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Colonization of dental unit water delivery sys-
tems with microbial biofilms results in treatment
water bacteria levels that range from thousands
to millions of colony-forming units per milliliter,
or CFU/mL.1 These levels stand in stark contrast
to nationally recognized standards set for potable
water of no more than 500 CFU/mL of heterotro-
phic mesophilic bacteria in potable water.2 The
American Dental Association has urged the
dental industry to develop methods of achieving a
goal of fewer than 200 CFU/mL in unfiltered
output water by the year 2000.3 To this end, man-
ufacturers have developed a range of equipment,
materials and procedures designed to improve
dental unit water quality.

Although the use of independent water reser-
voirs can provide water of known microbiological

quality, the treatment water’s quality cannot be
improved without addressing the issue of the
intrinsically contaminated waterlines. Many man-
ufacturers recommend periodically treating
waterline systems with chemical agents and then
flushing the systems with fresh water to elimi-
nate residual chemicals. In an alternative
approach, practitioners can introduce antimicro-
bial agents continuously into the system to reduce
levels of bacteria in dental treatment water.

Agents that have been evaluated or advocated
in both peer-reviewed and non–peer-reviewed
dental publications include chlorine at concentra-
tions ranging from 0.5 to 20 parts per million, or
ppm4-7; chlorhexidine gluconate at concentrations
ranging from 1:50,0006 to 1:5,0008,9; copper ions10;
hydrogen peroxide11; and commercial over-the-
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Background. In response to concerns of bac-
terial biofilm colonization of dental unit waterlines, a
wide range of commercial intermittent and continuous
chemical treatments for dental unit waterlines have
been developed and marketed. There has been little
research on the possible effect of continuous chemical
treatment regimens on dentin-bonding agents. The
authors evaluate the effect of four proposed antimicro-
bial agents used in dental unit waterlines on dentin
bond strength.
Methods. The authors used a fifth-generation
dentin-bonding agent to bond composite cylinders to
molar dentin surfaces. They then used selected antimi-
crobial agents as rinsing agents after conditioning. The
composite cylinders were shear tested, and their frac-

ture strengths were compared statistically.
Results. All proposed antimicrobial agents
reduced dentin bond strength. Proposed waterline
treatment regimens of a diluted mouthrinse and
chlorhexidine significantly reduced dentin bond
strength compared with sodium hypochlorite and citric
acid regimens.
Conclusion. Dental professionals should be
aware of potential interactions between dental unit
waterline antimicrobial agents and dentin-bonding
agents. Further research in this area is warranted, as
the clinical implications are uncertain at this time.
Clinical Implications. Dental unit
waterline antimicrobial agents may adversely affect
dentin bonding strength.
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waterline treatment agents on
dentin bonding has not been
reported in the literature.

The authors conducted a
study to measure dentin bond
strength to prepared tooth spec-
imens by using four chemical
agents developed for the reduc-
tion of bacterial contamination
in dental treatment water.

MATERIALS AND
METHODS

For this study, we selected 60
extracted, noncarious molars
stored in 2 percent formalin. We
removed all soft tissue and dis-
infected the teeth in 5 percent
sodium hypochlorite for 48
hours. The teeth were stored in
room-temperature distilled
water when we were not using
them.

To prepare flat dentin sur-
faces, we removed the occlusal

counter mouthrinses.6,12 The
success of reducing bacterial
CFU levels in dental waterlines
varied with the different chem-
ical protocols, and many studies
focused primarily on their ease
of use in the clinical setting.4-12

Using continuously intro-
duced chemical antimicrobial
agents in waterlines both with
and without flushing the system
with water offers the advantage
of potentially suppressing bac-
terial contamination in coolant
and irrigant water, as well as in
the aerosols generated by
dental rotary and ultrasonic
instruments. If these antimicro-
bial agents are present in
dental treatment water, they
also will be used to cool and irri-
gate tooth surfaces when the
surfaces are being prepared for
adhesive bonding procedures.
The possible effect of these

surfaces of the teeth by sec-
tioning them with a water-
cooled diamond saw. We mount-
ed each tooth in autopoly-
merizing acrylic resin using
cylindrical polytetrafluoroethy-
lene molds that positioned the
prepared dentin surface approx-
imately 2 millimeters above the
end of the resin cylinder. After
the resin had completely poly-
merized, we hand-finished the
dentin surface with wet 400-
and 600-grit silicon carbide
abrasive papers on a polishing
wheel. After the finishing pro-
cess was complete, we used a
stereomicroscope to examine
the teeth at ×8 magnification to
ensure that we had removed all
of the enamel from the bonding
area. We then randomly sepa-
rated the prepared teeth into
five groups of 12 teeth each and
stored them in room-tempera-
ture distilled water before
bonding.

To prepare the dentin sur-
faces for bonding, we dried
them for three seconds with oil-
free, compressed air but avoided
desiccation. We applied a phos-
phoric acid etchant (Scotchbond
Etchant, 3M Dental Products)
to the surfaces for 15 seconds
and then rinsed the etched sur-
faces with 50-mL solutions of
distilled water mixed with one
of the following four waterline
antimicrobial agents: 3-ppm
sodium hypochlorite; a 1:10
dilution of Listerine (Warner-
Lambert) mouthrinse; Bio 2000
(Micrylium Labs), a commer-
cially available chlorhexidine
product; and 0.224 percent of
BioClear (Waggoner Product
Development), a developmental
citric acid product that soon will
be on the market (Table 1). We
used distilled water as the 
control.

We applied each solution
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TABLE 1

GROUP ACTIVE
INGREDIENT(S)

CONCENTRATION

TEST GROUPS.

—

0.12 percent 
chlorhexidine

gluconate, 12.0
percent ethyl 

alcohol

Free chlorine 
(as hypo-

chlorous acid)

Ethyl alcohol,
thymol, 

eucalyptol,
methyl 

salicylate, 
menthol

Citric acid

Distilled Water
(Control) 

Bio 2000
(Micrylium)

Sodium
Hypochlorite

Listerine 
(Warner-
Lambert)

BioClear 
(Waggoner
Product 
Development) 

—

Per manufacturer

Three parts per 
million

1:10 dilution

0.224 percent
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with a 100-mL syringe over a
15-second period.  We deter-
mined our rationale for using 50
mL of rinse solution during a
clinical pilot project we con-
ducted that measured the
volume of water expressed
during a 15-second rinse from a
three-way syringe into a gradu-
ated cylinder. We prepared all
of the solutions according to the
agents’ manufacturers’ recom-
mendations and immediately
blotted excess solution with
cotton, leaving a visibly moist
dentin surface.

To bond the surfaces, we
applied two consecutive coats of
Single Bond adhesive (3M
Dental Products) and dried
them with a gentle stream of air
for five seconds. We used a vis-
ible light-curing unit (Optilux
401, Demetron Research Corpo-
ration) to light-cure the adhe-

sive for 10 seconds. We assessed
the adequacy of the light unit
intensity (600 megawatts per
square centimeter) immediately
before use with a Model 100
curing radiometer (Demetron).

We inserted Z-100 composite
shade A2 (3M Dental Products)
in 2-mm increments into a
cylindrical, 4 mm × 4 mm split
polytetrafluoroethylene mold
held in placed by a positioning
ring over the prepared dentin
surface. Each 2-mm increment
was light-activated for 40 sec-
onds by exposing it to the vis-
ible light-curing unit. After the
final increment was polymer-
ized, we removed the alignment
tube and mold and stored the
specimen in 37 C distilled
water. At 48 hours after we pre-
pared the specimens, we ther-
mocycled them for 500 cycles
between a 5 C and a 55 C water

bath. The dwelling time for each
water bath was 30 seconds, and
the transfer time was 10 
seconds.

At seven days after the speci-
mens were bonded, we per-
formed a shear test by using a
perforated steel ring attached
by a chain to a universal testing
machine (series 1000, Tinius
Olsen). The specimens were
loaded to failure at a crosshead
speed of 0.5 mm/minute. After
shear bond strength testing, we
examined the specimens with a
stereomicroscope at ×8 magnifi-
cation to determine the failure
mode between the dentin-
bonding agent and the dentin.
We recorded failures as adhe-
sive (those that occurred
between the dentin-bonding
agent and the dentin), cohesive
(those that occurred within the
dentin) or mixed (those that
were a combination of adhesive
and cohesive). We used analysis
of variance, or ANOVA, and
Scheffé post hoc tests to com-
pare the bond-strength data and
to determine whether there
were significant differences
between the various waterline
disinfectant solutions at the 
P < .05 significance level.

RESULTS

Table 2 gives the mean shear
dentin bond strengths of the
test groups. The ANOVA
revealed a significant difference
between groups (P = .009). The
Bio 2000 and the Listerine
groups had significantly lower
bond-strength values than did
the distilled water, sodium
hypochlorite or BioClear groups.

When we analyzed the mode
of failure, we found that all of
the failures in the distilled
water and sodium hypochlorite
groups were cohesive failures
within the dentin. The Bio 2000
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TABLE 2

GROUP MEAN SHEAR BOND STRENGTH ± STANDARD
DEVIATION (MPa*)

TESTED ANTIMICROBIAL AGENTS’ MEAN SHEAR
DENTIN BOND STRENGTHS.

* MPa: Megapascal.
† Vertical lines connect nonsignificant differences at the P < .05 level.

Distilled
Water 
(Control)

Sodium
Hypochlorite

BioClear
(Waggoner
Product
Development)

Listerine
(Warner-
Lambert)

Bio 2000
(Micrylium)

22.59 ± 8.93        †

18.13 ± 6.65

15.32 ± 8.95

13.00 ± 6.84

12.96 ± 4.01
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and Listerine groups had adhe-
sive failures wholly at the adhe-
sive-dentin interface. The
modes of failure in the BioClear
group were mixed, being both
cohesive dentin failure and
adhesive interfacial failure.

DISCUSSION

Chemical agents have been
investigated for their potential
efficacy in controlling or elimi-
nating biofilm formation in
dental water systems.4-12 Anti-
biofilm agents inactivate biofilm
organisms (germicides) or cause
detachment of the biofilm
matrix (cleaners). Some germi-
cidal agents also may produce
biofilm detachment.13

Antibiofilm agents can be
applied in two basic ways: by
periodic treatment that uses
high concentrations of an agent,
usually a germicidal agent, or
by continuous application at
lower, and presumably biocom-
patible, concentrations. In some
cases, the same agent can be
used at different concentrations
for periodic and continuous
treatment. Agents that have
been tested for use in periodic
and continuous treatment at
different concentrations include
sodium hypochlorite,3-6 hydro-
gen peroxide,11 metallic ions,10

chlorhexidine gluconate8,9 and
commercial mouthrinses.6,12

Taylor and colleagues14

reported that dental unit water-
line antimicrobial agents
reduced enamel bond strengths
and theorized that dentin bond
strengths would be affected as
well. Our current study investi-
gated the effect of four proposed
dental unit waterline antimicro-
bial agents—sodium hypochlo-
rite, Listerine, Bio 2000, Bio-
Clear—and a control—distilled
water—on dentin bond strength
using a fifth-generation dentin-

bonding agent. Under the condi-
tions of this evaluation, all four
waterline antimicrobial agents
affected shear dentin bond
strength, with Bio 2000 and Lis-
terine demonstrating signifi-
cantly lower (P < .05) bond
strengths than the control or
other two antimicrobial agents
evaluated.

We do not know the explana-
tion for this study’s results. In a
bonding study, sodium hypo-
chlorite primarily was used to
remove dentinal collagen that
showed either no effect on
dentin bond strength or an
increase.15 The use of chlorhexi-
dine as a preparation disinfec-
tant or cavity cleanser has been
reported not to affect bond
strength when used with All
Bond-2 (Bisco Dental Prod-
ucts)16 and Tenure (DenMat
Corp.).17 Chlorhexidine has been
reported to have adversely
affected the bond strength of
Syntac (Ivoclar North
America),17 and it is associated
with increased microleakage
when used with Syntac18,19 and
with Prime & Bond 2.0 (L.D.
Caulk Dentsply).19 Any theories
concerning the interactions of
chlorhexidine, mouthwash
ingredients and citric acid with
either the conditioned dentin
surface or the dentin-bonding
agent used in our study are
speculative and deserve further
investigation.

One factor that may have
contributed to some of the
observed effects in our study is
the presence of essential oils
that are used as flavoring
agents in Bio 2000 and as active
ingredients in Listerine. The
Bio 2000 package includes
printed instructions that advise
users to rinse dentin and
enamel surfaces with distilled
water before applying bonding

agents; these instructions, how-
ever, are not printed on the out-
side of the package. Following
this procedure may help elimi-
nate residual oils or other sur-
face contaminants and improve
bond strengths.

Another factor that could be
investigated in the future is the
relative acidity of all potential
acidic solutions and their pos-
sible interaction with the condi-
tioned dentin. Since we de-
signed this study only to
evaluate waterline antimicro-
bial agents’ possible effects on
dentin bond strength, future
studies could be designed to
investigate our current specula-
tive but relevant concerns.

When we prepared the speci-
mens using standard dentin
bonding study methods, we irri-
gated the diamond saw used to
section the teeth with distilled
water rather than with the
antimicrobial agent solutions.
This may have affected our
results. Future investigators
may want to prepare the dentin
or enamel surfaces with the
experimental antimicrobial
solutions to more closely repli-
cate clinical conditions.

Another observation of
interest is that the specimens
exhibited varying degrees of
adhesive and cohesive failure
within the dentin or composite.
From the standpoint of pre-
dicting the clinical significance
of these data, this may be of
greater importance than the
actual measurements of shear
bond strength—especially if a
simple standardized test for the
effects of waterline treatment
solutions is to be developed.

CONCLUSION

Dental unit waterline antimi-
crobial agents have the poten-
tial to affect dentin bond
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strengths when continuously
introduced in dental treatment
water. Under the conditions of
this study, all of the tested
dental unit waterline antimicro-
bial solutions reduced dentin
shear bond strength. Diluted
Listerine mouthwash and Bio
2000 produced a significantly
greater reduction in dentin
bond strength than did Bio-
Clear, a distilled water control
or a comparable sodium
hypochlorite solution. All of the
failures with the latter two
materials were cohesive within
the dentin and suggest possible
clinical significance.

To obtain optimal results,
clinicians should conscien-
tiously follow the manufac-
turers’ instructions when using
antimicrobial solutions and
dentin-bonding agents. As new
products intended to improve
the quality of dental treatment
water enter the marketplace,
there may be strong incentives
to develop standardized test
methods to evaluate the pos-
sible effects on adhesive dental
materials. ■

The opinions
expressed in this
article are those of
the authors and do
not reflect the official
opinions or position of
the United States Air
Force or the Depart-
ment of Defense.
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