
Heliyon 10 (2024) e35745

Available online 3 August 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

Research article 

The effect of different types of water sources on dental unit 
waterline contamination: A systematic review and meta analysis 

Ting Shuai a,1, Tianyi Shao b,1, Lijuan Yi c,d,1, Shuyu Han b, 
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A B S T R A C T   

To systematically review the effect of different types of water sources on dental unit waterline 
(DUWL) contamination. 5 databases were searched from their inception to December 23, 2023. 
Two reviewers independently extracted the data and assessed the quality of the literature. The 
risk ratio (RR) was used as measure of effect size in meta-analysis. The Grading of Recommen-
dations, Assessment, Development and Evaluation (GRADE) was used for evaluating quality of the 
evidence. Meta-analysis was completed by RevMan 5.4.5 studies involving 561 water samples 
were quantified for meta-analysis. The results indicated that no significant differences were found 
in view of contamination rate (RR = 1.01; 95 % CI, 0.72–1.41; P = 0.96, I2 = 62 %; GRADE low) 
and detection rate of Pseudomonas aeruginosa (RR = 0.78; 95 % CI, 0.15–4.13; P = 0.77; I2 = 83 
%; GRADE very low) between using purified water and tap water as water sources of DUWL. The 
available evidence suggests that there is no significant difference between purified water and tap 
water in controlling DUWL contamination. However, the conclusions need to be further validated 
through more randomized controlled trials with robust design and a large sample size.   

1. Introduction 

Following the Corona Virus Disease 2019 (COVID-19) pandemic, there has been an increased emphasis on hospital infection control 
in dental clinics, with particular attention to the potential role of dental unit waterline (DUWL) as a source of infection. Dental Chair 
Unit (DCU) is the complex integrated systems of water, electrical and pneumatic lines that support a wide range of dental treatments. 
Dental unit waterline (DUWL) as vital components of DCU, consists of internally interconnected plastic hoses and metal control valves. 
Dental treatment water delivered by DUWL is supplied to the DCU cup filler outlet for oral rinsing of patients and the bowl-rinse outlet 
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for rinsing DCU spittoon, as well as to cool down dental instruments such as handpieces in order to prevent potential tooth damage 
caused by heat generated during their use. Additionally, dental treatment water is also supplied to air/water syringe for irrigation [1]. 

In 1963, Blake conducted a study revealing elevated levels of microorganisms in DUWL, marking the initial documentation of 
DUWL contamination [2]. Over the past few decades, numerous studies have consistently reported microbial counts easily exceeded 
106 colony-forming units per milliliter (CFU/mL) in DUWL because of the texture and composition of plastic tubes and prolonged 
stagnation of dental treatment water [3,4]. These microorganisms originate not only from oral microbiota due to patients’ oral 
bacterial retraction during dental procedures but also from the dental treatment water itself [5,6]. The contaminated DUWL harbors 
pathogenic microorganisms including Pseudomonas aeruginosa, Legionella species, and non-tuberculosis Mycobacterium [7–10]. Direct 
exposure of patients’ skin, mucous membranes, and dental tissues to this contaminated water during dental treatment may result in 
wound infections [7,11,12]. Moreover, the inhalation of aerosols generated from contaminated dental treatment water poses a risk of 
healthcare-associated infections for both patients and healthcare workers [13]. Therefore, the high microbial loads present in DUWL 
represent a potential public health concern, particularly for vulnerable populations such as the elderly or immune-compromised in-
dividuals. At present, the Centers for Disease Control and Prevention (CDC) and the American Dental Association (ADA) recommend 
that concentration of heterotrophic water bacteria in DUWL output water should not exceed 500 CFU/mL [14]. When concentration of 
heterotrophic water bacteria in DUWL output water exceeds the limits issued by CDC, ADA or other guidelines, the water sample from 
outlets is considered contaminated. To ensure meet these standards, DUWL water quality control measures involving physical and 
chemical disinfection methods have been proposed. Chemical methods are the use of various chemical disinfectants (e.g., hydrogen 
peroxide, chlorine disinfectants, and electrolysed oxidising water). Physical methods include installing anti-back draft devices, 
emptying and drying pipelines, flushing, and changing the type of water source. 

Currently, the types of water sources commonly used in DCU include tap water and purified water. Purified water refers to tap 
water is treated by distillation, ion exchange or reverse osmosis, including distilled water, reverse osmosis water, deionized water, 
demineralized water, soft water and sterile water [15]. Compared with tap water, purified treated water has relatively few impurities, 
inorganic salts, and microorganisms. That may reduce the multiplication of microorganisms within the DUWL so that biofilms are less 
likely to form in the pipeline, and is expected to reduce output water contamination [16]. Several original studies have investigated the 
impact of water source selection on microbial contamination in DUWL [17–21], but the varying results across studies have not led to a 
unified conclusion regarding which type of water sources should be selected for DUWLs. Therefore, this study aims to conduct the first 
systematic review and meta analysis to evaluate the effect of different types of water sources on DUWL contamination. 

2. Methods 

The present systematic review and meta analysis was rigorously conducted and reported according to the Preferred Reporting Items 
for Systematic Reviews and Meta Analyses (PRISMA) [22]. The protocol of the present study has been registered in PROSPERO 
platform (registration ID: CRD42023413453). 

2.1. Searching strategy 

A comprehensive search was conducted across 5 electronic databases, including PubMed, EMBASE, the Cochrane Central Register 
of Controlled Trials (CENTRAL), China National Knowledge Internet (CNKI), and Wanfang Database. The search period spanned from 
the inception of these databases to December 23, 2023. Monthly updates were performed to identify any potential studies. Two in-
dependent reviewers identified more eligible studies by reviewing their reference lists. Language restrictions were not applied during 
the search process. The search terms included “dental unit”, “waterline”, and “water”. MeSH terms and text words were combined in 
the search strategy, which was tailored to each database’s characteristics. A complete search strategy for PubMed was provided in 
Table 1. All retrieved records were managed using Endnote X20.0 software. 

Table 1 
The search queries in PubMed. 
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2.2. Selecting criteria 

The selection criteria were initially formulated based on five key aspects, namely the object of study, intervention, comparison, 
outcome measures, and study design prior to conducting the search. The inclusion criteria were as follows: 1) object of study - DCU for 
clinical treatment; 2) intervention - purified water including distilled water, reverse osmosis water, deionized water, demineralized 
water, soft water or sterile water as water sources of DUWL; 3) comparison - tap water as water sources of DUWL; 4) outcome measures: 
the primary outcome was the contamination rate of water samples from outlets (contamination rate = number of contaminated water 
samples/number of all the water samples), and the secondary outcome was the detection rate of opportunistic pathogen (the detection 
rate of opportunistic pathogen = number of water samples contaminated with opportunistic pathogen/number of all the water 
samples); and 5) study design - randomized controlled trials (RCTs) or clinically controlled trials (CCTs). Exclusion criteria included: in 
vitro studies, insufficient data and duplicate publications. 

2.3. Study selection 

The downloaded citations were imported into Endnote X20.0 software for de-duplication. Two independent reviewers (TYS and 
LJY) conducted a thorough literature screening and cross-checked the results. Initially, the title and abstract of each literature were 
screened to exclude obviously irrelevant ones. Only when both reviewers deemed a literature eligible based on its title and abstract, its 
full text was obtained for further selection. The full text was meticulously assessed and re-screened to make final determinations on 
eligible studies. Disagreements between the two reviewers were resolved through consultation, with involvement of a third reviewer 
(ZWW) if consensus could not be reached. 

2.4. Data extraction 

Two independent reviewers (TS and SYH) extracted data from the included studies using a pre-designed data extraction table, 
ensuring accuracy through cross-checking of the final results. The extracted information encompassed the first author, publication 
year, country, study design, number of DCU, type of water sources, collection method of water sample, microbiological analysis 
method, and reported outcomes. Any discrepancies between the two reviewers were resolved through consultation with a third 
reviewer (MFJ) if necessary. In cases where missing or additional data were required, the authors of the respective papers were 
contacted for clarification. 

2.5. Evaluation of methodological quality of included studies 

The quality of the included literature was independently assessed and cross-checked by two researchers (TS and LJY) based on the 
Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Quasi-Experimental Studies, which consists of nine items [23]. Assessment 
criteria included descriptions of causality, variables, baseline, controls, outcome measures, follow-up, and data analysis. Each item in 
the included literature was evaluated as “yes”, “no”, “unclear” or “not applicable” to determine its appropriateness. A study with less 
than 50 % “yes” answers was considered to have a high risk of bias, while a study with 50 %–69 % “yes” answers was rated as having a 
moderate risk of bias. A study with 70 % or more “yes” answers was classified as having a low risk of bias [24]. Any disagreements were 
resolved through consultation with a third researcher (XEL). 

2.6. Statistical analysis 

The data synthesis was conducted using Review Manager 5.4 version software. For this study, the outcome indicator consisted of 
dichotomous data, and therefore the results were presented as risk ratios (RR) with a 95 % confidence interval (CI). Statistical sig-
nificance for the combined result of multiple studies was considered at a level of P < 0.05. To account for heterogeneity within and 
across trials, a random-effects model was employed to perform statistical analysis on the contamination rate and detection rate of 
opportunistic pathogen in this meta-analysis [25]. Heterogeneity was assessed using I2 and the chi-square test [26]. Subgroup analyses 
were performed to evaluate differences between groups based on whether chemical disinfection was implemented. If there were 10 or 
more studies included in the meta-analysis, a funnel plot would be generated to assess publication bias [27]. 

2.7. Quality of evidence 

The GRADE guidelines were adhered to for assessing the overall quality of evidence, utilizing the GRADE pro GDT software 
(guideline development tool) [28]. The a priori ranking has been downgraded to ‘moderate’ based on all the included studies being 
non-RCTs [29]. Subsequently, we evaluated five factors that could further diminish the quality of evidence: risk of bias, inconsistency, 
indirectness, imprecision, and publication bias. Ultimately, we assigned a judgment of “high”, “moderate”, “low” or “very low” for 
each piece of evidence. 
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3. Results 

3.1. Results of searching and selecting 

A total of 2408 records were retrieved, and after de-duplication, 1550 unique records were obtained. The title and abstract of these 
records underwent initial screening, resulting in the removal of 1528 irrelevant articles. Subsequently, the remaining 22 articles were 
evaluated in full text and only 5 articles were included in the meta analysis [17–21]. The detailed process of literature screening was 
illustrated in Fig. 1. 

3.2. The basic characteristics of included studies 

The study design of all the included studies was CCTs. A total of 561 water samples were analyzed across five studies, with 295 in 
the intervention group and 266 in the control group. These studies were conducted in Italy, China, and India. Water samples were 
collected from handpieces and air-water syringes in two studies [17,19], air-water syringes in two studies [18,20], and bottle storage 
tank and cup fillers in one study [21]. The types of purified water used in these studies included deionized water, distilled water, and 
sterile water. All included studies reported contamination rates, while three also reported detection rates of opportunistic pathogens 
[19–21]. Detailed information on the included studies can be found in Table 2. 

3.3. Risk of bias of included studies 

Only one study was rated as “No” for item 5 because it did not include multidimensional measures of outcome indicators before and 
after the intervention [17].For item 2, two studies received an “unclear” rating as they did not clearly describe whether the baselines 
were comparable [19,21]. The remaining studies scored a “Yes” in all other items. All the included studies achieved 80 % or higher 
“Yes” ratings, indicating a low risk of bias and high overall methodological quality. Fig. 2 presented the results of the risk of bias 
assessment. 

3.4. The meta analysis of contamination rate of water samples from outlets 

The meta-analysis included a total of 561 samples, encompassing all the included studies conducted to calculate the contamination 
rate in water samples [17–21]. The pooled results showed that there was no statistically significant difference in contamination rate 
between purified water and tap water as water sources (RR = 1.01; 95 % CI, 0.72–1.41; P = 0.96, I2 = 62 %). In the subgroup analysis 
for disinfection, two studies with four arms were included [19,20], and the pooled result indicated that there was no statistically 
significant difference in contamination rate between purified water and tap water as water sources (RR = 0.56; 95 % CI, 0.28–1.12; P 
= 0.10; I2 = 37 %). Similarly, in the subgroup analysis for no disinfection, four studies with five arms were included [17–19,21], and 
the pooled result revealed that there was no statistically significant difference in contamination rate when purified water was 

Fig. 1. The flow chart of study selection.  
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Table 2 
The basic characteristics of the included 5 studies.  

Study ID Country Study 
design 

No. of 
DCU (T/ 
C) 

Intervention Comparison Water sample collection Microbiological analysis method Outcomes 

Outlets No. of water 
samples (T/C) 

Sampling 
frequency 

Culture 
medium 

Culturing 
temperature 
and time 

Cutoff 
values 
(CFU/ 
mL) 

Wu2019 China CCT 1/2 supplying purified water 
(obtained by reverse 
osmosis) by a bottle 
storage tank 

municipal water supply HP, two 
AWS 

39/78 once a 
month, 13 
months 

nutrient 
agar 
37 ◦C for 
48h 

37 ◦C for 48 h 10 contamination 
rate 

Lizzadro2019 Italy CCT 10/4 supplying sterile or 
distilled water by a bottle 
storage tank 

municipal water supply HP, 
bottle 
storage 
tank, CF 

84/16 NR tryptic 
glucose 
yeast 
agar 

36 ◦C for 48 h 20 contamination 
rate, detection 
rate of 
opportunistic 
pathogen 

Mungara 
2013 

India CCT 5,5/5 T1: supplying purified 
water (not reported water 
treatment method) by a 
bottle storage tank; 
T2: supplying sterile 
distilled water by a bottle 
storage tank 

supplying tap water by a 
bottle storage tank 

AWS 5/5/5 sampling 
only once 

R2A agar 35 ◦C for 5d 200 contamination 
rate 

Liu2014 China CCT 3,3,3,3/ 
3,3,3,3 

T1:supplying distilled 
water by a bottle storage 
tank, 50 mg/L chlorine 
disinfectant once a day; 
T2: supplying distilled 
water by a bottle storage 
tank, 20 mg/L chlorine 
disinfectant once a day; 
T3: supplying sterile 
distilled water by a bottle 
storage tank, 10 mg/L 
chlorine disinfectant once 
a day; T4:only supplying 
sterile distilled water by a 
bottle storage tank 

C1: municipal water 
supply, 50 mg/L chlorine 
disinfectant once a day; 
C2: municipal water 
supply, 20 mg/L chlorine 
disinfectant once a day; 
C3: municipal water 
supply, 10 mg/L chlorine 
disinfectant once a day; 
C4: only municipal water 
supply 

HP,AWS, 36,36,36,36/ 
36,36,36,36 

sampling 6 
times 

nutrient 
agar 
37 ◦C for 
48h 

37 ◦C for 48h 200 contamination 
rate, detection 
rate of 
opportunistic 
pathogen 

Laura 2014 Italy CCT 1/1 supplying deionized 
water (not reported water 
treatment method) by a 
bottle storage tank, 
hydrogen peroxide for 
intermittent disinfection 

municipal water supply, 
hydrogen peroxide for 
intermittent disinfection 

AWS 18/18 sampling 
18 times 

plate 
count 
agar 

22 ◦C for 72 h 500 contamination 
rate, detection 
rate of 
opportunistic 
pathogen 

Notes: DCU: dental chair unit; CCT: clinical controlled trial; T: treatment group; C: control group; HP: handpiece; AWS: air-water syringe; CF: cup filler; NR: not reported; CFU/mL: colony-forming units per 
milliliter. 
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compared to tap water as water sources (RR = 1.26; 95 % CI, 0.83–1.93; P = 0.28; I2 = 77 %). Importantly, there was no significant 
subgroup difference observed between these findings (P = 0.05). These results were presented graphically in Fig. 3. 

3.5. The meta analysis of detection rate of opportunistic pathogen 

3.5.1. Pseudomonas aeruginosa 
Three studies involving 208 water samples reported the detection rate of Pseudomonas aeruginosa [19–21]. The pooled results 

indicated no significant difference in the detection rate of Pseudomonas aeruginosa between purified water and tap water as water 
sources (RR = 0.78; 95 % CI, 0.15–4.13; P = 0.77; I2 = 83 %). In the subgroup analysis of disinfection, only one study was identified 
[20], which indicated no significant difference in the detection rate of Pseudomonas aeruginosa between purified water and tap water as 
water sources (RR = 0.50; 95 % CI, 0.21–1.17; P = 0.11). In the subgroup analysis of no disinfection, two studies were included [19, 
21], and the pooled result revealed that there was no statistically significant difference in the detection rate of Pseudomonas aeruginosa 
between purified water and tap water as water sources (RR = 0.78; 95 % CI, 0.03–21.19; P = 0.88; I2 = 80 %). There was also no 
significant subgroup difference observed between them (P = 0.80). The results were presented in Fig. 4. 

3.5.2. Legionella species 
Only one study reported the detection rate of Legionella species [21], with a detection rate of 91.7 % (77/84 water samples) in the 

purified water group and 37.5 % (6/16 water samples) in the tap water group. The results indicated no significant difference in levels 
of Legionella species between purified water and tap water as water sources of DUWL (P = 0.05). 

Fig. 2. The results of risk of bias assessment.  

Fig. 3. The meta analysis of contamination rate of water samples from outlets.  
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3.6. Evidence evaluation 

We conducted an evidence evaluation for the results of meta analysis, revealing a high degree of heterogeneity in the combined 
outcome indicators “contamination rate” and “detection rate of opportunistic pathogens”. Consequently, the “contamination rate” was 
assigned a low-quality rating due to inconsistency, while the “detection rate of opportunistic pathogens” received a very low-quality 
rating due to both inconsistency and imprecision, as depicted in Table 3. 

3.7. Publication bias 

There were only 5 studies included in the meta analysis, so we didn’t assess publication bias. 

4. Discussion 

Due to the potential increase in hospital infection risk, effective disinfection of DUWL has emerged as a pivotal measure for hospital 
infection control. A few studies have investigated the impact of different types of water sources on DUWL contamination in recent 
years. Wu et al. and Mungara et al. found that using tap water as water sources of DUWL was more effective and resulted in lower 
contamination rate at outlet samples [17,18], while Liu et al. reported that purified water was more effective [19]. Laura et al. and 
Lizzadro et al., however, found no significant difference between purified water and tap water as water sources of DUWL [20,21]. 
Relevant to the diverse outcomes observed in various studies, a systematic review becomes imperative for comprehensive analysis and 
synthesis. In our study, we conducted a comprehensive search and included 5 clinical trials to systematically evaluate whether using 
purified water or tap water leads to differences in terms of contamination rate of water samples from outlets [17–21]. 

The results of the present meta analysis showed that whether chemical disinfection was employed or not, purified water as water 
sources of DUWL had no significant difference compared with tap water in terms of reducing contamination rate and detection rate of 
opportunistic pathogen. 

Purified water is produced by distillation, ion exchange or reverse osmosis of tap water and so purified treated water has relatively 
few impurities, inorganic salts, and microorganisms [16]. Because of its properties such as low ionic concentration and low mineral 
content, some researchers thought that purified water as water sources of DUWL may reduce the multiplication of microorganisms 
within the DUWL by interfering with the environment in which microorganism live so that biofilms were less likely to form in the 
pipeline, and to reduce output water contamination [30]. But the factors resulting in DUWL contamination are complex. DUWL itself 
features a significantly narrow inner diameter (approximately 2–3 mm), along with a sluggish water flow and prolonged stagnation, 
thereby creating optimal conditions for the rapid proliferation of microorganisms in the water [31]. Microorganisms in DUWL orig-
inate not only from patients’ oral microbiota due to bacterial retraction during dental procedures but also from the dental treatment 
water itself [32,33].Therefore, despite the utilization of purified water as a water source to reduce microbial presence, rapid repro-
duction of microbes from patients’ oral microbiota could still lead to DUWL contamination, even in the new DUWL without biofilm 
[34]. Moreover, in the case of existing mature biofilm on old DCU, regardless of the types of water sources employed, the biofilm 
detaches and disperses into the water due to the impact of water flow, thereby facilitating further reproduction and resulting in DUWL 
contamination [35,36].Finally, if purified water is used as the water source of DUWL, it needs to be supplied separately through a 
bottle storage tank [37]. On the one hand, the material composition, cleanliness level, storage duration, and temperature control of the 

Fig. 4. The meta analysis of detection rate of opportunistic pathogen.  
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Table 3 
GRADE classification for evidence evaluation.  

Outcomes No. of 
studies 

Quality assessment No. of patients 
(T/C) 

Effect size Certainty of the evidence 
(GRADE) 

Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

RR(95%CI) 
P 

MD 

Contamination rate 5 CCT No 
serious 

Seriousa No serious No serious No serious 295/266 1.01(0.72, 
1.38) 
P = 0.96 

– ⨁⨁◯◯ 
Low 

Detection rate of opportunistic 
pathogen 

3 CCT No 
serious 

Seriousa No serious Seriousb No serious 138/70 0.78(0.15, 
4.13) 
P = 0.77 

– ⨁◯◯◯ 
Very low 

Note: CCT: clinical controlled trial; T: treatment group; C: control group; RR: risk ratio; MD: mean difference; CI: confidence interval. 
a : I2 value of the pooled results was large and high heterogeneity. 
b : small sample size and the confidence intervals were wide. 
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bottle storage tank could impact the water quality of DUWL; On the other hand, factors including stagnant water in the bottle storage 
tank, non-standardized disinfection measures (such as failure to timely disinfect and clean the bottle storage tank), prolonged use 
without changing the water, inadequate aseptic procedures during water changes, and failure to completely empty the bottle storage 
tank after use may result in biofilm formation within the bottle storage tank and significant bacterial contamination levels that greatly 
affect overall water quality of DUWL [21,38]. Although both the 2018 guidelines issued by the Organization for Safety, Asepsis and 
Prevention in America and the 2017 guidelines from the British Dental Association recommended using purified water as water sources 
of DUWL, it was important to note that the two guidelines were based on expert consensus rather than high-level evidence [39,40]. 
This limitation restricted the validity of their results. In contrast, our up-to-date meta-analysis included five studies which indicated 
that changing the type of water source didn’t effectively control DUWL contamination. Besides, a study was conducted to explore the 
effect of different types of water sources on the incidence of postoperative bacteraemia, and demonstrated that there were no sig-
nificant differences in the incidence of postoperative bacteraemia, which aligned with the results obtained from our current 
meta-analysis [41]. 

Although all the included studies were assessed low risk of bias, GRADE classification showed low and very low-quality evidence 
supported these results. Given the relatively low quality of evidence, it was possibly attributable to sample size, study design and the 
inconsistency and imprecision of outcome indicator. Therefore, clinical practitioner should approach these clinical decisions with 
caution, employing judiciously in accordance with practical circumstances. 

The limitations of the present study cannot be disregarded given the quantity and quality of the included studies. Firstly, despite a 
total of 561 water samples from 5 studies being included in the meta-analysis, the small sample size in each individual study may have 
adversely affected the reliability of the pooled results. Secondly, due to the limited number of included studies, it was not possible to 
perform a meta-regression analysis or further subgroup analyses based on other basic characteristics such as cutoff values for DUWL 
contamination and methods of water sampling in order to explore potential sources of heterogeneity. Although a random-effects model 
was employed to account for heterogeneity among studies, caution is still required when interpreting conclusions. Thirdly, all the 
included studies were CCTs rather than RCTs, which limits the reliability of evidence obtained. The execution of high-quality, large- 
scale, multi-center randomized controlled trials remain necessary in order to obtain more robust evidence, particularly with an 
extended duration for follow-up observations. Lastly, despite employing a rigorous search algorithm across 5 electronic databases, it is 
inevitable that some potential studies might have been missed due to lack of access to certain sources like Google Scholar. 

5. Conclusions 

The available evidence suggested that, regardless of the use of chemical disinfectants, there was no significant difference in 
reducing contamination rate and detection rate of opportunistic pathogens when comparing purified water with tap water as water 
sources of DUWL. However, due to some certain limitations such as a limited number of included studies and low quality of evidence, 
further systematic evaluation through high-quality, large-sample, multi-center randomized controlled trials are necessary. 
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