Comparative Efficacy Of Endodontic
Medicaments Against Enterococcus Faecalis

Biofilms

A thesis submitted to the University of Adelaide in partial fulfilment of the

requirements for the Degree of Doctor of Clinical Dentistry (Endodontics)
December 2009

Barbara Plutzer BDS (Adel), FRACDS
School of Dentistry

University of Adelaide

THE UNIVERSITY
OF ADELAIDE

AUSTRALIA




Contents

COMERIIES ...ttt ettt ettt et s h ettt bt e be et e eb e e bt en b e e bt e bt entesste bt enbeeneenaeenee i
AADSIIACE ...ttt sttt et b et sh e b et a e e bt et st e nae et v
DIECIATALION ... ..ottt sttt ettt et st nae e vi
ACKNOWIEAZEMENLS.......eeiiiiiiiieiieiie ettt ettt sttt eesteeebeesaaeesbeenseesnseas vii
1 LIterature REVIBW ........cccoucuiiiiiiiiiiicicicceeteee et 1
Ll INtrOAUCHION c..eeniiieeieieee ettt sttt 1
1.2 Microbiological goals of Endodontic Treatment ...........cccccvevveeiienieenieeneneennen. 1
1.3 Endodontic success and failure ...........cccoeoeevieiiiienieniieieeeeeeeeee e 2
I 3 11753 (01T 1ol o2 DU UUUPR 3
1.5  Enterococci in the normal flora of the oral cavity..........ccceevevvieiieniieeieenieenee. 4
1.5.1  Root canal Sampling..........ccceoouiiiieriiiiienieeee e 6
1.5.2  Enterococci in primary apical periodontitis.........ccceeveveereerieeneenieeiieeneenns 7
1.5.3  Enterococci in the root canal after initiation of treatment ..................c....... 9
1.5.4  Enterococci in post-treatment apical periodontitis ...........ccceeeevveerveeennenn. 10
1.5.5  Virulence Factors........coocoeiiiiiiiiieiieeieeeeee et 16

1.6  The viable but non-culturable (VBNC) state .........cccccoeeeeriieniinieiiieieeene 20
1.7 The ‘biofilm’ CONCEPL......cceeriieiieeiiieiiee ettt e 23
1.7.1  Biofilm formation as a survival Strategy.........ccccecuerervuerieneeneneeneeiennes 24
1.7.2  Evidence for biofilm structures in Endodontics ...........cccccoecvieiiienireienne. 25
1.7.3  Antimicrobial resistance of Biofilms............cccoociriiiniiiiiiniiii 27

1.8 Antimicrobial ZENtS .......cc.ceviuiiiiiiiiiiiieeciie et 30
1.8.1 Sodium HypochlOorite........cccuieeiiiieiieeiieeeeceeeeeee e 30
1.8.2  Calcium HydroXide........ccceeoiieeiiiieiiieeieeeeeeeeeee e 35
1.8.3  ChlorheXidine.......ccceeiieiiiiiiiiiiieieeee e 40
1.8.:4  ANUDIOTICS. .ottt 47

1.9  Susceptibility of biofilms to antimicrobials ............cccceeeviieiiiiieiiienie e, 56
1.10 Rationale for eXperiment............cccueeriieeriiieeiiiieeriee et e e e e aeeeereeeseree s 62
LoIT  ATINIS ottt ettt et sttt ettt s at e bt et e et aeennesnnen 66



2. Materials and MELROUS .........ooeeieee e eeeeeeea e 67

2.1 OTANISIN ..euiiieiiieiie ettt et ettt e ete e bt estaeebeesaaeessaeesbeesaesnseeseeasseenssesnseenssaans 67
2.2 Agar diffUSION TS ..cuiiieiieiieeiieiieeie et e 67
2.3 Dentine sample Preparation...........ccceeeeeeeveerueerireereeeiseeseeesseeseessseessessseesseens 67
2.4 Biofilm GrOWth ...cc.ooiiiiiiiciieeee e 68
2.5  Scanning electron microSCoOpy (SEM) ....cc.oeviiriiiiiiieiiieiieieenieeieesee e 70
2.6 Test AZEntS USEA ....ccccvieeiiiieeiiieeiiee ettt ettt e s tee s ae e e seveeesnreeesnaee e 71
2.7  Determining Antimicrobial Efficacy........cccccoooviiiiiiiiiiiiiieeceee e, 72
2.7.1 Biofilm Harvesting .........cccvveeciieiiiiieiiie ettt 72
2.7.2  Cellular viability and protein measurement............ccceeeveveeeureenereeesveeennnes 73

Be RESUIES .. 74
3.1 Biofilm Growth .....oocuiiiiiiieee e 74
3.2 Dentine surface prior to inOCUlation............cccueeevvieeciieeciiiecie e 75
3.3 Effective removal of bacterial biofilm ..........ccccoeiiiiiiiiiii 76
3.4 Sodium HypoChlOrite ........c.cooueviiiiiiiiiiiiiiicrieecce et 76
3.5  Crushed Samples.......cooiiiiiiiiiiiieeee e 79
3.6  Ledermix and OdONtoPaSste ..........cceeeeveerieriiieniieeieenieeieesee e esereereeseeeenee e 80
3.7  Calcium Hydroxide and 50:50 combinations of Calcium Hydroxide with either
LedermixX or OdONtOPASLE. .....cccuvieuieriiieiieiieeiie et etee sttt et et te st eesttesreeseeesnbeesaeeeas 83
3.8 Chlorhexidine el.........cocoeviiriiniiiiiiiiice e 87
A, DISCUSSION ....ntiiiiiietiiiteint ettt ettt ettt ettt 89
4.1  Antibiotic-containing MediCamMents ..........c.ceeecveeeriieeniieerieeeiieeeireeeneeesnee e 89
4.2 Calcium HydroXIde .......eeeeeuieeiiiieeiiieeiieeeiee ettt 91
4.3 ChlorheXiding @l .......cccueeiiiiiiiiiieeiieeeiie et e sree e saee e 94
4.4 Sodium HypoChIOTite .......cceeviiiiiieiiieeiieeeie ettt 96
4.5  Limitations and future research dir€ction ...........ccocceeveeriiiiiinienieenicneeneee 97
5. CONCIUSIONS ...ttt bbbt 99
B.  RETEIENCES ..ot 100
7. APPENAIX ottt bbb 113



Abstract

It is well established that bacteria cause pulpal and periradicular disease (Kakehashi et
al. 1965). Of the bacteria recovered from failing root canals, Enterococcus faecalis is
one of the most prevalent species (Molander et al. 1998; Sundqvist et al. 1998). Many
laboratory studies have investigated the effectiveness of root canal irrigants and
medicaments against E. faecalis. Most used planktonic cultures, which are not
representative of the in vivo growth conditions of an infected root canal system, where
bacteria grow as a biofilm adhering to the dentinal wall (Nair 1987). Organisation of
bacteria within biofilms confers a range of phenotypic properties that are not evident in
their planktonic counterparts, including a markedly reduced susceptibility to

antimicrobial killing (Wilson 1996).

Objectives: The aims of this study were: 1) To compare the efficacy of commonly used
endodontic medicaments against E. faecalis cultured as a biofilm. The medicaments
tested were Ledermix paste, calcium hydroxide, Odontopaste, 0.2% chlorhexidine gel
and 50:50 combinations of Ledermix/calcium hydroxide and Odontopaste/calcium
hydroxide. 2) To compare the antimicrobial effect achieved through exposure to
endodontic medicaments with that achieved by exposure to a constant concentration of

sodium hypochlorite for varying times.

Methods: A biofilm was established using a continuous flow cell. E. faecalis inoculum

was introduced into the flow cell and allowed to establish on human dentine slices over



4 weeks. Each test medicament was introduced into the flow cell for a period of 24 or
48 hours, while sodium hypochlorite was evaluated after 1, 10, 30 and 60 minutes.
Biofilms were harvested by sonication in sterile PBS. Cellular protein levels were

measured to quantitate the amount of biofilm harvested.

Cellular viability was determined using serial plating. The number of colony forming
units was then adjusted for cellular protein levels to allow treatment protocols to be
compared. Qualitative SEM analyses of the biofilm was performed following exposure

to each test agent.

Results: Sodium hypochlorite was the only agent that achieved total bacterial
elimination. Ledermix and Odontopaste had no significant effect on the E. faecalis
biofilm, while calcium hydroxide and 50:50 combinations of calcium hydroxide with

either Ledermix or Odontopaste were able to reduce viability by > 99%.

Conclusion: When used in isolation, antibiotic containing medicaments had no
appreciable effect on the viability of Enterococcus faecalis. Sodium hypochlorite

remains the gold standard for bacterial elimination in root canal therapy.
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