
~;;.-

A B S TRACT

This article describes a pilot

study in which the authors used

aerobic bacterial cultures to

compare the effects of 1:10

mouthwash, 1 :20 mouthwash

and 2 percent ethanol in reser-

voir systems with seven conven-

tional water systems. The long-

term, low-concentration

antiseptic reduced bacteria to

within acceptable limits.
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0 n recent years, concerns have been raised about microbial
growth in slow-moving waterlines such as those in dental offices. In
spite of little documented evidence of disease, the dental profession
is understandably interested in preventing any problems that
might arise in this area.l Dentistry aims to ensure total safety in
the dental office, especially as dental patients' immune systems
tend to become less vigorous overall because of- increases in the number of dentulous elderly patients;- the number of patients taking immunosuppressant drugs;- the incidence of immunocompromising diseases.

Antiretraction valves in dental waterline~and autoclaved hand-
pieces have limited the problems of contamination from one patient
to another, yet there has never been any attempt by public health
agencies to provide bacteria-free tap water. The current problem
arises from aerobic microorganisms that form a mat of live and
dead cells-a biofilm-that adheres to the walls of dental tubing,
where the low water-flow rate enhances their growth. Apparently
these organisms come from tap water.2 Biofilms are generally com-
posed of numerous species of bacteria. Current ADArecommenda-
tions call for flushing waterlines between patient visits to help dis-
lodge organisms, as well as for the use of sterile water during
dental surgery.3 Use of in-line water filters to trap bacteria is being
researched as another means of protecting patients..

An alternative to using water directly from municipal supplies is
the independent (self-contained) water system, available from sev-
eral dental manufacturers. Low-concentration antibacterial agents
in such independent water reservoirs have potential as a means of
reducing the bacteria that reach patients. The senior author used a
1:10 dilution of Scope mouthwash (Procter & Gamble) in distilled
water in two independent reservoir systems from the time the units
were new until 42 months later. Periodic culture tests consistently
showed no bacterial growth.. The pilot study described here com-
pares bacterial growth in these independent systems with growth
in other dental offices using a conventional municipal chlorinated
water supply or private wells, with and without chlorine.
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MIXING ANTIBACTERIAL AGENTS FOR USE
IN A 2-LITER RESERVOIR SYSTEM

1:10 Scope Fro:l:n. Co:l:n.ID.ercia.l So"U.rce

One part Scope to 10 parts distilled vvater
180 xnL Scope to 1,800 xnL distilled vvater .
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MATERIALS AND
METHODS

The study compared water sup-
plies in seven dental officesvs.
independent water reservoir
systems containing three differ-
ent low-concentration antibacte-
rial agents. A 1:10 dilution of
Scope was used in the two inde-
pendent reservoirs from the
time they were new till 3%years
later. Either 1:20 Scope or 2 per-
cent ethanol (which approxi-
mates 1:10 Scope in alcohol con-
tent) was used for 2 weeks
before testing. We made 1:10
mouthwash by adding 55 milli-
liters of concentrated Scope to
1,945 mL of distilled water, and
2 liters of 2 percent ethanol by
mixing 42 mL of 95 percent
ethanol with 1,958 mL distilled
water (Box,"Mixing Antibac-
terial Agents for Use in a 2-Liter
Reservoir System").

Water from dental hand-
pieces sterilized by biotested
autoclaves was run for 10 sec-
onds into sterile aerobic brain-
heart infusion, or BHI, broth
culture tubes (Carolina
Biologicals). BHI was chosen
because it supports growth of a
wide variety of microorganisms.
We obtained two samples per
day for 4 days. Samples were
obtained before patient care

'

I

began each morr..mg, followed
by a repeat sample at midmorn-
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ing. We determined microbial
growth by observing the medi-
um's turbidity after 48 hours of
incubation at 34 C. This tem-
perature was used because it is
more conducive than room tem-
perature (22 C) to the growth of

I

Low-concenuafion

antibacterial agents
in independent water
resenloirs halle po-
tential as a means 01
reducing the bacteria
that reach patients.

organisms pathogenic to pa-
tients. The results are shown in
Table 1. We assessed the accu-
racy of the 2-day incubation by
conducting 4-day incubation at
34 C on a second series of sam-
ples from systems in which few
positives were found (Table 2).

We used Millipore HPC Total
Count Samplers (Millipore
Corp.) to count viable colonies
(colony-forming units, or CFU),
according to the method de-
scribed by the manufacturer.
Before filling the sample, we
added 0.10 mL of 10 percent
sodium thiosulfate to 100 mL of
handpiece water to inactivate
the chlorine added by the water
supplier. Eighteen milliliters of

..
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water was placed in the sterile
sampler case, and the paddle
containing dehydrated media
beneath a 0.45-micrometer
Millipore filter was immersed in
the filled case for 30 seconds.
The measured amount of media

in the paddle allowed absorp-
tion of 1 mL of sample through
the filter. Because the colonies

grew directly on the filter mem-
brane using the media immedi-
ately adjacent, it was possible
to determine the number of
CFU per mL. The water re-
maining in the case was dis-
carded before the sample under-
went stereoscopic microscopy at
x10 magnification. As a control,
we tested distilled water ob-

tained from a local drugstore by
adding 1 mL to BHI culture
tubes, incubating it for 4 days
and testing it with the Millipore
HPC Sampler as described
above.

Water samples taken from the
handpiece and from the tap were
given numerical codes and ana-
lyzed for chlorine by standard
municipal laboratory tests.
Antiretraction valves were
challenged by running a sterile
high-speed handpiece partially
submerged in a solution of
methylene blue (0.2 mL in 10 mL
tap water) for 30 seconds. The
airflow/water flow was stopped
abruptly several times without
moving the handpiece. No inop-
erative valves were used as con-
trols. The handpiece was then re-
moved from the tubing and air
and water were sprayed from the
handpiece connector onto a white
towel. Presence of blue dye on
the towel was interpreted as fail-
ure of the antiretraction valve.

We measured the water flow
through the dental handpiece for
1 minute to determine any corre-

.

I

lation between flow rate and in-
cidence of positive cultures.
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Scanning electron microscopy
was used to examine the reser-
voir and handpiece tubing.

In a follow-up study, an inde-
pendent reservoir was installed
in offic~ no. seven to replace a
conventional water system.

ISupply lines to the dental unit

were new, but lines within the
unit and handpiece lines were
not replaced. In this instance,
1:10 Cepacol (J.B. Williams Co.)
was used in the reservoir for 1

week, followed by 1:10 Scope.
Samples were taken after one,

Ifour and eight cycles of hyper-

chlorination with 1:10 Chlorox
(Chlorox Co.) in the reservoir
bottle, run through the lines
until chlorine odor was detected,
and left for 10 minutes before
flushing with water until the
chlorine odor was undetectable.

I The results are shown in Table 2.
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No.1 I No. 10
1:20

Scope
2-Day Microbial
Growth in BHI
Broth

Day A No. 1+ + + - - + - +

No. 2T + + - + + - +

DayB No.1 + + - - + - +
No.2 + + - - +

DayC No.1 + + - +
No.2 - + -

+
DayDNo.1 + + - .+ -

+
No.2 + + - + + +

+

Chlorine Samples
(ppm-100 mL)
Handpiece N/A

Tap VlTater N/A

Dye Test of
Antiretraction

Flow Rate at
Handpiece
(mLlmin.) 29.0 27.0

Millipore Colony
Count (CFU/mL)* TNTC§I TNTC I 11 ITNTC ITNTC I 480 ITNTC I 0 I 0 I 0

Routine Flush
of Waterlines +/- - + I + I +' I +

Water Source I S p C I C C C C I I I I
S: S:rnall VlTater
syste:rn VlTith
cholorinator

P: Private VlTell,
no chlorinator

C: City VlTater

I: Independent
reservoir

I

* No.1: Initial morning sample after flushing of waterline, taken before patient treatment.
t No.2: Midmorqing sample after use of handpiece lines and flushing of waterline.
:j:Millipore samplers incubated for 4 days, unless multiple colonies were observed after 2 days' incubation.
§ TNTC: Too numerous to count.

i
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TABLE 2

DayE .""

No. 1, "...~'.S..
(Preoperative)

~~~~i
~f'ri'~.f;;t~li~!1~%'~~":i}
(Preoperative)

No.2
(Michnorning) +

+ +

.r('

'-

=-,~~

+ + +

+

"

+

. Two weeks after new system with Cepacol1:l0 (after one hyperchlorination with 1:10 Chlorox for 10 min.
t Four weeks after new system with change to Scope 1:10 (after four hyperchlorinations with 1:10 Chlorox),
:j:. Six weeks after new system with Scope 1:10 (after eighthyperchlorinations with 1:10 Chlorox).
§ No.8: 2 percent ethanol.. ..' " . . ... , . '. .
.. No. 10:Scope1:20. . ... , ..

In another follow-up study,
we evaluated the effect of anti-
septic action in the culture
medium by using eight 10-fold
dilutions oflog phase growth
(mildly turbid) cultures from
three conventional-system offices
that were incubated for 36 hours
at 34 C and pooled immediately
before inoculation. One-half-
milliliter aliquots of these in-
creasingly dilute bacteria sources
were compared with equal-vol-
ume samples from the dental
handpiece reservoir systems. We
used 1.0 mL of 2 percent ethanol,
1:10 Scope, 1:10 Cepacol and
sterile water with each dilution,
while sterile water served as a
control. Additionally, we used 1.0
mL of handpiece eftluvium from
the original reservoir systems
containing 2 percent ethanol or
1:10 Scope to determine any
presence of viable bacteria in the
reservoirs. Table 3 illustrates
that some ingredient beyond 2
percent ethanol (contained in
Scope and Cepacol) appears to be
the effective ingredient.

i We then neutralized antisep-
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tic action by use of Lethe en
broth (Carr-Scarborough),
which deactivates quaternary
ammonium compounds, pheno-
lic disinfectants and ethanol by
action of lecithin and polysor-

. bate-80.s BHI was used as a con-
trol. These cultures were incu-
bated at 35 C for 4 days, then at
22 C (room temperature) for 4
additional days. The results are
shown in Table 4.

RESULTS

Two-day incubation of culture
from conventional water sup-
plies showed positive results;
with the exception of cultures
from office no. three. Four-day
incubation resulted in 75 per-
cent positivity of the conven-
tional systems, which did not
show turbidity after 2-day incu-
bation. All disinfectant-inde-
pendent reservoir systems
yielded negative growth after
2- and 4-day incubations
(Tables l' and 2). This was con-
firmed by Millipore colony

Icounts of zero for the antiseptic

"

reservoir systems after 4-day in-
cubation. Cultures of distilled
water showed no growth, and no
colonies grew on Millipore sam-
plers. Only one Millipore colony
count for the conventional water

supply was below the recom-
mended maximum.

Handpiece water chlorine
levels were generally slightly
lower than the chlorine concen-
tration at the tap, but they were
within the acceptable range for
municipal systems. Antiretrac-
tion valves all functioned prop-
erly. Low flow rates through the
handpiece correlated with lower
Millipore colony counts and
with negative 2-day cultures.
Routine flushing of waterlines
did not correlate with either low
bacterial counts or negative cul-
tures. SEM studies of indepen-
dent reservoir systems with dis-
infectant showed no biofilm in
the reservoir pick-up tubes or in
hanqpiece lines.

Hyperchlorination of a con-
ventional system converted to an
independent reservoir in office

I no. seven did not yield bacteria-

J
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TABLE 3
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free water, even with 6 weeks of
dilute mouthwash usage. Three
additional hyperchlorinations
performed before weekend shut-
down showed reduction ofposi-
tive 4-day cultures from 100 to
50 percent.

Table 3 shows suppression of
bacterial growth by dilute Scope
and dilute Cepacol in BIll, but no
suppression by 2 percent ethanol
alone, even in the presence of .

large numbers of bacteria. When
Letheen broth inactivated the
mouthwash antiseptics, even di-
luted bacterial inocula caused

turbidity of cultures (Table 4). In
both BIll and Letheen media,
samples from reservoir systems
showed no growth.

DISCUSSION

Using dilute mouthwash or
equivalent ethanol in indepen-
dent reseryoirs appears to be
an efficient and easy method of
ensuring safe water for dental
treatment. This system in-
volves some expense in terms of
equipment and solution pur-
chase and periodic testing for
bacteria and function of the an-
tiretrflction valve.

However, this method saves
some time in that flushing ap-
pears unnecessary to maintain

.' . .

safe water at the handpiece.
Our results-consistently nega-
tive cultures for more than
3 years":"':"makeroutine flushing
appear unnecessary. .

While no single culture
method discloses all bacteria,
the screening techniques used
here are likely to grow most
aerobic microbes. In spite of the

I

Our resu/fs-colJsis-

fently negatill~ cul-
tures for more than
3 years-make rou-
tine flushing appear
unnecessary.

prevalence of anaerobes in
many dental infections, anaero-
bic culture techniques were not
warranted due to the high oxy-
gen levels in water. Apparently,
2-day incubation is inadequate
for accurate results; 4-day incu-
bation appears better.

The water in office no. three
was the only conventional water
source within the acceptable
limit of 200 CFU/mL.3Two-day
cultures from this officewere
negative. The reason may be
the small size ofinnoculum due

I to the low flow rate (10 sec.

-,
..

sampling x 5.5 mUmin. =0.9
mL). In office no. six, where the
flow rate was low (at 7.7
mUmin.), there was also a low
number of positive 2-day cul-
tures. However, both offices had
75 percent positivity at 4-day
incubation. No handpiece lubri-
cant was used in officeno. three
or officeno. six, so the possible
antibacterial action of a lubri-
cant was not a factor. The age of
equipment and chlorine levels
in these offices were within the
range of those in other offices.
In future studies, use of equal
volumes of sample would seem
advisable.

A factor not currently ad-
dressed in the literature is the
time of patient exposure to den-
tal water spray during various
procedures. Use oflower flow
rates that allow adequate cool-
ing and debris removal should
be investigated. Similarly, effec-
tiveness of water removal with
various suction techniques and
devices is another possibility for
limiting patient exposure. Use of
the rubber dam should be con-
sidered as another means of pro-
tecting patients from possible
adverse effects of dental water.

While commercial distilled
water cannot be considered ster-
ile, Williams and colleagues.
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TABLE 4

'".""

2,percent ethanol

5xj-6;r'F7x rax

~ .~~-"
~\

+ +

.,.' Sterile""',
Water

+

, -':', I"~if'",,~:::,'. ";,> ,.

,..:,,'

,+ +

* Incubation for 4 dayS at 35 C, then 4 days ap22 C~:;,':;:;".,;'"...c,'" , t;-."";'ik<.\,..""""",.'""";.,;;,..,.;i>'r>,,

+ + +

.

found that it contained no bac-
teria, as did we in this study.
Since numerous authors report
the presence of bacteria in tap
water, it would seem prudent to
use distilled water in self-con-
tained systems, with or without
antiseptics. Likely, this low or
absent bacterial load from the
beginning helps the low-concen-
tration antiseptics work more ef-
ficiently to maintain an environ-
ment hostile for bacteria in the
antiseptic-reservoir system we
studied.

Chlorine concentration in
handpiece waterlines was es-
sentially the same as it was in
tap water, indicating that fac-
tors other than diminished chlo-
rine allow biofilm formation in
slow-moving lines. Vess and col-
leagues7 showed that 7 days of
continuous exposure to 10 to 15
parts per million continuous
chlorine did not eliminate es-
tablished single-organism
biofilm bacteria growing in
polyvinyl chloride water pipes.
This is more than 50 times the
concentration found in the tap
water in this study. Thus, in-
stallation of chlorinators in the
dental office to raise chlorine
levels would seem to be oflittle
value in reducing waterline bac-
teria to acceptable levels. Fur-
thermore, prolonged contact'
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with high-level chlorine can ad-
versely affect internal metal
components in dental equip-
ment. Vess and colleagues also
noted that repeated hyperchlori'-
nation did not produce negative
cultures, while 70 percent eth-
anol was effective in killing test
pathogens.7 Given the difficulty

I

Perhaps the lingering
action of detergent,
essential-oil flavoring
agents or quaternary
ammonium in mouth-
wash played a role in
antisepsis.

in breaking up biofilm, preven-
tionofbuildup seems prudent.

That ethanol allowed growth
in BID (Table 3) suggests that 2
percent ethanol alone is not suffi-
ciently powerful to kill large
numbers of bacteria. Comparison
of the results of dilute Scope and
dilute Cepacol in tables 3 and 4
shows that antiseptic in the
media should be inactivated to
correctly determine water bacte-
ria in antiseptic water systems.
Further comparison of these ta-
bles shows that handpiece water
samples from reservoirs with'
1:10 Scope and with 2 percent

ethanol do not contain viable bac-
teria.

We interpreted this tech-
nique's effectiveness as being
due to the antiseptics in mouth-
wash and their length of expo-
sure, the probably bacteria-free
distilled water and the effective-
ness of the antiretraction valves
in preventing oral bacteria from
entering the system. One cannot
rule out the residual effects of
mouthwash in dental water-
lines. Perhaps the lingering ac-
tion of detergent, essential-oil
flavoring agents or quaternary
ammonium in mouthwash

played a role in antisepsis.
There is no research regard-

ing possible effects of dilute
mouthwash on the bond

strength of dental restorative
materials. Until such data are

available, it may be prudent to
use 2 percent ethanol in dis-
tilled water, in spite of its lesser
ability to kill bacteria (Table 3).
Concern remains about,pa-
tients' possible ingestion of alco-
hol; without high-velocity suc-
tion, the patient could swallow
a substantial volume ofirrigant.
This would be especially perti-
nent in treating chemically de-
pendent patients and those
medicated with drugs capable of
interacting with ethanol.

No research has been report-
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ed regarding the use of these so-
lutions for surgical procedures.
Therefore, the ADA recommen-
dation for sterile water use dur-

ing surgery should remain un-
changed. Because of difficulties
in eliminating biofilm in dental
unit waterlines, surgical irriga-

. tion may be best performed
, I.with sterile water delivered by

a device other than the dental
unit waterlines.

Filters capable of trapping
bacteria seriously reduce flow
rate and can become clogged
easily by biofilm shedding.
Furthermore, filters installed at
the handpiece coupling can
alter the handpiece's balance.

CONCLUSION

Within the parameters of this
study, this chemical regimen re-
duces bacterial levels to within

acceptable limits. Bacterial
tests should be performed regu-
larly to verify compliance with
the ADA recommendation of
fewer than 200 CFU per mL of
water.3 Antiseptics, including
chlorine, in dental water should
be inactivated before cultures
are taken. Further study of the
effectiveness of using low-con- .

centration, long-term antisep-
tics seems warranted. .
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