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Abstract

:

Background: The remaining dentinal thickness is a significant factor to deal with when planning post-endodontic treatment. Aim: To assess the changes in the root canal dentinal thickness of intact and endodontically treated teeth using CBCT scans in the coronal, middle, and apical third of the root canal. Material and methods: Three hundred CBCT scans for three age groups were analyzed to study the dentinal thickness pre- and post-endodontic treatment. The dentinal thickness (DT) was measured along the buccal, mesial, distal, and lingual/palatal walls from the inner surface of the root canal to the outer surface in mm. Statistical analysis was set at 0.05. Results: The results of this study showed that the buccal, palatal, distal, and mesial dentinal thickness in intact and endodontically treated teeth is different. The differences were statistically significant when comparing the parameters of “healthy” and “treated” teeth (p < 0.05). There were no statistically significant differences in indicators associated with age (p > 0.05). In the coronal third of the root canal, the least amount of dentin tissue lost was 4.2% for mandibular canines. Conclusions: The dentinal thickness in the coronal and middle third of the root decreases significantly more than the apical third. The most loss of dentine volume was among molar teeth, and the remaining dentinal thickness was less than 1 mm, which would increase the risk of complication while preparing the canal for a post.
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1. Introduction


It is known that tooth structure is lost during root canal treatment, and teeth treated endodontically are more vulnerable to fracture than intact teeth [1,2]. To serve these teeth, it is critical to restore their shape and function after endodontic treatment. One of the most significant factors that affect post-endodontic treatment is the dentinal thickness that will remain after the canal preparation. With the diversity of root canal instrumentation systems, it is critical to take into consideration that dentinal thickness may differ after the root canal preparation. Clinicians should plan the endodontic treatment without the aggressive root canal preparation that leads to a decrease in the dentinal thickness, especially in cases of re-endodontic treatment. The complex anatomy of the root canal system and the presence of grooves and lateral canals in intact teeth, which have been reported to have less than 1 mm of dentinal thickness [3,4], are important issues to be considered while preparing the root canal, especially in the premolar and molar areas, to avoid thinning or perforating the dentine wall in these areas [5]. Dentinal thickness is also important when preparing the canal for a post, as several studies have suggested that the post should be surrounded by at least 1 mm of sound dentine [6,7,8].



To determine the changes in the amount of dentine removed during endodontic treatment, Bramante et al. [9] proposed to superimpose photographs of the root canal diameter before and after instrumentation and measure the deviations between the two contours. Quantification of post-operative deviation in the root canal diameter can be performed using the centering factor method [10,11,12] or by measuring dentine thickness before and after treatment [13]. This method can evaluate the circular removal of root dentine and the frequency of isthmuses [14].



The change in the canal volume after preparation is associated with instrumental and medical treatment [15,16,17]. After treatment, the increase in the volume of the internal lumen of the canal is proportionally higher in the coronal and middle third than in the apical one; this is because of the taper, the instruments used, and the application of force during preparation [18,19,20]. Clinically, an increase in root canal volume in the coronal and middle third allows for more efficient irrigation of the apical part, but at the same time suggests that apical mechanical debridement is not as effective as coronal debridement [18,21].



For studying the root canal system, modern diagnostic techniques include cone beam computed tomography (CBCT) and micro-CT [17,22,23]. The use of CBCT allows one to measure the volume of the root canal dentine and its surface area and to clarify the anatomy of the root canal before and after preparation. Micro-CT additionally makes it possible to assess the degree of the untreated canal surface in three dimensions.



The aim of this study was to assess the changes in the root canal dentinal thickness of intact and endodontically treated teeth according to CBCT scans in the coronal, middle, and apical third of the root canal.




2. Materials and Methods


This cross-sectional study was conducted to evaluate the dentinal thickness among different age groups in the period between November 2019 and March 2021.



Three hundred CBCT scans for 300 subjects aged 20–70 years were included in this study. The study was conducted in 5 dental clinics and radiologic diagnostic centers for three-dimensional radiological scanning in Moscow.



Patients who were diagnosed to have endodontic treatment needs (apical periodontitis, pulpitis, dental trauma) in these clinics and referred for CBCT were asked for their consent to participate in this study. After collecting the sample, CBCT scans were divided into three age groups with 100 subjects each: young adults (20–44) years, middle-aged adults (45–59) years, and the elderly (60–70) years.



The CBCT scans were taken using a 3D eXam (KaVo, Biberach, Germany) with standard exposure settings (23 cm × 17 cm field of view, 0.3 mm voxel size, 110 kv, 1.6–20 s) and were viewed by three examiners in a semi-dark room using I-CAT viewer software (version 10, Hatfield, UK).



After collecting CBCT, the scans were analyzed to determine the number of intact and endodontically treated teeth, regardless of the technique used to prepare the root canal by two endodontists. Intact and endodontically treated teeth were included in this study; teeth with resorption were excluded. Table 1 and Table 2 explain the number of teeth included in this study.



For calibration, a pilot study of 10 CBCT was performed. The analysis of dentinal thickness was performed independently by two endodontic researchers and repeated after a 2-week interval. A comparison of the DT results was performed between the observers, and in the case of disagreement, the case was discussed until a decision was reached. The Kappa value for the intra-observer agreement was 0.85 for both observers and 0.80 for the inter-observer agreement.



The measurement of dentinal thickness was performed on intact and endodontically treated maxillary and mandibular teeth using CBCT in the horizontal plane at the levels of the coronal, middle, and apical regions in all three age groups. The distance was measured in mm from the inner surface of the buccal, mesial, palatal/lingual, and distal sides of the root canal to the outer surface of the root (Figure 1 A–C). The loss of dentine tissue was evaluated in percent.



Statistical analysis: IBM SPSS Statistics v 22.0, a licensed package (IBM, Chicago, IL, USA), was used for the statistical processing of the study data. Descriptive statistics were used for the processing of the received data. For comparing the dentinal thickness among age groups and between intact and treated teeth, the independent student test was used. Statistical significance was set at 0.05.




3. Results


The results of this study showed that the buccal, palatal, distal, and mesial dentinal thicknesses in intact and endodontically treated teeth are different. The differences were statistically significant when comparing the parameters of “healthy” and “treated” teeth (p < 0.05). There were no statistically significant differences in indicators associated with age (p > 0.05).



3.1. Measurment of DT of Maxillary Teeth


The measurements of DT of the root canals of central incisors in mesial, distal, buccal, and palatal sides revealed that the volume of dentine decreased from 3.6% to 27.7%, and for lateral incisors, the volume of excised dentine was from 1.7% to 20.4%. For canines, the volume of dentinal tissues decreased from 3.6% to 17.3% after root canal preparation.



For maxillary first premolars, there was a significant difference in the DT in all age groups. The loss of dentine along mesial, distal, buccal, and palatal sides ranged from 3% to 31%. For maxillary second premolars, the measurements revealed that the volume of dentine decreased from 4.2% to 24.5%.



For maxillary first molars, the volume of dentine decreased from 1.4% to 32.5%, while for second molars, it ranged from 2.5% to 45.3% (Table 3).




3.2. Measurment of DT Mandibular Teeth


The loss of dentine tissues of mandibular central incisors varied after root canal preparation between 1.6% and 23%, and for lateral incisors, the volume of excised dentine was from 1.9–23.5%. For canines, the volume of dentinal tissues ranged from 1.2–14%.



For mandibular first premolars, the change in the dentinal thickness of the root was recorded within 6.0–23.2%. For second premolars, measurements revealed that the volume of dentine decreased from 4.2% to 24.5%.



For mandibular first molars, the volume of dentine decreased from 2.9% to 40.3%, while for second molars, it ranged from 2.1–31.8% (Table 4).




3.3. Dentinal Thickness in Apical Part


As a result of root canal preparation, in the apical part of the root canal, the minimum amount of dentine tissue was excised in the maxillary lateral incisors along the buccal wall—1.7% in the middle-age group; along the palatal—2.8% in the elderly; along the buccal wall of the palatal root of the maxillary first premolar—2.1% in the elderly group.



For maxillary molars, the minimum amount of dentine tissue was excised in the palatal root of the maxillary first molar along the distal wall; in the young group—1.4% and the middle-age—1.4%, in the palatal root of the second molar along the mesial wall—2.5% in the young group, and in the disto-buccal root of the second molar along the buccal wall—1.7% in the young group.



In the lower jaw, the minimum amount of dentine tissue in the apex area was excised in the central incisors along the buccal wall—1.6% in the young group, in the lateral incisors along the lingual wall—1.9% in the young group, and along the mesial wall—2.2% in middle-aged patients; in canines along the distal wall in the groups of the young—1.2% and elderly—1.3%; in the second premolar along the mesial—0.9% and distal—1.7% walls in the young group; in the distal root of the first molar along the lingual wall, in the groups of middle-age—2.9% and elderly—2.9%, and in the distal root of the second molar along the buccal wall—2.1% in the young group.



As a result of the study, in the coronal third of the root canal, dentine tissue was excised 1.3 times less than in the middle third. The apical third of the root canal was characterized by a decrease in the volume of excised dentine during endodontic treatment by an average of 1.85 times compared with the data in the coronal third and 2.4 times compared with the data in the middle third. The data were presented in Figure 2 and Figure 3.





4. Discussion


Dentinal thickness is an important factor to be considered when planning for post-endodontic treatment. The remaining dentine volume could predict the success of endodontic and post-endodontic treatment. This is the first study to evaluate dentinal thickness using CBCT. The dentinal thickness was measured in millimeters from the inner surface of the root canal to the outer surface of the tooth, and the volume of the removed dentine tissues was determined as a percentage.



This study has shown that the coronal and middle thirds of the root canal were the most prepared, which could be related to the endodontic system used to treat the root canal or the presence of a post. Either way, the remaining dentinal thickness was still more than 1 mm in anterior teeth, while in maxillary molar teeth in mesio- and disto-buccal roots and in mandibular molars, the dentinal thickness was less than 1 mm in most cases of intact and endodontically treated teeth, especially in cases of curved roots. This is of great significance and should be considered when preparing these roots for a post after endodontic treatment.



The study showed that the apical part of the root is the least treated, which in turn leads to the development of complications after endodontic treatment and thus explains the high percentage of failures.



The most loss of dentine volume was shown among the maxillary second molar (27%) and mandibular second molar (23.6%), which could be related to the configuration of root canals or the clinical case of these teeth, especially if the procedure was a retreatment.



Gao et al. used micro-CT to measure the minimal remaining dentinal thickness in the mesio-buccal roots of maxillary molars as an attempt to remove broken instruments inside root canals. The authors noticed that the remaining dentine was smaller at the distal walls [24], which coincides with the results of our study, as the largest amount of dentine was removed along the distal walls of mesio-buccal roots, which could be explained by the presence of MB2 in most of the cases or the attempt to extract broken instruments.



In another study, Haralur et al. studied the effect of coronal root canal dentinal thickness on fracture resistance for post treatment and found that a post is needed when DT is less than 1.5 mm [25].



A study by Ha et al. evaluated the remaining dentinal thickness after post preparation and found that post preparation resulted in less than 1 mm of dentine thickness remaining in premolars, smaller roots of molars, and mandibular incisors [26.



Dentinal thickness is also affected by root canal configuration, especially in molar and premolar areas, which should be considered when choosing the best root for post treatment [27].




5. Conclusions


Within the limits of this study, the dentinal thickness in the coronal and middle third of the root decreases significantly more than the apical third. The most loss of dentine volume was among molar teeth, and the remaining dentinal thickness was less than 1 mm, which would increase the risk of complication while preparing the canal for a post.







Author Contributions


Conceptualization, S.R. and A.B.; methodology, H.B.; software, G.S.P.; validation, D.S.; formal analysis, V.I.T.; investigation, Z.G.; resources, H.B.; data curation, D.S.; writing—original draft preparation, H.B. and A.B.; writing—review and editing, A.B. and S.R.; visualization, G.S.P.; supervision, S.R.; project administration, A.B.; All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding. This paper has been supported by the RUDN University Strategic Academic Leadership Program. The publication has been prepared with the support of the RUDN University Program 5-100.




Institutional Review Board Statement


The study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2000, and was approved by the ethical committee of the Peoples’ Friendship University of Russia University (Protocol 6 on 21 February 2019).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sorensen, J.A.; Martinoff, J.T. Intracoronal reinforcement and coronal coverage: A study of endodontically treated teeth. J. Prosthet. Dent. 1984, 51, 780–784. [Google Scholar] [CrossRef] [PubMed]

	



Reeh, E.S.; Messer, H.H.; Douglas, W.H. Reduction in tooth stiffness as a result of endodontic and restorative procedures. J. Endod. 1989, 15, 512–516. [Google Scholar] [CrossRef] [PubMed]

	



Razumova, S.; Brago, A.; Howijieh, A.; Barakat, H.; Manvelyan, A.; Kozlova, Y. An In Vitro Evaluation Study of the Geometric Changes of Root Canal Preparation and the Quality of Endodontic Treatment. Int. J. Dent. 2020, 2020, 8883704. [Google Scholar] [CrossRef] [PubMed]

	



Razumova, S.; Brago, A.; Howijieh, A.; Barakat, H.; Kozlova, Y.; Baykulova, M. Evaluation of Cross-Sectional Root Canal Shape and Presentation of New Classification of Its Changes Using Cone-Beam Computed Tomography Scanning. Appl. Sci. 2020, 10, 4495. [Google Scholar] [CrossRef]

	



Lammertyn, P.A.; Rodrigo, S.B.; Brunotto, M.; Crosa, M. Furcation groove of maxillary first premolar, thickness and dental structures. J. Endod. 2009, 35, 814–817. [Google Scholar] [CrossRef]

	



Halle, E.B.; Nicholls, J.I.; Hassel, H.I. An in-vitro comparison of retention between a hollow post and core and a custom hollow post andcore. J. Endod. 1984, 10, 96–100. [Google Scholar] [CrossRef] [PubMed]

	



Arunpraditkul, S.; Saengsanon, S.; Pakviwat, W. Fracture resistance of endodontically treated teeth: Three walls versus four walls of remaining coronal tooth structure. J. Prosthodont. 2009, 18, 49–53. [Google Scholar] [CrossRef] [PubMed]

	



Faria, A.C.; Rodrigues, R.C.; de Almeida Antunes, R.P.; de Mattos Mda, G.; Ribeiro, R.F. Endodontically treated teeth: Characteristics and considerations to restore them. J. Prosthodont. Res. 2011, 55, 69–74. [Google Scholar] [CrossRef]

	



Bramante, C.M.; Berbert, A.; Borges, R.P. A methodology for evaluation of root canal instrumentation. J. Endod. 1987, 13, 243–245. [Google Scholar] [CrossRef] [PubMed]

	



Calt, S.; Serper, A. Smear layer removal by EGTA. J. Endod. 2000, 26, 459–461. [Google Scholar] [CrossRef]

	



Wilcox, L.R.; Swift, M.L. Endodontic retreatment in small and large curved canals. J. Endod. 1991, 17, 313–315. [Google Scholar] [CrossRef]

	



Leseberg, D.A.; Montgomery, S. The effects of Canal Master, Flex-R, and K-Flex instrumentation on root canal configuration. J. Endod. 1991, 17, 59–65. [Google Scholar] [CrossRef] [PubMed]

	



McCann, J.T.; Keller, D.L.; LaBounty, G.L. Remaining dentin/cementum thickness after hand or ultrasonic instrumentation. J. Endod. 1990, 16, 109–113. [Google Scholar] [CrossRef] [PubMed]

	



Archer, R.; Reader, A.; Nist, R.; Beck, M.; Meyers, W.J. An in vivo evaluation of the efficacy of ultrasound after step-back preparation in mandibular molars. J. Endod. 1992, 18, 549–552. [Google Scholar] [CrossRef]

	



Rödig, T.; Hülsmann, M.; Mühge, M.; Schäfers, F. Quality of preparation of oval distal root canals in mandibular molars using nickel-titanium instruments. Int. Endod. J. 2002, 35, 919–928. [Google Scholar] [CrossRef] [PubMed]

	



Peters, O.A.; Boessler, C.; Paqué, F. Root canal preparation with a novel nickel-titanium instrument evaluated with micro-computed tomography: Canal surface preparation over time. J. Endod. 2010, 36, 1068–1072. [Google Scholar] [CrossRef]

	



Peters, O.A.; Peters, C.I.; Schönenberger, K.; Barbakow, F. ProTaper rotary root canal preparation: Effects of canal anatomy on final shape analysed by micro CT. Int. Endod. J. 2003, 36, 86–92. [Google Scholar] [CrossRef]

	



Stern, S.; Patel, S.; Foschi, F.; Sherriff, M.; Mannocci, F. Changes in centring and shaping ability using three nickel–titanium instrumentation techniques analysed by micro-computed tomography (μCT). Int. Endod. J. 2012, 45, 514–523. [Google Scholar] [CrossRef]

	



Versiani, M.A.; Pécora, J.D.; Sousa-Neto, M.D. Microcomputed tomography analysis of the root canal morphology of single-rooted mandibular canines. Int. Endod. J. 2013, 46, 800–807. [Google Scholar] [CrossRef]

	



Versiani, M.A.; Pécora, J.D.; Sousa-Neto, M.D. The anatomy of two-rooted mandibular canines determined using micro-computed tomography. Int. Endod. J. 2011, 44, 682–687. [Google Scholar] [CrossRef]

	



Yang, Y.; Shen, Y.; Ma, J.; Cao, Y.; Haapasalo, M. A Micro-Computed Tomographic Assessment of the Influence of Operator’s Experience on the Quality of WaveOne Instrumentation. J. Endod. 2016, 42, 1258–1262. [Google Scholar] [CrossRef]

	



Peters, O.A.; Laib, A.; Göhring, T.N.; Barbakow, F. Changes in root canal geometry after preparation assessed by high-resolution computed tomography. J. Endod. 2001, 27, 1–6. [Google Scholar] [CrossRef]

	



Peters, O.A.; Laib, A.; Rüegsegger, P.; Barbakow, F. Three-dimensional analysis of root canal geometry by high-resolution computed tomography. J. Dent. Res. 2000, 79, 1405–1409. [Google Scholar] [CrossRef] [PubMed]

	



Gao, Y.; Shen, Y.; Zhou, X.; Haapasalo, M. Remaining root dentin thickness in mesiobuccal canals of maxillary first molars after attempted removal of broken instrument fragments. Aust. Endod. J. 2015, 41, 122–127. [Google Scholar] [CrossRef] [PubMed]

	



Haralur, S.B.; Al-Qahtani, A.S.; Al-Qarni, M.M.; Al-Homrany, R.M.; Aboalkhair, A.E. Influence of remaining dentin wall thickness on the fracture strength of endodontically treated tooth. J. Conserv. Dent. 2016, 19, 63–67. [Google Scholar] [CrossRef] [PubMed]

	



Ha, W.N.; Chaves, G.S.; Decurcio, D.; Estrela, C.; Peters, O.A.; Rossi-Fedele, G. Remaining dentinal thickness after simulated post space preparation and the fit of prefabricated posts to root canal preparation shapes. J. Am. Dent. Assoc. 2021, 152, 1020–1032. [Google Scholar] [CrossRef] [PubMed]

	



Versiani, M.A.; Carvalho, K.K.T.; Martins, J.N.R.; Custódio, A.L.N.; Castro, M.A.A.; Akaki, E.; Silva-Sousa, Y.T.C.S.; Sousa-Neto, M.D. Effects of root canal enlargement on unprepared areas and coronal dentine thickness of three-rooted maxillary first premolars with different root configurations: A stepwise micro-CT study. Int. Endod. J. 2022, 55, 1262–1273. [Google Scholar] [CrossRef] [PubMed]








[image: Dentistry 11 00124 g001a 550][image: Dentistry 11 00124 g001b 550] 





Figure 1. (A) Measurement of dentinal thickness around root canal in maxillary central incisor (endodontically treated) coronal third. (B) Measurement of dentinal thickness around root canal in maxillary central incisor (endodontically treated) middle third. (C) Measurement of dentinal thickness around root canal in maxillary central incisor (endodontically treated) apical third. 






Figure 1. (A) Measurement of dentinal thickness around root canal in maxillary central incisor (endodontically treated) coronal third. (B) Measurement of dentinal thickness around root canal in maxillary central incisor (endodontically treated) middle third. (C) Measurement of dentinal thickness around root canal in maxillary central incisor (endodontically treated) apical third.
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Figure 2. The loss of root canal dentine tissue (%) after mechanical treatment of maxillary teeth. 
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Figure 3. The loss of root canal dentine tissue (%) after mechanical treatment of mandibular teeth. 






Figure 3. The loss of root canal dentine tissue (%) after mechanical treatment of mandibular teeth.
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Table 1. Number of maxillary teeth included in this experiment.






Table 1. Number of maxillary teeth included in this experiment.





	Group
	Central Incisors
	Lateral Incisors
	Canines
	First Premolars
	Second Premolars
	First Molars
	Second Molars





	Young group
	50 intact

48 treated
	55 intact

50 treated
	55 intact

40 treated
	55 intact

48 treated
	55 intact

50 treated
	50 intact

48 treated
	55 intact

43 treated



	Middle-age group
	55 intact

55 treated
	55 intact

55 treated
	55 intact

54 treated
	55 intact

53 treated
	55 intact

55 treated
	55 intact

50 treated
	50 intact

56 treated



	Elderly
	55 intact

55 treated
	55 intact

54 treated
	55 intact

54 treated
	55 intact

51 treated
	54 intact

55 treated
	55 intact

60 treated
	47 intact

60 treated
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Table 2. Number of mandibular teeth included in this experiment.






Table 2. Number of mandibular teeth included in this experiment.





	Group
	Central Incisors
	Lateral Incisors
	Canines
	First Premolars
	Second Premolars
	First Molars
	Second Molars





	Young group
	55 intact

49 treated
	55 intact

48 treated
	55 intact

43 treated
	55 intact

49 treated
	55 intact

48 treated
	50 intact

48 treated
	55 intact

46 treated



	Middle-age group
	55 intact

49 treated
	55 intact

50 treated
	55 intact

51 treated
	55 intact

50 treated
	55 intact

50 treated
	55 intact

53 treated
	50 intact

56 treated



	Elderly
	55 intact

55 treated
	55 intact

60 treated
	55 intact

60 treated
	55 intact

55 treated
	50 intact

60 treated
	50 intact

60 treated
	46 intact

60 treated
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Table 3. The remaining dentine volume (%) after root canal treatment for maxillary teeth.






Table 3. The remaining dentine volume (%) after root canal treatment for maxillary teeth.





	
Tooth

	
Largest Loss of Dentine

	
Least Amount Loss of Dentine




	
Coronal Third

	
Middle Third

	
Apical Third

	
Coronal Third

	
Middle Third

	
Apical Third






	
Central incisors

	
Buccal wall 27.7% (Elderly)

	
Mesial wall 12.1% (Elderly)

	
Buccal wall 13% (Middle)

	
Distal wall 9.4% (Young)

	
Mesial wall 7.8% (young)

	
Mesial wall 3.6% (young)




	
Lateral incisors

	
Palatal wall 14.7% (young)

	
Palatal wall 20.4% (Middle)

	
Mesial wall 16.9% (Middle)

	
Mesial wall 9.5% (young)

	
Mesial wall 10.3% (middle)

	
Buccal wall 1.7% (Middle)




	
Canines

	
Distal wall 16.7% (Elderly)

	
Distal wall 17.3% (Middle)

	
Mesial wall 12.1% (Elderly)

	
Buccal wall 8.5% (Young)

	
Buccal wall 11.3% (Elderly)

	
Distal wall 3.6% (Young)




	
First Premolar

	
Distal wall 21.2% (Elderly)

	
Mesial wall palatal root 31% (Middle)

	
Buccal wall palatal root 20% (Young)

	
Palatal wall 12.4% (Elderly)

	
Distal wall buccal root 14.7% (Middle)

	
Palatal wall Buccal root 3% (Elderly)




	
Second Premolar

	
Mesial wall

22.3%

(Elderly)

	
Mesial wall 24.5%

(Middle)

	
Distal wall 19.2% (Elderly)

	
Palatal wall 10.7% (Young)

	
Palatal wall 8.3% (Young)

	
Buccal wall 4.2% (Young)




	
First Molar

	
Distal wall 13.9% (Middle)

	
Distal wall Mesio-Buccal root 32.5% (Elderly)

	
Distal wall Mesio-Buccal root 25.5% (Middle)

	
Mesial wall 6.4% (Middle)

	
Buccal wall Disto-buccal root 13.5% (Young)

	
Distal wall Palatal root 1.4% (Young)




	
Second Molar

	
Distal wall 14.7% (Elderly)

	
Mesial wall Mesio-Buccal root 45.3% (Elderly)

	
Mesial wall Mesio-Buccal root 18.6% (Young)

	
Palatal wall 8.6% (Young)

	
Mesial wall Palatal root 13.7% (Young)

	
Mesial wall Palatal root 2.5% (Young)
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Table 4. The remaining dentine volume (%) after root canal treatment for mandibular teeth.






Table 4. The remaining dentine volume (%) after root canal treatment for mandibular teeth.





	
Tooth

	
Largest Loss of Dentine

	
Least Amount Loss of Dentine




	
Coronal Third

	
Middle Third

	
Apical Third

	
Coronal Third

	
Middle Third

	
Apical Third






	
Central incisors

	
Distal wall 19.6% (Elderly)

	
Distal wall 23% (Middle)

	
Mesial wall 8.2% (Middle)

	
Lingual wall 5.4% (Young)

	
Buccal wall 11.1% (Young)

	
Buccal wall 1.6% (Young)




	
Lateral incisors

	
Mesial wall 19.6% (Elderly)

	
Distal wall 23.5% (Middle)

	
Distal wall 15.8% (Elderly)

	
Lingual wall 7.8% (Young)

	
Buccal wall 11.8% (Young)

	
Lingual wall 1.9% (Young)




	
Canines

	
Lingual wall 14% (Middle)

	
Lingual wall 13.4% (Middle)

	
Lingual wall 7.1% (Middle)

	
Mesial wall 8.8% (Young)

	
Mesial wall 9.4% (Young)

	
Distal wall 1.2% (Young)




	
First Premolar

	
Distal wall 21.2% (Elderly)

	
Lingual wall 23.2% (Elderly)

	
Mesial wall 19.3% (Elderly)

	
Mesial wall 14.1% (Middle)

	
Distal wall 17.7% (Young)

	
Buccal wall 6% (Elderly)




	
Second Premolar

	
Mesial wall

35.4%

(Middle)

	
Mesial wall 21.8%

(Young)

	
Mesial wall 11.8% (Middle)

	
Buccal wall 12% (Elderly)

	
Buccal wall 10.1% (Young)

	
Mesial wall 0.9% (Young)




	
First Molar

	
Distal wall 18.3% (Middle)

	
Mesial wall Distal root 40.3% (Elderly)

	
Buccal wall Mesial root 15.4% (Elderly)

	
Mesial wall 9.1% (Middle)

	
Lingual wall mesial root 16.4% (Young)

	
Lingual wall Distal root 2.9% (Middle)




	
Second Molar

	
Mesial wall 13.6% (Young)

	
Mesial wall Distal root 31.8% (Elderly)

	
Mesial wall Distal root 17.2% (Middle)

	
Buccal wall 11.1% (Young)

	
Lingual wall Distal root 13.6% (Young)

	
Buccal wall Distal root 2.1% (Young)
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