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Water delivered by dental unit water systems (DUWS) in general dental practices can harbor high numbers
of bacteria, including opportunistic pathogens. Biofilms on tubing within DUWS provide a reservoir for
microorganisms and should be controlled. This study compared disinfection products for their ability to meet
the American Dental Association’s guideline of <200 CFU · ml�1 for DUWS water. Alpron, BioBlue, Dentosept,
Oxygenal, Sanosil, Sterilex Ultra, and Ster4Spray were tested in DUWS (n � 134) in Denmark, Germany,
Greece, Ireland, The Netherlands, Spain, and the United Kingdom. Weekly water samples were tested for total
viable counts (TVCs) on yeast extract agar, and, where possible, the effects of products on established biofilm
(TVCs) were measured. A 4- to 5-week baseline measurement period was followed by 6 to 8 weeks of disinfection
(intermittent or continuous product application). DUWS water TVCs before disinfection ranged from 0 to 5.41
log CFU · ml�1. Disinfectants achieved reductions in the median water TVC ranging from 0.69 (Ster4Spray)
to 3.11 (Dentosept) log CFU · ml�1, although occasional high values (up to 4.88 log CFU · ml�1) occurred with
all products. Before treatment, 64% of all baseline samples exceeded American Dental Association guidelines,
compared to only 17% following commencement of treatment; where tested, biofilm TVCs were reduced to
below detectable levels. The antimicrobial efficacies of products varied (e.g., 91% of water samples from DUWS
treated with Dentosept or Oxygenal met American Dental Association guidelines, compared to 60% of those
treated with Ster4Spray). Overall, the continuously applied products performed better than those applied
intermittently. The most effective products were Dentosept and Oxygenal, although Dentosept gave the most
consistent and sustained antimicrobial effect over time.

Dental unit water systems (DUWS) are used to irrigate the
oral cavity during dental treatment. Water delivered from
these devices is not sterile and has been shown to contain high
numbers of bacteria (9, 38, 52). Biofilms accumulating on the
inner surface of the tubing can be responsible for high levels of
contamination of water delivered by DUWS (21, 38, 51). A
number of surveys have reported that the majority of DUWS
are supplied by tap water (54). European Union (EU) guide-
lines recommend that tap water should be delivered at �100
CFU · ml�1 (2); however, once the water enters the DUWS the
number of bacteria can increase, with numbers as high as 1.6 �
108 CFU · ml�1 having been recovered in the outflow (12).

Such high numbers can result from numerous factors, includ-
ing ambient temperatures, stagnation, and the presence of
biofilm (30). In the United States, the American Dental Asso-
ciation (ADA) and the Centers for Disease Control and Pre-
vention have proposed a guideline for DUWS water of �200
CFU · ml�1 (equivalent to that required for dialysis water) (1).
Currently, dentists across the world have little or no evidence-
based guidelines to control bacterial numbers in DUWS.

Typically, patients in the EU visit general dental practices
(GDPs) every 6 months, with over 20 million visits per year in
1998 in one large EU country alone (5). During almost every
visit, the patient and the dental health care staff are exposed to
the water from DUWS. These medical devices have the po-
tential to harbor opportunistic or frank pathogens, and Legio-
nella pneumophila, Mycobacterium spp., Pseudomonas aerugi-
nosa, and Candida spp. have been recovered from DUWS (4,
7, 28, 34, 46, 56). Exposure of dental personnel to such patho-
gens can be inferred from the finding that dentists have signif-
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icantly higher antibody titers to L. pneumophila than individ-
uals in other, equivalent employment sectors (10, 11, 24, 35),
and asthma may be associated with occupational exposure to
endotoxin in aerosols from contaminated DUWS (29). In ad-
dition, P. aeruginosa isolated from a DUWS was found to be
responsible for the hospitalization of two patients following a
visit to a dental surgery (19). The presence of pathogens has
further implications when one considers that failure of the
three-in-one hand piece antiretraction valve (32, 37) could
result in microorganisms being transferred among patients
(cross-infection).

A wide range of disinfectant products are now being devel-
oped for use in DUWS, and these have been evaluated using a
variety of approaches (39, 48, 49), although rarely have these
products been compared in a general dental practice setting.
The aim of this study was therefore to evaluate and compare
the levels of control achievable by the application of different
disinfectants to DUWS in GDPs.

MATERIALS AND METHODS

Selection of GDPs. GDPs in seven European countries (Denmark, Germany,
Greece, Ireland, Spain, The Netherlands, and the United Kingdom) were con-
tacted by mail and invited to participate in the study. Representative dental
practices that (i) were willing to participate in trials of disinfectants, (ii) would
allow sampling to evaluate the efficacy of the product, and (iii) would also
comment on their ease of use were selected from each country. The selected
practices used units supplied by bottled water, mains water, or header tank
systems. All the samples were collected and processed in the same time frame
and according to the same protocols in all countries.

Modification of DUWS. In the case of mains water systems, dental units were
modified to facilitate the addition of a disinfectant to the water used in the
DUWS by fitting an externally mounted purge system (Micrylium Laboratories,
Inc., Phoenix, AZ). This was carried out by a qualified dental unit installer
following the manufacturer’s instructions. The system consisted of a 700-ml
bottle and two switches; one to toggle between municipal and bottle water
supplies and the other to turn the air purge on or off. Using this system, the
municipal water supply could be bypassed and the bottle used to add a disinfec-
tant intermittently to the DUWS, e.g., overnight or during the weekend, after
which time the municipal water supply could be reconnected for use during
treatment. Alternatively, if a disinfectant was to be used continuously, it was
added to the bottle supply, which was subsequently used throughout patient
treatment sessions. Air purging of the waterlines, if recommended by the disin-
fectant’s manufacturer, could also be carried out using this system.

Sampling of DUWS. A test period consisted of 4 to 5 weeks of baseline value
measurement followed by 6 to 8 weeks of disinfection. This period was always
preceded by a nondisinfecting period of at least 14 days to allow biofilm forma-
tion (48) and washout of residual product when multiple products were tested
serially in one DUWS. In order to measure DUWS contamination, samples (100
ml) were taken weekly for 4 to 5 weeks before and for 6 to 8 weeks after
disinfection. Samples were collected at approximately mid-morning from the
distal outlets of the three-in-one syringes of all DUWS. Where possible, a
1-centimeter length of the waterline tubing supplying the three-in-one syringe
was cut out for biofilm analysis (48). One tubing sample was taken during
pretreatment baseline measurement, and one was taken after the disinfection
period was finished. All the staff performing the disinfecting and sampling pro-
cedures were instructed to use the same methodology.

Water samples were processed as described previously (45). Approximately
100 ml of water sample was passed through a sterile nozzle into a sterile water
bottle containing 0.1 g sodium thiosulfate to remove any residual disinfectant
(Abinghurst Ltd., Northampton, United Kingdom). Samples were returned to
the laboratory in a cool box (4 to 8°C) within 3 h and then filtered through 100-ml
capacity, 0.2-�m analytical test filter funnels (Techware, Poole, United King-
dom) in order to recover the waterborne microorganisms. The membrane was
removed from the funnel with sterile forceps and placed in a screw cap sterile
container (Elkay Products Inc., Shrewsbury, MA). Microorganisms were washed
from the membrane by vortexing the container for 1 min in 10 ml of sterile
phosphate-buffered saline (PBS).

TVCs and detection of Pseudomonas aeruginosa in water samples. Total viable
counts (TVCs) and counts of Pseudomonas aeruginosa (as a marker of the
presence of opportunistic pathogens) were carried out as described previously
(45), using decimal dilutions of the water samples (in sterile PBS) on (i) yeast
extract agar for environmental microorganisms (3), incubated at 37°C for up to
3 days, and (ii) CFC supplemented with SR103 for Pseudomonas spp. (26),
incubated at 37°C for up to 48 h. Colonies were counted on day 3, and the TVC
was calculated as CFU · milliliter�1. Colonies on the Pseudomonas agar were
confirmed as P. aeruginosa according to color, ammonia production, and oxidase
activity. TVCs were used as the definitive measure of total microbial contami-
nation of the water passing through the DUWS. This was compared with the U.S.
guideline for DUWS of �200 CFU · ml�1 as recommended by the American
Dental Association (1). All of the participants used the same microbiological
methods (46). The limit of detection was 10 CFU · ml�1.

Analysis of biofilm accumulation. Biofouling was assessed by measuring the
TVCs of defined areas of the inner surface of the tubing as previously described
(49). The DUWS tubing was sectioned horizontally and rinsed twice in nonflow-
ing sterile PBS to remove nonadhered cells, and the surface biofilm was removed
by scraping it into 1 ml of sterile PBS with a sterile dental probe. The TVC was
then determined as described above, and the limit of detection was 10 CFU ·
cm�2.

Evaluation of disinfectant agents in GDP DUWS. Disinfectants (Table 1) were
selected from a previous laboratory model evaluation study according to their
ability to kill microbial cells and remove biofilm from the inner surfaces of

TABLE 1. Summary of active agents, concentrations, type of application, and sources of the products evaluated

Product name Active agent(s) Effective concn
(%) Applicationa Manufacturer

Alpron BRS
Solutionb

Sodium hypochlorite, citric acid 1–2, 70 Once Alpro Dental Products GmbH,
St. Georgen, Germany

Alpron Mintb Sodium-p-toluol-sulfonechloramide, EDTA �0.2, 1–5 Continuous

BioBlue Ethanol, chlorhexidine 12, 0.12 Intermittent Micrylium, Toronto, Canada

Dentosept P Hydrogen peroxide, silver ions 0.014 Continuous Sirona, Bensheim, Germany

Oxygenal 6 Hydrogen peroxide, silver ions 0.02 Continuous KaVo Dental GmbH,
Biberach, Germany

Sanosil Super 25 Hydrogen peroxide, silver ions 5 Intermittent Sanosil Ltd., Hombrechtikon,
Switzerland

Sterilex Ultra Alkaline peroxide 5 Intermittent Sterilex Corporation, Maryland

Ster4Spray Sodium perborate, EDTA 2 Intermittent Castellini S.p.a., Bologna, Italy

a Method of application used in this study.
b Alpron treatment consists of initial use of Alpron BRS Solution followed by Alpron Mint.
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DUWS tubing (47, 48). Products were supplied and used either intermittently or
continuously (see below) according to the manufacturers’ instructions. Treat-
ment was administered each evening prior to the closing of the surgery, and on
weekends, for up to 8 weeks. Where necessary, the disinfectant was removed
from the system by flushing the following morning before patient treatment
began. The removal of disinfectant was confirmed either by observing the loss of
product color from the outflowing water or from a negative potassium iodide
detection test for hydrogen peroxide-based products.

Intermittent application of disinfectants. At the end of the working day, 200
to 250 ml of disinfectant was placed in the reservoir bottle that supplied the
dental unit with water, and the solution was run through the system for 2
minutes. The unit was then turned off, and the disinfectant was left overnight in
situ. At the beginning of the next working day, the bottle was disconnected and
the residual solution poured from the bottle without rinsing. The bottle was filled
with water and connected to the unit, after which the system was flushed until all
of the remaining solution had been discharged from the outflow of the DUWS
(residual product was detected as described above). The dental unit was then
ready for daily use.

For intermittent disinfection of mains water-supplied systems, the unit was
disconnected from the mains water supply and connected to the bottle with
disinfectant by an externally mounted purge system (see “Modification of
DUWS” above). The product was administered as described above, and at the
beginning of the next working day the DUWS was reconnected to the mains
supply for use in daily practice. The disinfectants applied intermittently were
BioBlue, Sanosil, Sterilex Ultra, and Ster4Spray (Table 1).

Continuous application of disinfectants. The DUWS water reservoir bottle
was filled with disinfectant and connected to the unit, and the disinfectant was
run through the system for 2 minutes. The dental unit was then ready for daily
use, and the disinfecting agent was present in the outflowing water throughout
the day. The disinfectants used for continuous use were Alpron, Oxygenal, and
Dentosept (Table 1). The products were left in situ overnight.

Statistical analysis. The results for pre- and postdisinfection for each product
were compared using a Mann-Whitney test for two independent groups of
samples. To test for statistical differences between all products, a Kruskall-Wallis
test was used. Mann-Whitney tests were subsequently used to compare products
with all other products separately (SPSS 12.0.1 for Windows; SPSS, Chicago, IL).

RESULTS

Dental unit water systems and general dental practices.
Seven different disinfection products were tested in seven Eu-
ropean countries in a total of 134 dental units (Table 2). The
average period of disinfection was 6.9 weeks; due to method-
ological issues, some GDPs had to withdraw units from the
disinfection period earlier than the intended 8 weeks. Alpron
was tested in 37 units (28% of total units), Sanosil in 30 units
(22%), BioBlue in 26 units (19%), Oxygenal in 15 units (11%),
and Dentosept, Sterilex, and Ster4Spray in 11 (8%), 10 (7%),
and 5 (4%) units, respectively (Table 2). Source water TVCs
were measured previously and ranged from 0.77 to 2.31 log

CFU · ml�1 (46). In the general dental practices visited, the
TVCs of the water flowing from the three-in-one syringe
ranged from 0 (i.e., no detectable colonies) to 5.41 log CFU ·
ml�1 during baseline pretreatment measurements. Before
treatment, 64% of all baseline TVCs measured in samples
from all countries (n � 585) were above the ADA recommen-
dation of �200 CFU · ml�1, while during treatment, 83% of all
measurements (n � 926) were below the ADA guideline. Base-
line values from units in Germany were excluded from this
analysis because these DUWS had an integrated disinfection
system which provided an automatic continuous disinfection of
the unit, making it impossible to determine nontreated base-
line values.

Effect of disinfection. The following products were tested for
their ability to produce TVCs compliant with the ADA recom-
mendation of �200 CFU · ml�1 (�2.3 log CFU · ml�1) in
outflow water of the DUWS (Table 1).

(i) Alpron. Alpron was tested in a continuous mode in 37
DUWS (Table 2). The use of Alpron resulted in a significant
decrease in microbial counts to below 200 CFU · ml�1 (P �
0.01) in comparison to the baseline values prior to treatment
(Fig. 1). Eighty-seven percent of treated water samples
achieved the ADA guideline, and the change in median TVC
between the baseline and treated water samples was 2.10 log
CFU · ml�1 (Table 2).

(ii) BioBlue. BioBlue was tested in intermittent mode in 26
DUWS (Table 2), and a significant decrease in microbial
counts (P � 0.01) compared to the baseline results was found
(Fig. 1). The mean percentage of treated water samples deliv-
ering water containing less than 200 CFU · ml�1 was 74%, and
the change in median TVC between the baseline and treated
water samples was 1.79 log CFU · ml�1 (Table 2). The error
bars in Fig. 1 representing the range of values demonstrate that
a number of samples (mainly in Ireland) showed high values
during treatment, indicating an inconsistent effect of the dis-
infectant.

(iii) Dentosept. Dentosept was tested in 11 dental units
(Table 2) in a continuous mode. There was a significant dif-
ference (P � 0.01) between the baseline and treatment values
(Fig. 1), with 91% of the treated water samples having a TVC
of �200 CFU · ml�1 and a change of 3.11 log CFU · ml�1

between the baseline and treated water samples (Table 2).
Extreme and outlier values that were measured (Fig. 1) indi-

TABLE 2. Criteria used for evaluation of efficacies of the disinfection products in all countries

Product Total no. (%) of
DUWS tested

Reduction (log CFU · ml�1) in median water TVC
before and after treatment with disinfectants (%
reduction of medians of absolute TVC values)a

% of water samples during
treatment with disinfectant having

a TVC of �200 CFU · ml�1

No. of units with one or
more high TVC values

during longitudinal analysis
of disinfection/totalb

Alpron 37 (28) 2.10† (99) 87 3/29
BioBlue 26 (19) 1.79† (99) 74 4/21
Dentosept 11 (8) 3.11† (�99) 91 5/11
Oxygenal 15 (11) 1.24† (97) 91 3/14
Sanosil 30 (22) 1.57† (98) 83 5/24
Sterilex 10 (8) 1.50† (98) 78 3/7
Ster4Spray 5 (4) 0.69 (80) 60 3/5

Total 134 (100) 26/111

a Only units that were tested for 6 weeks or more were included.
b †, statistically significant difference (P � 0.05).
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cate the occurrence of occasional high values during treatment.
An outlier value was defined as being between 1.5 and 3 times
the interquartile ranges (IQR), while extreme values were
more than 3 times the IQR.

(iv) Oxygenal. Oxygenal was tested in 15 DUWS (Table 2) in
a continuous mode. A significant difference (P � 0.05) be-
tween pre- and posttreatment TVCs was found, and 91% of
the treated water samples had a TVC of �200 CFU · ml�1,
with a change between the median baseline and treated water
samples of 1.24 log CFU · ml�1 (Table 2). One extreme value
that was measured in The Netherlands (Fig. 1) was due to a
problem with the application of the product to the DUWS, and
the dentist stopped participating in the study after this high
value was measured.

(v) Sanosil. Sanosil was tested in intermittent mode in 30
dental units (Table 2). A significant decrease (P � 0.01) be-
tween results for baseline and treated water samples was
found. The percentage of treated water samples that achieved
the ADA guideline was 83%, and the change in median TVC
between the baseline and test water samples was 1.57 log CFU
· ml�1 (Table 2). The broad range of the error bars (Fig. 1),
indicating a variable effect of the product, was caused mainly
by two units in Spain in which high values were found during
treatment; these values were defined statistically as outliers in
the longitudinal study (Fig. 2).

(vi) Sterilex Ultra. Sterilex Ultra was tested in 10 DUWS in
intermittent mode (Table 2). The overall reduction in median
TVC values of the baseline and the treated water samples was
statistically significant (P � 0.05) (Fig. 1). Seventy-eight per-
cent of the treated water samples were found to have less than
200 CFU · ml�1, with a change of 1.50 log CFU · ml�1 between
the median values of the baseline and treated water samples
(Table 2). There was a considerable difference in effect be-
tween countries, and the broad range of the data indicated by
the error bars was caused mainly by TVCs from units in Ireland
(one value was defined as an extreme outlier [Fig. 2]). How-
ever, the median TVC during treatment in Ireland was below
200 CFU · ml�1, with 68% of the treated water samples being
below this limit.

(vii) Ster4Spray. Ster4Spray was tested in intermittent mode
in five units (Table 2). The median TVC was lower than the
ADA guideline after treatment, but this difference was not
statistically significant (Fig. 1). The distance between the error
bars, representing the range of the values, indicates an incon-
sistent effect of the product (Fig. 1). Sixty percent of treated
water samples were found to have TVCs of less than 200 CFU
· ml�1, with a change of 0.69 log CFU · ml�1 between the
median values of baseline and treated water samples (Table 2).

Longitudinal analysis of total viable counts during treat-
ment. A week-by-week comparison of products was performed

FIG. 1. Median water TVCs before (■ ) and after (�) the start of disinfection of DUWS for all products. Median values are shown as black
lines in the boxes. The boxes represent the interquartile ranges, and the whiskers indicate the minimum and maximum values up to 1.5 times the
IQR (made with SPSS 12.0.1 for Windows). E, outlier value (between 1.5 and 3 times the IQR); *, extreme value (more than 3 times the IQR);
†, statistically significant change.
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to see if products differed in their patterns of disinfection, as it
was hypothesized that some products might show a more rapid
or sustained effect on TVC reduction than others (Fig. 2).
Dentosept gave a marked and consistent reduction in median
TVC values during the treatment period. The use of Alpron
and, to a lesser extent, Oxygenal also caused a steady decline in
median TVCs over time, whereas the other products did not
have this effect (Fig. 2).

Dental units in which a product was tested for 6 weeks or more
were included in a longitudinal analysis of the weekly TVCs to
assess the presence of solitary high values in an otherwise low-
value series. Samples treated with products in a series that yielded
a median TVC of greater than 200 CFU · ml�1 were excluded
from this analysis. A solitary high TVC value flanked by low
values in the weeks before and after such an occurrence was
found for 26 of 111 samples (23%) (Table 2). Of these DUWS,
seven units (6%) showed a second high value during the same
testing period. The analysis showed that this phenomenon oc-

curred with all products tested. Alpron was the product least
prone to incidental high values, with 26 out of 29 units showing no
evidence of high solitary TVC values. BioBlue, Sanosil, and Oxy-
genal all suffered from these high values in about 20% of dental
units. Single high TVCs were present in almost half of the units
that used Sterilex and Dentosept and in three of the five units that
used Ster4Spray (Table 2).

Biofilm. Biofilm samples from 28 DUWS in two countries
(Greece and the United Kingdom) were evaluated before and
after disinfection with the products Alpron, BioBlue, and
Sanosil. Comparison of baseline and posttreatment values
showed a significant decrease in median TVCs (P � 0.01) for
all products tested. Baseline median TVCs were 1.45 log CFU
· cm�2 for Alpron and 1.04 log CFU · cm�2 for both Bioblue
and Sanosil. All products reduced the median TVCs after the
treatment period to levels below the detection limit, corre-
sponding to a median percent reduction of �99% for all three
products (data not shown).

FIG. 2. Longitudinal analysis of water TVCs during 8 weeks of disinfection of DUWS. Disinfection starts at week 1; week 0 represents the
median baseline value. Median values are shown as black lines in the boxes. The boxes represent the interquartile ranges, and the whiskers indicate
the minimum and maximum values up to 1.5 times the IQR (made with SPSS 12.0.1 for Windows). E, outlier value (between 1.5 and 3 times the
IQR); *, extreme value (more than 3 times the IQR).
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Detection of pseudomonads. Pseudomonads were detected
in Germany only. Three units were positive before the product
evaluation period, and two of those units tested positive during
treatment as well. Counts ranged from 5 to 125 CFU · ml�1

(data not shown). All pseudomonads found were confirmed to
be Pseudomonas aeruginosa.

Ease of use and adverse events. A number of practical issues
associated with the use of particular products were identified.
These issues included dissolution of tubing and a lightweight
nonpolypropylene plastic bottle on one unit (Sterilex Ultra),
blocking of the tubing in the dental unit (Sterilex Ultra, three
units; Ster4Spray, two units), and foaming and brownish dis-
coloration of the dental unit water and staining of dental
equipment surfaces in four units (Alpron). All Micrylium
purge dispenser systems fitted to mains-fed DUWS that par-
ticipated in this study had to be repaired at least once due to
mechanical failures.

Assessment of overall efficacy of disinfectants. A statistically
significant difference in median TVC reduction (P � 0.01) was
found between products used either continuously or intermit-
tently (Table 1). The baseline median values for these two
groups showed no significant difference, with 2.54 log CFU ·
ml�1 for continuously used products and 2.49 log CFU · ml�1

for intermittently used products. Treatment median values
were 0.83 log CFU · ml�1 for continuously used products and
1.25 log CFU · ml�1 for intermittently used products.

There were significant differences between agents in terms
of water TVCs (P value from Kruskal-Wallis-H). Further sta-
tistical tests showed that Dentosept was significantly more ef-
fective than all other agents (P � 0.0001). Oxygenal was sig-
nificantly more effective than all agents except Dentosept (P �
0.001).

DISCUSSION

The biofilm on the inner surface of the tubing of dental units
provides a continuous reservoir for microorganisms (6, 33, 41,
50–52). Not only patients but also dentists and dental person-
nel are at risk of being infected with opportunistic pathogens
such as Pseudomonas or Legionella species by means of cross-
infection or following aerosol formation from water emanating
from DUWS (8, 27, 55).

Various products have now been developed to reduce the
number of bacteria delivered to the patient by decontamina-
tion of the water used in DUWS (12, 13, 17, 18, 20, 31, 36, 38,
40, 49), and although these have been tested in a variety of
settings, no multiproduct comparison in GDP surgeries has
been done until now. In this trial, seven antimicrobial products
approved for use in dental units were tested in seven EU
countries for their ability to reduce TVCs to meet the ADA
guideline of 200 CFU · ml�1 in the outflowing water (1) (Ta-
bles 1 and 2). Other criteria examined were the presence of
occasional high TVC values in a series of low values, material
incompatibility issues, the extent of the reduction of water
TVCs during treatment compared to baseline TVCs in the
same unit, and, where possible, the effect of disinfectants on
biofilm TVCs.

Alpron. Alpron has been tested in a number of studies.
Smith et al. (39) found that Alpron reduced the TVC to a level
similar to that in drinking water when used continuously over

a period of 6 to 13 weeks. In the present study, during contin-
uous use of Alpron, the bacterial counts of the outflowing
water were reduced to below the ADA threshold of 200 CFU
· ml�1 in 87% of samples. Biofilm samples also showed a
significant reduction in TVCs when measured before disinfec-
tion and after 8 weeks of disinfection with Alpron. This agrees
with a previous finding that Alpron completely removes the
biofilm in dental tubing (48). Others have shown that Alpron is
also effective in reducing TVCs to acceptable levels (i.e., �200
CFU · ml�1) when used intermittently (25).

BioBlue. Kettering et al. (15) tested BioBlue (then named
Bio2000) using a discontinuous regimen and concluded that it
was not able to reduce the TVC to below 200 CFU · ml�1 when
used in combination with tap water. Although BioBlue
achieved levels of less than 200 CFU · ml�1 in 74% of samples
in the present study, in some DUWS the measurements fluc-
tuated, indicating an inability of the product to consistently
maintain the TVC at below 200 CFU · ml�1 between disinfec-
tion periods. A factor that might explain these findings could
be the presence of weakened biofilm remnants after overnight
treatment that slough off during the day. In this study, BioBlue
reduced biofilm TVCs by �99%, although in a previous study
in a laboratory model, BioBlue achieved only a 53% reduction
of the tubing’s inner surface biofilm coverage (48).

Dentosept. Overall, Dentosept was very effective in reducing
TVCs and maintaining the microbial load to levels well below
200 CFU · ml�1 during this study, although occasional inci-
dental high values were found. This product delivered the
greatest reduction in TVCs, which resulted in the combined
lowest number of samples which failed to meet the ADA
guidelines during the treatment period. This is consistent with
previous data which showed that daily application of Dento-
sept reduced TVCs in dental units to meet the ADA guideline
(14).

Oxygenal. Oxygenal has been evaluated previously in a lab-
oratory DUWS biofilm model (48) and demonstrated a 99.2%
reduction of biofilm coverage of dental tubing, while no TVC
could be detected in the outflowing water after a single treat-
ment. In the present study, Oxygenal achieved a statistically
significant reduction in TVC, resulting in only a small percent-
age of samples that exceeded the ADA guidelines during the
longitudinal study; the extent of the decrease was not very
large, probably as a result of the low baseline values (Fig. 1).

Sanosil and Sterilex Ultra. Tuttlebee et al. (43) compared
Sanosil (5 to 8 weeks) and Sterilex Ultra (7 to 20 weeks) in
GDPs using once-weekly disinfection of the DUWS, and both
products reduced TVCs significantly to below the ADA guide-
line of �200 CFU · ml�1. Using microscopy imaging tech-
niques, a significant reduction in biofilm coverage has also
been observed (43, 48). Similar results were reported for both
products in laboratory models of DUWS (22, 48). In the
present study, Sanosil and Sterilex Ultra significantly reduced
or maintained TVCs below ADA guidelines; Sanosil also had
a significant effect on biofilm TVC, as described previously
(48). Unfortunately, the application of Sterilex Ultra was
stopped in three DUWS due to material incompatibility issues.
The problem of blocking of DUWS tubing when using Sterilex
Ultra has been described before (43) and may be caused by
sedimentation of excess Sterilex Ultra that has not dissolved
settling onto the tubing’s narrow inner surface. In a previous
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study, Sterilex Ultra initially reduced bacterial counts to levels
below the ADA guideline but failed to maintain low TVCs
during an 8-week follow-up period (16). This finding concurs
with the relatively high prevalence of incidental high values
that was found in the present study (Table 2), which may have
been caused by regrowth and detachment of the biofilm.

Ster4Spray. Ster4Spray was tested in only five units and
showed variable TVCs. The product seemed prone to inciden-
tal high values, but further research with more DUWS should
be carried out in order to obtain more conclusive data. A
previous study which tested six units reported that Ster4Spray
reduced the TVC to below 200 CFU · ml�1 in 90% of samples
collected over 10 days (23). However, the number of units
tested was also small, and the testing period was too short to be
able to conclusively assess the long-term efficacy of the prod-
uct.

Low median baseline values and percent reduction. The
antimicrobial efficacy of a disinfectant should be assessed by
both the reduction in TVC (log CFU · milliliter�1) and the
mean percent reduction in absolute TVC (Table 2). This is
because even a relatively small reduction in log CFU · ml�1 can
correspond to a high percent reduction in absolute TVC when
the initial (baseline) median TVCs are low. This effect was
clearly visible in the Oxygenal data in Table 2, where a mean
reduction in log CFU · milliliter�1 of 1.24 corresponds with an
absolute TVC reduction of 97%. Median baseline TVC values
in both countries where Oxygenal was tested (Ireland and The
Netherlands) were lower than 200 CFU · ml�1, and in this case
the percent reduction was a more accurate indicator of the
efficacy of the product than the absolute reduction of medians
in log CFU · milliliter�1.

Longitudinal analysis of TVCs. The incidental high TVC
values found in the longitudinal analysis of the data during
disinfection may have been caused either by contamination of
the water sample by biofilm detaching from the inner surface
of the dental tubing or by a regrowth of bacteria due to a lack
of compliance by dental staff in applying the disinfectant ac-
cording to the manufacturer’s instructions. Compliance has
been shown to be an issue when nonautomated procedures are
in place (53). Several chair manufacturers, e.g., KaVo and
Siemens, now integrate an automated water disinfection sys-
tem with electronic monitoring in their DUWS. This reduces
the occurrence of problems that may be the result of accidental
noncompliance. The occurrence of the aforementioned occa-
sional high TVC values has not been described before and can
go unnoticed if a unit is tested only periodically. Such levels of
bacteria might pose a threat to dentists and patients. They also
indicate that the water quality of units should be tested at
several time points so that an accurate assessment of the num-
bers of microorganisms in the outflowing water can be made.

The nature of this multicountry, multiproduct study using
dental units of various design did not make it possible to have
equal numbers of identical units using each disinfectant. How-
ever, the longitudinal analysis gave insights into the extent and
consistency of the antimicrobial effects of particular agents.
Continuous use of Dentosept (and to some extent Alpron and
Oxygenal) produced a marked and sustained reduction in wa-
ter TVC (Fig. 2).

Ease of use and adverse events. A number of practical issues
associated with the use of particular products were reported by

the dentists. Alpron required a 3-hour time commitment for
the three-stage initial application phase, and in some practices,
its use resulted in foaming, staining, and a brown discoloration
of the water. Ster4Spray and Sterilex Ultra caused blocking of
the tubing in some DUWS. However, material compatibility
issues are often recognized by manufacturers, who may subse-
quently recommend specific products to be used with their
equipment; for example, the manufacturers of Sterilex Ultra
advise against the use of nonpolypropylene bottles. Therefore,
dental practitioners must consult with the manufacturer of
their DUWS prior to introducing any chemical agent, as this
may otherwise invalidate their warranty. Other studies have
raised additional concerns. Brass coupling connectors used in
domestic water systems can be corroded by too harsh a chem-
ical treatment, and this may lead to leaks and failure of the
DUWS (44). Disinfectants could come into contact with the
oral cavity, and this might affect the adhesion of resins to both
enamel and dentin, so that restorations could fail prematurely
(36, 42). The risk of chemical exposure of the patient and
health care workers also has to be considered when using
disinfectant products in DUWS (17).

In GDPs supplied by the mains water supply, independent
water dispensers (Micrylium, Toronto, Canada) were retrofit-
ted to the mains supply line in order for disinfectants to be
added to the DUWS. All dispensers had to be repaired or
replaced at some time during the study. Bottle-fed units
needed no adaptation, and few problems were reported.

Evaluation of product efficacy. In conclusion, this study, in
which a number of disinfectants have been compared under
realistic conditions of use in GDPs in several countries, has
identified products that reduced the TVCs in DUWS to levels
recommended by the ADA. When further statistical analyses
were performed, in which all agents were compared with each
other, the most effective products were Dentosept and Oxyge-
nal. However, Dentosept gave the most consistent and sus-
tained antimicrobial effect over time. Overall, the continuously
applied products performed better than the intermittently ap-
plied products.
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