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Highlights 

• Fluorescence readings of E. faecalis infected human dentine sections were quenched

when treated with oxidizing irrigants

• Fluorescence readings returned to baseline in 24 hours

• The fluorescence quenching effects of oxidizing agents need to be considered when

using laser fluorescence as a diagnostic tool in assessing the quality of root canal

debridement or disinfection

Abstract 

Introduction: This study aimed to assess changes in the fluorescence characteristics of 

Enterococcus faecalis in human dentine over a period of 24 hours following treatment with 

endodontic irrigants.  

Method: Sterilised, non-functional extracted third molars were embedded in acrylic resin and 

uniformly sectioned into 2mm thick dentine sections. After the removal of smear layer, the 



dentine sections were inoculated with E. faecalis and cultured for 7 days. The infected dentine 

sections were subsequently treated with different concentrations of sodium hypochlorite 

(NaOCl) and hydrogen peroxide (H2O2). Bacterial fluorescence readings were assessed at 

different time points using a calibrated laser device. All data were assessed for normality 

(Kolmogorov Smirnoff test) and analysed using ANOVA with Bonferroni post-hoc tests. 

Results: Fluorescence readings were quenched when E. faecalis infected human dentine 

sections were treated with oxidizing irrigants in vitro. Throughout a 24-hour period, 

fluorescence recovered in part but did not return to baseline level.  

Conclusion: The fluorescence quenching effect of these oxidizing agents needs to be 

considered when using laser fluorescence in assessing the quality of root canal debridement or 

disinfection.  
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1. Introduction

In infected root canals, bacterial growth occurs along the canal walls as well as deep 

within dentinal tubules [1-3]. To remove bacteria and disinfect the root canal system, a 

combination of mechanical debridement, irrigation and intra-canal medicaments is used [4, 5].  

Commonly used irrigants include sodium hypochlorite (NaOCl), ethylene diamine tetraacetic 

acid (EDTA), hydrogen peroxide (H2O2) and chlorhexidine (C22H30Cl2N10) [5-8]. It is 

practically impossible to remove the entire biofilm with the current treatment regimens 

available – including ultrasonic agitation of irrigants - due to the complexities of root canal 

anatomy, such as the isthmus regions, thin ramifications, lateral branches, and various 

intercommunicating channels. These issues are especially prominent in mandibular molar teeth 

[9]. A recent systematic review on ultrasonic irrigation efficiency found it to be superior to 

conventional syringe irrigation but this did not correlate to better clinical outcomes. No studies 

have shown that ultrasonic or other methods of irrigation leave all parts of the root canal system 

free of microbial deposits [10]. This deficit is a major reason why a method for real-time 

assessment of microbial contamination of the canal would be very useful for enhancing clinical 

practice in endodontics.     



A major challenge in endodontics is to establish when sufficient debridement and 

disinfection of the root canal system has been achieved. At present, no single technique for 

assessing bacterial levels in the root canal is optimal or could be considered a gold standard. 

Microbiological root canal sampling (MRS) using conventional culture methods can be used 

to assess the bacteria present in the root canal system using paper points to collect samples [4, 

11-13]. This method requires around 2 weeks of laboratory time. Errors can be caused by poor 

sampling techniques and growth conditions that do not support fastidious and anaerobic 

bacteria [14], limited access of sampling methods to areas with anatomical complexities [15, 

16] as well as carry-over effects of intra-canal medicaments.  [17]. Culture based methods do 

not reveal the presence of bacteria with stringent growth requirements that are involved in root 

canal infections [18, 19]. While some of these issues can be overcome using molecular 

microbiological methods, such as the polymerase chain reaction (PCR) to quantify bacterial 

DNA, or pyrosequencing, such methods cannot distinguish between live and dead bacteria 

[20].  

An alternative approach to assess the presence of bacteria is to use laser fluorescence. 

Laser fluorescence devices have been used in dentistry as adjuncts in detecting dental caries 

and bacteria in the root canal system [21, 22]. The principle of action is that components within 

bacteria, such as porphyrin derivatives fluoresce when they are excited by ultraviolet or visible 

light [23, 24]. Even Gram-positive bacteria such as Streptococcus mutans and Enterococcus 

faecalis can be detected using fluorescence generated by 655 nm laser light [25, 26]. However, 

it is challenging to deliver laser energy to the deeper parts of the root canal system mainly 

because of the complex anatomical structure. To overcome these access issues, various 

modifications to fibre optic laser delivery tips have been developed [27].  

When using laser fluorescence, a potential confounding issue is that materials that are 

introduced into the root canal system could influence the readings, through autofluorescence 

(a false positive result) or by quenching (false negative). By causing quenching, oxidising 

agents could affect the fluorescence of both bacteria as well as that of the dentine on which 

they are located. A recent study showed oxidizing agents could quench fluoresence of human 

dentine [28]. These confounding actions need to be considered when using laser-induced 

fluorescence to assess the level of bacterial presence in the root canal system [28].  

While past work has shown the potential for bacterial flurophores to be detected in real-

time using induced laser fluorescence techniques [27], the extent of the quenching issue with 

bacterial fluorescence needs to be examined. This study was designed to assess how much 



endodontic irrigants that have oxidizing actions (NaOCl and H2O2) influence laser-induced 

fluorescence of infected human dentine, and to what extent the fluorescence can recover over 

time.  The study follows on from previous work [28] which examined the effect of oxidizing 

agents as quenchers of the fluorescence of normal healthy human dentine. The present study 

extends this work by using an infection model with a 7-day mono-species biofilm of 

Enterococcus faecalis, a bacterial species that penetrates deep into dentine tubules and which 

can be reliably detected using fluorescence in both planktonic form and when in a biofilm [25, 

26]. The infected dentine slice model used in the present study was designed to approximate 

the clinical situation where E. faecalis grows within dentine tubules. 

2. Materials and methods 

Extracted human third molar teeth with no restorations and complete anatomical 

crowns were collected from the Griffith University Dental Clinic, with the approval of the 

institutional research ethics committee. Using an ultrasonic scaler, the crown and root surfaces 

of the teeth were debrided, and the teeth then stored in distilled water until being embedded in 

transparent polymethyl methacrylate acrylic resin blocks (Technovit 7100, Heraeus Kulzer). 

The anatomical crowns were sectioned mesio-distally using a precision cutting system 

(EXAKT Advanced Technologies, Germany). The section thickness was 2 mm. Only sections 

with majority of dentine substance were chosen for use in the study. The sections were 

immersed in 5% citric acid for 2 minutes to remove any smear layer, then washed in sterile 

water, sanitized using 80% ethanol and sterilized by exposure to ultraviolet light. The number 

of slices was based on previous work [6] and accounted for the repeated measures design of 

the study where longitudinal measurements were made from a single point on the slice and 

tracked over time.   

E. faecalis (ATCC 4083) was grown on trypticase soy agar (TSA; Oxoid, North Ryde, 

NSW, Australia). An overnight broth culture was generated by inoculating a single bacterial 

colony into 10 mL of Todd Hewitt broth (THB; Oxoid, North Ryde, NSW, Australia), and 

incubated overnight at 37°C with agitation at 180 rpm (ThermoScientific MaxQ6000 

Incubating Shaker; Vernon Hills, IL).  

To generate a 7-day mono-species biofilm, dentine sections were inoculated with a 

bacterial suspension containing approximately 1.2 X 106 colony forming units per mL 

(CFU/mL) of E. faecalis in THB. The sections were kept at 370C for 7 days, with fresh media 

change at days 3 and 6. At day 7, the dentine sectioned were assigned randomly to one of the 

seven treatment groups: Group 1: 1% NaOCl for 2 minutes, Group 2: 1% NaOCl for 4 minutes, 



Group 3: 4% NaOCl for 2 minutes, Group 4: 4% NaOCl for 4 minutes, Group 5: 3% H2O2 for 

2 minutes; Group 6: 3% H2O2 for 4 minutes; Group 7: distilled water (control). Following 

exposure to the treatment agents; 1% or 4% NaOCl (DentaLife Endosure, Ringwood, Vic, 

Australia or 3% H2O2 (Sanofi-Aventis, Macquarie Park, NSW, Australia), the sections were 

washed with distilled water to remove excess solution, and then immediately transferred into a 

cell culture plate with one side of the section in contact with phosphate buffered saline (PBS), 

to ensure bacterial cell viability. The surface not in contact with PBS was used for all 

assessments, and was tested for fluorescence using a calibrated DIAGNOdent Classic 655 nm 

laser fluorescence system (KaVo, Biberach, Germany) with a conventional conical ‘A’ tip. The 

system was calibrated with a ceramic block daily, as per the manufacturer’s instructions. To 

remove any contaminants, the conical tip was cleaned between individual measurements using 

alcohol wipes. Immediately after measurement, the dentine sections were placed back into the 

37°C incubator, where they remained in the PBS between readings over the following 24 hours, 

to ensure viablity of the bacteria.  

All experiments were done with six replicates. Data sets were checked for normality 

using the Kolmogorov-Smirnov test. Changes over time were assessed using repeated measures 

such as ANOVA to compare readings with the baseline, while differences between treatments 

at a given time point were assessed using ANOVA, with Bonferroni post-hoc tests.  

3. Results 

Fluorescence readings of dentine sections treated with NaOCl and H2O2 at 2 min and 4 

min are shown in Figures 1 and 2, respectively, with a summary of key changes in fluorescence 

readings over time for all experimental groups (Groups 1 to 6) and the control group (Group 7) 

presented in Table 1. 

All groups except the distilled water control (Group 7) experienced significant changes 

in fluorescence between 5 and 10 minutes (p < 0.0001) compared to baselline. There were no 

significant changes in laser fluorescence readings over the entire 24-hour experimental period 

in the control sample that was exposed to distilled water for 4 minutes (Group 7) (p > 0.05).  

Overall, all six active treatment groups showed a similar response profile. The 

consistent trend was a decrease of approximately 20.0 to 38.8% in fluoresence within the first 

5 to 10 minutes. In terms of the effect of sodium hypochloprite concentration, the drop in 

fluoresence was greater and more prolonged with the 4% concentration compared to 1% 

concentration, with significant differences seen at 0, 5 and 10 minutes for both the 2 and 4 

minute exposure groups (p = 0.0327 to <0.0001). In terms of the effect of exposure time to the 



quenching agent, the 4 min exposure time gave a significantly greater intial reduction in 

fluorecence compared to 2 min for the first 10 minutes (p = 0.028 - 0.0001). By 24 hours there 

had been some recovery in most groups, although only to between  78.7 and 84.6% of baseline 

values.  

While a higher concentration and longer exposure time of dentine sections to oxidizing 

agents led to greater extent in fluoresence drop, this was followed by a more rapid recovery 

thereafter. For instance, dentine treated with 1% NaOCl for 2 minutes (Group 1) showed a  

28.4% reduction in fluorescence, with followed by a recovery of 12.9% over the following 24 

hour period. In contrast, when dentine was treated with 4% NaOCl for 4 minutes (Group 4), 

the maximum fall in fluorescence was larger at 38.8%, with recovery of 24.0% for the 

remainder of the experimental period. 

 Treatment with 3% H2O2 for 2 minutes caused an initial reduction of 20.0% in 

fluorescence compard to 23.3% when dentine section was treated with H2O2 for 4 minutes. In 

both cases, recovery was slow, with recovery of only 4.4% and 3.7% respectively over the 

remaining 24 hour period. Thus, while the quenching effect of H2O2 was not as pronounced 

initially as NaOCl. In adddition, fluorescence recovery took longer and was not as great. 

4. Discussion 

The use of laser fluorescence as a diagnostic aid in dentistry is well-established [29, 

30], with the introduction of side firing laser tips [31] furthering its usefulness in endodontic 

diagnosis [25, 26]. The DIAGNOdent has a high sensitivity for detecting bacteria and their 

products in real time [32-35]. At the excitation wavelength of 655 nm, only low fluorescence 

readings are seen with healthy (non-infected) dentine, but the readings increase dramatically  

in root canals that are infected, including those with biofilms of E. faecalis [26].  

In clinical endodontics, NaOCl is a commonly used irrigant because it dissolves soft 

tissue remnants and exerts rapid antimicrobial actions [36]. When it is put in contact with 

dentine for extended periods of time, NaOCl is proteolytic to dentine collagen, and its oxidizing 

actions cause a reduction in bond strengths to dentine [37-39]. In the present study, its oxidizing 

actions cause quenching effect in a manner that relates to its concentration and the exposure 

time. A lowered fluorescence reading could potentially mislead clinicians who are assessing 

the presence of bacteria in the root canal system. Further work is needed to develop strategies 

to reduce or eliminate this confounding effect. 

The target organism used for the single species infection model in the present study was 

E. faecalis. This bacterial species is found in some primary endodontic cases, and it is isolated 



frequently in cases of persistent root canal infections [40-43]. It can survive under restricted 

nutritional consitions, and can invade deeply into dentinal tubules [44-46]. This latter feature 

is the reason why it was used in the present study. Tracking readings in the same section over 

time allowed alterations caused by the irrigant solutions to be assessed. The data did not reveal 

any changes to the samples caused by water or by time alone. [47] The baseline readings of 

infected dentine sections in this study corresponded to the range of fluorescence readings 

reported in the literature for root canals with E. faecalis using the DIAGNOdent [26], providing 

support for the model system used.  

The present results indicate that both NaOCl and H2O2 cause quenching, with H2O2 

causing a more profound effect. In no case did the fluorescence readings recover to their 

baseline value by the end of the 24 hour period of the experiment. Given this long time frame, 

there may be value in using anti-oxidants in the root canal to accelerate recovery within 

minutes, which would be a clinically more realistic timeframe. Such agents would need to be 

water soluble, rapid acting, and not cause problematic chemical interactions with  endodontic 

materials or with dentine. This aspect can be explored in future studies. As endodontic 

infections involve multiple bacterial species [48], further studies should also use multiple 

bacteria species to assess recovery from the quenching effects of oxidants on laser-induced 

fluorescence. 

5. Conclusion 

Both NaOCl and H2O2 exert quenching effects on fluorescence readings of human 

dentine infected with E. faecalis in vitro, with influences from the concentration and exposure 

time. As these oxidizing agents are commonly used as an integral part of endodontic treatment, 

further investigations of approaches to counteract these quenching effects are warranted.  
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Table 1. 

Changes in fluorescence readings over time. 

Ns: Not significant (p>0.05), * (p<0.05), ** (p<0.01), *** (p<0.001), **** (p<0.0001). 

 

Fig. 1. Percentage changes in fluorescence values of dentine after treatment with oxidising 

agents for 2 min. Error bars show standard deviations. 

 

 

Groups Irrigant and exposure 

time 

Maximum percentage 

reduction in 

fluorescence reading 

Standard 

deviation of the 

reduction in 

fluorescence 

p value summary 

of the change 

when compared to 

baseline 

1 1% NaOCl for 2 min 28.4% at 5 min 5.688 **** 

2 1% NaOCl for 4 min 33.6% at 5 min 1.441 **** 

3 4% NaOCl for 2 min 33.8% at 10 min 1.113 **** 

4 4% NaOCl for 4 min 38.8% at 5 min 2.895 **** 

5 3% H2O2 for 2 min 20.0% at 5 min 2.413 **** 

6 3% H2O2 for 4 min 23.3% at 10 min 2.924 **** 

7 Distilled water for 4 

min (negative control) 

0.44% at 10 min 8.123 ns 



 

Fig. 2. Percentage changes in fluorescence values of dentine after treatment with oxidising 

agents for 4 min. Error bars show standard deviations. 

 

 


