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Introduction
Water systems in our dental units are gradually colonised by bacteria. Colonisation after some years becomes
extensive and results in spraying and washing amounts
of bacteria into patients’ mouths and providing them with
a water which does not meet drinking water hygienic
requirements. American Centers for Disease Control and
Prevention in association with general hygiene guidelines for dental care, established in 1993 (1) pointed out
that unit water does not meet general hygienic requirements and the American Dental Association (2) stated
in its instructions to its members in 1995 the following.
”Dental unit water systems currently designed for general dental practice are incapable of delivering water of
an optimal microbiological quality”. In addition to the
hygienic problems, technical malfunctions can also occur
if no cleaning steps are taken, as it has been shown that
unit waterlines and valves gradually are fully obturated.

Abstract:
The complex water systems of dental units are coated
with a biofilm and are gradually colonized by mains
water supplied bacteria. This is a result of unit water
systems having many retention points and the low water
flows through them. The biofilm develops and provides
the conditions for further strong increases in bacteria levels in the unit water. The bacteria are usually not pathogenic. The thick biofilm can, however, form a growth
ground for pathogenic bacteria such as Pseudomonas
species and Legionella pneumophila. This eventually can
result in technical malfunctions such as turbine failure.
The problem has been observed by many investigators
and has been confirmed in our studies of more than 100
units at different locations throughout the country.
Our chemical and mechanical study has given
equipment and method for regular cleaning and disinfection of unit water systems. An aggregate is permanently
fitted to the supply water line and proven cleaning by
means of which disinfectant fluids can easily be introduced into the water system. Bacteriological investigations and follow-up is important and are included in
planning. The majority of units have been in use for some
time and are therefore highly contaminated. We therefore
recommend starting with an intensive cleaning procedure.
After a water system is proven to be practically bacteria
free for a number of months, one cleaning every month
or every other month should be sufficient. The bacteriological follow-up can in some cases result in different
cleaning intervals.
The method was studied at 42 highly colonized
dental units. The initial cleaning used the effective cleaning agent Unit Clean P. The cleaning agent Unit Clean 1
was then introduced and after 1 – 2 days the disinfection
agent Unit Clean 2. This treatment was repeated for highly contaminated units. Unit Clean 1 and Unit Clean 2 are
subsequently used for monthly cleaning and disinfection.
When a low bacteria account after 2 – 5 treatments has
been determined, recolonisation takes place after 3 weeks
to 6 months.
Where a bacteria filter is fitted in the aggregate
for the incoming mains water line, a controlled bacteria
free level could be maintained for longer periods of time
so allowing, where regular bacteriological checks are carried out, use of spray and wash functions also in surgical
work. The filter’s lifetime, like colonisation, depends on
the condition of water lines and the amounts of particles
and bacteria in the mains water supply.

What happens in the unit’s water system and why
there?
Chlorinated drinking water normally contains only a few
bacteria per ml. The high degree of colonisation in unit
water systems can be explained by systems being made
up of narrow plastic water lines with many joints and a
number of valves. This gives many retention points.
The flow rate in water line system is also very low and
includes periods of completely stationary water. Studies
of flow conditions in narrow water pipes have shown that
flow is limited to the pipe’s centre. Water adjacent to the
pipe walls is almost stationary. This therefore provides
good conditions for single bacteria cells to attach first in
the many retention places and then along the tube walls.
A large proportion of these bacteria are moderate to slow
growing (3). Inorganic salts in the water such as iron,
manganese, magnesium, nitrates, nitrites, phosphates,
sulphates and ammonium salts promote the growth of
some bacteria through influencing their enzyme systems
or through being included in their metabolism. The final
result is a complex biofilm consisting of organic material
primarily protein and polysaccharides (4-19). The biofilm
can achieve significant thicknesses and can gradually
extend and become an obturated biomass.
Reports from many evaluated treatment clinics
around the world (4, 20-45) indicates that bacteria colonisation of dental unit water systems is very common. It
is true that most bacteria are not pathogenic. However,
spraying amounts of bacteria into patients’ oral cavity
cannot be considered to be satisfactory. Fig. 1 shows two
cultivation dishes onto which spray is directed for less
than 5 seconds at a distance of 30 cm. We should also not
exclude the possibility that biofilm bacteria built up in
the water lines can later act as a substrate for a number of
more or less pathogenic bacteria species. It has also been
shown that backflow into the unit’s water system can
occur during dental treatment. Microorganisms from oral
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cavities have been traced a long way into the system (26,
46). The presence of a biofilm can also mean that more
fastidous bacteria can obtain a foothold and proliferate.

Fig. 1

compared to 6 % before treatment. It is not difficult to
understand that patients, who become aware of these
facts, wonder what steps have been taken to maintain the
purity of the unit water (63).
				
What has been carried out on contaminated units?
It has been suggested that a temporary reduction in bacteria levels can be achieved by flushing the water line
system for 2 - 3 minutes at all water outlets (64). This
must however be carried out before the first patient treatment of the day and must be repeated during the working
day. ADA (2) recommends that it should be repeated
before each patient is treated. This can be objected to, on
the grounds that there is not sufficient time for this flushing frequency, meaning that it is not carried out and that
the results even after thorough flushing are poor (65).
Biofilm containing bacteria cannot, due to the numerous retention points, be as easily flushed out from the
water lines as it can be not flushed from teeth. It has
become well known that copper ions hinder bacteria
growth. It has therefore been suggested that, for example,
a copper wire is introduced into the water line (24, 25).
Electrolytically generated copper and silver ions in combination with chlorination have also been used. A contact
time of 24 hours did not, however, give complete decontamination (66). An increase in concentration of copper/
silver ions has however been able to show a reduction in
Legionella levels (67). It has also been recommended that the water lines are disconnected and that
an agent containing 4% Tween 80 and Ponceau is added,
which should be allowed to act for minimum 4 hours
(25). Several attempts to reduce bacteria levels have been
made by more or less continuously adding different disinfection agents to the unit water such as chlorhexidine (68)
chlorine compounds (20, 69-71), mertiolate (72), iodine
compounds (73-75), hydrogen peroxide compounds
(34) hydrogen peroxide in combination with silver ions
(33) continuously or for each week (76) para acetic acid
before each patient (77), acid hydrolyzed water (78) and
various other methods (13, 79-82). Water has also been
passed through a UV radiating tank (83). Schulze et al
(84) showed however that UV radiation had no effect
on Legionella. (85). Lin et al (85) found that none of the
numerous disinfection agents tested, including copper/
silver ionisation, UV light or hyper chlorination had any
lasting effect. Emptying and drying out the hose system
overnight has also been tested, but did not achieve the
required effect (86).
It has also been suggested to fit a separate bacteria filter before each outlet point, to overcome the difficulties in achieving long term results using antibacterial
measures. This seems to be a fairly clumsy system, judging from the pictures presented. Kelstrup (25) proposed a
combination of cleaning and a more centrally positioned
filter. Filtering is one of the measures ADA (2) recommended with regular draining.

Spray from a 3 way syringe from two different units onto
cultivation dishes. Sprayed for 3 seconds at a distance of
30 cm. Strong bacteria growth is shown.

It cannot, in addition, be excluded that pathogenic bacteria enter the water line via the mains water supply. If for
example a single enteropathogen E. coli, Pseudomonas,
Moraxella, Staphylococcus, Salmonella or Legionella
bacteria from the water attaches, they can proliferate in
the layer of organic material built up by water bacteria
(47). In recent years there has been a focus on the particular risk of an extensive colonisation of Legionella (36,
38, 44, 48-51). Several researchers (52-54) have proven
raised antibody levels against Legionella pneumophila
in dental healthcare personnel, above all in dentists.
The longer the dentist has been active, the higher the
levels. This indicates that dental health care personnel
are exposed to aerosols containing bacteria. Pathogenic
amoeba and fungi have also been isolated in unit water.
Amoeba and some ciliates can in turn harbour viable
Legionella bacteria intracellularly and therefore protect
these from anti-microbial agents (55-58). At warmer latitudes, pathogens such as Vibrio cholerae can represent a
potential risk. Pathogenic bacteria are in general favoured
by higher temperatures and they can under these conditions achieve sufficient number to cause infection. We
must assume that among our patients are those whose
immune systems do not function normally. These patients
can be extremely sensitive to this type of infectious
agent, which the infection defence of a healthy patient
would easily cope with (12, 59). Legionella pneumophila
in this context seems to be a particularly risk, as it infects
primarily through aerosols from infected water, which
is to a great extent what we produce in dental treatment
(11, 43, 60, 61). We also cannot exclude that a number
of healthcare personnel can, after a number of years of
exposure, develop allergic reactions to aerosols containing bacteria (47). A study showed that of 30 dental
surgeons, 14 had a changed nasal flora. These included
Pseudomonas species which were also found in the unit
water (22). In another study, Pseudomonas aeruginosa
was found in the water of 15 of 20 tested units (62). After
completion of dental treatment, P. aeruginosa was shown
to be present in the oral cavities of 42 % of patients as
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In the absence of a method for achieving an
acceptable level of unit water bacteria levels, systems
using a closed system and tank containing deionised
or distilled water instead of mains water have been
launched. However, users are also compelled to continuously add disinfection agents to this type of system agent
also, although the concentrations are low (87-89).
Studies published in recent years have shown
that low concentrations of disinfection agent can impair
the bonding of filling materials to etched enamel (90, 91).
Common to most described methods is that they do not
include any routine follows up of the cleaning result. This
is not possible where the water contains a disinfection
agent. The importance of repeated contols of the water
has been emphasised by a number of researchers (80, 92,
93).
Why do we not have any generally acceptable
methods for cleaning unit water systems? This can be
explained by most methods so far reported not including
the removal of biofilm. The results of the proposed measures are therefore deficient in one or more respect. Many
authors (7, 12-19, 32, 36, 94, 95) have determined that it
is the established biofilm in the pipe system which is the
cause of the continual bacteria regrowth and the biofilm
explains why only using a disinfection agent does not
provide long term results. It has been shown that bacteria
resistance can be increased a thousand fold when they
adhere to, or worse are encased in a biofilm.
A more radical solution is required if a more
lasting result is to be achieved. The biofilm must be loosened and removed if remaining robust bacteria are to be
killed and transported out, so preventing recolonisation
or ensuring that recolonisation is made more difficult.
Cleaning agent efficiency in this context therefore is
highly dependant on the agent’s protein dissolving, fat
dissolving and in some cases calcium dissolving properties. Corrodible metal alloys are often present in the
water system. These can be components made of brass,
aluminium alloys and sometimes steel which is not corrosion protected. Cleaning and disinfection agents must
therefore not be corrosive.

prepare with the personnel a schedule for necessary,
recurring measures to ensure the unit supplies clean
water of drinking water quality		
° that, when required, the equipment should be able to
be supplemented with a replaceable sterile filter, 		
which, under careful control, allows use of the unit
rinsing water for surgical use
Material
Test bacteria:
Staphylococcus xylosus and Schewanella putrefaciens.
Besides these a number of other microorganisms isolated
in contaminated unit water systems. Different species of
gram positive cocci, gram positive and gram negative
rods and fungi.
Chemical agents:
Sodium hydroxide solution (NaOH purum, Pharm
Nord), sodium hypochlorite solution (NaHClO Pharm
Nord), carbamide solution (carbamide purum, Kebo Lab
1.6217), Savinase® (proteolytic enzyme, Novo Nordisk,
Copenhagen), Tween 80 (polyoxyethylenesorbitan monooleate, Kebo Lab 1.7267), EDTA (ethylenediaminetetraacetic acid, Merck Art. 8417),
Anti-microbial compounds:
Boric acid (purum, Kebo Lab 1.1611), didecyldimethylammonium chloride solution, 50% (DDA, Merck item
no 814364),
Chlorhexidindigluconate solution, 20% (Eur Kval D).
Indicators:
Bromocresol green (BDH Chemicals Ltd, Poole,
England, Prod 20013). crystal violet, (Gurr®).
Clinical study object:
100 units at clinical treatment sites in national dental service and private practices and at the odontologic institute
in Gothenburg, Sweden have been analyzed. All these
had been in use for at least 5 years and did not have
cleaning equipment.
42 units, where the water system was found
to be highly contaminated, were fitted with Unit Clean
equipment and Unit Clean cleaning and disinfection fluids were used.
Mechanical equipment:
Specially designed equipment holding 250 ml of fluid
were fitted at the water inlet to the unit (fig 2).

Aims for the investigations reported here are:
° to investigate the bacterial contamination of dental
units which had been in clinical use during at least
5 years
° to prepare a chemical and mechanical method which
allows efficient cleaning of unit complicated water
systems
° that adequate cleaning and disinfecting procedures
can easily be carried out by own dental health care
personnel
° to make a method and material available for each
individual unit for checking the recolonisation which
inevitably always occurs
° that after follow up of recolonisation frequency,

Fig. 2
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Unit Clean equipment in different function positions.

Equipment design means that fluid is added without
unfavourable dilution into the unit’s water system using
only the water pressure of the building’s mains water
line. No pump motors, no solenoid valves or electrical
connections are required. The tank is also designed so
that a sterile filter easily can be screwed in. After careful
bacteriological follow up over a period of time, the unit’s
rinsing water can also be used in surgical work.

III. Investigations of cleaning and disinfection agents
when the complete Unit Clean system was fitted and used
at treatment dental clinics.
42 dental units, whose water after draining 50 ml showed
a bacteria content of 103–106 bacteria per ml, were fitted
with Unit Clean equipment connected with the supply
water line. The heavy duty cleaning fluid Unit Clean P
was applied after clinical work was finished for the day
and was allowed to act for at least 30 min. Unit Clean
1 was then allowed to act overnight and was drained on
the following morning. After 1 - 2 working days, the disinfection fluid (Unit Clean 2) was similarly applied and
was allowed to act overnight. The result was followed
up by taking unit water samples after the unit had been
used for 4 - 6 working days. Where bacteria counts still
were above 3000 per ml, the cleaning and disinfection
procedure specified above was repeated. When the bacteria count was lower than 1000 bacteria per ml, only Unit
Clean 1 and 2 were used. These fluids were then used
to clean the system in general once a month for 4 - 8
months. None of these units were equipped with a sterile
filter.

Method
I. Investigation of bacteria contamination in dental units.
When taking samples, detachable instruments were
removed (three way openings/spray, high and low speed
drills and ultrasonic scalers). The openings at each water
outlet were dipped in 70% alcohol disinfectant, which
was to be allowed to act for at least 2 minutes. 5 - 50 ml
of water was then drained from each water outlet and 7 15 ml of water was collected in a sterile flask or test tube.
The sample was analysed in the laboratory on the same
or the day after. Flasks were shaken in wortex equipment
for around 10 seconds and 0.3 ml from each flask or tube
was removed and inoculated onto a Legionella medium
(buffered CYE medium according to Vickers et al 1981).
The media were incubated at 22-24° C for at least 10
days in a damp aerobic environment with the addition of
3 - 5 % carbon dioxide.

Result
Investigation of unit water bacteria levels
Water samples from 100 dental units which had not
undergone any cleaning procedures, showed between
1,000 and 1,000,000 bacteria per ml. When 50 ml water
was drained from the water outlet points, the bacteria
count fell by a factor of 3 - 5. 76 of these units had, even
after water was drained from water outlet points, still
between 500 and 100,000 bacteria per ml.

II. Experimental investigations for appropriate agents for
cleaning and disinfection.
Protein dissolving effect was investigated on plastic
petra dishes, the bottom of which were coated with three
strands of suspended water bacteria and dehydrated at
+70° C.

Experimental investigations.
Protein dissolving and corrosive properties
On plastic surfaces coated with bacteria cell material,
iodine compounds, copper salts and phenol derivates with
known anti-microbial effects showed no dissolving effect
on the bacteria cell material but instead precipitated the
material. They, in addition, had a corrosive effect (Table
1 and 2).

Corrosive effect was investigated on strips of the types
of materials which occur in unit water systems, such as
brass and aluminium alloys and iron/steel and plastic
materials. These were placed in test tubes with a test
solution, with half the strip below the fluid surface and
half above.
Anti-microbial effects. Bacteriostatic effect was investigated using a diffusion test on agar plates as specified in
the previously described method (97). Bactericidal and
fungicidal effect of three selected disinfectant agents was
tested by the test strains being suspended in the fluids.
Contact times were 1 - 60 minutes. At the end of each
contact period, the anti-microbial agent was inactivated
by being inoculated with active carbon before 0.1 ml
was inoculated on the agar plates. The number of surviving microorganisms per ml were calculated based on the
number of colony forming units (cfu) per ml.

Table 1.

Protein dissolving/precipitating properties.
Remnant protein graded 0-3.

Agents

Effection time
12 hr
2 hr

Carbamide 30%

trace

Carbamide 30% + sodium borate

trace
trace

Unit Clean solution I
Clorhexidine 0.5%

precipitation

precipitation

Didecyldimetylammoniumchloride
(DDA) 0.01%

precipitation

precipitation

Drinking water (control)
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Table 2

Table 3

Corrosive properties.
K = Corrosive.
M = Discoloured after 1 or 4 weeks.
Iron/steel Copper

Agents

Brass

Various plastic
material

Sodium hydroxide 1N

Carbamide 30% + sodiumborate 3%

Carbamide 30% + natriumborat 3%

Unit Clean solution I

Unit Clean solution I

Clorhexidine 0.5%

Clorhexidine 0.5 - 5%

Unit Clean solution II

The result of one of the fungicide experiments is
shown in Table 4. Chlorhexidine 0.2 – 0.5%, which has
shown good effect with all water bacterial strains, had a
weak effect on the mould fungus tested. Combining chlorhexidine and DDA (Unit Clean 2) achieved a broader
anti-microbial activity.

DDA 0.1 - 0.5%
Unit Clean solution II
Clorhexidine 0.5% + DDA 0.1%

Sodium hypochlorite and sodium hydroxide, whose well
known protein dissolving properties could be confirmed,
were shown to be highly corrosive for most materials
including at low concentrations. Carbamide, however,
had substantially slower protein solution properties than
the above and had no corrosive effect, not even after long
term exposure (>12 months). A rust prevention effect
was observed for iron. The protein dissolving effect was
strengthened where combined with sodium borate. When
used together with Savinase®, a proteolytic enzyme used
in the cleaning agent industry which has a specified optimal effect at pH >9.0, total solution of the protein film on
plastic surfaces was achieved in the observation period of
12 hours (Unit Clean 1 fig. 3). The non corrosive quality
was not influenced.
Drinking water (control)

Fig. 3

Strain b
Gramneg. bacilli

Carbamide 30%

Carbamide 30%

Unit Clean 1

Strain a
Grampos. cocci

Agents

Sodium hypoclorit 0.5%

Non treated surface

Anti microbial effect shown in gel diffusion on blood agar plates.
Two selected bacteria with high (S xylosus) and low (S putrefaciens) resistance.
Diameter in mm. of measured zone sizes. Average value of 5 measurements.
The difference within a single strain and with the same inoculate < 1 mm.

Table 4.

Anti-microbial effect proven in fungicide experiment.
Mould fungus isolated from the unit water

Antimikrobial agents

Effection time, min.

Carbamide 30% + boric acid 3%
Clorhexidine 0.5%
Unit Clean solution II

On the basis of these investigations combinations of
cleaning agents and anti-microbial agents was done. To
the carbamide, sodium borate and Savinase® was added
moreover 0.5% EDTA to dissolve calcium deposits and
1.0% Tween 80 to dissolve fat and at the same time
to reduce surface tension giving increased penetration
capacity. A large number of indicators were tested to
allow the presence of fluids to be seen. Most indicators
when added to the cleaning fluid (Unit Clean 1), however, faded within in a short period of time. Of the tested
indicators, only bromocresol green was able to retain its
colour during storage. At pH 9.5 it turns a turquoise colour and is visible in very low concentrations (0.002%).
Crystal violet (0.002 %) was used as indicator for the
disinfection fluid (Unit Clean 2). This solution turned a
violet colour.

Drinkingwater

Investigation of the number of bacteria in water from
units which had undergone the cleaning procedures with
Unit Clean 1 and 2.
Fig. 4 shows a summary of the results from 42 units
which were equipped with Unit Clean water cleaning systems for 4 - 5 months. For 3 of these, the initial cleaning
and disinfection procedure alone was sufficient to achieve
drinking water quality (<200 cfu per ml). 3 units showed
> 200 - < 1000 cfu per ml. After 2 treatments 8 units had
<200 cfu per ml and after 4 treatments this had increased
to 36. After 5 treatments all 42 units had < 200 cfu per
ml and of these 28 had < 10 cfu per ml. Of these units 12
had maintained a low bacterial count for 2 - 3 months. A
low bacteria count was maintained for a longer period of
time for each monthly treatment.

Chlorhexidine 0.5%

Protein dissolving and precipitating effect registered after

12 hours exposure
of protein coated plastic surfaces.
Anti-bacterial
properties
Examples of investigations of bacteriostatic effect are
presented in Table 3. Carbamide solution 30% only
showed a weak anti-bacterial effect. The addition of sodium borate 3% had an improved effect. The zones were
however throughout diffusely defined. Larger and more
well defined restriction zones were achieved using chlorhexidine with or without the addition of DDA 0.02%.
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Gothenburg region confirmed that this is a problem even
for units which have been in use for only a few years.
The problem, which is both hygienic and technical, does
not seem to be linked to any particular manufacturer.
Equivalent observations have been made in several countries. Flushing with water can of course lower bacteria
levels temporarily (64). However, if this is to have a
significant effect, flushing must be carried out for long
periods of time and be repeated often, as the numbers of
bacteria quickly increase again. Frequent flushing water
is in addition quite time consuming. This is therefore not
a satisfactory solution.
Rapidly recurring colonisation shows that while
organic coatings in the form of biofilms are present, then
bacteria will remain which rapidly can grow. The dominant bacteria are in general unpretentions and originate
from the supply water system. Oral cavity bacteria have
in these investigations only sporadically been found. This
is explained by equipment development in recent years
eliminating backflow from the peripheral water supply
outlets.
The measures reported in the literature for disinfecting unit water systems have only been able to show
a brief and temporary effect. (2, 13, 20, 24, 25, 33, 34,
41, 64, 68-72, 74-78, 83, 86, 96). This is to a great extent
due to biofilm not having been removed. Our laboratory
experiments and tests from dental clinics show that more
permanent reductions of bacteria will only be achieved
where a cleaning agent which can dissolve the complex
biofilm and possible calcium deposits is used. When the
biofilm is removed, microorganism growth opportunities are substantially reduced. Tests also confirm previous observations (97) that it is very important to remove
organic coatings from (for example) teeth surfaces. This
will achieve a reliable disinfection result that cannot be
compensated for by strong bacteria killing agents (97).
There are examples where difficulties controlling the
mains water quality supplied to the unit water have led
to the suggestion that mains water is disconnected and
a tank for deionised or distilled water is instead fitted to
each unit. This however implies that tank water will also
be stationary and will therefore require continual addition
of an anti-microbial agent (18).
In the search for non corrosive agents with protein dissolving and/or bactericide effects, a large number
of compounds were initially tested. We found that the
goal of a proteolytic combined with a bactericidal and
non-corrosive effect is only met by a few substances.
Most disinfection agents tested precipitated proteins and
therefore hindered subsequent attempts to dissolve the
biofilm. Several disinfection agents were corrosive for a
number of metal components in the unit’s water system.
No individual compound was optimal in all respects.
Carbamide showed not only to have a certain protein dissolving effect, but also was noncorrosive and had a rust
protection effect. The anti-bacterial effect was however
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Many investigations and observations show that in

stationary or slowly flowing water, there is a rapid colonisation of microorganisms of many different types (3, 35).
Investigators have shown that dental unit water systems
are likely sooner or later to be colonized with bacteria (4,
18, 20-22, 24-29, 32, 34, 35, 37-42, 47).
Our investigation of more than 100 unit water systems at national dental health and private clinics in the
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weak. The effect was strengthened by combining with
sodium borate, which in addition was shown to be a suitable basis for and strengthened the effect of the proteolytic enzyme. The storage capability of this combination
was also improved. As the proteolytic enzyme operates
best around pH 9.5 and the disinfection agent between
pH 5 and 6, the cleaning and the disinfection procedure
must be carried out in 2 stages. The media equipments
design does however make this operation easy to carry
out. Application and follow-up at dental clinics has
shown that the tested combination of chemical substances
in combination with the easy use of the equipment is a
practical way to clean and disinfect unit water systems
and counteract recolonisation.
When we accepted the challenge to supply an
agent and method for cleaning unit water systems, the
primary focus was on removal of biofilm/biomass. This
however requires continuous co-operation between the
dental health care personnel and us and is particularly
important in the initial period. A transition can then be
made to more routine maintenance. This should provide
units with clean water without the continuous addition
of chemical agents and a reduced risk for system malfunction. The result from the 42 heavily colonised units,
which were tested for around 6 months, shows that the
goal (water system with low or almost no bacteria) is
possible using the proposed measures, including highly
contaminated water systems (fig 4).

free for a period of 1 – 2 months and sometimes more.
Correct installation and operation can give units the
opportunity, with a small time investment, to reduce
bacteria levels in unit water to the same low level as in
drinking water and then hold bacteria levels under control.
Control function important
Due to the unavoidable variation in water quality and
units’ different designs and conditions, it has been shown
that unit water systems are recolonized at different rates.
Cleaning and disinfection procedure efficiency should
be therefore checked via adequate microbiological testing and then be followed up at individually set intervals.
After the observation and follow up sample taking period
is finished, cleaning and disinfection procedures should
be individually adapted giving a site specific cleaning
schedule to each clinical treatment centre.
If a bacteria filter is fitted to a unit water system
and where the effect of the cleaning and disinfection
procedures during the period are carefully controlled,
unit water can be used in surgical work. This however
assumes closer and individually adjusted controls. The
filter gradually blocks due to accumulation of particles
transported in from the supply pipe system.
Conclusion
1. Dental unit water is colonized usually by microorganisms.

The fluid equipment can be fitted to all types of
units. To avoid untreatable bacteria reservoirs developing, the lines to the equipment should be of copper piping, as bacteria content in this usually is low. If the water
supply however is through plastic or rubber pipes, it will
gradually be highly colonised and not be accessible for
the described cleaning system. It will therefore remain
as a bacteria focus and require more frequent unit water
cleaning intervals.
Indicators in Unit Clean 1 and 2 have been
shown to be a good means of checking that fluid has
been added to the entire water system and that after each
cleaning and disinfection procedure that the fluids have
been flushed away. If these cleaning or disinfection fluid
should be inadvertently sprayed into a patient’s mouth,
there are, however, no harmful effects to teeth or mouth
mucous membranes.
The cleaning and disinfection experiments
reported for the 42 units shows that the conditions for
recolonisation vary greatly. It is therefore not possible to
specify in detail a cleaning program that can be applied
to all units. We therefore advise to start cleaning and
disinfection procedures with a two to three week interval
and take water samples for cultivation. Using the results
of these tests, it can be decided how to proceed. Follow
up checks show that when bacteria free conditions have
been achieved, watersystems usually remained bacteria

2. Colonisation is due to slow water flows which
alternate with periods of completely stationary water.
3. A biofilm is developed and provides a breeding
ground for further growth of microorganisms, also for
more 		
substrate demanding and pathogenic
bacteria.
4. The biofilm protects microorganisms from the effects
of anti-microbial agents. For efficient disinfection, the
biofilm must firstly be removed.
5. The biofilm can develop into a biomass and then cause
mechanical problems resulting in unit malfunction.
6. A method and equipment for efficient cleaning and
disinfection of the unit water systems has been
developed and is described here.
7. The equipment is designed so that it can easily be 		
operated by ordinary dental health care personnel.
8. A sterile filter can easily be screwed into the equipment and on condition that there is close microbiologic
control, the unit water can be used in surgical proce-		
dures.
Summary
8

A method for regular cleaning and disinfection of
dental units´ water systems
Åke Möller, Gunnar Dahlén, Jan-Åke Hallén
Tandläkartidningen 2000; 92 (11): 44-53

1987;41:435-64.
6. Costerton JW, Lewandowski Z, Caldwell DE, Korber
DR, Lappin-Scott HM. Microbial biofilms. Annu Rev
Microbiol 1995;49:711-45.
7. LeChevallier MW, Cawthon CD, Lee RG. 		
Inactivation of biofilm bacteria. Appl Environ 		
Microbiol 			1988;54(10):2492-9.
8. Barbeau J, Gauthier C, Payment P. Biofilms, infectio
us agents, and dental unit waterlines: a review. Can
J Microbiol 1998;44(11):1019-28.
9. Barbeau J. Waterborne biofilms and dentistry: the
changing face of infection control. J Can Dent Assoc
2000;66(10):539-41.
10. Barbeau J, Buhler T. Biofilms augment the number of
free-living amoebae in dental unit waterlines. Res 		
Microbiol 2001;152(8):753-60.
11. Dental unit waterlines: approaching the year 2000.
ADA Council on Scientific Affairs. J Am Dent Assoc
1999;130(11):1653-64.
12. Plamondon T, Mills S. A practical approach to impro
ving the quality of water used for routine dental treat
ments. Gen Dent 2000;48(6):682-8.
13. Lee TK, Waked EJ, Wolinsky LE, Mito RS, 		
Danielson RE. Controlling biofilm and microbial con
tamination in dental unit waterlines. J Calif Dent 		
Assoc 2001;29(9):679-84.
14. Pederson ED, Stone ME, Ragain JC, Jr., Simecek JW.
Waterline biofilm and the dental treatment facility: a 		
review. Gen Dent 2002;50(2):190-5; quiz 196-7.
15. Singh R, Stine OC, Smith DL, Spitznagel JK, Jr.,
		
Labib ME, Williams HN. Microbial diversity of
bio		
films in dental unit water systems. Appl Environ
		
Microbiol 2003;69(6):3412-20.
16. Wirthlin MR, Marshall GW, Jr., Rowland RW. 		
Formation and decontamination of biofilms in dental
unit waterlines. J Periodontol 2003;74(11):1595-609.
17. Marciano-Cabral F. Introductory remarks: bacterial
endosymbionts or pathogens of free-living amebae1. J
Eukaryot Microbiol 2004;51(5):497-501.
18. Walker RJ, Burke FJ, Miller CH, Palenik CJ. An inve
stigation of the microbial contamination of dental unit
air and water lines. Int Dent J 2004;54(6):438-44.
19. Yabune T, Imazato S, Ebisu S. Inhibitory effect of
PVDF tubes on biofilm formation in dental unit 		
waterlines. Dent Mater 2005;21(8):780-6.
20. Abel LC, Miller RL, Micik RE, Ryge G. Studies on
dental aerobiology. IV. Bacterial contamination of
water delivered by dental units. J Dent Res 		
1971;50(6):1567-9.
21. McEntegart MG, Clark A. Colonisation of dental 		
units by water bacteria. Br Dent J 1973;134(4):140-2.
22. Clark A. Bacterial colonization of dental units and the
nasal flora of dental personnel. Proc R Soc Med 		
1974;67(12 pt 1):1269-70.
23. Gross A, Devine MJ, Cutright DE. Microbial contamination of dental units and ultrasonic scalers. J 		

The complex water system of dental units is colonized by
bacteria from the tap water. This is a consequence of the
fact that the water system of units contains plastic tubes
and valves with several retention sites in combination
with a low water flow. A biofilm containing complex
organic material develops and creates the conditions for
an increased bacterial content in the unit water. However,
the thickness of the biofilm increases with time and it
may attract pathogenic bacteria, e.g. Legionella pneumophila. Technical disturbances, e.g. turbine damage,
may also follow. The present investigation confirms the
high number of bacteria in many unit water systems. One
of the aims of this series of studies was to elaborate a
chemical and mechanical method for regular cleaning and
disinfection of the unit water system.
By means of a container mounted permanently on the
supplying water pipe, tested cleaning and disinfection
agents were easily introduced into the water system
of the unit. The method, here named Unit Clean, has
been studied on heavily colonized dental units during
a period of at least 6 months. After absence of bacteria
was registered, recolonisation occurred after 3 weeks to
6 months. Initially, repeated cleaning after 2-3 weeks is
recommended. When a bacterial filter was mounted in
the container on the supplying waterpipe, the absence
of bacteria was registered for longer period of time and
it allowed, after bacteriological control, the use of spray
and rinsing functions even for aseptic work.
Key words: microbial colonisation, dental unit, biofilm,
cleaning desinfection
References
1. Recommended infection-control practices for denti
stry, 1993. Centers for Disease Control and 		
Prevention. MMWR Recomm Rep 1993;42(RR-8):112.
2. ADA statement on dental unit waterlines. Adopted by
the ADA Board of Trustees, December 13, 1995 and
the ADA Council on Scientific Affairs, September 28,
1995. Northwest Dent 1996;75(2):25-6.
3. Herman LG. Sources of the slow-growing pigmented
water bacteria. Health Lab Sci 1976;13(1):5-10.
4. Exner M, Tuschewitzki GJ, Haun F. [Scanning 		
electron microscope demonstration of wall coloniza
tion of water-bearing plastic tubes]. Zentralbl 		
Bakteriol Mikrobiol Hyg [B] 1982;176(5-6):425-34.
5. Costerton JW, Cheng KJ, Geesey GG, Ladd TI, 		
Nickel JC, Dasgupta M, et al. Bacterial bio		
films in nature and disease. Annu Rev Microbiol 		
9

Periodontol 1976;47(11):670-3.
24. Hesselgren SG, Nedlich U. [Growth of bacteria in
Unit hoses]. Tandlakartidningen 1977;69(20):1141-4.
25. Kelstrup J, Funder-Nielsen TD, Theilade J. Microbial
aggregate contamination of water lines in dental 		
equipment and its control. Acta Pathol Microbiol 		
Scand [B] 1977;85(3):177-83.
26. Fitzgibbon EJ, Bartzokas CA, Martin MV, Gibson
MF, Graham R. The source, frequency and extent of
bacterial contamination of dental unit water systems.
Br Dent J 1984;157(3):98-101.
27. Martin MV. The significance of the bacterial contami
nation of dental unit water systems. Br Dent J 		
1987;163(5):152-4.
28. Crawford JJ, Broderius C. Control of cross-infection
risks in the dental operatory: prevention of water ret
raction by bur cooling spray systems. J Am Dent 		
Assoc 1988;116(6):685-7.
29. Crawford JJ, Broderius C. Evaluation of a dental unit
designed to prevent retraction of oral fluids. 		
Quintessence Int 1990;21(1):47-51.
30. Jaeggi NE, Bader J, Schmidt-Lorenz W. [Bacterial
regrowth in drinking water. III. Reasons for regrowth
with oligocarbotolerant bacteria]. Zentralbl Hyg 		
Umweltmed 1989;188(1-2):47-65.
31. Jaeggi NE, Schmidt-Lorenz W. [Bacterial regrowth in
drinking water. II. Drinking water distribution sys		
tems]. Zentralbl Bakteriol Mikrobiol Hyg [B] 		
1988;186(5-6):494-503.
32. Jaeggi NE, Schmidt-Lorenz W. [Bacterial regrowth in
drinking water. I. The upgrading of drinking water]. 		
Zentralbl Bakteriol Mikrobiol Hyg [B] 			
1988;186(4):311-25.
33. Jatzwauk L, Reitemeier B. A pilot study of three met
hods for the reduction of bacterial contamination of
dental unit water systems in routine use. Int J Hyg
Environ Health 2002;204(5-6):303-8.
34. Kilian M. [Evaluation of a new system to decontami
nate water passing through dental units]. 		
Tandlaegebladet 1989;93(14):547-9.
35. Barbeau J, Tanguay R, Faucher E, Avezard C, Trudel
L, Cote L, et al. Multiparametric analysis of waterline
contamination in dental units. Appl Environ Microbiol
1996;62(11):3954-9.
36. Williams HN, Paszko-Kolva C, Shahamat M, Palmer
C, Pettis C, Kelley J. Molecular techniques reveal
high prevalence of Legionella in dental units. J Am
Dent Assoc 1996;127(8):1188-93.
37. Merne ME, Puranen MH, Syrjanen SM, Hyvonen
PM. Dental unit water systems harbor large numbers
of microorganisms. Infect Control Hosp Epidemiol
2000;21(5):301-2.
38. Zanetti F, Stampi S, De Luca G, Fateh-Moghadam P,
Antonietta M, Sabattini B, et al. Water characteristics
associated with the occurrence of Legionella pneu
mophila in dental units. Eur J Oral Sci 			

2000;108(1):22-8.
39. Tonetti-Eberle B, Pauli-Uhlmann A, Mombelli A.
[Quality of water of dental units. A survey in the 		
region of Berne, Switzerland]. Schweiz Monatsschr
Zahnmed 2001;111(10):1160-4.
40. Panagakos FS, Lassiter T, Kumar E. Dental unit 		
waterlines: review and product evaluation. J N J Dent
Assoc 2001;72(2):20-5, 38.
41. Smith AJ, McHugh S, Aitken I, Hood J. Evaluation of
the efficacy of Alpron disinfectant for dental unit 		
water lines. Br Dent J 2002;193(10):593-6; discussion
584.
42. Depaola LG, Mangan D, Mills SE, Costerton W, 		
Barbeau J, Shearer B, et al. A review of the science
regarding dental unit waterlines. J Am Dent Assoc
2002;133(9):1199-206; quiz 1260.
43. Monarca S, Grottolo M, Feretti D, Gigola P, Zerbini
I, Alberti A, et al. [Environmental monitoring of infecti
ve risks in Italian dental offices]. Minerva Stomatol
2002;51(7-8):319-26.
44. Pankhurst CL. Risk assessment of dental unit waterli
ne contamination. Prim Dent Care 2003;10(1):5-10.
45. Walker JT, Bradshaw DJ, Finney M, Fulford MR,
Frandsen E, E OS, et al. Microbiological evaluation
of dental unit water systems in general dental practice
in Europe. Eur J Oral Sci 2004;112(5):412-8.
46. Bagga BS, Murphy RA, Anderson AW, Punwani I.
Contamination of dental unit cooling water with oral
microorganisms and its prevention. J Am Dent Assoc
1984;109(5):712-6.
47. Williams JF, Molinari JA, Andrews N. Microbial con
tamination of dental unit waterlines: origins and cha
racteristics. Compend Contin Educ Dent 			
1996;17(6):538-40, 542 passim; quiz 558.
48. Reinthaler F, Mascher F. [Demonstration of 		
Legionella pneumophila in dental units]. Zentralbl
Bakteriol Mikrobiol Hyg [B] 1986;183(1):86-8.
49. Atlas RM, Williams JF, Huntington MK. Legionella
contamination of dental-unit waters. Appl Environ
Microbiol 1995;61(4):1208-13.
50. Challacombe SJ, Fernandes LL. Detecting Legionella
pneumophila in water systems: a comparison of vario
us dental units. J Am Dent Assoc 1995;126(5):603-8.
51. Zanetti F, De Luca G, Tarlazzi P, Stampi S. 		
Decontamination of dental unit water systems with
hydrogen peroxide. Lett Appl Microbiol 			
2003;37(3):201-6.
52. Fotos PG, Westfall HN, Snyder IS, Miller RW, 		
Mutchler BM. Prevalence of Legionella-specific IgG
and IgM antibody in a dental clinic population. J Dent
Res 1985;64(12):1382-5.
53. Reinthaler FF, Mascher F, Stunzner D. Serological
examinations for antibodies against Legionella spe
cies in dental personnel. J Dent Res 1988;67(6):9423.
54. Luck PC, Lau B, Seidel S, Postl U. [Legionellae in
10

dental units--a hygienic risk?]. Dtsch Zahn Mund 		
Kieferheilkd Zentralbl 1992;80(6):341-6.
55. Michel R, Borneff M. [The significance of amoebae
and other protozoa in water conduit systems in dental
units]. Zentralbl Bakteriol Mikrobiol Hyg [B] 		
1989;187(4-6):312-23.
56. Michel R, Just HM. [Acanthamoebae, Naegleria and
other free-living Amoebae in cooling and rinsing 		
water of dental treatment units]. Zentralbl Bakteriol
Mikrobiol Hyg [B] 1984;179(1):56-72.
57. Paszko-Kolva C, Yamamoto H, Shahamat M, Sawyer
TK, Morris G, Colwell RR. Isolation of amoebae and
Pseudomonas and Legionella spp. from eyewash sta
tions. Appl Environ Microbiol 1991;57(1):163-7.
58. Nagy LA, Olson BH. The occurrence of filamentous
fungi in drinking water distribution systems. Can J
Microbiol 1982;28(6):667-71.
59. Odlum O. Dental unit waterline contamination. J Can
Dent Assoc 2000;66(4):175.
60. Monarca S, Grottolo M, Renzi D, Paganelli C, Sapelli
P, Zerbini I, et al. Evaluation of environmental bacte		
rial contamination and procedures to control cross 		
infection in a sample of Italian dental surgeries. 		
Occup Environ Med 2000;57(11):721-6.
61. Szymanska J. Risk of exposure to Legionella in dental
practice. Ann Agric Environ Med 2004;11(1):9-12.
62. Exner M, Haun F, Kocikowski R. [Dental units as
sources of contamination by Pseudomonas aerugino
sa]. Dtsch Zahnarztl Z 1981;36(12):819-24.
63. If your patients ask about dental unit waterlines. Pa
Dent J (Harrisb) 2000;67(3):8.
64. Scheid RC, Kim CK, Bright JS, Whitely MS, Rosen
S. Reduction of microbes in handpieces by flushing
before use. J Am Dent Assoc 1982;105(4):658-660.
65. Teixeira RM. [Water-quality of Westbrabantse dental
units and the effect of flushing]. Ned Tijdschr 		
Tandheelkd 2002;109(8):307-11.
66. Landeen LK, Yahya MT, Gerba CP. Efficacy of cop
per and silver ions and reduced levels of free chlorine
in inactivation of Legionella pneumophila. Appl 		
Environ Microbiol 1989;55(12):3045-50.
67. Liu Z, Stout JE, Tedesco L, Boldin M, Hwang C,
		
Diven WF, et al. Controlled evaluation of copper-sil		
ver ionization in eradicating Legionella
pneumophila 		
from a hospital water distribution system. J Infect Dis 1994;169(4):919-22.
68. Larsen T, Fiehn NE. The effect of Sterilex Ultra for
disinfection of dental unit waterlines. Int Dent J 		
2003;53(4):249-54.
69. LeChevallier MW, Cawthon CD, Lee RG. Factors
promoting survival of bacteria in chlorinated water
supplies. Appl Environ Microbiol 1988;54(3):649-54.
70. Wirthlin MR, Marshall GJ. Evaluation of ultrasonic
scaling unit waterline contamination after use of chlo
rine dioxide mouthrinse lavage. J Periodontol 		
2001;72(3):401-10.

71. Porteous NB, Cooley RL, Lau CA. The efficacy of a
continuous-use stabilized chlorine dioxide dental unit
waterline cleaner and the evaluation of two water
sampling methods. Gen Dent 2003;51(5):472-6; quiz
477.
72. Grayson BH, Li WK, Benjaminson MA. Viability of
bacteria in high-speed dental drill aerosols with anti
microbial agents in the water coolant system. J Dent
Res 1973;52(1):7-12.
73. Mills SE, Lauderdale PW, Mayhew RB. Reduction of
microbial contamination in dental units with povido
ne-iodine 10%. J Am Dent Assoc 1986;113(2):280-4.
74. Fiehn NE, Henriksen K. Methods of disinfection of
the water system of dental units by water chlorination.
J Dent Res 1988;67(12):1499-504.
75. Fiehn NE, Henriksen K. [Methods of disinfection of
water systems in dental units by water chlorination].
Tandlaegebladet 1989;93(1):1-6.
76. Shepherd PA, Shojaei MA, Eleazer PD, Van Stewart
A, Staat RH. Clearance of biofilms from dental unit
waterlines through the use of hydroperoxide ion-		
phase transfer catalysts. Quintessence Int 		
2001;32(10):755-61.
77. Montebugnoli L, Chersoni S, Prati C, Dolci G. A bet
ween-patient disinfection method to control water line
contamination and biofilm inside dental units. J Hosp
Infect 2004;56(4):297-304.
78. Kohno S, Kawata T, Kaku M, Fuita T, Tsutsui K,
		
Ohtani J, et al. Bactericidal effects of acidic
electroly		
zed water on the dental unit waterline.
Jpn J Infect 		
Dis 2004;57(2):52-4.
79. Smith RS, Pineiro SA, Singh R, Romberg E, Labib
ME, Williams HN. Discrepancies in bacterial recove
ry from dental unit water samples on R2A medium
and a commercial sampling device. Curr Microbiol
2004;48(4):243-6.
80. Testarelli L, D’Aversa L, Dolci G. Infection through
sprays in medical devices for dentistry. A controllable
epidemiological impact. Minerva Stomatol 		
2004;53(9):479-94.
81. Testarelli L, L DA, Dolci G. The challenge of severe
acute respiratory syndrome (SARS) in dentistry. 		
Minerva Stomatol 2004;53(7-8):389-402.
82. Meiller TF, Kelley JI, Zhang M, DePaola LG. 		
Efficacy of A-dec’s ICX dental unit waterline treat
ment solution in the prevention and treatment of mic
robial contamination in dental units. J Clin Dent 		
2004;15(1):17-21.
83. Martiny H, Seidel K, Ruden H. [Use of UV rays for
the disinfection of water. III. UV sensitivity of 		
Legionella pneumophila of different ages in cold and
warm drinking water]. Zentralbl Hyg Umweltmed
1989;188(1-2):35-46.
84. Schulze-Robbecke R, Feldmann C, Fischeder R, 		
Janning B, Exner M, Wahl G. Dental units: an envi
ronmental study of sources of potentially pathogenic
11

mycobacteria. Tuber Lung Dis 1995;76(4):318-23.
85. Lin YS, Stout JE, Yu VL, Vidic RD. Disinfection of
water distribution systems for Legionella. Semin 		
Respir Infect 1998;13(2):147-59.
86. Fiehn NE, Larsen T. The effect of drying dental unit
waterline biofilms on the bacterial load of dental unit
water. Int Dent J 2002;52(4):251-4.
87. Kettering JD, Munoz-Viveros CA, Stephens JA, 		
Naylor WP, Zhang W. Reducing bacterial counts in
dental unit waterlines: distilled water vs. antimicrobial
agents. J Calif Dent Assoc 2002;30(10):735-41.
88. Kettering JD, Stephens JA, Munoz-Viveros CA, 		
Naylor WP. Reducing bacterial counts in dental unit
waterlines: tap water versus distilled water. J 		
Contemp Dent Pract 2002;3(3):1-9.
89. Kim PJ, Cederberg RA, Puttaiah R. A pilot study of 2
methods for control of dental unit biofilms. 		
Quintessence Int 2000;31(1):41-8.
90. Roberts HW, Karpay RI, Mills SE. Dental unit water
line antimicrobial agents’ effect on dentin bond 		
strength. J Am Dent Assoc 2000;131(2):179-83.
91. Schneider DJ, Combe EC, Martens LV. The effect of
washing water on bonding to etched enamel. J Oral
Rehabil 2004;31(1):85-9.
92. al Shorman H, Nabaa LA, Coulter WA, Pankhurst
CL,
Lynch E. Management of dental unit water lines.
Dent
Update 2002;29(6):292-8.
93. Szymanska J. Control methods of the microbial water
quality in dental unit waterlines. Ann Agric Environ
Med 2003;10(1):1-4.
94. Davies DG, Chakrabarty AM, Geesey GG. 		
Exopolysaccharide production in biofilms: substratum
activation of alginate gene expression by 			
Pseudomonas aeruginosa. Appl Environ Microbiol 		
1993;59(4):1181-6.
95. Tall BD, Williams HN, George KS, Gray RT, Walch
M. Bacterial succession within a biofilm in water 		
supply lines of dental air-water syringes. Can J 		
Microbiol 1995;41(7):647-54.
96. Mills SE. The dental unit waterline controversy: defu
sing the myths, defining the solutions. J Am Dent
Assoc 2000;131(10):1427-41.
97. Möller ÅJR. Microbiological examination of root
canals and periapical tissues of human teeth. 		
Methodological studies. Odontol Tidskr 			
1966;74(5):Suppl:1-380.

12

