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Chapter 1

                   Introduction
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The specialty of endodontology has been faced with numerous inventions in terms of materials 
and techniques over the past few years, with a claim to improve success rates of root canal 
treatment. Nevertheless, there is evidence to show that endodontic therapy may not always result 
in favourable or predictable outcomes (1,2). However, one also needs to attribute this to the fact 
that there is no clear definition of what a “successful outcome” of root canal treatment is. While 
the factors that govern outcome possibly involves complex interactions between factors under 
operator control and the host immune response, it is now realised that chemo-mechanical 
preparation of the root canal system plays a pivotal role in the outcome of root canal treatment 
(3,4). The mechanical objective serves to “shape” or “prepare” the root canal system. It also 
focuses on creating a means of effective disinfection using root canal irrigating solutions (4). 
Despite the influx of numerous irrigating solutions, sodium hypochlorite (NaOCl) in varying 
concentrations appears to be the mainstay of root canal disinfection (5). While numerous papers 
have addressed the role of irrigants in antibacterial activity within the root canal system, few have 
attributed the role of these solutions on yet another important parameter - adhesion of root 
filling materials. Hence, it is imperative to understand the interactions that occur between root 
filling materials and root dentin, and whether root canal irrigating solutions influence these 
interactions.  

The interactions between root canal dentin, root canal irrigants and sealers - what is our present 
knowledge and what do we need to know? 

Dentin: Dentin is a composite material made up of an organic and inorganic components. The 
organic fraction is primarily Type I collagen. The inorganic fraction is composed mainly of a 
poorly-crystalline carbonated-hydroxyapatite with needle like morphology. This inorganic 
fraction is an inter-penetrant network, binding intimately within the collagenous matrix on a 
nanometric scale (6).  

Understanding the compositional characteristics of root dentin: 
To elucidate mechanisms involved in the interactions of root canal irrigating solutions with root 
dentin and the subsequent sealer interactions, it is imperative to understand the composition of 
root dentin. Using highly sensitive Fourier Transform Infra Red spectroscopic (FTIR) analysis, 
several papers have conclusively characterised the organic and inorganic molecular structure of 
dentin. The main inorganic components of dentin are the orthophosphate group (spectral peak 
between 1030 and 1150/cm, usually at 1000/cm), amide I group (peak between 1680 and 1600/cm, 
usually at 1650/cm), amide II group (peak between 1580 and 1480/cm, usually at 1550/cm) and 
amide III group (peak between 1300 and 1200/cm usually at 1250/cm). Carbonates that form a 
minor inorganic component of dentin demonstrate spectral peaks between 1560 and 1410/cm, 
usually at 1400/cm. The hydroxyl group is identified by a peak at 3400/cm, usually between 
3600-2400/cm. Relative comparisons of apatite/collagen ratios from the FTIR spectral peaks 
provides information on the chemical changes that happen when dentin is subjected to any 
treatment (7,8). 
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Root canal irrigants: The process of cleaning root canal systems is the primary function of 
irrigating solutions. To realise this goal, an irrigant must be able to destroy the microbial biofilm 
structure in addition to being antimicrobial (ie., microbial killing) and also remove the organic 
and inorganic debris that is formed during root canal preparation (ie.,smear layer) (9,10). The 
smear layer is highly adherent to the root canal walls with a smear plug, which penetrates into 
the dentinal tubules and accessory canals. In addition to buffering the effect of antimicrobial 
solutions, the smear layer also prevents intimate adaptation of the root filling material to dentin 
(11,12). 

During root canal treatment, several chemically active solutions are used to bring about 
the afore-mentioned objectives. These solutions are usually used in a sequential manner. The 
most commonly followed irrigation protocol employs the use of proteolytic agents followed by a 
decalcifying (or chelating) agents (13). Proteolytic agents such as sodium hypochlorite (NaOCl) are 
used to break down the microbial biofilm and dissolve tissue remnants (which comprises the 
organic component of the smear layer), while decalcifying agents such as ethylene diamine tetra 
acetic acid (EDTA) remove the inorganic component of the smear layer. This protocol of NaOCl-
EDTA will be herein be termed “soft chelation” in the rest of this thesis (14). An alternate 
irrigating sequence, termed “continuous chelation” involves the use of a weak acid/chelator 
(etidronic acid or 1-hydroxyethylidene-1,1-bisphosphonate; HEBP) in combination with sodium 
hypochlorite (NaOCl) without affecting its proteolytic or antimicrobial properties (15,16). Newer 
antibacterial irrigating solutions such as QMix (Dentsply Tulsa Dental Specialties, Tulsa, OK) 
contain a combination of chlorhexidine, EDTA, and a detergent and are recommended to be 
used as a final rinse (17,18). 

Root canal sealers: Root filling materials conventionally consist of a core material and sealer. A 
variety of sealers are available today, ranging from zinc oxide-eugenol based materials, to resin 
based materials and recently, a new category of biomaterials termed “bioceramics”. These 
bioceramic sealers are composed of calcium silicate (CS) with other additives. These materials 
can be used for root filling with our without gutta-percha (19). The main advantage of this group 
of materials appears to be its bioactivity or biomineralisation, wherein an amorphous calcium 
phosphate phase forms when the materials are exposed to phosphate containing fluids (from an 
external source or from dentin). This interfacial layer between the CS and root dentin 
(biomineralisation) has been reported to increase the bond strength of CS based root filling 
materials (20). 

This thesis served to find answers to several questions revolving around interactions between the 
above-mentioned components.  

- Do root canal irrigating protocols influence the bond strength of root canal sealers? 

- Is the sealing ability influenced by the interactions between root canal sealers and root dentin? 

- Do sealers bond chemically to dentin and is this influenced by the irrigants? 
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- Are the tricalcium silicate based sealers easily retreatable considering their biomineralsation 
efficiency? 

- Do irrigants influence the hydration characteristics of calcium silicate root canal sealers? 

Chapters 2,3 and 4 of this thesis analyse the effect of root canal irrigating solutions on the 
adhesion (or dislocation resistance) of different sealers using the push-out bond strength test.   

Chapter 2 also identifies the correlation between bond strength and sealing ability of an epoxy 
resin sealer using the fluid filtration model.  

Chapter 5 serves to elucidate the mechanisms of bonding of sealers to root dentin, and the 
influence of root canal irrigants on such bonding 

Chapter 6 analyses the chemistry of interactions between a calcium silicate sealer and root canal 
irrigants using different analytical methods 

Chapter 7 investigates the retreatment of two root canal sealers based on calcium silicate using 
cone beam computed tomography. 

References 

1. Shemesh H. New insights into the root canal wall. October 2009; PhD thesis, University of 

Amsterdam 

2. Liang YH, Jiang LM, Jiang L, Chen XB, Liu YY, Tian FC, Bao XD, Gao XJ, Versluis M, Wu MK, 

van der Sluis L. Radiographic healing after a root canal treatment performed in single-rooted 

teeth with and without ultrasonic activation of the irrigant: a randomized controlled trial. J 

Endod 2013; 39:1218-1225. 

3. Lin J, Shen Y, Haapasalo M. A comparative study of biofilm removal with hand, rotary nickel-

titanium, and self-adjusting file instrumentation using a novel in vitro biofilm model. J Endod 

2013; 39:658-663. 

4. Peters OA. Current challenges and concepts in the preparation of root canal systems: a review. 

J Endod 2004; 30:559-567. 

5. Haapasalo M, Shen Y, Qian W, Gao Y. Irrigation in endodontics. Dent Clin North Am 

2010;54:291-312. 

6. Tesch W, Eidelman N, Roschger P, Goldenberg F, Klaushofer K, Fratzl P. Graded 

microstructure and mechanical properties of human crown dentin. Calcif Tissue Int 

2001;69:147-157. 

4



7. Hu X, Peng Y, Sum CP, Ling J. Effects of concentrations and exposure times of sodium 

hypochlorite on dentin deproteination: attenuated total reflection Fourier transform infrared 

spectroscopy study. J Endod 2010;36:2008-2011. 

8. Di Renzo M, Ellis TH, Sacher E, Stangel I. A photoacoustic FTIRS study of the chemical 

modifications of human dentin surfaces: II. Deproteination. Biomaterials 2001;22:793-797. 

9. Ordinola-Zapata R, Bramante CM, Aprecio RM, Handysides R, Jaramillo DE. Biofilm removal 

by 6% sodium hypochlorite activated by different irrigation techniques. Int Endod J 

2014;47:659-666. 

10. Schmidt TF, Teixeira CS, Felippe MC, Felippe WT, Pashley DH, Bortoluzzi EA. Effect of 

Ultrasonic Activation of Irrigants on Smear Layer Removal. J Endod 2015; 41:1359-1363. 

11. Sen BH, Wesselink PR, Türkün M. The smear layer; a phenomenon in root canal therapy. Int 

Endod J 1995;28:141-148 

12. Teixeira CS, Felippe MC, Felippe WT. The effect of application time of EDTA and NaOCl on 

intracanal smear layer removal: an SEM analysis. Int Endod J 2005;38:285-290. 

13. Zehnder M. Root canal irrigants. J Endod 2006;32:389-398. 

14. De-Deus G, Namen F, Galan J Jr, Zehnder M. Soft chelating irrigation protocol optimizes 

bonding quality of Resilon/Epiphany root fillings. J Endod 2008;34:703-705. 

15. Girard S, Paqué F, Badertscher M, Sener B, Zehnder M.Assessment of a gel-type chelating 

preparation containing 1-hydroxyethylidene-1, 1-bisphosphonate. Int Endod J 2005; 38:810-816. 

16. Lottanti S, Gautschi H, Sener B, Zehnder M.Effects of ethylenediaminetetraacetic, etidronic 

and peracetic acid irrigation on human root dentine and the smear layer. Int Endod J 2009; 

42:335-343. 

17. Dai L, Khechen K, Khan S, Gillen B, Loushine BA, Wimmer CE, Gutmann JL, Pashley D, Tay 

FR. The effect of QMix, an experimental antibacterial root canal irrigant, on removal of canal 

wall smear layer and debris. J Endod 2011;37:80-84. 

18. Stojicic S, Shen Y, Qian W, Johnson B, Haapasalo M. Antibacterial and smear layer removal 

ability of a novel irrigant, QMiX. Int Endod J 2012; 45:363-371 

19. Martin RL, Monticelli F, Brackett WW, Loushine RJ, Rockman RA, Ferrari M, et al. Sealing 

properties of mineral trioxide aggregate orthograde apical plugs and root fillings in an in vitro 

apexification model. J Endod 2007;33:272–275  

20. Reyes-Carmona JF, Felippe MCS, Felippe WT. The biomineralization ability of mineral 

trioxide aggregate and Portland cement on dentin enhances the push-out strength. J Endod 

2010;36:286–291. 

5


