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Abstract: Microbiological control of water quality in dental units waterlines is extremely
significant for patients and dental personnel. Based on the latest scientific literature,
ways of reducing microbial contamination of dental treatment water and biofilm
elimination are presented. The use of disinfectants, drying, and flushing are described.
Further research to evaluate effectiveness, convenience on a day-to-day basis and
economic aspects of various methods is required.
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INTRODUCTION units per millilitre) — is considered. The goal of infection
control is to minimise the risk from exposure to potential

A dental unit is furnished with a system of thin, plastipathogens and create a safe working environment to treat
tubes, called dental unit waterline (DUW), deliveringoatients [17].
water to the different handpieces. The water cools high- Direct sources of DUW bacterial contamination are: 1)
speed handpiece, is necessary in air/water syringes andnicipal water piped into dental unit and 2) suck-back
ultrasonic scalers. The water may circulate in an opef patient’s saliva into the line due to lack of preventive
system, where its source is a municipal water supply, orvwalves. An indirect source of contamination, forming
a closed system, where it is taken from a containgithin the waterlines, is a biofilm developing in small-
belonging to a unit. The quality of dental water is obore plastic tubing. The biofilm consists of colonies of
considerable importance since patients and dental staff &cteria, fungi, protozoa adhering to the inner surfaces of
regularly exposed to water and aerosols generated fraddWs. The initial biofilm layers grow through replication
the dental unit. Bioaerosols, as a source of indireof organisms that make up the biofilm, as well as
infection for dentists, may constitute occupational hazar@slherence of free-floating microorganisms from the water
in their work [20]. Medical risk of dental unit waterlinesource. With time, individual microorganisms, as well
contamination is most significant for immunocompromiseg@ieces of the biofilm, can dislodge and pass out of
individuals. waterlines [16]. DUWSs are ideal environment for growth

For years, numerous attempts have been made, usofgnicroorganisms. According to Barbeaiual. [3] DUWs
various methods and focusing especially on the microbighould be considered an aquatic ecosystem in which
contamination of water, to guarantee an appropriatpportunistic pathogens successfully colonize synthetic
guality of water used in dental treatment. A possibility tgurfaces, increasing the concentration of the pathogens in
reduce the bacterial contamination of water down to water to potentially dangerous levels. Microbiological
lower limit suggested by the American Dental Associatiooontamination of DUWSs is thought to be the result of
(ADA) - bacterial loads< 200 cfu/ml (colony forming biofilm formation.
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BACTERIAL CONTAMINATION the dental unit prepared for the research purpose.
Subsequently, different 2-week long maintenance procedures
Microbiological studies of dental unit water samplesvere applied using disinfectants injected by a pump and
from 150 surgeries revealed widespread and unacceptabhally the bacterial contamination of the water flowing
high levels of contamination. Biofilm formation along thefrom waterline was evaluated. The physical decontamina-
wall of the fine-bore waterlines is primarily responsiblgion was performed using 0.22 um membrane filters,
[23]. A later study showed that none of the waterlines wasghich have been installed in another dental unit, and the
spared from bacterial contamination, among 121 dentiltered water was analysed to detect bacterial contamina-
units located at the dental school of Université de Montréailon. The preliminary procedure of biofilm removal
A significant difference was also observed between sampkascceeded in obtaining germ-free water. Among the
taken at the beginning of the day and samples taken aftisinfectants used for maintenance of the water quality
a 2-min purge. Differences were also found betweewnly glutaraldehyde T4 was able to reduce the bacterial
water from the turbine and the air/water syringe. Randooontamination under the limit suggested by the ADA. The
variation occurred mainly between measurements (80%jembrane filter system was not efficient in purifying the
and to a lesser extent, between dental units (20%). Alsowater, but the use of a disinfectant (peracetic acid) in the
was observed less than a week after their installation, tlaest part of the waterline yielded good results. At present,
newly installed dental units at the dental school yieldedo decontamination system of dental waterlines is
bacterial counts above 2 x *1@fu/ml [3]. Similarly, available, and glutaraldehyde T4 seems to be the best
Monarca's et al. [15] research showed bacteriologicaldisinfectant butonly if integrated with periodic biofilm
contamination of the dental unit water in all the 20 dentaémoval for the maintenance of the water quality.
offices. Other studies assessed water samples from a hospital
Identification and characterization of the microflora irdental clinic to determine whether a disinfectant/coolant
DUWs is presented in numerous studies [1, 2, 3, 13, lifjgant containing chlorhexidine (Lines, Micrylium
17, 19, 20, 22, 25], and showed that most of these bactdraboratories) affects the presence of microbial organisms
belonged to thé®seudomonadacedamily. Some of the in dental unit waterlines. It was shown that decontamina-
microorganisms identified are known opportunistic pathogenson of dental unit waterlines is possible using disinfectant/
The significance of the problem is demonstrated by thgigant followed by sterile water irrigation. The potential
participation of many American institutions which askedor contamination of the lines from patients’ saliva may be
a group of experts to critically review the scientificreduced by the use of preventive valves and the disinfectant/
literature on the subject in an attempt to determine tisterile water irrigation, as shown in this study [6].
evidence basis for management of DUWSs contaminationlrish researchers [22] investigated the efficacy of 2
and potential health risks, if any, in dental procedurelydrogen peroxide-based disinfectants (Sterilex Ultra and
The evaluation yielded 4 questions that need to Kganosil) in reducing bacterial loads to safe levélse
addressed in future research: What is the safest and mzdstmical quality of dental chair unit input and output
effective agent(s)/device(s) for achieving microbial levelaater was well within the limits recommended for potable
of no more than 200 cfu/ml, in the effluent dental water®ater. Water supplied to the units yielded an average
How should these products be evaluated and by whora€robic heterotrophic bacterial concentration of 184 cfu/ml.
What are the adverse health effects, if any, of chronldowever, the corresponding concentration in output water
exposure to dental bioaerosol or to the agents introduceds considerably higher, being on the average in water
into the dental unit to treat the waterlines for both dentélom the three-in-one air/water syringes and cup fillers in
staff members and patients? How could these healt chairs 8200 and 4300 cfu/ml, respectively. Dental unit
issues be evaluated? [5] water obtained from 18 separate reservoir-supplied units
Recently, the Council of Scientific Affairs of the ADA in general practices in the Dublin area yielded an average
published a list of products cleared by the FDA to contralf 66,000 cfu/ml. In a controlled study, once weekly
dental waterline contamination. Simultaneously, the awaren@sgernight disinfection using either agent reduced the
of the risks related to biofilm formation was increased anghcterial concentration to below the ADA recommended
information on techniques and devices designed to conttelvel. However, once disinfection ceased the bacterial
the microbial contamination of DUWSs was provided [18].loads increased to unacceptably high levels within 3
weeks. Electron microscopic analysis showed that both
CONTROL METHODS hydrogen peroxide-basetisinfectants markedly reduced
biofilm in the DUWSs, but the biofilm rapidly became
Monarca et al. [14] evaluated the effectiveness ofextensive again when weekly disinfection ceased. While
methods of chemical decontamination using differerioth disinfectants were equally effective in lowering the
disinfectants (peracetic acid, hydrogen peroxide, silvdyacterial counts to acceptable levels, Sterilex Ultra was
salts, chloramine T, glutaraldehyde T4) and methods afsociated with clogging of DUWSs in some dental chair
physical decontamination using synthetic membranes fanits after repeated usage, suggesting that Sanosil is a
the filtration of water. A preliminary removal proceduremore suitable agent for routine use. Similar results were
of the biofilm present in the waterline has been applied wbtained by Jacksoet al.[8] and Lingeret al.[12].
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Five chemical disinfectants were evaluated to compareCobb et al. [4] investigated whether time-dependent
their abilities to improve dental unit waterline quality andvaterline flushing affects the presence of biofilm in
assess their effects, if any, on the biofilm layer. Sixty newatherwise-untreated dental unit waterlines. It was concluded
dental units, with a closed-circuit water system, were usdltht water flushing of dental unit waterlines produced a
to compare microbial levels in DUWSs treated withstatistically significant reduction in planctonic bacteria at
Listerine, Bio 2000, Rembrandt, Dentosept, sodium fluorideach time interval, compared to the baseline and between
andsterile distilled water alone as a control over a 6-weedach successive time interval. However, the number of
period. For all units, the waterlines were filled withcfu after 4 minutes of continuous water flushing still
solution, left overnight, and then flushed for 30 secondsxceeds the current ADA recommendations for acceptable
with sterile distilled water the following morning prior tolevels of microorganisms. To improve the quality of dental
patient treatment. Results of this study showed that everater, flushing or purging the waterlines is recommended,
in a closed-circuit water system, distilled water alonehich is demonstrated by Teixeira’s study [21].
cannot reduce microbial contamination of dental treatment
water from dental unit waterlines to the 200 cfu/ml ADA CONCLUSIONS
stated goal. However, water treated with 5 antimicrobials,

did meet the microbial reduction goal. The biofim The results of recent studies show the importance of

apparently was reduced in Volume’ but not entire|§ﬁ)utine monitoring of micrObi0|Ogical contamination of
eliminated [10]. In other analysis, Ketterimg al. [L1] dental surgeries and, in case of contamination, the need to
showed that using tap water alone or tap water wigPply disinfection treatment to the waterlines [15]. Further
bleach did not improve water quality. The 200 cfu/mfesearch to evaluate effectiveness, convenience on a day-
standard was achieved using the closed water system &rdlay basis and economic aspects of various methods is
sterile, distilled water treated with disinfectant Bio 200@€quired.

or using Bio 2000 alone. Using 100% Bio 2000 was
effective, but more costly.

Phosphate buffer-stabilized chlorine dioxide mouth | would like to thank all authors for sending me reprints of
rinse was shown to be effective in these short-term trideir articles.
for control of waterline contamination [25].

The combination of intermittent and continuous treatment
with dllut(_Ed sodium hyp_ochlorl_tg was u_sed to improve 1. Barbeau J, Buhler T: Biofilms augment the number of free-living
dental unit water qu'a“ty ina C!'n'cal setting. AS a resultymoebae in dental unit waterlin&es Microbiol2001,152, 753-760.
all dental units consistently delivered water with less than 2. Barbeau J, Gauthier C, Payment P: Biofilms, infectious agents, and
10 Cfu/m|' and Scanning electron microscopy at the end ¢tal unit waterlines: a reviewan J Mirobiol 1998,44, 1019-1028.

: 1:3. Barbeau J, Tanguay R, Faucher E, Avezard C, Trudel L, Cote L,
the .StUdy dem.onStrated the lack of fe.atures consistent WFLtrrfvost AP: Multiparametric analysis waterline contamination in dental
biofilm format_lon. The success of t_hls p_rotocol suggestits. Appl Environ Microbiol1996,62, 3954-3959.
that the attainment of optimal microbial dental water 4. Cobb CM, Martel CR, McKnight SA 3rd, Pasley-Mowry C,
quality may require a combination of approaches [9]. Ferguson BL, Williams K: How does time-dependent dental unit waterline

. lushing affect planctonic bacteria levelsRent Edu002,66, 549-555.
Shephercet al. [19] demonstrated the effectiveness o? 5. Deapola LG, Mangan D, Mills SE, Costerton W, Barbeau J,

hydroperoxide ion-phase transfer catalyst (HPI-PTGnearer B, Bartlett J: A review of the science regarding dental unit
cleaners and disinfectants for maintaining dental unitaterlinesJ Am Dent Asso2002,133 1199-1206.
waterlines free of planctonic organisms. The routing 6- Epstein JB, Dawson JR, Buivids IA, Wong B, Le Nhu D: The

effect of a disinfectant/coolant irrigant on microbes isolated from dental
weekly use of an HPI-PTC cleaner controlled dental unifi: water linesSpec Care Dentit002,22, 137-141.

waterline biofilm and reduced, with minimum effort, the 7. Fiehn NE, Larsen T: The effect of drying dental unit waterline
microbial contamination level of water used for patientiofilms on the bacterial load of dental unit watet. Dent J2002,52,
treatment to less than 200 cfu/ml. 251-254.

. . 8. Jackson BL, Molinari JA, Forbes WC, Farthing CF, Winget WJ:
Dental equipment such as retracting shut-off valveg,ajation of a hydrogen peroxide disinfectant for dental unit waterlnes.

preventive valves that tend to fail, or waterlines that awen Dent Asso2001,132, 1287-1291.
inaccessible, contribute to a situation in which virtually 9. Karpay RI, Plamondon TJ, Mills SE, Dove SB: Combining

; ; ; riodic and continuous sodium hypochlorite treatment to control biofilms
every standard dental unit contains contaminated Wat%?dental Unit water systerd.Am Dent AssoE999 130, 957-965,

Regulations and teChnobgical devices are emerging t01q. Kettering JD, Munoz-Viveros CA, Stephens JA, Naylor WP,
manage dental water quality [24]. Zang W: Reducing bacterial counts in dental unit waterlines: distilled
Drying and f|ushing are other tested methods to contreyptervs.antimicrobial agentsl Calif Dent Asso2002,30, 735-741.

the microbial dental water quality. Fiehn and Larsen [7] - Kettering JD, Stephens JA, Munoz-Viveros CA, Naylor WP
educing bacterial counts in dental unit waterlines: tap water versus

evaluated drying of the dental unit waterlines as a neyiled water.J Contemp Dent Pra@002,3, 1-9.

method of controlling the bacterial biofilm therein and 12.Linger JB, Molinari JA, Forbes WC, Farthing CF, Wingret WJ:

thereby to reduce the number of living bacteria in dentévalulaﬂon of a hydrogen peroxide disinfectant for dental unit
; ; ; aterlines.J Am Dent Asso2001,132, 1287-1291.

unit water. The study showed that drying of DUW did not® 0 M0 Soesy o e Baqui AAM A, Turng BF,

reduce the number of cfu/ml in dental unit water belo,jer Jr: Dental unit waterlines: biofilms, disinfection and recurrence.

the levels found in DUW left untreated. J Am Dent Assot999,130, 655-672.
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