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Abstract 
 

Aim: 

Laser energised irrigation (LEI) may enhance the chemo-mechanical disinfection of the 

root canal system.  Sodium hypochlorite (NaOCl) is the most widely used endodontic irrigant, 

however it is cytotoxic.  LEI at high laser power settings may extrude the irrigant.  In order to 

minimise iatrogenic injury to the patient, there is the need to minimise the concentration of 

sodium hypochlorite and/or laser output power whilst achieving maximum antimicrobial 

efficacy.  The aim of this study was two-fold. Firstly, to determine an appropriate laser output 

power for LEI.  Secondly, to establish the efficacy of various concentrations of sodium 

hypochlorite, with and without Er,Cr:YSGG laser energy, in extracted teeth with an 

Enterococcus faecalis biofilm.  

 

Methodology: 

One hundred and seventy six decoronated single rooted extracted human teeth (preliminary 

studies (Studies 1 & 2) n = 71, Study 3 n = 96) were prepared to a size 40, 0.06 taper 1 mm 

beyond the apex.  Tooth roots were mounted within a flow cell, which was sterilised before 

pumping a nutrient media through the root canals.  The flow cell was inoculated with E. 

faecalis (ATCC 700802) and cultivated for 4 weeks.  The root ends were then sealed prior to 

treatment.  

Preliminary studies: A range of irrigants (saline, 0.5% NaOCl, 1% NaOCl, 4% NaOCl) and 

laser output powers (0.1W, 0.25W, 0.5W, 1W) were compared. Following treatment, teeth 

were crushed and viable bacteria were quantitated by serial dilution and plating (n = 54).  

Scanning electron microscope images were also used to qualitatively compare groups (n = 17).  

In a larger study, (Study 3), ninety six teeth were randomised to one of six groups: control 

(saline irrigation); 1% NaOCl standard irrigation (SI); 4% NaOCl SI; 0.5% NaOCl with laser 

energised irrigation (LEI); 1% NaOCl with LEI; 4% NaOCl with LEI.  Following treatment, 

teeth were crushed and viable bacteria were quantitated by serial dilution and plating.  The 

number of colony forming units (cfu) were compared between groups using a Kruskal-Wallis 

test and analysis of variance with post-hoc Wilcoxon tests.  A P value of < 0.05 was 

considered statistically significant.  

 

Results: 

Preliminary studies: A laser output power of 0.5 W was determined to be the most 

appropriate power setting.  



x 

Study 3: Post-hoc analysis showed a significant difference between the control group and 

the 5 other treatment groups (P < 0.001). Significant differences were shown between 1% 

NaOCl (SI) and 4% NaOCl (SI) (P = 0.036), 1% NaOCl (SI) and 1% NaOCl LEI (P = 0.045) 

and between 1% NaOCl (SI) and 4% NaOCl LEI (P = 0.11). Statistical differences were not 

shown between the other groups. 

 

Conclusion: 

The study concluded that standard irrigation with 4% NaOCl was more effective than 

standard irrigation with 1% NaOCl. However lower concentrations (0.5% and 1% NaOCl) 

when energised with an Er,Cr:YSGG laser (at 0.5 W) were as effective as standard irrigation 

with 4% NaOCl.  

  



xi 

Declaration  
 

I, Jonathan Christo, certify that this work contains no material which has been accepted for 

the award of any other degree or diploma in any university or other tertiary institution and, to 

the best of my knowledge and belief, contains no material previously published or written by 

another person, except where due reference has been made in the text.  In addition, I certify 

that no part of this work will, in the future, be used in a submission for any other degree or 

diploma in any university or other tertiary institution without the prior approval of the 

University of Adelaide and where applicable, any partner institution responsible for the joint-

award of this degree. 

 

I give consent to this copy of my thesis, when deposited in the University Library, being 

made available for loan and photocopying, subject to the provisions of the Copyright Act 

1968. 

 

I also give permission for the digital version of my thesis to be made available on the web, 

via the University’s digital research repository, the Library catalogue and also through web 

search engines, unless permission has been granted by the University to restrict access for a 

period of time. 

 

 

 Declared by:     Date:     

   Dr Jonathan Christo 

  

       



xii 

Acknowledgements  
 

There are probably very few people who complete a thesis without feeling indebted to 

those who have invaluably helped them.  

 

I begin with Associate Professor Peter Cathro.  Thank you for providing a positive and 

encouraging learning environment that set me at ease throughout the DClinDent program.  

Thank you for promoting evidence and analysis over dogma.   

 

Thank you to my research supervisor, Dr Peter Zilm, for your invaluable and intimate 

knowledge of microbiology, and your expertise and assistance in scientific methodology and 

writing.  Without your input, this project would not have been possible.   

 

Thank you to Professor Geoffrey Heithersay.  I have felt privileged to work under you.  

You have a wealth of knowledge I only aspire to.  Thank you for generously sharing it.   

 

Thank you to the staff at Adelaide Microscopy Centre, and in particular Ms Lynn 

Waterhouse. Thank you to Thomas Sullivan, Discipline of Public Health at the University of 

Adelaide, for providing the statistical analysis.  

 

Thank you to my wife Kim.  I cannot thank you enough for your love, support and patience.  

Thank you for reinforcing that there’s a life “beyond the apex”.  To my beautiful daughter 

Annabel, I can’t wait to have more time for Play School and Play-Doh.   

 

I would like to thank my fellow DClinDent candidates Drs Aaron Seet, Mark Stenhouse 

and Jonathan Race for their support, direction, and friendship.  I look forward to shared 

careers and continued lively debates.   

 

Finally I would like to acknowledge the financial assistance from the Australian Dental 

Research Foundation and the Australian Society of Endodontology.  

 


	TITLE: Efficacy of Sodium Hypochlorite and Er,Cr:YSGG Laser Energised Irrigation Against an Enterococcus faecalis Biofilm
	Table of Contents
	Table of Figures
	Table of Tables
	Abstract
	Declaration
	Acknowledgements


