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Root Canal Treatment

Aim to remove pulp tissue, 
microrganisms and infected

dentin in order to cure or
prevent periradicular 

periodontits
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Basic Steps of Root Canal Treatment

Decay

Infection

Periradicular
Periodontitis

Access 
Preparation

Root Canal
(Pulp Space)

Pascon et al.



Basic Steps of Root Canal Treatment

Root Canal Enlargement
(Preparaton)

Pascon et al.



Basic Steps of Root Canal Treatment

Root Canal Enlargement
(Preparaton)

Pascon et al.



Basic Steps of Root Canal Treatment

Root Canal Filling (Obturation)

Pascon et al.



Basic Steps of Root Canal Treatment

Bone
Repair

Bone
Lesion

Pascon et al.



Micro-CT Technology 
in Endodontics



Godfrey Newbold
Hounsfield 

First CT Image

CT Prototype at
EMI Central Research Laboratories

First comercial CT 
at Atkinson Morley

Hospital

















ANATOMY OF THE 
ROOT CANAL SYSTEM





Root Canal Configurations

Versiani & Ordinola-Zapata, 2015









Conventional Sectioning Method

Cross Sections of Roots

Rippe et al. 2014
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Path that surrounds the 2D shape of the 

root canal

Extent of a 2D root canal shape in the 

plane
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parallel lines tangent to root canal
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2D PARAMETERS



Flat Long-Oval RoundOval

QUALITATIVE EVALUATION

CONVENTIONAL METHOD



CROSS-SECTIONAL APPEARANCE



CROSS-SECTIONAL APPEARANCE







Volume (mm3)
Volume of binarized root 
canal within the volume of 
interest

Surface Area (mm2)
Total area that the surface of 
the canal occupies within the 
volume of interest





3D Shape of Root Canal

Structure Model Index (SMI)

SMI 2.45 SMI 2.37 SMI 2.39 SMI 1.93  SMI 1.94 SMI 1.92 SMI 1.62 SMI 1.59



Dr. Phil Salmon Dr. Marco Versiani





ACCESS PREPARATION



Access 

Cavity

Root Canal 
System

Prof. Érico Lemos (http://www.endo-e.com/)



Traditional Access 
Preparation

Pascon et al.





Clinical case by
Dr. Alberto Lorenzo

Conservative 
or Contracted
Cavity
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ROOT CANAL PREPARATION



Video from Dentsply



Sectioning Radiography SEM Silicon Impression

Artificial Canals in Resin



Peters et al. 2003Bergmans et al. 2002 Bergmans et al. 2003 Paqué et al. 2005 Gekelman et al. 2009Hϋbscher et al. 2005
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Conventional Methods

Transportation

Dentin Thickness



Before Preparation After Preparation Graphic (Centers of Gravity)

Before Preparation After Preparation Transportation (mm)
(blue line)





From: Endos Colima Source: Internet
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Percentage range (%) of Dentinal Microcracks
Literature Review
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Complex Anatomy
(Isthmus)

Hard Tissue Debris
Packed in Isthmus Area

After Preparation

Tissue Debris Packed in 
Isthmus Area

(in black)



(A) Mesial root canal before preparation
(B) Segmentation of the root canal system in A
(C) Root canals after preparation (presence of debris in the isthmus area)
(D) Segmentation of areas without debris after canal preparation
(E) Superimposition of the segmented canal before preparation over the prepared canal
(F) Segmentation of the isthmus area
(G) Superimposition of the segmented area over the isthmus
(H) Segmentation of the hard tissue debris in the isthmus area.





Root Canal Irrigation



None of them allows a 3D 
assessment of irrigant  

spreading

Root Canal Irrigation – Conventional Methods







ROOT CANAL OBTURATION



Versiani & Keles 2018

Root Canal Obturation
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http://intranet.tdmu.edu.ua/
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COLD LATERAL COMPACTION



http://www.diadent.com/

WARM VERTICAL COMPACTION

Heated PluggerMain Gutta
Percha Cone

Vertical
Compaction



COLD LATERAL COMPACTION

WARM VERTICAL COMPACTION

X



Sectioning

SEM

Radiograph

Diaphanization 

Leakage Test



Jung et al., 2005

MICRO-CT AND
ROOT CANAL OBTURATION





Low 
Energy
Scanning

High 
Energy
Scanning



RETREATMENT



Root Canal
Treatment

Bone Lesion
(Failure)

Bone Lesion
(Failure)

Non-Instrumented
Canal

Root Canal Failure



Dr. C. Ruddle
Retreatment Video

Non-surgical Retreatment



Conventional Methods







OTHER APPLICATIONS





























EDUCATIONAL IMPACT



Preclinical Training Laboratory at School of Dental Medicine | EYP





True Tooth®

https://dentalengineeringlab.com/truetooth/

RepliDens®

https://www.smartodont.ch/replidens/

Micro-CT based replicas 

https://dentalengineeringlab.com/truetooth/
https://www.smartodont.ch/replidens/
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CONCLUDING REMARKS
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