It seems that bacteria similar to
that found in primary caries might also be responsible
for secondary caries development.’

Considering that no consistent method to eliminate
residual bacteria and prevent secondary caries forma-
tion is currently available, the antibacterial potential of
current adhesive systems is of great importance. Until
the development of self-etching adhesive systems, the
phosphoric acid treatment prior to adhesive application
was responsible for eliminating the remaining bacteria
in the cavity preparation." However, recent adhesive
systems do not require a total-etch step with phosphor-
ic acid, so that cavity disinfection is dependent on the
constituent components of the self-etch adhesives
themselves. A recent review has assessed the antibac-
terial properties of bonding agents, with glutaralde-
hyde and 12-methacryloyloxydodecylpyridinium bro-
mide (MDPB) being cited as possible antibacterial com-
ponents contained in the current systems."

Glutaraldehyde was introduced in 1984 as a possible
dentin adhesion promoter for bonding systems.* It has
since been used as part of the composition of different
adhesive systems. In addition to playing a possible role
in the bonding of restorative materials to tooth struc-
ture, glutaraldehyde-containing adhesive systems are
likely to be antibacterial. Several studies have demon-
strated an antimicrobial effect of glurataldehyde-con-

taining bonding agents against oral bacteria.'**"
However, these studies have only investigated the
effects of glutaraldehyde-containing adhesive systems
shortly after polymerization.

The current study investigated retention of the anti-
bacterial activities of different adhesive systems
against standard oral bacteria, following polymeriza-
tion over time. The null hypothesis tested was that
these adhesive systems do not have long-term antibac-
terial potential.

METHODS AND MATERIALS

Four dental adhesives were used in this study: Gluma
Comfort Bond + Desensitizer (GL+) and Gluma
Comfort Bond (GL), both of which are adhesives used
with a total-etch technique; and iBond (iB) and One-Up
Bond F (OUB), both of which are self-etching adhesive
agents (Table 1). GL and GL+ differ due to glutaralde-
hyde being found in the latter. The same component is
found in the composition of iB, while OUB contains flu-
oride.

Each bonding system was applied to 6.5 mm paper
disks (Becton Dickinson and Company, Sparks, MD,
USA) as follows: a drop of the material (26-33 nlL,
depending on the adhesive dropper) was placed on a
disk using the respective dropper. The solvents and
excess material were then removed by blowing air,
using an air-syringe at a distance of about 5 mm for
approximately 10 seconds. The adhesives on all the
disks were light-cured for 20 seconds on each side at a
distance of approximately 2 mm using an Optilux 501
unit (Kerr Corp, Orange, CA, USA) with an output of
700mW/cm?. Blank disks (no material applied) were
used as controls.

Inhibition Zones Assay

Four species of bacteria were used: Streptococcus
mautans strain ATCC 10449 (serotype c¢), Streptococcus
sobrinus strain NCTC 6715 (serotype d/g),
Lactobacillus acidophilus strain ATCC 4356 and
Actinomyces viscosus strain ATCC 43146. The stock
cultures were stored in aliquots in skim milk at —80°C.
Inocula from those stock cultures were cultivated in

Table 1: Materials Compositions, Manufacturers and Batch Numbers
Material Manufacturer Composition Batch #
Gluma Comfort Bond+ Heraeus Kulzer Inc, 4-META, HEMA, UDMA, maleic 020047
Desensitizer (GL+) Hanau, Germany acid, polycarboxylic acid ester,
glutaraldehyde, ethanol, water, CQ
Gluma Comfort Bond Heraeus Kulzer Inc, 4-META, HEMA, UDMA, maleic 010048
(GL) Hanau, Germany acid, polycarboxylic acid ester,
ethanol, water, CQ
iBond Heraeus Kulzer Inc, 4-META, UDMA, glutaraldehyde, 010047
(iB) Hanau, Germany acetone, water, CQ
One-Up Bond F Tokuyama Corp, Methacrylate, water, fluoroaluminosilicate 042 (liquid A),
(OUB) Tokyo, Japan glass filler 5391 (liquid B)
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Wilkins-Chalgren Anaerobic (W-C) broth (Oxoid Ltd,
Basingstoke, Hampshire, UK) in an atmosphere of 5%
COy/10% Hy/85% N, (Coy anaerobic chamber, Coy
Laboratory Products Inc, Ann Arbor, MI, USA) after
being screened by Gram-staining to confirm purity. The
bacteria also were cultivated on sheep blood agar plates
for the analysis of colony morphology and confirmation
of purity. Loopful inoculations of S mutans, S sobrinus,
L acidophilus and A viscosus were transferred to 10 ml
of appropriate broth and incubated at 37°C under
anaerobic conditions. Bacterial suspensions were pre-
pared to 0.5 MacFarland standard.® Equal aliquots of
the W-C broth were then added to each bacterial inocu-
lation and 200 ul was taken and spread-plated using a
“hockey stick” and turntable to ensure confluent bacte-
rial distribution on the plates.

The specimens were immediately placed on freshly
inoculated agar plates to provide initial values, or they
were stored in the dark, submersed in distilled water
(approximately 7 ml) at 37°C and placed on freshly
inoculated spread plates after 24 hours, one
week, one month, three months and six months of
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plates were incubated for 48 hours at 37°C. The num-
ber of recovered viable bacteria was then determined
by counting the colonies of countable dilutions (dilu-
tions yielding 30 to 300 CFU per plate) and the recov-
erable CFU/ml of the original suspension was calculat-
ed. A 100-fold reduction in recoverable CFU/ml, when
compared to that with blank disks, was interpreted as
significant killing. Besides one-hour specimens, poly-
merized samples were stored for one day and one week
prior to testing. This experiment was performed in trip-
licate.

Each of the four test materials was treated in the
same manner and compared with that from the blank
disks for recoverable CFU as described above.

RESULTS

Figures 1 through 4 show the measurements of the
inhibition zones for the adhesive systems tested accord-
ing to the different bacteria. Most of the diffusible activ-
ities of GL and GL+ were lost one day after curing.

storage. Each plate contained five disks: one disk
of each adhesive group and a blank disk. The
plates were anaerobically incubated for 48 hours | 14.0
at 37°C. This assay was performed twice in trip- | 12.0
licate, totaling six specimens per subgroup. The | 1499
diameter of the zone of inhibition of bacterial a0
growth around the disks was measured using a )

caliper. This approach was designed to emulate G
the standard Kirby-Bauer test used to test 4.0
antimicrobial susceptibility,”® a standard method 2.0
currently recommended by the National 0.0
Committee for Clinical Laboratory Standards.® If
a zone of inhibition was not evident around the
disk, it was removed to determine whether there
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was growth under the disk. If inhibition was evi-
dent under the disk, this outcome was recorded
as a qualitative observation, indicating retention
of antibacterial activity on the surface, however,

Figure 1: Inhibition zones measurements of iB, GL, GL+ and OUB against S mutans.

it was not meant to be interpreted as a 6.5 mm

diffusion zone. 16.0
Bactericidal Activity 1‘21-2
12.

Cultures of each bacteria were adjusted to 1.0 x
10° colony forming units (CFU) ml' (as deter-
mined by Aggm compared to a standard curve)in | 80
sterile 20 mmol potassium phosphate buffered 6.0
saline (PBS, pH 6.8), and 100 ul of this suspen- 4.0
sion was placed on the surface of the cured adhe- 20
sive specimen or a blank disk. After incubation at
37°C for one hour, the suspension was diluted by
adding 100 ul of PBS. The bacteria were recov-
ered by vigorously shaking the inoculum using a
vortex mixer. The recovered bacteria suspension
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was serially (10-fold) diluted with PBS and
spread plated (100 ul) onto W-C agar plates. The

Figure 2: Inhibition zones measurements of iB, GL, GL+ and OUB against S Sobrinus.
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Figure 3: Inhibition zones measurements of iB, GL, GL+ and OUB against L acidophilus.
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Figure 4: Inhibition zones measurements of iB, GL, GL+ and OUB against A Viscosus.

OUB showed diffusible inhibition of growth of all
target strains at each of the test times through six
months. The inhibition of bacterial growth noted
with iB, especially against mutans streptococci,
tended to be greater than the inhibition recorded
for GL and GL+. When no diffusible inhibition
was detected, the disks were lifted and the
absence of lawn growth was noted. All materials
tested inhibited development of the bacterial
lawn immediately under the disk even when aged
up to six months prior to testing. These observa-
tions are consistent with the surface retention of
antimicrobial activities but should not be inter-
preted as other than qualitative evidence of activ-
ity. No inhibition of bacterial growth was present
under the control blank disks with any of the bac-
terial lawns.

Results of the bactericidal assay showed that all
the tested materials were capable of killing the
test strains at the initial time. OUB killed
mutans streptococci up to one day of aging. iB
was the only adhesive system tested that was
able to kill all the bacteria through at least one
week of aging. Considering the variation in bacte-
rial concentration presented among the controls
and, therefore, the sensitivity of the test, no dif-
ference in activity could be determined among
GL, GL+ and OUB. A minimal difference of 100-
fold was set a priori as a significant biological dif-
ference in activity when compared to the controls,
which was not presented at any time (Tables 2-5).

DISCUSSION

The assays revealed differences among the
adhesives in terms of diffusability of their
growth inhibiting properties and their bacte-

Table 2: CFU ml" of S mutans Counting After Direct Bacterial Killing Assay

ricidal effects against the different target

bacteria, especially after storage.

The two Gluma products lost bactericidal

activity and diffusible activity after one day

of aging, and their activities were equivalent

despite their differences in glutaraldehyde

Initial 1 Day 1 Week
Control 8x10* 4x10° 4x10°
GL 0 8x10° 2.4x10°
GL+ 0 2x10° 4x10°
iB 0 0 0
ouB 0 0 1.2x10°

content. To date, no study reported in the lit-

erature has used two products with the same
composition, except for the presence of glu-

Table 3: CFU ml" of S sobrinus Counting After Direct Bacterial Killing Assay

taraldehyde to test its effect as part of the

material composition. The lack of difference

in antibacterial activity between those two

products suggests that glutaraldehyde,

which is a known disinfecting agent, might

exhibit a transient antimicrobial effect, or its

Initial 1 Day 1 Week
Control 8x10° 1.2x10° 2x10°
GL 0 4x10* 4x10°
GL+ 0 6x10* 4x10*
iB 0 0 0
ouB 0 0 1.2x10°

effect might later be suppressed by other
components of GL+ after polymerization and

aging. On the other hand, iB, which also con-
tains glutaraldehyde but in a different for-
mulation, showed a tendency to inhibit
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Table 4: CFU ml" of L acidophilus Counting After Direct Bacterial Killing Assay

showed that all materials were able to inhib-

it bacterial growth in contact and, in some

cases, away from the disks, the second exper-
iment showed that the materials were also

able to kill the bacteria.

Based on the overall data evaluated from

Initial 1 Day 1 Week
Control 4x10° 8x10° 4x10°
GL 4x10? 3.2x107 4x107
GL+ 0 1.2x10° 2.4x10°
iB 0 0 0
ouB 0 2.8x10° 8x10°

the inhibition zones assay, it can be speculat-
ed that the materials tested might be able to

keep the tested bacteria and, consequently,

Table 5: CFU mt'" of A viscosus Counting After Direct Bacterial Killing Assay

their end products away from clinically

placed restorations. Bacterial binding to the

tooth/restoration interface or leakage

through a marginal gap might not occur for a
specific period of time when using these

materials.

Equally important is the effect that the

Initial 1 Day 1 Week
Control 4x10° 2.4x10° 1.2x107
GL 0 1.2x107 4x107
GL+ 0 8x10° 4x10°
iB 0 0 0
ouB 0 2.8x10° 8x10°

tested materials have on residual bacteria

mutans streptococci better than GL+ and retained its
bactericidal activity against all the tested strains
through at least one week of aging. Differences between
the compositions of iB and GL+ might have influenced
the effect glutaraldehyde had against the tested
bacteria.

The fluoride-containing product (OUB) showed potent
diffusible antimicrobial activity against the mutans
streptococci through at least six months of aging and
lost its bactericidal activity after one week of aging. A
recent study demonstrated the short-term antibacteri-
al effects of OUB against oral bacteria.*® It was sug-
gested that this effect of OUB against bacteria was
probably related to the low pH of the material. The data
of the current investigation suggest that factors, such
as fluoride content in OUB formulation, other than low
pH, make up the differential. Among the selected bac-
teria, L acidophilus is the most resistant bacterium to
acidic environments and A viscosus is the least resist-
ant. Since OUB had a similar effect against both bacte-
ria, no direct correlation between pH and the present-
ed antibacterial activity should be made. On the other
hand, fluoride contained in the composition of OUB
might have been the component responsible for this
bactericidal effect up to one day, especially for its well-
known effect against mutans streptococci. Regardless
of the component responsible for this material activity,
its ability to kill bacteria was lost sometime between
one day and one week. From that point, the material
was still able to inhibit bacterial growth according to
the first assay. Moreover, the agar plate is a buffering
environment that should minimize the effect of a low
pH.

It is important to emphasize that the inhibition of the
bacterial growth assay was complemented by the bac-
tericidal experiment that showed the mechanism of
action of these products. While the first experiment

left in the preparation prior to the restorative

procedure per se. In a clinical scenario, the
materials are freshly applied to a cavity preparation
that might contain some residual bacteria, then light-
cured before the restoration is placed. To test the effect
that the materials have on bacteria in contact with and
away from the surface, a direct bacterial killing assay
was performed. This assay was designed to determine
how much killing of bacteria would occur within one
hour. It is important to emphasize that this assay was
done to determine the mechanism of action of the mate-
rials and, as in the previous assay, it was not checked
for any effect of the materials on the metabolism of the
bacteria.

Lastly, there are a few issues that have to be noted as
limitations of the assay. First, the interactions that the
adhesive components have with dentin, which might
affect their possible antibacterial effect, are not well
understood. When adhesive materials are tested after
being applied to dentin, an increase or a decrease in
antibacterial effect has been shown.?* Second, the
inhibitory properties of solid materials placed on agar
plates are dependent upon the hydrophilicity of the
material. The diffusion coefficient in agar gel and the
ability of the material to wet the agar surface might not
correspond to what occurs clinically.? Finally, different
amounts of the adhesive systems remained in the disks
after removing the excess material (data not shown).
Twice as much material was found in the OUB disks
than in their counterparts, all of which have similar
droppers. These differences should be considered if
comparisons among materials are made.

CONCLUSIONS

These assays revealed potentially important differ-
ences in the antimicrobial properties of distinct formu-
lations of dental adhesives. It was demonstrated that
the tested materials have a potential antibacterial
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effect against representative strains of oral plaque bac-
teria with cariogenic potential. This effect was demon-
strated to be long-lasting in an in vitro simulation.
Further studies need to be performed to clarify the
action that glutaraldehyde has on the metabolism of
cariogenic oral bacteria.
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