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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 lev-
els in the unit water. The bacteria are usually not patho-
genic. 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 disinfec-
tion 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 intro-
duced into the water system. Bacteriological investiga-
tions 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 bacterio-
logical 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 clean-
ing 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 high-
ly 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 car-
ried 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.

The equipment and cleaning and disinfection fluids are 
marketed under the name Unit Clean by Ingenjörsfirman 
Jan-Åke Hallen AB.

Introduction
Water systems in our dental units are gradually colo-
nised 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 guide-
lines for dental care, established in 1993 (1) pointed out 
that unit water does not meet general hygienic require-
ments and the American Dental Association (2) stated 
in its instructions to its members in 1995 the following. 
”Dental unit water systems currently designed for gen-
eral 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.

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 colo-
nisation 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.  

 

                                                                 
It cannot, in addition, be excluded that pathogenic bacte-
ria 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 par-
ticular 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 lati-
tudes, pathogens such as Vibrio cholerae can represent a 
potential risk. Pathogenic bacteria are in general favoured 
by higher temperatures and they can under these condi-
tions 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 con-
taining 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 

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 bac-
teria 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 treat-
ment 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 flush-
ing 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 numer-
ous 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 com-
bination with chlorination have also been used. A contact 
time of 24 hours did not, however, give complete decon-
tamination (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 re- 
commended 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 disin-
fection 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 bac-
teria filter before each outlet point, to overcome the dif-
ficulties in achieving long term results using antibacterial 
measures. This seems to be a fairly clumsy system, judg-
ing 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) recom-
mended with regular draining.
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Fig. 1   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.



       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 continu-
ously 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 meas-
ures 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 loos-
ened 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 prop-
erties. 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 cor-
rosion protected. Cleaning and disinfection agents must 
therefore not be corrosive. 

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,  

 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 mono-
oleate, Kebo Lab 1.7267), EDTA (ethylenediaminetet-
raacetic acid, Merck Art. 8417),
Anti-microbial compounds: 
Boric acid (purum, Kebo Lab 1.1611), didecyldimethyl-
ammonium 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 ser-
vice 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 flu-
ids were used.
Mechanical equipment:
Specially designed equipment holding 250 ml of fluid 
were fitted at the water inlet to the unit (fig 2). 
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Fig. 2   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.

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.

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.

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 investi-
gated 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 surviv-
ing microorganisms per ml were calculated based on the 
number of colony forming units (cfu) per ml.

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 dis-
infection 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 bacte-
ria 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.
 
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.

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).
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Table 1. Protein dissolving/precipitating properties.
 Remnant protein graded 0-3. 

Agents

Carbamide 30%

Carbamide 30% + sodium borate

Unit Clean solution I

Clorhexidine 0.5%

Drinking water (control)

 Didecyldimetylammoniumchloride
 (DDA) 0.01%

Effection time
2 hr 12 hr

trace

trace

trace

precipitation

precipitationprecipitation

precipitation



 
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 opti-
mal 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.

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 sodi-
um borate 3% had an improved effect. The zones were 
however throughout diffusely defined. Larger and more 
well defined restriction zones were achieved using chlo-
rhexidine with or without the addition of DDA 0.02%.

      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 chlo-
rhexidine and DDA (Unit Clean 2) achieved a broader 
anti-microbial activity.

       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), how-
ever, 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 col-
our 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. 

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 sys-
tems 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.
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Non treated surface Drinkingwater

Unit Clean 1 Chlorhexidine 0.5%

Fig. 3 Protein dissolving and precipitating effect registered after  
 12 hours exposure of protein coated plastic surfaces.

Table 3 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.

Agents
Strain a

Grampos. cocci
Strain b

Gramneg. bacilli

Carbamide 30%

Clorhexidine 0.5%

Unit Clean solution II

Unit Clean solution I

Carbamide 30% + sodiumborate 3%

Table 4. Anti-microbial effect proven in fungicide experiment.
 Mould fungus isolated from the unit water

Antimikrobial agents

Carbamide 30% + boric acid 3%

Clorhexidine 0.5%

Unit Clean solution II

Effection time, min.

Table 2 Corrosive properties. 
 K  =  Corrosive. 
 M =  Discoloured after 1 or 4 weeks.

Agents

Sodium hypoclorit 0.5%

Sodium hydroxide 1N

Carbamide 30%

Unit Clean solution I

Clorhexidine 0.5 - 5%

DDA 0.1 - 0.5%

Drinking water (control)

Carbamide 30% + natriumborat 3%

Iron/steel Copper Brass
Various plastic

material

Unit Clean solution II
Clorhexidine 0.5% + DDA 0.1%



      Fig. 5 shows an example of an electron microscopic 
picture of the inside of plastic tubes which were removed 
from units before and after cleaning with Unit Clean  
fluids.

Discussion
Many investigations and observations show that in sta-
tionary or slowly flowing water, there is a rapid colonisa-
tion 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 sys-
tems at national dental health and private clinics in the 

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 coun-
tries. 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 domi-
nant 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 dis-
infecting 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 opportuni-
ties are substantially reduced. Tests also confirm previ-
ous 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 pro-
tein 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 dis-
solving effect, but also was noncorrosive and had a rust 
protection effect. The anti-bacterial effect was however 
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Fig. 5 a   before cleaning                          b   after cleaning  
                       Magnification 100 times 

Fig. 4   Result (number of cfu/ml) from Unit Clean treatment of  
 42 highly contaminated dental unit water systems.
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weak. The effect was strengthened by combining with 
sodium borate, which in addition was shown to be a suit-
able basis for and strengthened the effect of the proteo-
lytic 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 mal-
function. 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).

 The fluid equipment can be fitted to all types of 
units. To avoid untreatable bacteria reservoirs develop-
ing, the lines to the equipment should be of copper pip-
ing, 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 

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 con-
trol.
 
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 test-
ing 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 micro-  
 organisms.

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 equip- 
 ment and on condition that there is close microbiologic  
control, the unit water can be used in surgical proce-  
dures.
Summary
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A method for regular cleaning and disinfection of 
dental units´ water systems
Åke Möller, Gunnar Dahlén, Jan-Åke Hallén
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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 pneu-
mophila. 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
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