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ABSTRACT

This study aims to evaluate the optimum duration of flushing dental unit waterlines (DUWLs) in
Universiti Sains Islam Malaysia (USIM) dental polyclinics for removal of heterotrophic bacteria. Water
samples were obtained from triple air syringes at each dental chair from oral surgery clinic, outpatient
clinic and polyclinic 17 at Faculty of Dentistry, USIM after 16 and 64 hours of not operating the dental
units as baseline samples. This is followed by sampling after continuous flushing at 30 seconds, 1 minute,
2 minutes and 3 minutes of flushing duration. The levels of heterotrophic plate count (HPC) for each
flushing duration were determined by quantification of colony forming units (CFUs) after cultivation
of samples on plate count agar (PCA), R2A agar and 5% sheep blood agar (SBA). Statistically, there
was no significant reduction in CFUs of HPC for all flushing duration compared to baseline (P > 0.05)
with the most notable HPC reducing level after 1 minute and 3 minutes of flushing DUWLs. However,
HPC level at USIM dental clinics is still exceeding the recommendation by Centers for Disease Control
and Prevention (CDC) which should be less than 500 CFU/mL. The existing method of controlling
DUWLs contamination in USIM dental clinics is only by flushing DUWLs 1 minute every morning prior
to dental treatment as recommended by Malaysian Dental Council (MDC) without the use of chemical
germicides. Thus, the flushing method alone is not reliable to reduce the number of microorganisms in
the DUWLs.

Keywords: Biofilms, dental unit waterlines, flushing duration, heterotrophic plate count

INTRODUCTION surface interface. They predominantly

consist of bacteria and other microorganisms
Water from dental unit waterlines (DUWLs) in a matrix of polymers derived from
is essential to cool dental instruments, the environment and the microorganism
irrigate the oral cavity and service a wide itself. Biofilm microorganisms have a
range of dental procedures. Biofilms are greater chance to survive compared to
microbial populations which adhere to microorganisms in water and planktons
surfaces and are mostly located at the liquid- because biofilm microorganisms are able to
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self-form a complex matrix that can protect
them from external injury, despite the
biofilms also exhibit low metabolic activity
and they are more resistant to antibiotics.
Therefore, control of biofilms as a general
approach should be considered (Pouralibaba
et al., 2011; Hernandez-Jiménez ez al., 2013).

Panagakos et al. (2001) suggested that the
main source of contamination in DUWL
is from community water supply. Bacteria
and human pathogens such as Pseudomonas
spp. (Mavridou er al., 2006; Al-Hiyasat
et al., 2007; Ma er al., 2012), Legionella
pneumophila (Walker er al., 2000; Mavridou
et al., 2006) and Mycobacterium spp. (Walker
et al., 2000; Mavridou er al., 2006) have
been isolated from DUWLs. A rare type of
bacteria species such as Staphylococcus spp.
also was found (Singh er al., 2003). The
issue of water quality from DUWLs has
been a major concern for many years since
it might pose risk of occupational hazards
to the dental health care professionals as
well as risks to the patients. (Pankhurst,
2003; Szymanska & Dutkiewicz, 2008).

The high level of microbial contamination
in DUWLs violates basic infection control
practice. American Dental Association
(ADA) (1999) recommends that water used
in dental treatment should contain a bacterial
level of less than 200 CFU/mL (Mills, 2000)
whereas Centers for Disease Control and
Prevention (CDC) recommends water used
in dental treatment should contain aerobic
heterotrophic plate count (HPC) of less than
500 CFU/mL (Kohn ez al., 2003).

CDC (2003) recommends that any devices
(e.g. handpieces, ultrasonic scalers, or air/
water syringes) that enter a patient’s mouth
should be flushed for at least 20 seconds
to 30 seconds between patients (Kohn
et al., 2003). Clinical Practice Guideline
on infection control by Malaysian Dental
Council (MDC) (2007) stated that
flushing should be done for 1 minute every
morning prior to dental treatment and
with handpieces attached for 20 seconds to
30 seconds between each patient.
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Rice er al. (2006) summarised that flushing

can significantly decrease the HPC
microscopic organisms present in water
utilized for dental treatment. However,

another finding in this study showed that the
flushing procedure did not effectively reduce
the occurrence of either Legionella spp. or
protozoa. In concord with the most recent
CDC proposals, this study confirmed that
flushing alone is not a promising approach
but a dependable strategy for improving
water quality utilized in dental treatment
(Kohn ez al., 2003).

The importance of awareness on possible
contamination in DUWLs has been
highlighted since microbial contamination
violated the principle of infection control
in dental health-care settings. Since then,
there have been several alternatives to
increase the standard of water protection
recommended by ADA including DUWLs
flushing. However, to date, there is still a
lack of data on the effectiveness of DUWLs
flushing. The aim of this study was therefore
to evaluate and compare the optimum
duration of flushing DUWLs for the removal
of heterotrophic bacteria in dental units
that are not operating for 16 and 64 hours
respectively in USIM dental polyclinics.

MATERIALS AND METHODS

The Selection of Sample

This cross-sectional study was carried out
in three dental settings at level 17 of the
Faculty of Dentistry, USIM namely oral
surgery specialist (OS) clinic, outpatient
(OP) clinic and polyclinic 17. Each dental
setting is well-equipped with only one dental
chair unit except for polyclinic 17 with a
total of 35 dental chair units. Besides both
units in OP and OS clinic, one dental chair
unit was randomly selected to represent
polyclinic 17. Water samples from each
dental chair unit were collected after 16 and
64 hours of non-operating same dental units.
The water samples were collected using
sterile technique with clean sterile gloves,



cleaning the outside surfaces of the triple
air syringe with sterile disinfectant cotton
containing 70% ethanol and collection of
waterline samples into sterile bottles. The
first 50 mL sample was taken from each
triple air syringes without flushing as baseline
data, followed by collection of 50 ml. of
water samples after flushing for the duration
of 30 seconds, 1 minute, 2 minutes and
3 minutes using the same triple air syringes
continuously on the same day. The samples
were then placed in the refrigerator at 3°C no
more than 24 hours.

Bacteria Cultivation

Each water sample was serially diluted
on the same day at 1:10! to 1:10° prior to
cultivation on R2A agar (Oxoid, UK) using
spread plate technique with a heated hockey
stick. The remaining water samples were
then centrifuged for 10 minutes at 4°C and
at a speed of 10,000rpm. The sediment
was then cultured on plate count agar
(PCA) (0Oxoid, UK) and 5% sheep blood
agar (SBA) (Oxoid, UK) using the same
technique except for water samples from
polyclinic 17 that use pour plate technique.
SBA was incubated at 35°C for 48 hours
(Payment er al, 1994). While PCA was
incubated at 35°C for 48 hours and R2A
agar at 25°C for seven days (Dichter er al.,
2017). Control plates were incorporated
as sterility control for all three types of agar
used. The colony-forming wunits (CFUs)
in serially diluted water samples were
counted for each incubated plate with the
aid of a colony counter. CFUs more than
300 CFU/mL were considered as Too
Numerous to Count (TNTC) (Peter er al.,
2008). The actual CFUs counts of bacteria
for each plate were determined by direct
multiplication of each CFUs count to their
respective dilution factors (1:10' to 1:103).

Data Analysis

All CFUs data were log transformed prior to
analysis. Data was analysed using Microsoft
Excel 2013 to determine the reducing level of
HPC of different flushing duration. Kruskal-

ORIGINAL ARTICLE | Duration of Dental Waterlines for Microbial Removal

Wallis test was used after descriptive analysis
using SPSS version 21 to compare the
effectiveness of each flushing duration to the
baseline. Wilcoxon-signed rank test was used
to compare the effective flushing time for 16
and 64 hours of not operating dental units.

RESULT

Table 1 shows the total mean of HPC
bacteria for OP clinic, OS clinic and
polyclinic 17 after 16 and 64 hours of
not operating dental chairs at O0-hour,
30 seconds, 1 minute, 2 minutes and
3 minutes of flushing. After 16 hours of
not operating the dental chair at OP clinic
(Fig. 1), the mean of HPC that formed
in SBA was 0.5 log,, CFU/mL, PCA was
3.2 log,, CFU/mL and R2A agar was
3.1 log,, CFU/mL at O-hour respectively
with the total mean of HPC was 6.8 log,
CFU/mL. After 1 minute of continuous
flushing, HPC was only formed in R2A
agar with the mean of HPC was 0.5 log,
CFU/mL. However, the total mean of
HPC was then increased to 0.8 log,
CFU/mL in R2A agar only after 2 minutes
of continuously flushing meanwhile both
PCA and R2A agar recorded 1.4 log,
CFU/mL and 0.6 log;, CFU/mL respectively
after 3 minutes of flushing. The highest HPC
level reduction was 6.3 log;, CFU/mL which
was noted after 1 minute of flushing.

In comparison to after 64 hours of not
operating dental chair at OP clinic (Fig. 1),
the mean level of HPC in all three agars
escalated to 12.4 log,, CFU/mL at 0-hour
with R2A agar recorded the highest mean
of HPC, 5.8 log;, CFU/mL. The total mean
of HPC did reduce in all three agars after
30 seconds and 1 minute of continuously
flushing. However, the colonies bounced
back to 6.7 log;, CFU/mL and 6.5 log,
CFU/mL respectively in R2A agar after
2 minutes and 3 minutes of continuous
flushing. No colony has been recorded in
both SBA and PCA since after the initial
30 seconds of continuous flushing. In
contrast to previous results for 16 hours of
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not operating a dental chair at OP clinic, the
highest reduction of HPC level was recorded
after 30 seconds of flushing where it reduced
by 8.7 log,, CFU/mL..

In OS clinic, the total mean of HPC after
16 hours of not operating the dental chair
(Fig. 2) was initially 7.3 log,, CFU/mL
with 0.5 log,, CFU/mL in SBA, 1.4 log,
CFU/mL in PCA and 5.4 log;, CFU/mL in
R2A agar, respectively. The total mean of
HPC showed reduction in all three agars as
soon as continuous flushing from O0-hour
till after 1 minute of flushing. However, the
total mean of HPC climbed up to 3.4 log,
CFU/mL after 2 minutes of flushing and it
was only recorded in R2A agar. The total
mean of HPC was then continuously raised
by both PCA (1.7 log;,, CFU/mL) and
R2A (2.2 log,, CFU/mL) after continuous
flushing for 3 minutes. The most notable
HPC level reduction was after 1 minute
of flushing with a reduction of 5.2 log,
CFU/mL.

There was a slight increase in the mean level
of HPC after 64 hours of not operating a
dental chair in OS clinic (Fig. 2) recorded
in all three agars (7.8 log,, CFU/mL) at
0-hour. The highest level of HPC reduction
was only recorded after 3 minutes of flushing
and it was recorded in both SBA (0.5 log,,
CFU/mL) and R2A agar (2.1 log;, CFU/mL)
with the total mean of HPC was 2.6 log,
CFU/mL.

The result for polyclinic 17 (Table 1) shows
a peculiarity in comparison with OS clinic
and OP clinic. The fluctuating pattern of
mean HPC level for both after 16 hours and
64 hours of not operating dental chair at
polyclinic 17 were the same. At 0-hour, the
mean HPC level was reported as TNTC in
all three agars after 16 and 64 hours of not
operating a dental chair at polyclinic 17. It
was then reduced drastically after 30 seconds
of flushing then bizarrely climbed up after
1 minute and 2 minutes of flushing before it
went down again after 3 minutes flushing.

TOTAL MEAN HETEROTROPHIC PLATE COUNT

Mean Log,, CFU/mL

30s
(16H)

O-H
(16H)

O-H
(64H)

30s
(64H)

l

3 mins 3 mins
(16H)  (64H)

1 min
(16H)

2mins 2 mins
(16H) (64H)

1 min
(64H)

Duration of Flushing

B SBA ®mPCA ®mR2A

Fig. 1 Total mean of heterotrophic plate count bacteria (log,, CFU/mL) at initial and after flushing of
four duration times as determined by plating on R2A agar, PCA and SBA for OP clinic after 16 and
64 hours of not operating dental chairs.
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Fig. 2 Total mean of heterotrophic plate count bacteria (log,, CFU/mL) at initial and after flushing of
four duration times as determined by plating on R2A agar, PCA and SBA for OS clinic after 16 and
64 hours of not operating dental chairs.

Table 1 Total mean of heterotrophic plate count bacteria (log,, CFU/mL) at initial and after flushing of four
different duration times as determined by plating on R2A agar, PCA and SBA for OP clinic, OS clinic and
polyclinic 17 after 16 and 64 hours of not operating dental chairs

Heterotrophic plate count bacteria (log,, CFU/mL) according to duration of flushing

Research venue (Time) (Mean + SD)
Baseline (0-H) 30 sec 1 minute 2 minutes 3 minutes

OP clinic (16H) 6.8+15 1.9+0.6 05+03 08+04 25+05
OP clinic (64H) 124+14 3.7+2.1 54+3.1 6.7+38 6.5+3.8
OS clinic (16H) 73%£26 32+18 21+1.2 34x19 39+1.2
OS clinic (64H) 78%25 9.1+18 35+15 35+1.6 26+ 1.1
Polyclinic 17 (16H) *TNTC 54+£1.0 73+08 *TNTC 6.0+1.2
Polyclinic 17 (64H) *TNTC 7505 7.2+0.7 11.0x1.7 7.2+0.6

Note: *TNTC - Too numerous to count

In Table 2, Kruskal-Wallis test shows that difference of flushing DUWLs between

there is no significant difference between
flushing duration of 30 seconds, 1 minute,
2 minutes and 3 minutes of flushing with
baseline data for the removal of heterotrophic
bacteria in DUWLs (P > 0.05). Wilcoxon
signed rank test had proven significant

16 and 64 hours of not operating dental
chairs at OP (P < 0.05) but result was not
significant at OS clinic (P > 0.05) (Table 3).
Statistical analysis for polyclinic 17 was not
processed due to mean HPC level reported
as TNTC.
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Table 2 Kruskal-Wallis Test showed that there is no significant difference between flushing duration
of 30 seconds, 1T minute, 2 minutes and 3 minutes of flushing with baseline data for the removal
of heterotrophic bacteria in DUWLs (p > 0.05)

Research venue
(Time)

Flushing duration

0-Hour
30 sec

16H OS clinic

1 min
2 mins

w W w w w

3 mins

16H OP clinic 0-Hour
30 sec
1 min

2 mins

w w w w w

3 mins

64H OS clinic 0-Hour
30 sec
1 min

2 mins

w w w w w

3 mins

64H OP clinic 0-Hour
30 sec
1 min

2 mins

w w w w w

3 mins

Test statistics

Mean rank

10.67
7.00
6.33 4
7.33
8.67

1.963 0.743

12.00
8.33
4.33 4
5.67
9.67

5.920 0.205

10.17

11.67
6.50 4
6.17
5.50

4.549 0.337

10.67
6.67
7.00 4
8.00
7.67

1.765 0.779

Note: * p < 0.05 indicates statistically significant

Table 3 Wilcoxon Signed Ranks Test showed significant difference of flushing DUWLs between 16 and
64 hours of not operating dental chairs at OP clinic

Negative rank

Sum of
ranks

Mean
rank

Positive rank Test statistics

Sum of
ranks

Mean
rank

64H OP- 16H OP 0? 0.00 0.00

Sb

3.00 15.00 0 —2.023>  0.043*

Note: *P < 0.05 indicates statistically significant; 2Wilcoxon Signed Ranks Test; °Based on negative ranks

DISCUSSION

This study evaluated the optimum duration
required to flush DUWLs in USIM dental
polyclinics in order to remove HPC which
would pose risk for healthcare-associated
infection to the patients and attending
clinicians. The efficiency of flushing was
measured by determining the reduction
of total mean HPC level after flushing

m http://aos.usm.my/

DUWJLs and this was applied and compared
for both 16 and 64 hours of not operating
the dental chair. The reduction was also
measured between flushing duration of 30
seconds, 1 minute, 2 minutes and 3 minutes
of flushing. The findings would project
the optimum duration required to flush
DUWTLs as well as to confirm the relevance
of current practise of flushing for 20 seconds
to 30 seconds between each patient in the



Fig. 3 Unique pattern of bacteria formed on plate
count agar from polyclinic 17 water samples after
spread-plate technique.

clinics as recommended by both CDC and
Malaysian Dental Association (MDA).

The evaluation was performed based on the
available designated water supply in USIM
for better quality improvement management.
The municipal water supply is periodically
monitored by the Ministry of Health
(MOH). The reservoir tank on the top of
the roof of the USIM building was supplied
by municipal water. The main supply
was then distributed through reinventing
the type of water filter prior to the side
water tap supply in the clinics. USIM
dental clinics are currently adopting the
MDC recommendation guidelines by only
practicing flushing DUWLs 1 minute every
morning prior to dental treatment and in
between patients without the use of chemical
germicides. The annual maintenance
service is only carried out for the first three
years after installation of the dental units.
After that, the technician will only attend
if there is any impending problem from the
dental chairs. Nevertheless, the routine
daily cleansing of suction tubing hose of
the used dental chair is still conducted daily
with the antibacterial solution based on the
manufacturer’s instructions at the end of
dental clinics operating hours.

ORIGINAL ARTICLE | Duration of Dental Waterlines for Microbial Removal

As an overall, the result shows that flushing
DUWLs did reduce the level of HPC
bacteria. Constant reduction of mean HPC
level can be seen after 30 seconds of flushing
DUWLs for all the samples collected from
the baseline reading, with most significant
reduction noted after 1 minute of flushing
in the majority of the samples. These water
samples were collected from dental units that
left unoperated for 16 hours at OS and OP
clinics. On the other hand, after 64 hours of
not operating dental units, a longer flushing
time of 3 minutes was needed to significantly
reduce the mean HPC level. At OP clinic,
the reduction was notably observed after
30 seconds for 64 hours of not operating the
dental chair unit, meanwhile at OS clinic
the reduction occurred after 3 minutes for
64 hours of not operating the dental chair
unit. The possible reasons could be the
OS clinic is situated further away from the
source of water supply than the OP clinic.
Therefore, the course of piping for water
dispensing to the OS clinic is relatively
longer. Besides, there is a relatively more
luminal surface catered for biofilm formation
accompanied by microbial attachment within
the 64 hours duration. These lead to higher
risk of dislodging more microorganisms from
the biofilms during the flushing process.

Flushing DUWLs after 30 seconds and
2 minutes showed a fluctuation of mean
HPC level for all samples. From the result,
we suggest that the non-uniform level of
HPC may be due to erratic sloughing of
bacterial biofilm into bulk water during
flushing procedure.

The highest level of HPC found on samples
from polyclinic 17. This result may be due
to absence of ceramic filters in these dental
units. Ceramic filters were incorporated on
other dental clinics in this study. Therefore,
we are suggesting the consideration of
placing ceramic filters in dental units is
a worthwhile filter to reduce the level of
HPC bacteria. This study chose pour plate
technique for the cultivation of water samples
from polyclinic 17 based on a pilot study
performed prior to this study. During the
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pilot study, all samples were subjected to
spread plate technique. However, CFUs
count for samples from polyclinic 17 were
undetermined after incubation due to its
unique pattern of bacteria growth as shown
in Fig. 3. Pour plate technique enabled
the microorganisms to grow within and on
the surface of the medium which made the
counting of colony forming units possible but
the colonies that formed were usually smaller
(Dichter ez al., 2017).

Table 3 shows significant difference of
flushing DUWLs between 16 and 64 hours
of not operating dental chairs at OP clinic
where higher HPC level was found after
64 hours of not operating the dental unit.
The basis of time selection was according
to dental chair operating schedule. Sixteen
hours were determined from weekday 5 p.m.
evening onwards when the clinic was finished
to the following weekday 9 a.m. morning
before the clinic resumed to operate.
Meanwhile, the 64 hours were determined
from weekday Friday 5 p.m. onwards
throughout the weekend till the following
weekday Monday 9 a.m. when the clinic was
resumed to operate again.

In the present study, it shows that the longer
water stays stagnant inside DUWLs, there
will be more bacteria and microorganism
colonisation in the tubing surfaces. This
finding will have an impact on the DUWL’s
cleaning routine for staff and students to
emphasise cleaning after leaving dental
units unoperated for a longer time. World
Health Organization (2008) warned that
raised heterotrophic plate count (HPC)
levels happen particularly in stale pieces
of funnelled dissemination frameworks,
in household plumbing, in filtered water
and in plumbed-in gadgets, for example,
conditioners, carbon channels and candy
machines.

However, our result was contradicted by a
previous study conducted by Normaliza et al.
(2013) at USIM dental clinics in which the
total bacteria count from DUWLs showed
less than 200 CFU/mL. The reason for the
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discrepancy may be due to the type of agar
used in their study. Only nutrient agar that
cultivates less fastidious microorganisms was
used in their study. In contrast, our research
study utilised three different agars (R2A agar,
SBA and PCA) in order to capture different
populations of bacteria in the DUWLs. This
might contribute to the great difference.
R2A agar was used to study bacteria which
normally inhabit potable water. When
R2A agar was used with the spread plate
procedure, it cultivates slow growing bacteria
which usually suppressed by faster growing
species meanwhile SBA was used for
cultivation of fastidious microorganisms and
lastly, PCA which also knowns as Tryptone
Glucose Yeast agar or Casein-Peptone
Dextrose Yeast agar was used to capture
a variety of aerobic bacteria from water
samples (Dichter ez al., 2017).

The findings of our research were in
concordance with several country-wide
studies. Shahabudin ez al. (2018) found that
the level of microorganisms did not meet
the guideline by CDC even after flushing
DUWLs. Research by Cobb et al. (2002)
revealed that despite continuous water
flushing of four minutes, the degree of CFUs
still surpassed the CDC recommendation
of water safety level. Rice ez al. (2006) also
concluded that water treatment should never
rely on flushing DUWL alone. The result of
this study confirms that flushing DUWILs
alone is not reliable for water quality.

Pederson ez al. (2002) recommended
that different methodologies other than
flushing would be required to efficaciously
eliminate the biofilm. Recommendations
and future research should be conducted
to identify the specific bacteria present in
DUWLs especially Legionella spp. and free-
living protozoa. Besides, further research
on specific chemical treatment for the
water supply, such as the use of chemical
germicides (chlorine dioxide and hydrogen
peroxide) should be recommended for
the removal or inactivation of biofilms
in DUWLs. In addition, water tubing
assessment  using scanning  electron



microscopy (SEM) is also equally important
to evaluate the biofilm condition inside the
DUWLs tubing.

However, there is a limitation of the study
as only one dental chair was chosen from
the total of 35 dental chairs in polyclinic 17.
Therefore, the result of this study might not
entirely represent the inference employed.
Owing to it, we strongly suggest a complete
sampling set of dental chairs should be
applied in the future study to extrapolate the
result.

CONCLUSION

Statistically from this study, there is a
significant difference of flushing DUWILs
between 16 and 64 hours of not operating
dental chairs at both OP and OS clinics.
At OP clinic, the reduction was notably
observed after 1-minute of flushing
for 16 hours of not operating and after
30 seconds for 64 hours of not operating
the dental chair unit. While at OS clinic
the reduction occurred after 1-minute of
flushing for 16 hours of not operating and
after 3 minutes for 64 hours of not operating
the dental chair unit. This study also reveals
that there is no significant difference between
flushing duration of 30 seconds, 1 minute,
2 minutes and 3 minutes of flushing with
baseline data for the removal of heterotrophic
bacteria in DUWLs. The water quality
at USIM dental clinics after the flushing
duration of 30 seconds, 1 minute, 2 minutes
and 3 minutes failed to meet the CDC
recommendation that water used in dental
treatment should contain aerobic HPC of
less than 500 CFU/mL. In our study, the
method of flushing of DUWLs has been
proven as an unreliable tool to improve
water quality and therefore, it should be
applied as an adjunct with other water
treatment methods to improve the water
quality in dental units. Regular maintenance
of DUWLs should be conducted for dental
units that are left unoperated for a period of
time at all dental clinics (including USIM
dental clinic) to safeguard dental personnel
and patients.
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