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Future Trends in Endodontics: How Could Materials Increase
the Long-Term Outcome of Root Canal Therapies?
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The goals of endodontic therapies are the prevention or the elimination of apical
periodontitis of endodontic origin, ensuring the stability of results over time in order to
avoid the recurrence of the disease and preventing teeth from requiring extraction [1].

Different systematic reviews have been performed with the aim of evaluating the
factors influencing the outcome of primary root canal treatments [2-4]. Generally, the
reasons for the immediate or delayed failure of endodontic therapies are fundamentally
related to the following variables: insufficient mechanical instrumentation, inadequate
chemical disinfection of canals, and a low quality of root canal filling and post-treatment
restoration [4]. All of these problems lead to a non-resolution of the causative agents of
endodontic infection, the bacteria. In fact, the most significant reasons for primary root canal
treatment (RCT) failure are their persistence and their secondary contamination of the root
canal system, which could cause recurrent disease with the exacerbation of symptoms [4].
Nevertheless, the recurrent infection-related aspects are not the unique cause of long-term
failure, since the mechanical fracture of endodontically treated teeth can occur [5,6]. As
thoroughly demonstrated, the post-endodontic restoration of teeth with crowns or cast
restorations does not influence treatment success based on periapical healing as long as
there is no sign of coronal leakage; however, it can influence the survival rate of teeth over
time, reducing the mechanical failure rate [7,8]. Despite this, the literature findings are
still unclear regarding the relationship between the long-term outcome of RCT and the
post-endodontic treatment plan with regard to the material of choice [9,10]. Moreover,
in recent years, the development of new technologies has improved the mechanical and
the metallurgical performance of restorative materials, giving to clinicians a wide range
of choice [11]. The selection of the most adequate material is essential for the outcome
of post-endodontic restoration for two main reasons. Firstly, the restoration should not
interfere with the mechanical load of the tooth, protecting it from fractures arising from
occlusal loads [6]. Secondly, the material should guarantee an intrinsic integrity and a
good marginal adaptation over time in order to avoid leakage that could cause bacteria
infiltration and the secondary contamination of the root canal system [7]. However, the
most recent available data on the survival and failure rates of endodontically treated
teeth according to the material used for the post-endodontic restoration in relation to the
prosthodontic plan are still ambiguous, and clinicians often develop the treatment plan
based on their personal judgment rather than on scientific evidence [12].

Regarding the incomplete chemo-mechanical disinfection of the root canal system,
the most significant affecting factors are undoubtedly the missed instrumentation of root
canals, the impossibility to reach the working length, the alteration of the anatomy or
the fracture of nickel-titanium rotary instruments inside the canals [4]. The presence of
an instrument fragment is not an intrinsic cause of RCT failure; however, it can increase
its percentage because of the increased likelihood of leaving bacteria and /or endodontic
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tissues inside the root canal system [13]. As demonstrated in the literature, the main causes
of the intracanal separation of NiTi rotary instruments are cyclic fatigue, excessive torsional
loads, or the combination of these two factors [13]. Recently, the knowledge of the factors
influencing the mechanical resistance of endodontic instruments has been expanded, but
the dynamic interaction between flexural and torsional stresses remains unclear. In fact,
it has demonstrated that the cyclic fatigue resistance is determined by the mass and the
crystallographic phase of the instrument [14]. On the contrary, the torsional resistance is
not determined by the mass in terms of absolute value, but instead by its distribution in
relation to the centre of rotation [15]. As stated by Zanza et al., it can be resumed with the
concept of the polar moment of inertia. Moreover, the static interaction between flexural
stress and the torsional resistance of instruments has been assessed, showing that increasing
the flexural moment acting on tools causes the resistance to increase [16-18]. However,
the studies published on this topic are only a static evaluation of the interaction of both
stresses; thus, an in-depth comprehension of the dynamic relationship between flexural
and torsional moments is needed, considering the cutting action of instruments during the
shaping procedures.

In conclusion, despite the improvement in the last decade in our knowledge of
the performance of endodontic materials, both for instrumentation procedures and post-
endodontic restoration, an in-depth comprehension of their mechanical behaviour is still
required, and further research is needed both to enhance the success rate of RCT and to
improve the performance and quality of materials.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Arias, A.; Peters, O.A. Present status and future directions: Canal shaping. Int. Endod. |. 2022. [CrossRef] [PubMed]

2. Burns, LE; Kim, J.; Wu, Y,; Alzwaideh, R.; McGowan, R.; Sigurdsson, A. Outcomes of primary root canal therapy: An updated
systematic review of longitudinal clinical studies published between 2003 and 2020. Int. Endod. J. 2022. [CrossRef] [PubMed]

3. Ng, Y.L.; Mann, V.; Rahbaran, S.; Lewsey, J.; Gulabivala, K. Outcome of primary root canal treatment: Systematic review of the
literature—Part 1. Effects of study characteristics on probability of success. Int. Endod. ]. 2007, 40, 921-939. [CrossRef] [PubMed]

4. Ng, Y.L;Mann, V,; Rahbaran, S.; Lewsey, ].; Gulabivala, K. Outcome of primary root canal treatment: Systematic review of the
literature—Part 2. Influence of clinical factors. Int. Endod. |. 2008, 41, 6-31. [CrossRef] [PubMed]

5. Fathi, A,; Ebadian, B.; Dezaki, S.N.; Mardasi, N.; Mosharraf, R.; Isler, S.; Tabatabaei, S.S5. An Umbrella Review of Systematic
Reviews and Meta-Analyses Evaluating the Success Rate of Prosthetic Restorations on Endodontically Treated Teeth. Int. J. Dent.
2022, 2022, 4748291. [CrossRef] [PubMed]

6. Patel, S.; Bhuva, B.; Bose, R. Present status and future directions: Vertical root fractures in root filled teeth. Int. Endod. J. 2022.
[CrossRef] [PubMed]

7. Frankenberger, R.; Winter, J.; Dudek, M.C.; Naumann, M.; Amend, S.; Braun, A.; Kramer, N.; Roggendorf, M.]. Post-Fatigue
Fracture and Marginal Behavior of Endodontically Treated Teeth: Partial Crown vs. Full Crown vs. Endocrown vs. Fiber-
Reinforced Resin Composite. Materials 2021, 14, 7733. [CrossRef] [PubMed]

8.  Garcia, P.P; Wambier, L.M.; de Geus, ]J.L.; da Cunha, L.F,; Correr, G.M.; Gonzaga, C.C. Do anterior and posterior teeth treated
with post-and-core restorations have similar failure rates? A systematic review and meta-analysis. J. Prosthet. Dent. 2019, 121,
887-894.e4. [CrossRef] [PubMed]

9. Mannocdi, E; Bertelli, E.; Sherriff, M.; Watson, T.F.; Ford, T.R. Three-year clinical comparison of survival of endodontically treated
teeth restored with either full cast coverage or with direct composite restoration. J. Prosthet. Dent. 2002, 88, 297-301. [CrossRef]
[PubMed]

10. Davies, H.; Ahmed, S.H.; Edwards, D. Metal vs fibre posts—Which is clinically superior for the restoration of endodontically
treated teeth? Evid. Based Dent. 2021, 22, 162-163. [CrossRef]

11.  Martins, M.D,; Junqueira, R.B.; de Carvalho, RF,; Lacerda, M.; Faé, D.S.; Lemos, C.A.A. Is a fiber post better than a metal post for
the restoration of endodontically treated teeth? A systematic review and meta-analysis. J. Dent. 2021, 112, 103750. [CrossRef]
[PubMed]

12. Tsintsadze, N.; Margvelashvili-Malament, M.; Natto, Z.S.; Ferrari, M. Comparing survival rates of endodontically treated teeth
restored either with glass-fiber-reinforced or metal posts: A systematic review and meta-analyses. ]. Prosthet. Dent. 2022.
[CrossRef] [PubMed]

13. Zanza, A.; D’Angelo, M.; Reda, R.; Gambarini, G.; Testarelli, L.; Di Nardo, D. An Update on Nickel-Titanium Rotary Instruments

in Endodontics: Mechanical Characteristics, Testing and Future Perspective—An Overview. Bioengineering 2021, 8, 218. [CrossRef]
[PubMed]


http://doi.org/10.1111/iej.13698
http://www.ncbi.nlm.nih.gov/pubmed/35118683
http://doi.org/10.1111/iej.13736
http://www.ncbi.nlm.nih.gov/pubmed/35334111
http://doi.org/10.1111/j.1365-2591.2007.01322.x
http://www.ncbi.nlm.nih.gov/pubmed/17931389
http://doi.org/10.1111/j.1365-2591.2008.01484.x
http://www.ncbi.nlm.nih.gov/pubmed/19133093
http://doi.org/10.1155/2022/4748291
http://www.ncbi.nlm.nih.gov/pubmed/35242190
http://doi.org/10.1111/iej.13737
http://www.ncbi.nlm.nih.gov/pubmed/35338655
http://doi.org/10.3390/ma14247733
http://www.ncbi.nlm.nih.gov/pubmed/34947327
http://doi.org/10.1016/j.prosdent.2018.08.004
http://www.ncbi.nlm.nih.gov/pubmed/30617032
http://doi.org/10.1067/mpr.2002.128492
http://www.ncbi.nlm.nih.gov/pubmed/12426500
http://doi.org/10.1038/s41432-021-0222-y
http://doi.org/10.1016/j.jdent.2021.103750
http://www.ncbi.nlm.nih.gov/pubmed/34274439
http://doi.org/10.1016/j.prosdent.2022.01.003
http://www.ncbi.nlm.nih.gov/pubmed/35430048
http://doi.org/10.3390/bioengineering8120218
http://www.ncbi.nlm.nih.gov/pubmed/34940371

Materials 2022, 15, 3473 30f3

14.

15.

16.

17.

18.

Schéfer, E.; Biirklein, S.; Donnermeyer, D. A critical analysis of research methods and experimental models to study the physical
properties of NiTi instruments and their fracture characteristics. Int. Endod. J. 2022, 55, 72-94. [CrossRef] [PubMed]
Seracchiani, M.; Donfrancesco, O.; Relucenti, M.; Reda, R.; Zanza, A.; Gambarini, G.; Testarelli, L. In vitro evaluation of a recently
developed rotary file: Af rotary. Braz. Dent. Sci. 2021, 24. [CrossRef]

Seracchiani, M.; Miccoli, G.; Di Nardo, D.; Zanza, A.; Cantore, M.; Gambarini, G.; Testarelli, L. Effect of Flexural Stress on
Torsional Resistance of NiTi Instruments. J. Endod. 2021, 47, 472-476. [CrossRef] [PubMed]

Zanza, A.; Seracchiani, M.; Reda, R.; Di Nardo, D.; Gambarini, G.; Testarelli, L. Role of the Crystallographic Phase of NiTi Rotary
Instruments in Determining Their Torsional Resistance during Different Bending Conditions. Materials 2021, 14, 6324. [CrossRef]
[PubMed]

Di Nardo, D.; Zanza, A.; Seracchiani, M.; Donfrancesco, O.; Gambarini, G.; Testarelli, L. Angle of Insertion and Torsional
Resistance of Nickel-Titanium Rotary Instruments. Materials 2021, 14, 3744. [CrossRef] [PubMed]


http://doi.org/10.1111/iej.13673
http://www.ncbi.nlm.nih.gov/pubmed/34862796
http://doi.org/10.14295/bds.2021.v24i4.2558
http://doi.org/10.1016/j.joen.2020.10.011
http://www.ncbi.nlm.nih.gov/pubmed/33096192
http://doi.org/10.3390/ma14216324
http://www.ncbi.nlm.nih.gov/pubmed/34771850
http://doi.org/10.3390/ma14133744
http://www.ncbi.nlm.nih.gov/pubmed/34279315

	References

