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Abstract

This study was to investigate a dental unit chair waterline control status and management method. A
survey was conducted among 311 persons who were employed in dental and medical institutions in
Busan, Korea from March 16 to April 15, 2012. Statistical analysis was performed using SPSS 18.0
version. Micro culture was implemented 10 dental unit chair randomly. For testing, dental unit
waterline flushing from a regular chair was completed at once, for 1 minute, 3 minutes, and 5 minutes.
Another flushing was completed dental unit chair equipped with plasma sterilization system. In terms of
waterline control behaviors, 23.5% dental hygienist do regular microbiological test. The most significant
reason for not performing regular microbiological testing was ‘Others’. The microbial culture result of
dental unit chair waterline was shown by flushing time. The number of microorganisms in the 5 minute
flushing was significantly reduced. The flushing with plasma device was not detected at all. Thus, the
longer the waterline flushing time is, the higher the management effect is. The best way is to use effect
equipment. Finally, realistic control training to enhance the dental hygienist’s control ability must be
required.
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Introduction
In dentistry, the unit chair is the most basic equipment for
dental treatment and has been gradually developed over the last
40 years in terms of its appearance and [1]. The waterline of
the unit chair serves to supply water to the apparatus connected
to the unit chair, the mouthwash system, and the cuspidor [2].
If the patient’s saliva or blood, however, flows backward
during the unit chair’s operation, not only the backwash point
but also the waterline through which the water passed is
contaminated, creating an environment where bacteria can
easily reproduce.

The safety of the patients and employees in dentistry is closely
related to the amount of microorganisms in the water used in
the unit chair [3]. Since bacterially infected water from the unit
chair may work directly or indirectly in the mouth, it is
recognized as a risk factor for systemic diseases as well as oral
diseases [4]. Bacterially infected water from the unit chair can
cause serious infections especially in the elderly and
immunocompromised patients and can lead to conjunctivitis as
well as to respiratory-related diseases and bowel disorders.
Thus, attention must be paid to it [5]. For this reason, the
bacterial infection of water to be used for dental patients has
been adopted and evaluated as a waterline and surface

management item in relation to the evaluation of dental care
institutions’ infection control that is currently being conducted
[6].

The microorganisms present in waterlines biofilms, which are
microbial colonies grown on the surface. These biofilms cause
opportunistic pathogens like pseudomonas aeruginosa,
legionella bacteria, etc. [7]. Once formed, biofilms are very
difficult to completely remove, and it takes much time and
effort to prevent their infection. Waterline management is an
infection control method that periodically disinfects the water
bottle dedicated to the water supply from a handpiece, air and
water sprayer, etc., removing the microorganisms that flow
backward to such water bottle so that they would not be able to
form biofilms on the wall of the water bottle by hiding in the
slime [8], which has become a hot topic in dentistry of late.

In the United States, the Centers for Disease Control and
Prevention (CDC) and American Dental Association (ADA)
recommend a 500/ml maximum live bacterial level in the
dental unit waterline [9] and a 200/ml colony-forming unit
(CFU) [10], respectively. South Korea’s guideline for waterline
management, however, is known to recommend a less than
100/ml maximum live bacterial level in the dental unit
waterline, which is difficult to implement overall due to the
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implementation agency’s lack of understanding of the pertinent
management method [5].

Various methods of inhibiting the microorganisms that have
proliferated are currently being carried out. Different methods
have been applied in different hospitals, including the non-
chemical method of flushing water from the waterline to lower
the level of microorganisms, the use of chemical anti-infective
agents, the use of a waterline biofilm treatment solution,
treatment of water before supplying it to the unit chair, and the
use of other equipment [11,12]. In addition to the management
method applying microbial inhibition using chemical inhibitors
or equipment, changes are also needed in the dental hygienists’
waterline management awareness level because such dental
hygienists are the people who are actually responsible for
managing the waterlines according to the established guideline.

Therefore, this study aimed to quantitatively analyze the
bacteria in the water through the dental unit waterline flushing
method and the use of waterline management equipment, and
to review the feasibility of the method and to suggest an easier
waterline management plan by investigating the awareness of
waterline management and the method employed for such by
dental hygienists engaged by dental care institutions to perform
the waterline management tasks.

Materials and Methods

Study subjects and survey methods
This study was conducted on 311 dental hygienists employed
in dental care institutions in Busan, South Korea. To determine
the dental hygienists’ level of awareness of dental unit chair
waterline management as well as the status of and obstacles to
their implementation of such, a survey on the status of and
obstacles to the implementation of dental unit chair waterline
management was conducted in this study, among the infection
control indices of the evaluation criteria employed by dental
care institutions and formulated by Korea Institute for Health
and Social Affairs in 2010.

Implementation of flushing dental unit waterlines
For this study, five regular unit chairs and five unit chairs
equipped with a plasma sterilization system (Dentozone, Seoul,
South Korea) were randomly selected from a university
hospital located in Yangsan. To perform microbiological
testing, flushing was completed at once, for 1 minute, 3
minutes, and 5 minutes, and 30 mL water was received in a
sterile container, which was subjected to microbiological
testing (Table 1).

Microbial culture
An mL of each sample obtained by flushing was applied to a 3
M petrifilm plate (USA). The films were cultured in an
incubator at 37°C for 48 h. The microorganism CFUs cultured
in the film were measured and calculated.

Statistical analysis
The SPSS statistical program (Version 20, SPSS, Chicago, IL,
USA) was used for statistical analysis, and frequency analysis
was performed with the frequency and percentage for the status
of and obstacles to the implementation of dental unit chair
waterline management. Additionally, to check the bacterial
propagation in the water, the difference in CFU between the
groups was analyzed through the Student t-test at a 95%
significance level.

Table 1. Divided group of flushing in this study.

Group N Division

1 5 Immediately

2 5 After 1 min

3 5 After 3 min

4 5 After 5 min

5 5 After plasma

Table 2. Implementation status of dental unit chair waterline
management by medical institution.

Implementation Status

Division N(%)

Dental
Hospital Dental Clinic

Regular microbiological testing for
waterlines **

Yes 57 (38.8) 16 (9.8) 73 (23.5)

No 90 (61.2) 148 (90.2) 238 (76.5)

Handpiece waterline flushing **

Always do 82 (55.8) 59 (36.0) 141 (45.3)

Occasionally do 55 (37.4) 76 (46.3) 131 (42.1)

Not at all 10 (6.8) 29 (17.7) 39 (12.6)

Ultrasonic scaler waterline flushing **

Always do 62 (42.2) 31 (18.9) 93 (29.9)

Occasionally do 59 (40.1) 79 (48.2) 138 (44.4)

Not at all 26 (17.7) 54 (32.9) 80 (25.7)

3-Way syringe waterline flushing

Always do 48 (32.7) 38 (23.2) 86 (27.7)

Occasionally do 62 (42.2) 75 (45.7) 137 (44.1)

Not at all 37 (25.1) 51 (31.1) 88 (28.2)

Backflow prevention handpiece**

Yes 46 (31.3) 23 (14.0) 69 (22.2)

No 20 (13.6) 21 (12.8) 41 (13.2)

Do not know 81 (55.1) 120 (73.2) 201 (64.6)

ToTal 147 (100.0) 164 (100.0) 311
(100.0)
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*p<0.05,** p<0.01

Table 3. Reasons for not performing microbiological testing for
waterlines.

Reasons Dental Hospital Dental Clinic N (%)

Due to the high costs 18 (19.8) 9 (6.0) 27 (11.3)

Hassle during the
procedure

25 (27.5) 50 (33.8) 75 (31.5)

The risk is not that high 4 (4.4) 14 (9.5) 18 (7.6)

Extension of treatment
time

1 (1.1) 0 (0.0) 1 (0.4)

Others 42 (46.2) 75 (50.7) 117 (49.2)

Figure 1. Number of microbial colonies on the petrifilm.

Results

Implementation status of dental unit chair waterline
management
In the survey that was conducted to examine the respondents’
waterline management behaviors, 23.5% of the respondents
answered that they do regular microbiological testing for
waterlines. Of those, 38.8% were dental hospitals and 9.8%
were dental clinics, and the difference was significant
(p<0.01). For handpiece waterline flushing, 45.3% answered
“always do” (the most common answer), and the
implementation rate was 55.8% in dental hospitals and 36% in
dental clinics, indicating that the implementation rate is higher
in dental hospitals. For ultrasonic scaler waterline flushing,
44.4% answered “occasionally do” (the most common answer),
and the implementation rate was 40.1% in dental hospitals and
48.2% in dental clinics, indicating that the implementation rate
is higher in dental clinics. For three-way syringe waterline
flushing, 44.1% answered “occasionally do” and 27.7%
answered “always do.” In the results by medical institution,
among the respondents who answered “always do,” 32.7%
were dental hospitals and 23.2% were dental clinics, showing
that the implementation rate of three-way syringe waterline
flushing is higher in dental hospitals (Table 2). In terms of the
reason for not performing regular microbiological testing for

waterlines, 49.2% answered “others” and 31.5% answered
“hassle during the procedure” (Table 3).

Figure 2. Microbial viability in waterline flushing according to the
time difference.

Microbial culture results
The results of waterline flushing according to the time
difference are shown in Figure 1. When the water was flushed
at once, many microorganisms were observed on the film, and
the number gradually decreased when flushing was carried out
for 1 minute, 3 minutes, and 5 minutes. On the other hand,
when the plasma sterilization system was used,
microorganisms were not detected (Figure 2). The number of
microbial colonies was also counted and compared, and the
results showed that it significantly decreased in each group
(Table 4).

Table 4. Antibacterial activity of dental unit control status.

Division Colony P- value

Immediately 150 ± 8.47a

0.000*

After 1 min 118 ± 4.32b

After 3 min 84 ± 2.96c

After 5 min 58 ± 1.14d

After plasma 0e

*p<0.05,**p<0.01; abcdeThe same alphabet is assumed to be the same group by
Duncan post-hoc test

Discussion
The relationship between the biofilm and the bacterial
proliferation in waterlines or storage tanks is an area of interest
that has been in the spotlight of late, and secondary problems
like cross-contamination occur. Thus, dental unit chair
waterlines need to be thoroughly managed by developing a
safe management method. This study was conducted to
investigate the dental hygienists’ waterline management
behaviors and the obstacles that they encounter when
implementing waterline management at the treatment rooms,
and to provide visual data for improving the level of infection
and the infection control plan by confirming the water quality
of the unit chair through microbiological testing. Microbial
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infection of the waterline of the unit chair was first reported by
Blake [13]. In the waterline structure of the unit chair, biofilms
can be formed quickly [14]. First, the intermittent use pattern
of the dental line leads to the stagnation of the whole water
column inside the waterline during the day, thereby activating
the microbial growth in the water. Second, according to the
physics of laminar flow of the water passing through the
waterline, the flow is maximum at the center of the lumen and
minimum at the periphery, facilitating both the deposition and
attachment of microorganisms to the tube surface [15,16].
Furthermore, it is known that the average temperature of the
water in most waterlines is 23°C, which is a good condition for
microorganisms to reproduce [17].

Previous studies have highlighted the importance of water
quality in the waterline of the unit chair to protect the dental
patients and employees [18,19]. Robert et al. [20] examined the
awareness of the infectious risk associated with the water in the
unit chair and reported that only 30% of the dentist respondents
in their survey answered that the water circulating in the dental
unit chair waterline transports many microorganisms, and that
the dental patients and employees are thus at risk for infection.
In the survey that was conducted in this study, however, which
investigated the implementation rate of waterline flushing
through a handpiece, an ultrasonic scaler, and a three-way
syringe, a larger number of dental hygienists answered that
they do flushing, implying that the role of dental hygienists in
managing the medical equipment in dentistry is greater, and
that they are more aware than the dentists of the need to
manage the medical equipment in dentistry because they are
the people who actually manage the equipment. Nevertheless,
in terms of the reason for not performing regular
microbiological testing for waterlines, “do not know well,” one
of the “other” opinions, was the most common, consistent with
the results of other studies [5]. The reason for this seems to be
that there is no clear management guideline for the waterline
management of the unit chair, and that the waterline
management of the unit chair is thus entrusted to each medical
institution and there is no institutional device related to its non-
fulfillment.

The typical methods for unit chair waterline management
currently include using medicinal materials and disinfection
equipment. For the medicinal materials to be used for
disinfection, a variety of products containing NaOCl and H2O2
have been developed and are currently being used to inhibit the
microorganisms in the waterline [9,21]. When these chemicals
are used, however, the residual medicine components after the
treatment must be discharged through idling when the
equipment is re-operated, which is inconvenient. For that
reason, waterline flushing, a basic management method, is the
most well-known method of reducing the microorganisms
formed in the waterline [2,12]. According to the experiment
that was performed on such, the microbial levels of the water
collected at once and in the 1-minute flushing from the unit
chair exceeded the reference value, and it was confirmed to be
less than the acceptable reference value at least after 3 minutes.
Waterline management through waterline flushing has the
effect of reducing the amount of microorganisms in the

discharged water, but it could not completely inhibit the
microorganisms therein.

Besides these, in recent years, water purification systems using
various disinfection equipment were frequently used [7,22]. In
this study, the method of inhibiting the water microorganisms
of the unit chair equipped with a plasma sterilization system
was adopted. This method has been reported to have a strong
OH and O sterilizing power produced by the decomposition of
O2 and water as plasma is generated [23,24]. It was confirmed
that microorganisms were not detected at all when the plasma
purification system applied in this study was used. The reason
for this is not only that the plasma sterilization system has a
strong OH and O sterilizing power but also that it is attached to
the unit chair, and as such, the microorganisms are filtered
through the water filter. This study had a limitation, however,
in that unit chairs equipped with an uncommon plasma water
purification system were used for the experiment and various
dental treatment chairs were not reflected. Therefore, the
difference in the microorganism expression rate within the
waterline of the unit chair needs to be investigated by each area
of care in the future. Additionally, this should lead to further
studies to systematize the water quality management method
according to the area of care.

Conclusion
This study aimed to know the method for unit chair waterline
management. According to this paper, dental employees need
to clearly recognize the risk of infection and to define efficient
and proper management methods for implementation.
Moreover, systematic education and awareness change are
required. To do this, visual stimulation should be provided by
presenting scientific and effective evidence, and appropriate
control methods should be taken based on such.
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