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 INTRODUCTION  

To achieve endodontic success, one must remove the etiology that causes pulpal 

and apical disease.  Cleaning, shaping, and disinfection of the canal therapy are factors in 

reaching this goal.  Another factor is respecting the existing anatomy with the 

mechanical/chemical disinfection and obturation while not causing undue harm to the 

radicular and coronal dentin (2).  The anatomy of teeth is complex and always variable 

(3).  A significant reason for unfavorable outcomes in endodontic treatment of 

mandibular incisors is the inability to detect the presence of a second canal and ultimately 

leaving bacteria as disease etiology (4,5).  Mandibular incisors tend to be some of the 

more challenging teeth for non-surgical root canal therapy (NSRCT) in single-rooted 

teeth.   

Numerous studies have been completed with dye, radiographic, cone beam 

computed tomography (CBCT), and other forms of measurement and identification to 

address the complex anatomy that can exist within the mandibular incisors (1).  Few 

studies have directly addressed the complexity of the most common two canal system 

these teeth.  Previous studies have focused on the prevalence of two canal systems 

described the apical third, or eccentricities of the single canal system (1).   

The purpose of this study was to complete a comprehensive CBCT analysis of 

Vertucci Type III mandibular incisors to aid clinicians in the understanding of the 

complex morphology in these teeth and developing strategies to prevent endodontically 

related failures (6). 
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REVIEW OF THE LITERATURE 

            The main goal of NSRCT is to accomplish mechanical and biological objectives 

as described by Schilder (2).  Failure to recognize the anatomy of the root canal system 

may lead to inadequate debridement, which contributes to unfavorable endodontic 

outcomes and the need for retreatment or surgical intervention (7).  The most common 

reason for failure of NSRCT is inadequate removal of bacteria, often from a missed canal 

(7).  Another goal of NSRCT is to conserve maximum tooth structure to prevent fracture 

susceptibility (8).  A classic study by Benjamin and Dowson found that 41.4% of 

mandibular incisors had two canals and 98.5% one apical foramen (9).  They determined 

that mandibular incisors should be approached with the expectation of two canals and the 

most commonly missed canal is the lingual canal. 

            The prevalence of two canal systems have been recorded by numerous authors 

ranging from Benjamin and Dowson as noted and summarized comprehensively with a 

recent CBCT study by Leoni finding 28% of the time Vertucci type III canal system 

(1,6,9).  Table 1 is taken from Leoni study to describe the numerous studies and the 

variety of the findings consistently find that two canals systems for mandibular incisors 

are mainly Vertucci type III (1).  Vertucci Type III canal anatomy is known as a 1-2-1 

canal configuration (Figure 1) (6,10).  There is one orifice at approximately the cemento 

enamel junction (CEJ) for mandibular incisors that splits into two separate canals and 

then joins back into one main canal as it terminates at the apex (Figure 2) (6,10). 
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Figure 1: Vertucci classification of root canal configuration (6) 

 

 

Figure 2: Sagittal Slice Demonstrating a Vertucci Type III Mandibular Incisor 
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Table 1: Summary table from Leoni et al 2004 (1) 

 

            Historically, the mandibular incisors have been studied for different reasons.  

Mauger determined the ideal straight-line access was from the incisal edge and the 

percentage of apical ramifications at different levels 1-3 mm from the apex (11,12).  

Later studies by Leoni examined the 1-5 mm segments (1).  The average distance from 

standard prep to pulp chamber was found to be about 4.5 mm by Lee (13).  Curvature of 

the root and subsequent effect on mandibular incisor canals was determined with the 

Schilder technique but with only 1 canal systems (14–16).  It was found that major 

foramina differed by anatomical apex by an average of 0.59 mm, but was not exclusive to 

mandibular incisors (17).  The majority of articles on mandibular incisors focused on 

Vertucci Type I anatomy and on the coronal and apical third of the root.  To fully 

understand the complexity of the Vertucci Type III mandibular incisor, focus should be 

on a more comprehensive level as a clinician would need to treat these teeth 

endodontically.  Understanding of the apical, middle, and coronal thirds of the tooth, 

enables a clinician to better manage these teeth clinically 

            The concept of a “Danger Zone” was first described by Abou Rass to explain the 
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furcal surface of the mandibular 1st molar mesial root (18).  Essentially, the paper warned 

clinicians the risk of strip perforation or unnecessarily weakening the radicular dentin in 

areas that were more susceptible on the mesial root.  The danger zone would be later 

described by Berutti and Harris as being susceptible to iatrogenic events (19, 20).  Other 

studies by Lammertyn discussed the thin dentin dimensions on the palatal side of the 

buccal root of maxillary 1st premolars and Hartmann in 3 rooted maxillary 1st premolars 

(21, 22).  However, mandibular incisors are typically the smallest root for a single rooted 

tooth and the Vertucci Type III canal anatomy have not been described specifically with 

this problem. 

DESCRIPTIVE GOALS 

The aim of this study is to analyze the Vertucci Type III mandibular incisors using 

CBCT to aid clinicians in understanding the complex morphology and how to use this 

anatomic knowledge to achieve predictable and successful results through NSRCT.   

Limited Field of View (LFOV) CBCT imaging was the methodology of choice 

because it was accurate to the tenth of a millimeter and has been shown to have clinical 

accuracy with linear measurements (23). LFOV CBCT also has more clinical significance 

and is more relatable to clinical applications than Micro-Computed Tomography (Micro-

CT).  At this time, Micro-CT scans can only be done on extracted teeth versus LFOV 

CBCT which can be done clinically on patients and what a clinician may have access to 

in their clinical practice.   

 

SPECIFIC AIMS 

 

In order to achieve the descriptive goals, many specific aims needed to be met:  
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- Determination of average of distances for clinical and specific applications 

previously described in the descriptive goals to aid clinicians in treating 

Vertucci Type III mandibular incisors.   

- Utilization of the averages and cross compare them to determine clinical 

significance of either ratios or the specific distances (example: 15 mm down the 

root versus 2/3 down the root).   

- Determination of the existence of a true “Danger Zone.” Confirmation of 

classical literature with the use of CBCT imaging methodology.  

- To use proportions and averages to determine how best to access canals, 

manage the angle of splitting and rejoining of canals, adequately clean and 

shape canals, and developing strategies on how to prevent endodontically 

related failures. 

- Utilization of the data to evaluate common modern instruments such as 

continuously tapered rotary instruments and variable taper rotary instruments to 

make theoretical inferences regarding safe preparation size that would not 

compromise radicular tooth structure or the long-term health of tooth.   

- Determination of angle averages to best pre-bend files.   

- Recommendations about known endodontic materials and treatment techniques. 

- Recommendations regarding full coverage restorations. 

The goal is to determine the safest approach for NSRCT for Vertucci Type III mandibular 

incisors and provide treatment guidelines.   
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MATERIALS AND METHODS 

The University of Minnesota IRB: Human Subjects Committee, reviewed this 

study and it was deemed “Not Human Research” (Appendix A).  Deidentified mandibular 

incisors were sorted from the University of Minnesota Graduate Division of Endodontics 

collection of extracted teeth that had been obtained over multiple years from endodontic 

residents across the United States and internationally.  A true population or specific 

patient population could not be identified for any tooth.  Given the nearly identical 

morphology of mandibular lateral and central incisors (24), all incisors were grouped 

together in this study.  Selected teeth were stored in 10% buffered formalin or 0.1% 

thymol to ensure proper storage and disinfection.  Selection criteria included: easily 

distinguishable, untreated, no root caries/resorption, no CEJ caries/resorption, no 

fractures, and with a Vertucci Type III canal system (10).    

Intact mandibular incisors were prescreened radiographically using 2D 

radiography with Kodak sensors (Complementary metal oxide semiconductor-active 

pixel technology) (CareStream Dental LLC, Atlanta, GA).  Exposure settings were 70 

kVp and 7.0 mA.  Teeth were placed in groups of four or five on a wooden tongue blade 

with rope wax to stabilize.  The teeth were positioned so the imaging and paralleling of x-

ray beam was through the mesial or distal surface for the best imaging of possible 

Vertucci Type III canal system.  If teeth indicated via 2D radiography to have Vertucci 

Type III anatomy or were questionable, they were placed in container of 0.1% thymol 

storage media for continued evaluation (Figure 3).  A total of 300 teeth were collected as 

the official samples of the study.   
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Figure 3: 2D Prescreening Process 

 

 After consultation with board-certified radiologist, Dr.  Lars Gaalaas, the Kodak 

CareStream9000 3D LFOV CBCT (CareStream Dental LLC, Atlanta, GA) parameters 

were set at 68 kV, 2.0 mA and 76 um (voxel).  Teeth were placed on the xray sensor 

backing and held in place with rope wax or held with a 2.0 Essix retainer using suck-

down method (Figure 4).  The teeth were orientated to lay facial lingual on the  mesial or 

distal surfaces.  Depending on width of teeth four to five teeth were placed into a group.  

A wooden block for CBCT was custom made to allow the teeth to be in correct position 

for the scan (Figure 5). 
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Figure 4: Stabilization of Teeth for Scanning 

 

 

Figure 5: Custom wood block with group of teeth prepared for 3D scan 

 

Each group was assigned a volume number and stored on the password-protected Kodak 

CareStream server of the University of Minnesota Graduate Division of Endodontics.  

Within each volume number, teeth were labeled a,b,c,d, or e.  Example 46-b would be 

volume 46 tooth second from left.  Volumes were collected until 265 teeth were scanned 

and labeled into volume numbers.  Volume accuracy and callibration was obtained 
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through the Kodak technicians on an annual basis through the University of Minnesota 

and Kodak CareStream.  The volumes were randomized by a board-certified 

endodontist and a total of 100 teeth meeting the selection criteria were reviewed.   

Orientation of the incisors within the Kodak CareStream 9000 3D software 

(Carestream Dental LLC, Atlanta, GA) was completed by using the cingulum position 

seen displaced to the distal or which part of the root there was a more defined concavity 

in the root indicating distal surface (24) (Figure 6).  

 

Figure 6: Mesial and Distal Orientation of the Tooth  

 

Measurements were made using the Kodak CareStream software based on the 

specifications in Table 2.  Data were collected and recorded in an Excel spreadsheet 

(Microsoft, Redmond, WA) (Appendix B-F).   
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Table 2: Description of measurements 

Measurement Explanation 

Tooth Case # Description of the tooth from the LFOV CBCT.  Volume and 

tooth in orientation from left to right in the file labeled a, b, c, d, 

or e.  Example 47-b means it is in file Volume 47 and second 

tooth from the left.   

Width CEJ-CEJ (M-D) Measurement from the facial CEJ to lingual CEJ external 

surfaces (Figure 7).   

Width CEJ-CEJ (F-L) Measurement from the facial CEJ to lingual CEJ external 

surfaces (Figure 9).  The line connecting the two surfaces stays 

present and is the level from which root length, CEJ to Pre-Split, 

and CEJ to Join are measured (Figure 9).   

Root Length Measurement that used the center of Width CEJ-CEJ (F-L) 

measurement as the base.  It is the starting point and continues 

apically until the radiographic apex of the tooth.  The 

radiographic apex is the most apical portion of a root that would 

be captured by 2D imaging.  Specifically, it measures the length 

from the CEJ to the radiographic apex (Figure 9).   

CEJ to Pre-Split  (PS) Measurement that used the center of Width CEJ-CEJ (F-L).  It is 

the starting point and continues apically until the level before the 

canal bifurcates or splits into the facial and lingual canal (Figure 

9). 

CEJ to Join (J) Measurement that used the center of Width CEJ-CEJ (F-L).  It is 

the starting point and continues apically until the level where the 

facial and lingual canal join or anastomose (Figure 9).   
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Apex to PS Measurement that used the radiographic apex as the base and 

continues coronally until the level before the canal splits or 

bifurcates into the facial and lingual canals (Figure 10).   

Apex to J Measurement that used the radiographic apex as the base and 

continues coronally until the level where the facial and lingual 

canal join or anastomose (Figure 10). 

Angle Pre-Split F Canal The angle of deviation that the facial canal makes from the long-

axis of the canal coronal to the split (Figure 11).   

Angle Pre-Split L Canal The angle of deviation that the lingual canal makes from the 

long-axis of the canal coronal to the split (Figure 11).   

Angle Join F Canal The angle of deviation that the facial canal must make to get in 

line of long-axis of the canal apical to the split (Figure 11).   

Angle Join L Canal The angle of deviation that the lingual canal must make to get in 

line of long-axis of the canal apical to the split (Figure 11).   

Largest Inter-Canal Dentin (Isthmus 

on spreadsheet) dimension FL 

Measurement of the Inter-Canal dentin in its largest dimension 

facial lingually between the facial and lingual canals (Figure 12).   

PS_Diam_ FL Canal The Pre-Split diameter of the canal in a facial lingual direction 

(Figure 13). 

PS_Diam_MD Canal The Pre-Split diameter of the canal in a mesial distal direction 

(Figure 13). 

PS WID MD ROOT The Pre-Split width of the root in the mesial distal direction 

(Figure 15). 

PS canal M The shortest distance from the perimeter of the Pre-Split canal to 

the mesial external surface (Figure 14).   
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PS canal D The shortest distance from the perimeter of the Pre-Split canal to 

the distal external surface (Figure 14).   

PS canal F The longest distance from the perimeter of the Pre-Split canal to 

the facial external surface (Figure 14). 

PS canal L The longest distance from the perimeter of the Pre-Split canal to 

the lingual external surface (Figure 14). 

J Diam_MD Canal The Join diameter of the canal in a mesial distal direction and is 

measured similarly to Pre-Split measurement (Figure 13).  Facial 

lingual dimension not measured because were similar to MD.   

Join FL root width Measurement of width of the root at the axial cross section where 

the facial and lingual canals join (Figure 15). 

Join canal M The shortest distance from the perimeter of the Join canal to the 

mesial external surface (Figure 16). 

Join canal D The shortest distance from the perimeter of the Join canal to the 

distal external surface (Figure 16). 

Join canal F The longest distance from the perimeter of the Join canal to the 

facial external surface (Figure 16). 

Join canal L The longest distance from the perimeter of the Join canal to the 

lingual external surface (Figure 16). 

F Diam_ Canal from smallest point Diameter of the facial canal after finding the Inter-Canal axial 

slice to be used (Figure 17). 

M from F canal The shortest distance from the perimeter of the facial canal to the  

mesial external surface after finding Inter-Canal axial slice to be 

used (Figure 18). 
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D from F Canal The shortest distance from the perimeter of the facial canal to the 

distal external surface after finding Inter-Canal axial slice to be 

used (Figure 18). 

Width root F The distance in a straight line from  mesial external surface, 

tangent to the most lingual aspect of the  facial canal, and to the 

external distal surface (Figure 18). 

L Diam_ Canal from smallest point Diameter of the lingual canal after finding the Inter-Canal axial 

slice to be used (Figure 17). 

M from L canal The shortest distance from the perimeter of the lingual canal to 

the  mesial external surface after finding Inter-Canal axial slice to 

be used (Figure 18). 

D from F Canal The shortest distance from the perimeter of the facial canal to the 

distal external surface after finding Inter-Canal axial slice to be 

used (Figure 18). 

Width root L The straight line distance from  mesial external surface, tangent 

to the most facial aspect of the lingual canal, and to the external 

distal surface (Figure 18). 

F from F canal Using the saggital slice of the tooth, the smallest, and typically 

most convex, portion of the facial canal through the Inter-Canal 

area to the external facial surface (Figure 19).   

L from L canal Using the saggital slice of the tooth, the smallest, and typically 

most convex, portion of the lingual canal through the Inter-Canal 

area to the external lingual surface (Figure 19).   
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Length from Apex for Inter-Canal 

dentin (Intra-Isthmus on 

spreadsheet) 

After calculating the Inter-Canal axial slice, the distance from the 

axial slice in the saggital plane to the radiographic apex (Figure 

18).   

Canal Deviation (labeled “Exit 

Radiographic Apex (< 0.3 mm)” on 

spreadsheet) 

Yes or no response to whether the main canal exited at the 

radiographic apex within ≤ 0.3 mm away.  Anything > 0.3 mm is 

considered not exiting the radiographic apex.  A number “1” 

represents a “No” on the data table (Figure 20).   

Apex F If main canal is found to not exit the radiographic apex and is 

found to be exiting  facially, this measurement is the distance 

from the radiographic apex in a straightline (Figure 20). 

Apex L If main canal is found to not exit the radiographic apex and is 

found to be exiting lingually, this measurement is the distance 

from the radiographic apex in a straightline (Figure 20). 

Acess I, L, or F An arbituary line was made through center and along the long-

axis of the main canal from area coronal to the bifurcation of the 

canal and extended coronally (Figure 21).  It was then 

determined if straight-line axis into main canal occurs through 

the incisal, facial or lingual portion of the crown of the tooth 

(Figure 21).  A “1” represents a “Yes” on the data table 

(Appendix B-F).   

Apical Root Curvature ( Labeled 

“Tip” on spreedsheet) Normal, D, F, 

L, M 

A yes or no answer to whether the tip of the root in the apical 1/3 

stays within the straight-line of the remainder of the tooth (Figure 

22).  A “1” represents a yes on the data table (Appendix B-F). 

Isthmus communication Anywhere within the Inter-Canal area of the root where the  

facial and lingual canals communicate via a canal isthmus would 
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be represented by a “1” for a “Yes” response (Figure 23) 

(Appendix B-F). 

 

The radiographic apex was used in this study since the clinicians can be expected 

to see the apex with reliably on a 2D imaging, whereas canals may not be as apparent.  

Measurements based on the incisal edge were not performed due to variability in wear 

and restorations in samples.  Instead, the CEJ in the facial and lingual dimension was 

used as the reference for apical measurements.  The orientation of the sagittal, axial and 

coronal views was adjusted per individual sample to optimize visibility of the Vertucci 

Type III canal configuration.  All linear measurements are in millimeters (mm) and to the 

nearest tenth of a millimeter. 

 The angle of the split of the Vertucci Type III canal into the facial and lingual 

canals was analyzed using a modified Schneider technique (25).  A line was drawn down 

the long-axis of the canal into the split from the coronal direction.  The base of angle was 

measured from where the long-axis line passed through the Inter-Canal dentin. The angle 

was made using a point at which would be tangent to the level of the split being made on 

the Inter-Canal dentin (Figure 11).  The angle was made in this way because that would 

represent the amount of bend a file would have at its tip from its straight-line axis to get 

into either the facial or lingual canals.  The joining angle was made in the same way but 

with the long-axis originating in the apical portion of the canal and extending through the 

Inter-Canal dentin.  The angle was made similarly and was created to a line tangent to the 

level of the pre-joined Inter-Canal dentin.  These facial and lingual joining angles 
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quantify the amount a file would have to bend to be in the straight-line axis of the apical 

portion of the canal.  Angle measurements were made to the nearest degree.   

 Focus on the Pre-Split (PS), Join (J) and Inter-Canal canals and their relation to 

the external surface were also evaluated.  Axial cross-sections of the tooth were used to 

measure these relationships.  The Pre-Split canal measurements were at the point right 

before the main canal bifurcates into the facial and lingual canals.  The Join canal 

measurements were at the point right after the facial and lingual canals join back into one 

main canal.  The Inter-Canal canal measurements were determined using an axial slice 

within the Inter-Canal dentin. Choosing the specific Inter-Canal axial slice was done by 

finding the smallest distance from the facial or lingual canals to the external distal surface 

concavity.  This area must be at least 0.3 mm coronal to the Join canal measurements.  

When the distance to the external distal concavity remains the same when scrolling 

coronally through the Inter-Canal axial cross sections, the most coronal slice that 

maintains the same distance was used.  For example, if the distance from the facial canal 

to the distal concavity is 0.7 mm at 1 mm away from where the canals join, and it remains 

the same 2 mm from where the canals join then the axial cross section to be used is the 2 

mm section.  All other measurements to include mesial direction from the canal will be 

used at this axial cross section.   
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Figure 7: CEJ-CEJ Mesial Distal Measurement 

 

 

Figure 8: Identification of Pre-Split, Inter-Canal, and Join Locations 
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Figure 9: CEJ-CEJ facial lingual; A) CEJ to Pre-Split B) CEJ to Join and C) Root Length Measurements 
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Figure 10: A) Apex to Join B) Apex to Pre-Split Measurements 

 



 

 21

 

Figure 11: Angles Measurements.  A) Straight-line Access of Pre-Split Main Canal; B) Straight-line Access of 

Main Canal after J; C) Pre-Split Facial Angle; D) Pre-Split Lingual Angle; E) Join Facial Angle; F) Join Lingual 

Angle 
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Figure 12: Width of Inter-Canal Dentin Measurement 

 

 

Figure 13: Lingual Facial and Mesial Distal Canal Diameter Measurements 
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Figure 14: Pre-Split Canal to External Surfaces for Mesial, Lingual, Distal, and Facial Measurements 

 

 

Figure 15: Example of Mesial Distal and Facial Lingual Root Width Measurements 
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Figure 16: Join Canal to External Surfaces for Mesial, Lingual, Distal, and Facial Measurements 

 

 

Figure 17: Measurement of the Diameter of the Facial and Lingual Canals after Inter-Canal Axial Slice 

Determined 
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Figure 18: Left: Axial Inter-Canal Slice to Apex Measurements.  Right: Facial and lingual canal to mesial and 

distal external surfaces. 

 

 

Figure 19: Facial Root Surface from Facial Canal and Lingual Root Surface from Lingual Canal 
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Figure 20: Canal Deviation from Radiographic Apex 

 

 

Figure 21: Straight-line Access into the Main Canal with Facial, Incisal, and Lingual Zones labeled 
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Figure 22: Apical Root Curvature 
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Figure 23: Example of Inter-Canal Canal Communication 

 

Following initial data collection, the following were evalauted: Inter-Canal dentin 

length, CEJ/root length, Join/root length, Inter-Canal axial slice/root length and the 

theoretical effect of different rotary file sizes and tapers on remaining radicular dentin 

dimension.  International Standardized Organized (ISO) standardized 0.04 mm rotary 

files taper rotary file were used as well as the variable taper rotary files ProTaper Gold 

F1, F2, F3, and F4.  Inter-Canal dentin length coronally to apically was approximated by 

subtracting the CEJ-PS and CEJ-J, subtracting apex-PS and PS-J, and then averaging the 

two values (Figure 24).   
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Figure 24: Inter-Canal Dentin Length 

 

Next, theoretical calculations were made using known data collection and ISO 

standardized 0.04 rotary files.  The goal was to determine if using rotary sizes of 25, 30, 

40, 45 and 50 would remove an unfavorable amount of radicular root dentin that would 

leave the tooth more susceptible to fracture.  As the taper should be consistent, it could be 

translated to larger file sizes.  The initial calculation was to determine the radius of a 

25/04 file at each axial slice of Pre-Split, Join, and Inter-Canal canal’s lengths.  The 

radius of the file was determined by using the known lengths from the radiographic apex 

for each of the three slices.  The formula was found to be: 

 Radius of size 25 file cross section  = 0.5 * (0.25 mm + (0.04 * distance from 

apex)) 

 Example if distance from apex was 10.4 mm = 0.5 * (0.25 + (0.04 * 10.4)) 

       = 0.335 mm 
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Assuming that the file would stay centered in the canal the entire length of the canals, the 

next calculation was additional tooth structure loss.  The known diameter of canals at 

each axial slice level and previous calculated radius of cross section were used. 

Additional tooth structure loss = Radius of 25 cross section – (0.5 * Diameter of 

canal at axial slice). 

Example if diameter of canal is 0.3 mm = 0.335 mm– (0.5 * 0.3 mm) 

     = 0.185 mm 

From the theorized remaining radicular dentin dimensions, the risk of root 

fracture was evaluated when  ≤ 0.3 mm or ≤ to 0.5 mm of radicular dentin remaining (8, 

26).  Known value of smallest distance to external surface from each canal was used in 

this calculation: 

Size file 25 fracture risk (≤ 0.3 mm or ≤ 0.5 mm) =  (canal to external surface) - 

(additional tooth structure loss) - 0.3 mm (or 0.5 mm)   

Example if known smallest distance to external surface is 0.8 mm = 0.8mm – 0.185 mm -  

0.3 mm (or 0.5 mm) 

= 0.315 mm ( or 0.115 mm) 

No Fracture Risk  

If the value was 0 (zero) or negative mm, it was considered a fracture risk. See Figure 25 

below for visualization of theoretical calculation used in the above example. 
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Figure 25: Visualization of Theoretical Calculations for Rotary File Fracture Risk. Blue circle represents the 

theoretical file diameter at the axial slice, yellow is diameter of canal, red is additional tooth structure 

loss, and orange is distance from canal to external surface. 

 

 After finding the size 25 file fracture risk, the size 30, 35, 40, 45, 50 files were 

calculated.  With each file increase, there is a value of 0.025 mm subtracted from the 

final value (0.05/2 = 0.025 mm radius difference between each subsequent file size).   

Example: 

Fracture risk of size file 25 came to the value of 0.180 mm then the fracture risk for a size 

30 file would be 0.180 mm - 0.025 mm = 0.155 mm.  For a 35 file it would be 0.155 mm, 

- 0.025 mm = 0.13 mm.  This pattern continued until size 50 file.   

 After calculating with known 0.04 mm taper files the theoretical value of variable 

taper PTG was calculated (27).  Known diameter cross sections of file sizes F1, F2, F3, 

and F4 were determined (Appendix G) (27).  Cross section diameters were from 1 mm 
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increments and nothing smaller in value.  To determine the radius of the cross sections at 

the different Pre-Split, Join, and Inter-Canal slices the distances from the apex were 

measured to the nearest mm.  Using the table, the diameters were determined and then 

multiplied by 0.5 to find the radius at each axial level.  Next, additional tooth structure 

loss calculated as well as the fracture risks of < 0.3 mm or < 0.5 mm using the formula 

above. 

RESULTS 

 Data collection was completed on the first 100 teeth that met the inclusion criteria 

and fell in the randomized order as stated above.  Data was rounded to the nearest 

thousandth place if applicable.  Tables 3 to 13 represent the results.  See Appendix B-F 

for distribution of data or values of individual teeth.   

Table 3: Summary of Linear Data Collected 

Measurement Mean (mm) St Dev (mm) 

Width of CEJ F-L 5.818 0.4246 

Width of CEJ M-D 3.737 0.3727 

Root Length 13.32 1.371 

CEJ to PS 3.806 0.9119 

CEJ to J 8.539 1.022 

Apex to PS 9.584 1.230 

Apex to J 4.871 1.063 

Inter-Canal Dentin Length Approximation 4.718 1.071 
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Largest Width Inter-Canal F-L 1.376 0.35 

PS Width Root M-D  2.6 0.3384 

PS Width Root F-D  5.72 0.5307 

PS distance from canal to mesial external surface 1.089 0.1671 

PS distance from canal to distal external surface 0.971 0.1695 

PS distance from canal to facial external surface 2.066 0.2927 

PS distance from canal to lingual external surface 2.2 0.3178 

J Width M-D Root 1.857 0.2705 

J Width F-L Root 4.753 0.5607 

J distance from canal to mesial external surface 0.779 0.1486 

J distance from canal to distal external surface 0.641 0.1379 

J distance from canal to facial external surface 1.771 0.2687 

J distance from canal to lingual external surface 1.812 0.2896 

Inter-Canal smallest distance M-D Root from F 2.1 0.2905 

Inter-Canal smallest distance mesial from F 0.869 0.1489 

Inter-Canal smallest distance distal from F 0.722 0.1299 

Inter-Canal smallest distance facial from F 1.664 0.2254 

Inter-Canal smallest distance M-D Root from L 2.046 0.2705 

Inter-Canal smallest distance mesial from L 0.863 0.1461 

Inter-Canal smallest distance distal from L 0.731 0.1316 
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Inter-Canal smallest distance lingual from L 1.686 0.2478 

Length from Radiographic apex to smallest distance 6.248 1.155 

Difference in value of Pre-Split facial and Pre-Split lingual 

(external surface) 

0.192 0.1962 

Difference in value of J-F and J-L (external surface) 0.141 0.1608 

Difference in value of Inter-Canal facial and lingual (external 

surface) 

0.094 0.1033 

 

Table 4: Summary of Ratios Extrapolated from Linear Data Collection 

Measurement Mean St Dev 

Ratio of CEJ to Pre-Split compared to Root Length 0.2856 0.0596 

Ratio of CEJ to Join compared to Root Length 0.6430 0.0646 

Ratio of Apex to Pre-Split compared to Root Length 0.7196 0.0584 

Ratio of Apex to Join compared to Root Length 0.3642 0.0609 

Ratio of Inter-Canal Length compared to root length 0.3561 0.0776 

Ratio of Apex to Inter-Canal axial slice compared to root length 0.4680 0.6341 

Ratio of PS- facial to J-F (external surface)  0.8639 0.1198 

Ratio of PS-L to J-L (external surface) 0.8294 0.1165 

Ratio of Pre-Split Root Width to Join Root Width in facial to lingual dimension 0.8237 0.1124 

Ratio of Pre-Split Root Width to Join Root Width in mesial to distal dimension 0.7184 0.0936 

 



 

 35

Table 5: Summary of Angles of Deviation 

Measurement Mean St Dev 

Angle of 1st split facial Canal 34.14 8.851 

Angle of 1st split lingual Canal 33.84 8.510 

Angle of Join split facial Canal 25.33 9.177 

Angle of Join split lingual Canal 23 9.777 

 

Table 6: Summary of Severity of Angles of Deviation 

Measurement < 50 degrees 50-60 degrees > 60 degrees 

Angle of 1st split facial Canal 96 4 0 

Angle of 1st split lingual Canal 98 2 0 

Angle of Join split facial Canal 98 2 0 

Angle of Join split lingual Canal 99 1 0 

 

Table 7: Summary of Pre-Split Fracture Risk 

File Size Pre-Split Radicular Dentin ≤ 

0.3 mm (%) 

Pre-Split Radicular Dentin ≤ 

0.5 mm (%) 

None/Naturally 0 0 

25/04 0 0 

30/04 0 0 
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35/04 0 1 

40/04 0 2 

45/04 0 5 

50/04 0 7 

ProTaper Gold F1 0 3 

ProTaper Gold F2 0 6 

ProTaper Gold F3 0 9 

ProTaper Gold F4 0 8 

 

Table 8: Summary of Join Fracture Risk 

File Size Join Radicular Dentin 

≤ 0.3 mm (%) 

Join Radicular Dentin 

≤ 0.5 mm (%) 

None/Naturally 0 25 

25/04 0 27 

30/04 2 32 

35/04 6 42 

40/04 6 50 

45/04 7 56 

50/04 9 66 

ProTaper Gold F1 1 25 
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ProTaper Gold F2 6 51 

ProTaper Gold F3 7 66 

ProTaper Gold F4 34 89 

 

Table 9: Summary of Inter-Canal Fracture Risk 

File Size Inter-Canal Radicular  

Dentin ≤ 0.3 mm (%) 

Inter-Canal Radicular 

Dentin ≤ 0.5 mm (%) 

None/Naturally 0 13 

25/04 1 16 

30/04 2 31 

35/04 2 44 

40/04 3 64 

45/04 6 75 

50/04 7 85 

ProTaper Gold F1 2 29 

ProTaper Gold F2 4 43 

ProTaper Gold F3 7 53 

ProTaper Gold F4 7 65 

 

Table10: Summary of Canal Deviation from Radiographic Apex 
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Measurement Total Mean distance away (mm) St Dev (mm) 

Separate from Radiographic Apex 49 0.6041 0.1620 

Exiting facial  47 0.6021 0.1648 

Exiting lingual  2 0.65 0.0707 

 

Table 11: Summary of Straight-Line Access into Main Canal 

Straight Line Access Total 

Incisal 94 

 facial   6 

 lingual  0 

 

 

Table 12: Summary of Deviation of the Tip of the Root 

Deviation of Tip of Root  Total 

None/Normal 75 

 facial   11 

 lingual  0 

 mesial  0 

Distal 16 
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Table 13: Summary of Inter-Canal Communication 

Inter-Canal Canal Communication 34 

None 66 

 

DISCUSSION 

 A goal of this research was to determine how and if any clinical adaptations 

would be prudent for the management of Vertucci Type III mandibular incisors.  The 

mean, standard deviation and other measurements are presented within the Results 

section.   

Due to the small size of mandibular incisors and even smaller area of 

measurement, variation and standard deviation were expected to be large and the 

measuring tool produced readings to tenths of a millimeter further complicating accuracy.  

Expected variation and larger standard deviations occurred with measurements that 

extended in greater distances, such as root length.  The angle measurements are also more 

susceptible to a larger standard deviation because slight differences could possibly equal 

multiple degrees of change.   

Width of CEJ to CEJ 

 The width CEJ to CEJ in the facial lingual dimension was found to have a mean 

of 5.818 +/- 0.4246 mm and the CEJ to CEJ in the mesial distal dimension mean 3.737 

+/- 0.3727 mm and is consistent and similar with previous research (24).  The clinician 

must recognize and choose appropriate bur size when accessing mandibular incisors, a 
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tooth with a narrow margin of error, particularly in the mesial distal dimension.  Straight-

line access into the main canal is imperative to preserve coronal and radicular dentin.  

Removing excess coronal dentin will make the tooth more susceptible to fracture and 

ideally should maintain 1.5-2 mm thickness of dentin circumferentially.  When restoring 

mandibular incisors with a prosthetic crown or veneer, choice of the material should take 

into consideration the tooth structure remaining after the crown prep.  An all-porcelain  

crown option requires a minimum 1.0-1.5 mm shoulder prep (26).  If crown margins are 

placed at or below CEJ, then a 1.0-1.5 mm shoulder prep could have a catastrophic effect 

the structural integrity of the tooth by leaving only approximately 2.7-2.2 mm in the 

mesial distal dimension and 3.8-3.3 mm in the facial lingual dimension to support the 

crown and occlusal forces.  Success of the restorative treatment plan would require a 

proficient and capable clinician’s ability to not overextend the shoulder prep any greater 

than necessary.  Depending on the occlusion and parafunctional habits of the patient, lack 

of remaining tooth structure could greatly increase risk of crown fracture.  Combining 

concepts of esthetics and structural integrity with functionality, a porcelain fused to metal 

crown with reduced shoulder prep dimensions would be preferable to an all ceramic 

crown to preserve coronal and radicular dentin.   

Root Length 

 The mean root length for mandibular incisors was determined to be 13.32 +/- 

1.371 mm which is consistent and within the range of 12.5 mm for mandibular central 

incisors and 14 mm for mandibular lateral incisors (24).  In this study, length of crown 

was not measured because the degree of variability that could occur with age, attrition, 

parafunctional habits, coronal caries, malocclusion, restorations and fractures as 
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previously described.  If combined with previous findings by Ash, that found the incisor 

crown height to be approximately 9 mm and thus, the average length of the mandibular 

incisors when combined with the results of this study would be approximately 22.32 mm 

(24).  This is similar to the average teeth lengths of 21.5 mm for mandibular central 

incisors and 23.5 mm for mandibular lateral incisors (24).  The clinical application 

related to the root length is selection in the length of endodontic file used in treatment, 

which means 25 mm instruments would be used most often.   

CEJ to Pre-Split and Apex to Pre-Split Linear Measurements 

 These dimensions are clinically relevant for a clinician who does not have 3D 

imaging capability to properly assess initial treatment or retreatment of mandibular 

incisors.  Also, if the clinician does not or cannot capture a 2D image demonstrating two 

canals, sees two canals but not well enough to make diagnostic/treatment decisions, or 

has a suspicion of two canals, then the clinician can use the results of this study to 

anticipate the main canal would bifurcate/split.  The distances found for the CEJ to Pre-

Split and Apex to Pre-Split were on average 3.806 +/- 0.9119 mm and 9.584 +/- 1.230 

mm respectively.  The differences in standard deviations indicate that if a clinician is 

trying to determine where the split will occur it would be more accurate to use the CEJ to 

Pre-Split measurement.  Also, by using this data the clinician can use the CEJ to Pre-Split 

average distance to determine the distance needed from the incisal edge to get to the level 

of bifurcation/split.  If one uses the 9 mm crown average demonstrated by Ash, working 

length would be approximately 11-13 mm from the incisal edge to the bifurcation (24).  

Reaching working length can be especially problematic and difficult if a clinician had a 

conservative access, no straight-line access, does not have a microscope, and/or the 
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canals are calcified.  If there is inadequate access and poor visualization, the clinician 

would need to rely on tactile feel when trying to scout for the facial and lingual canals.  

For the best outcome, if Vertucci Type III mandibular incisor is found or suspected, the 

treatment perhaps should be referred to a specialist and who uses a microscope.   

Given the root length and consideration for crown to root ratio when post 

placement is planned, the found mandibular incisor root length would yield a 4.7:9 ratio 

of root to crown height.  It would therefore be unadvisable place even a short post.  

Should a clinician continue post space prep apical to Pre-Split axial level into the facial 

or lingual canals to circumvent the poor crown to root ratio, other potential complications 

would arise and will be covered later in the Discussion section.   

In this study, the Apex to Pre-Split measurement is not quite as reliable as CEJ to 

Pre-Split, it does have a certain value knowing that even if you were to find the facial and 

lingual canals you still have to negotiate approximately 8-11 mm of canal lengths in order 

to adequately clean, shape and obturate.   

CEJ to Join and Apex to Join Linear Measurements 

 The distances found for the CEJ to Join and Apex to Join had a mean of 8.539 +/- 

1.022 mm and 4.871 +/- 1.063 mm respectively.  The differences in standard deviations 

would indicate that if a clinician is trying to determine where the canals will occur it 

would be more accurate to use the CEJ to Join measurement.  Also, by using this data the 

clinician can use the CEJ to Join average distance to determine the distance needed from 

the incisal edge to get to the level of where the facial and lingual canals will join.  In this 

instance, the distance a clinician would expect to reach with their file before it bifurcates 
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and then joins is approximately 17.5 mm.  With increasing endodontic file sizes, the taper 

will also increase making placement of two files in the tooth simultaneously challenging.  

At 17.5 mm, the cross-sectional diameter of a size 25/02 taper hand file would be 0.6 mm 

for 1 file and 1.2 mm for 2 files.  Therefore, clinical recommendations from this study 

indicate need to enlarge access size to accommodate placement of two files yet still 

remain conservative to protect the integrity of the remaining tooth structure or need to 

take individual radiographs per each file during treatment.  Obturation techniques, like 

warm vertical condensation, may also be challenged if the access is too conservative 

given the difficulty of sear off and plugger placement.  Potentially, enlarging the access 

can resolve this challenge or perhaps the use of the single-cone technique to better 

obturate this complex canal system.   

 While the Apex to Join measurement was found to be not as predictable as CEJ to 

J, it still has clinical implications for NSRCT.  The ability of modern warm vertical with 

continuous wave obturation will have difficulty getting a plugger to go through the split 

of the facial and lingual canals and then the curve to have them join.  Pluggers do not 

have the same facial lingual flexibility as rotary and hand files.  Also, the System B 

(SybronEndo Kerr Corp, Orange, CA) or heat searing of the master cone gutta-percha is 

recommended to be at 3-5 mm short of the working length (28).  The heat from the 

System B (SybronEndo Kerr Corp, Orange, CA) is able to thermoplasticize 2-3 mm 

beyond the tip according to Smith (29).  Therefore, if the clinician can sear within 5 mm 

of the working length they will have seared the apical portion after the facial and lingual 

canals join.  However, if it this level of joining is higher (as seen with standard deviation) 

such as greater than 5 mm, then the proposed sear level would not be as adequate. 
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 The Apex to Join mean measurement of 4.871 mm aids surgical decision-making.  

It has been found that apical ramifications occur mostly in the apical 3 mm of the root 

(30).  Study of axial slices at 1-5 mm determined the incidence of two canals present, but 

the Vertucci Type III morphology was not specifically discussed (1).   

A mandibular incisor with Type III canal morphology requires special 

consideration in surgical treatment planning for the level of resection and 

retropreparation techniques.  A 4-5 mm root resection level would ensure getting into the 

possible missed anatomy of a second canal.  A 3 mm resection and 3 mm retrofill would 

not allow easy access to the facial and lingual canals (Figure 26).  Whereas a 5 mm 

retropreparation could not only cause an increase in osteotomy size but also compromise 

crown to root ratio.  Removing 5 mm from the apical segment would leave a crown to 

root ratio of approximately 1:1 (9 mm crown height and 12.5 mm - 5 mm = 7 mm root 

length).  With a compromised crown to root ratio and presence of possible malocclusion, 

parafunctional habits, compromised structural integrity of clinical crown, or periodontal 

disease, the prognosis of the tooth would be decreased. 
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Figure 26: Example of a 3 mm and 5 mm Apical Root Resection 

 

The results of this study suggest that non-surgical retreatment should be 

completed prior to any apical surgery to address missed canals.  If surgery becomes 

necessary, a 3 mm level of resection may not be sufficient for access into both facial and 

lingual canals.   

Inter-Canal Dentin Length Approximation 

 The length of the Inter-Canal dentin was found to have a mean of 4.718 +/- 1.071 

mm.  This value was determined by averaging the CEJ to Pre-Split minus CEJ to Join and 

Apex to Pre-Split minus Apex to J.  The distance is consistent with the distance for CEJ 

to Pre-Split and Apex to J.  If Vertucci Type III anatomy is missed and only the facial or 

lingual canal are cleaned and shaped, approximately 3.7 mm to 5.7 mm of 

infected/inflamed pulpal tissue has not be addressed and may be the etiology for non-

healing.  

Ratio Comparisons of Linear Measurements: CEJ to Pre-Split, CEJ to Join, Inter-Canal 

length, Apex to CEJ, and Apex to Join compared to the Root Length 

 The mean ratios of CEJ to PS, CEJ to J, Apex to CEJ, Apex to J, and Inter-Canal 

dentin length when compared to root length were 0.2856 +/- 0.0596, 0.6430 +/- 0.0646, 

0.7196 +/- 0.0584, 0.3642 +/- 0.0609, and 0.3561 +/- 0.0776 respectively.  The standard 

deviations are less and maybe more predictable for clinicians to determine the canal 

bifurcation, the length of the split, and where they will join.  These values might be better 

at approximating then actual lengths measured and means found as stated above.  These 



 

 46

ratios can compartmentalized the root into thirds or three zones: 1) Zone 1 or the coronal 

1/3 of the root is the approximate distance from the facial lingual CEJ to the Pre-Split 

point; 2) Zone 2 or middle 1/3 of root would be the approximate length of the bifurcation 

of the facial and lingual canals before they join back into one main canal (also described 

as Inter-Canal dentin length from Pre-Split to Join); 3) Zone 3 or apical 1/3 would be 

approximate length at which the facial lingual canals join to the anatomical apex (Figure 

27).   
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Figure 27: The zones or thirds of Pre-Split, Inter-Canal, and Join along the Root Length 

 

Therefore, division of the root into thirds is suggested to aid the clinician in their 

access and distance to canal bifurcation, estimated working lengths, and where to finish 

their obturation.  A clinician can therefore pre-bend files and place the stopper to meet 

these ratios and increase their odds of finding the facial and lingual canals for best 

outcome success potential.   
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Largest Width of Inter-Canal Dentin Facial to Lingual 

 The largest width of Inter-Canal dentin between the facial and lingual canal was 

found to have a mean of 1.376 +/- 0.35 mm.  The relevance is that the largest size of 0.04 

taper rotary or PTG file used in this study would not be able to surmount the Inter-Canal 

dentin between the facial and lingual canals and is why a clinician needs to find both 

canals to adequately clean and shape (Figure 28).  

 

Figure 28: Width of Inter-Canal Distance 

 

Pre-Split Canal Measurements: Pre-Split distance from canal to mesial, distal, facial, and 

lingual external surfaces and Width of Root facial to lingual and mesial to distal 

 The mean of the shortest Pre-Split distance to the mesial, distal, facial, and lingual 

external surfaces were 1.089 +/- 0.1671 mm, 0.971 +/- 0.1695 mm, 2.066 +/- 0.2927 mm, 

and 2.2 +/- 0.3178 mm respectively.  The mesial and distal surfaces at the Pre-Split axial 

slice prior to cleaning and shaping are approximately ≤1 mm to the external surface.  The 

distal dimension was consistently thinner and can be attributed to the more prominent 
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distal concavity on the root surface.  The thin dentin dimension makes the tooth a poor 

candidate for post placement. 

 The facial and lingual Pre-Split measurements were larger and gives the clinician 

more discretion during cleaning and shaping.  A clinician should concentrate on keeping 

the file centered in canal in the mesial and distal dimensions since the facial and lingual 

area has greater thickness of radicular dentin.  The > 2 mm average certainly helps give 

the tooth more radicular supporting structure to balance the thin layer in the mesial and 

distal dimensions.  The facial and lingual measurements are similar with the mean 

difference of 0.192 +/- 0.1962 mm.  This data shows the symmetry of the radicular dentin 

in a facial and lingual dimension from canal and external surface.   

 The Pre-Split width of the root mesial to distal and facial to lingual were found to 

average 2.6 +/- 0.3384 mm and 05.72 +/- 0.5307 mm respectively, which is consistent 

with that there is more facial and lingual radicular root dentin than the mesial to distal 

dimensions.  The canals were found to be wider facial-lingually than mesial-distally and 

there is a concentric relationship with the external surface.   

Join Canal Measurements: Join distance from Canal to mesial, distal, facial, and lingual 

external surfaces and Width of Root facial to lingual and mesial to distal 

 The mean of the shortest Join distance to the mesial, distal, facial, and lingual 

external surfaces were 0.779 +/- 0.1486 mm, 0.641 +/- 0.1379 mm, 1.771 +/- 0.2687 mm, 

and 1.812 +/- 0.2896 mm respectively.  The thinnest area again was due to the distal root 

concavity.   
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The total number of teeth that had < 0.5 mm of remaining radicular root dentin 

from the canal to the distal surface was 25%.  There were 0% of teeth that had ≤ 0.3 mm 

of radicular root dentin remaining.  Therefore, these measurements indicate a high risk 

preoperatively of ‘danger zones’ and risk for strip perforation or fracture, particularly in 

the middle to apical third of the root (Figure 29).  The  mesial and distal measurements 

were found to be less than 1 mm and therefore, post placement is not recommended in the 

canal as there would be an increase in risk of fracture (8, 25). 

 

Figure 29: Danger Zone of Distal Concavity 

 

Another area of over enlargement is at the junction of the rejoining canals.  At this 

location, there may be an increase in inadvertent excess preparation when files from two 

different trajectories and angles join one another (31).  

 The facial and lingual measurements at the Join axial slice are similar to the Pre-

Split in that they are the larger area of radicular dentin comparatively to the mesial and 

distal measurements.  The values of the facial and lingual are similar with differences 

between the two having a mean of 0.141 +/- 0.1608 mm.  There is on average >1.5mm of 



 

 51

radicular dentin facial and lingual to the canal at the Join axial level and are safer areas 

compared to the danger zone of the mesial and distal dimension.  

 The width of the root of at the Join axial level in the mesial and distal dimension 

were smaller than the facial and lingual dimension with measurements of 1.857 +/- 

0.2705 mm and 4.753 +/- 0.5607 mm respectively.  The root maintains approximately the 

same proportion in relation to the mesial distal and facial lingual dimensions as the Pre-

Split but tapers down as it goes more apically.  The canal diameter changes from an oval 

shape to a more well circular canal.  This is likely related to the findings that as the root 

tapers down so does the canal, but it is not as apparent in the mesial distal dimension as 

the facial lingual (Appendix B-F).  The dimensions demonstrate that the root has a 

greater bulk in the facial and lingual dimensions than in the mesial and distal dimensions 

and related to that there is more force during occlusion in the facial to lingual direction 

(8).   

Inter-Canal Measurements: Inter-Canal axial slice level distances from facial and lingual 

canals to mesial, distal, facial, and lingual external surfaces 

 The mean of the shortest Inter-Canal distance to the mesial and distal external 

surfaces from the facial canal were 0.869 +/- 0.1489 mm and 0.722 +/- 0.1695 mm 

respectively and from the lingual canal 0.863 +/- 0.1461 mm and 0.731 +/- 0.1316 mm 

respectively.  The percentage of teeth that had ≤ 0.5 mm radicular dentin prior to any 

preparation from the facial and lingual canals to the distal external surface was 11% for 

the facial canal, 8% for lingual canal, and 13% total different teeth (6% had shared the 

same amount of radicular dentin).  The mesial measurements from the facial and lingual 

canals were similar and the distal measurements from the lingual and facial canals.  This 
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demonstrates that the root is symmetric during the bifurcation when it comes to the 

mesial and distal surfaces.  The facial and lingual canal distances to the distal external 

surface were consistently shorter to their counterpart to the mesial external surface.  This 

finding aligns with the external surface of the root on the distal side having a more 

pronounced concavity compared to the mesial surface of the root.  The mesial and distal 

surfaces at the Inter-Canal axial slice prior to cleaning and shaping are approximately 

equal or less than 1 mm to the external surface.  This would indicate that the radicular 

dentin can become quite thin further away from the apical 1/3 of the root and continue to 

be dangerously thin in the middle 1/3 of the root.  Careful consideration should be made 

when using rotary instruments and what MAF size is to be achieved.   

The mean of the shortest Inter-Canal distance to the facial from the facial canal 

and lingual from the lingual canal were 1.664 +/- 0.2254 mm and 1.686 +/- 0.2478 mm 

respectively.  The bifurcation or Inter-Canal dimensions have a prolate spheroid or an 

American football appearance to them and the most convex external surface of the facial 

and lingual canals left similar distances to the external surface of the root (Figure 30). 

The average differences between the two measurements was found to be 0.094 +/- 0.1033 

mm.  The value is negligible and exemplifies the symmetry in the facial and lingual 

dimensions of the canal convexity and the amount of radicular dentin that is placed to be 

proportionally equal.   Coronally before this Inter-Canal zone and apically after is more of 

a continuous taper one would expect of root structure (Figure 30).  
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Figure 30: Prolate Sphere or American Football Shape of the Inter-Canal dentin occurs at the Bifurcation 

Results in Concentricity with the External Root Surface 

 

Ratios comparing of Pre-Split and Join Axial Slices  

 The mean ratio of Join to Pre-Split facial and lingual measurements from canal to 

external surfaces were 0.8639 +/- 0.1198 and 0.8294 +/- 0.1165.  The ratio comparing the 

Join and Pre-Split root widths from facial to lingual is 0.8237 +/- 0.1124.  As discussed 

previously, the facial and lingual measurements at the Pre-Split, Inter-Canal, and Join 

axial slices were similar and showed the symmetry of the facial and lingual radicular root 

dimensions.  The ratio of the root dimension reaffirms that as the clinician moves apically 

from the start of the bifurcation and to the level of where the facial and lingual canals join 
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there is some consistency.  There is approximately 15-20% taper decrease in root tapering 

and as the canals bifurcate the amount of root dentin extending beyond the canal in the 

facial and lingual dimension is concentric and follows the same pattern as the canals as 

shown in Figure 30.  This will give the midroot of a Vertucci Type III anatomy a more 

prolate spheroid or American football appearance.  As emphasized before, a clinician can 

use this information knowing there is a safer zone in the facial and lingual dimensions 

than the mesial and distal dimensions.   

 The mean ratio comparing the Join and Pre-Split root widths from mesial and 

distal shows there is an approximate 30% taper decrease. The 10% difference in apical 

tapering compared form the facial to lingual root width demonstrates there is more 

tapering of the root structure from the Pre-Split to Join in the mesial distal dimension.  

This constriction is more pronounced and can vary with the severity of the mesial or 

distal root surface concavity.  Not only does the dimension start narrower compared to 

the facial lingual root width but also tapers apically more rapidly.  Care should be taken 

to understand that the mesial distal portion of the root is a more dangerous zone than the 

facial lingual.   

Straight-Line Access into Main Canal, Angles of Deviation, Canal Deviation at the Apex, 

and Apical Root Curvature  

 The straight-line access into the main canal for Vertucci Type III mandibular 

incisor was found to be 94% through the incisal, 6% to the F, and 0% from the lingual 

surfaces.  These results are similar to the Mauger study that compared all mandibular 

incisors and all types of anatomy and found straight-line access for all mandibular 

incisors was 72.4% from the incisal and 27.6% from the facial (11).  This study found 
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that Vertucci Type III anatomy has higher incidence value of incisal edge straight-line 

access and should be the clinicians ideal access point.   

 The mean angles of deviation for Pre-Split facial, Pre-Split lingual, Join facial and 

Join lingual measurements were measured in degrees to be 34.14 +/- 8.851, 33.84 +/- 

8.510, 25.33 +/- 9.177, and 23 +/- 9.77.  The standard deviations were greatest for this 

section, which is understandable considering measuring angles with a slight difference 

can be a magnitude of 8-9 degrees change and these measurements are based on straight-

line access prior to the bifurcation.  The symmetry between the means of the facial and 

lingual canal splits in the facial and lingual demonstrates that when straight line access is 

achieved, the degree of curvature will remain the same.  In order to get an endondontic 

file into the facial and lingual canals, pre-bending a file 33-34 degrees was determined in 

this study to be sufficient (Figure 33).  When the facial and lingual canals rejoin, the 

angle of deviation from the apical main canal was between 23-25 degrees.  Therefore, 

given entrance into the facial and lingual canals coronally it should be less difficult to 

have the file to return to the main canal as one cleans and shapes apically.  For 96% of 

the teeth, the angle of curvature was < 50 degrees.  No angles were found to be > 60 

degrees and demonstrates the severity of curvature and challenges of locating canals can 

be lowered if straight-line access is achieved.   

 Canal deviation from the radiographic apex for this tooth was found to be 49% 

with 47% exiting facial and 2% exiting lingual (Figure 31).  Green found that with all 

mandibular incisors the average deviation was 0.2 mm (32).  Since that the only canal 

deviation > 0.3 mm from the radiographic apex were used in this study, it can be 

speculated that Vertucci Type III anatomy might have greater canal deviation than other 
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types of canal morphology in mandibular incisors.  When the canals did deviate, the 

average distance was 0.6041 +/- 0.162 mm.  Canal deviation from the radiographic apex 

stresses the importance of interpreting working length images appropriately as well as 

understanding the apical curvature that may occur.  Vieyra, ElAlyouti, and Pratten found 

that electronic apex locators (EALs) were more accurate than radiographs and ElAlyouti 

found that combining EALs and radiographs was more accurate than either individually 

(33–35).  When analyzing working length images of Vertucci Type III mandibular 

incisors, EAL measurements may be the most accurate way to determine the minor 

constriction but verifying with radiographs is important.  Based on the findings of this 

study, working length to the radiographic apex would lead to approximately 50% 

overextension and therefore risk possible apical inflammation, decrease in healing and 

possible nonhealing of root canal therapy (36–38).   

 

Figure 31: Canal deviation at the apex to the facial 
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 Apical root curvature adds another dimension to the complexity that can occur 

with Type III mandibular incisors.  This study demonstrated that apical root curvature 

was 75% of the time normal or had no curvature, 16% to the distal, 11% to the facial, and 

0% to the mesial or lingual (25% of teeth had apical root curvature).  Two teeth had 

apical root curvature both to the facial and distal.  As discussed in the previous 

paragraph, the apical deviation of the canal as it exits the apical 1/3 of the root can add a 

level of curvature to the system.  Combining apical root curvature with canal apical 

deviation creates multiplanar levels of deviation and can complicate establishing working 

lengths and adequate preparation.  

 Straight-line access should be considered when managing curves and will help 

achieve better clinical success.  The objectives of an ideal access are to locate all canal 

orifices, remove all pulp tissue, and achieve straight line access to the apex for easy 

instrumentation while conserving maximum tooth structure (39).  If traditional access on 

the lingual is performed, it is understandable that the lingual canal is the most missed 

canal in mandibular incisors (9).  It would entail having a sharp immediate bend into the 

lingual canal compared to the facial canal (Figures 32, 34).  It is also important to note 

that the canal deviation in the apical 1/3 was found easier to negotiate with an approach 

from the lingual canal rather than the facial once straight line access is achieved. The file 

has to take a sharp bend from the facial approach at the Join level in order to achieve 

patency (Figures 32, 34). Without straight line access, the severity of the curvature 

increases as does the stress on the file and potentially increases loss of coronal and/or 

radicular tooth structure (Figures 32, 34).   
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Understanding how to approach Vertucci Type III anatomy in mandibular incisors 

is critical for the best clinical outcome.  Based on the results of this study, it is best to 

have straight-line access through the incisal edge, slight 30-degree bend to the endodontic 

file to get into facial and lingual canals about 1/3 of the root apically and relying on and 

EAL to establish working lengths with verifying radiographs. In order to overcome the S-

shaped curvature found in the apical 5 mm, finding and instrumenting the lingual canal 

may provide a straighter path for file to negotiate (Figures 32-34). 

 

Figure 32: Comparison of Traditional Lingual Access on Left and Straight-line Access Through the Incisal 

Edge on Right 
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Figure 33: Incisal access and 30 degrees pre-bent file into facial and lingual canals. 

 

 

Figure 34: Path of file from straight-line incisal access to the apex. Left: file in the lingual canal; Right: File 

is in the facial canal.  

 

Inter-Canal Canal Communication 



 

 60

 The facial and lingual canals were found to communicate with one another via an 

isthmus of canal tissue 34% or approximately 1/3 of the time and is important since most 

hand file and rotary files will not be able to address the pulpal tissue in the isthmus.  It 

will be necessary to get irrigant into these areas to manage the root space that cannot be 

instrumented.  Though endodontic outcomes have shown no significant difference 

between one-step and two-step procedures, possible two-step procedure with inter-

appointment medicament might be prudent in some clinical situations when treating this 

type of anatomy (40).  Newer treatment modalities, such as GentleWave (Sonendo Inc., 

Laguna Hills, CA), uses sonic energy to enhance irrigation that may be useful with this 

anatomy (41).   

Pre-Split Fracture Risk with Rotary Instruments 

 The fracture risk at Pre-Split level was found to be 0% for all rotary instruments if 

fracture risk was set at ≤ to 0.3 mm remaining radicular root dentin.  If the fracture risk 

was set at a value of ≤ to 0.5 mm, the values change slightly amongst the rotary 

instruments.  The size 25/04 and 30/04 instruments would still have 0% fracture risk.  For 

endodontic files with constant taper files, the risk would increase to 1%, 2%, 5%, and 7% 

for size 35/04, 40/04, 45/04, and 50/04 taper.  The PTG F1, F2, F3, F4 fracture risk 

would increase as well to 3%, 6%, 9%, and 8%.  Interestingly, the F3 would be riskier 

than the F4 file, which could be attributed the variable taper differences in the coronal 1/3 

of the file.   

The most coronal portion of a root should have the most radicular dentin 

remaining and not be weakened to prevent an increased risk of fracture (42).  This study 

demonstrates that only instrumentation with 25/04 and 30/04 rotary files would leave the 
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coronal 1/3 radicular root dentin in excess of 0.5 mm.  Since the level of the Pre-Split 

was found to be approximately 4.7 mm from the CEJ, the structural integrity of the crown 

and coronal root dentin affected by rotary instruments and the inherent risk that can occur 

are concerns.  According to Green, the minor constriction of mandibular incisors was 

found to average 0.3 mm and coincides to a minimum MAF to be a 30 size file (32).  

Apical preparation of files exceeding size 30, according to the results of this study, would 

compromise coronal root dentin. Overpreparation of the canal space is a concern with this 

anatomy.  

Join Fracture Risk with Rotary Instruments  

 The fracture risk at Join axial level was found to be 0% only for a size 25/04 

rotary file if fracture risk was set at ≤ to 0.3 mm remaining radicular root dentin.  The 

other constant taper files the risk would increase to 2%, 6%, 6%, 7%, and 9% for size 

30/04, 35/04, 40/04, 45/04, and 50/04 taper respectively.  All risks were less than 10% for 

all constant taper files with minimal changes between the 35/04 to 50/04 files but still 

involved an inherent risk.  The PTG F1, F2, F3, F4 files all had a positive fracture risk at 

1%, 6%, 7%, and 34%.  There was a significant increase in the F4 file comparatively to 

the 40/04 rotary.  The F2, F3 had similar fracture risks as their 25/04 and 30/04 

counterparts.  However, if the fracture risk was set at a value of ≤ to 0.5 mm of remaining 

radicular dentin, the fracture risks sharply increase amongst the rotary instruments.  The 

clinician must consider that 25% of teeth had canals that were already ≤ 0.5 mm of 

radicular root dentin remaining at Join axial level prior to calculations.  Not a single 

rotary instrument had a 0% fracture risk.  The fracture risk for constant taper files was 

27%, 32%, 42%, 50%, 56%, and 66% for size 25/04, 30/04, 35/04, 40/04, 45/04, and 
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50/04 taper respectively.  The fracture risk of the PTG F1, F2, F3, F4 instruments was 

25%, 51%, 66%, and 89% respectively.  When taking into consideration that 25% had 

already failed the ≤ 0.5 mm threshold prior to calculation, the files with the most minimal 

risk could be 25/04, 30/04 and F1.  All other files added a minimum 10% increased risk 

of fracture in the ≤ 0.5 mm parameter.  The average distance from the apex to Join was 

approximately 4.87 mm and minimizing deviation from the epicenter of the canal is very 

important at the junction of the apical and middle 1/3 of the root.   

Inter-Canal Fracture Risk with Rotary Instruments 

The fracture risk at Inter-Canal axial level with parameter at ≤ to 0.3mm 

remaining radicular root dentin was 1%, 2%, 2%, 3%, 6% and 7% for size 25/04, 30/04, 

35/04, 40/04, 45/04, and 50/04 taper respectively.  The PTG F1, F2, F3, F4 files all had a 

positive fracture risk at 2%, 4%, 7%, and 7% respectively.  All risks were less than 10% 

for all rotary files with minimal increases in risk if using the 0.3 mm parameter.  The 

fracture risk at Inter-Canal axial level if set at ≤ 0.5 mm remaining radicular root dentin 

for constant taper files would be 16%, 31%, 44%, 64%, 75%, 85% for size 25/04, 30/04, 

35/04, 40/04, 45/04, and 50/04 taper respectively.  The PTG F1, F2, F3, and F4 fracture 

risk at this axial level was 29%, 43%, 53%, and 65% respectively.  Even after taking into 

consideration that 13% naturally already had ≤ 0.5 mm radicular root dentin, there was 

not a single file that did not increase the fracture risk at the ≤ 0.5 mm parameter.  To 

minimize the risk the 25/04, 30/04, and F1 rotary files were the only files that had < 25% 

less risk associated with them.  Since the average distance from the apex to the Inter-

Canal axial slice level was approximately 6.248 mm or 47% of the distance apically of 

the root length or roughly at 50% of the root length, there is a significant risk that rotary 
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files will leave ≤ 0.5 mm radicular root dentin after cleaning and shaping unless 25/04, 

30/04 or F1 rotary files are used.   

Summary of Fracture Risk with Rotary Instruments  

 At the three different levels measured, in order to maximize the remaining 

radicular root dentin after root canal instrumentation, conservation final apical 

preparation size should be considered. Green found that 0.3 mm was the average minor 

constriction for mandibular incisors which equates to a final apical files size of 25 or 30 

or PTG counterparts F2, F3 (32). In order to prepare and disinfect the ‘critical zone’ or 

final apical 3 mm described by Siquiera, an increase in apical prep size to a size 35, 40 or 

F4 would be considered (43).  However, for Vertucci Type III mandibular incisors, 

choosing 35, 40 or F4 files would cause sharp increase in the number of teeth which 

would have ≤ 0.5 mm radicular root dentin.  The results within this study demonstrates 

that any rotary file sizes larger than 35/04 and any PTG rotary files are not recommended.    

 If determining fracture risk is only associated when ≤ 0.3 mm radicular root 

dentin remain as Sathorn claimed, then the fracture risk is <10% for all rotary instruments 

except PTG F4 (8).  However, leaving 0.3 mm radicular dentin may leave the tooth more 

susceptible to heat transfer and cellular necrosis of PDL cells (44).  The clinician 

therefore must balance preparing critical zone, minimizing fracture risk, and viability of 

PDL cells.  

CONCLUSION 

 Mandibular incisors with Vertucci Type III anatomy are a complex and present 

challenges for treatment. Vertucci Type III canal anatomy has been found to be the 
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second most common canal morphology for mandibular incisors and failure to recognize 

the correct anatomy would result in incomplete treatment of the second canal potentially 

leading to persistent disease (1, 6).  Based on the findings of this study, the following 

clinical recommendations offered: 

• Periapical 2D images need at least one shift image to examine for Vertucci 

Type III anatomy. 

• CBCT imaging would be a beneficial tool for aiding in diagnosis, canal 

morphology identification, and treatment. 

• Access bur should not exceed 1.5 mm in diameter to minimize any 

inadvertent errors or deviations to the mesial or distal that could 

compromise coronal and radicular root structure. 

• Use of the dental operating microscope. 

• Prosthetic posts are contraindicated. 

• Use of 25 mm hand and rotary files. 

• Expect the bifurcation to begin at the junction coronal 1/3 and the middle 

1/3 of the root and for the canals to rejoin in the junction of the middle to 

apical 1/3 of the root. 

• Straight-line access through the incisal edge to minimize curvatures, stress 

on endodontic files and the ability to get into both the F and L canals. 

• Pre-bend hand files approximately 30-35-degrees shift at the apical 3 mm 

of the hand file will be sufficient to fall into both the F and L canals if 

straight line access is achieved.  
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• Preparation of only the one canal will not be able to surmount the Inter-

Canal dentin between the facial and lingual canals. If both canals are not 

prepared then 1/3 of the root will not be addressed and my increase 

incidence of non-healing.  

• The root convexity in concentric with the internal canal anatomy in the 

facial and lingual dimensions with a continuous taper in the coronal third, 

a prolate sphere or American football shape in the Inter-Canal or middle 

third and returns to a continuous taper in the apical third. The 

concentricity provides a safety zone compared to mesial and distal root 

concavities. 

• The distal concavity is considered a “Danger Zone” beginning with where 

the canals split/bifurcate and continued apically (18).   

• Endodontic files should stay centered in canals in a mesial and distal 

dimension. 

• Working length determination should incorporate the use of EALs and 

radiographs.  

• Non-surgical retreatment be completed prior to any apical surgery to 

address missed canals.  If surgery becomes necessary, a 3 mm level of 

resection may not be sufficient for access into both facial and lingual 

canals and may compromise the crown to root ratio.  

• Since isthmus communication between the Facial and Lingual canals can 

occur approximately 1/3 of the time, use of inter-appointment medicament 
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or the GentleWave should be considered to aid in the disinfection of 

these areas.  

• Using ≤ 0.3 mm radicular dentin as the fracture risk parameter, 

preparation of the root canal system with 25/04 to 50/04 and PTG F1-F3 

rotary instruments is acceptable. 

• Using ≤ 0.5 mm radicular dentin as the fracture risk parameter, none of the 

rotary files used in this theoretical study had < 10% fracture risk. 

Naturally 25% of teeth had ≤ 0.5 mm radicular dentin.  Additional risk 

calculations found only 25/04 taper file had < 10% and only 25/04, 30/04, 

and 35/04 had < 25%.  Rotary files > 35/04 and PTG F1-F4 are not 

recommended.   

• Conservative cleaning and shaping and choosing an appropriate MAF will 

aid in minimizing risk of fracture and iatrogenic complications.  

• PFM crown restorations to conserve coronal and radicular tooth structure. 

 

It is imperative that a clinician properly recognizes, evaluates, and prepares 

Vertucci Type III mandibular incisors. The guidelines above are 

recommendations based on the findings and theoretical calculations found within 

this study. Calculations were also done under the assumption that a clinician can 

stay in the epicenter of the canal throughout a whole procedure.  The likelihood of 

a clinician staying in the epicenter of the canal without overpreparation of 

radicular dentin has been found to be not be possible with most file systems (45).  

Within this study, ≤ 0.3 mm or ≤ 0.5 mm were used as parameters for fracture 
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risk. Few studies in endodontic literature have addressed the absolute minimal 

amount of radicular root dentin that can withstand cyclic occlusal forces before 

fracture. Most studies focusing on radicular dentin thickness are based upon post 

preparation and placement protocols. Studies with teeth that are root canal 

prepared and not being prepped for a post, have not found a definitive minimal 

amount of radicular dentin that can withstand cyclic occlusal forces without 

fracture risk. Further studies to assess how much radicular root dentin truly would 

remain after cleaning and shaping and how thin radicular dentin can be to 

withstand occlusal forces would be recommended.  This could be a valuable study 

for clinicians to aid in understanding of how to not only treat Vertucci Type III 

mandibular incisors but other teeth that have compromised radicular root dentin.  

It is hoped that this study will aid clinicians in treating Vertucci Type III 

mandibular incisors and create ideas and questions that further studies can 

analyze.  
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Appendix A: “Not Human” IRB Approval 

 

NOT HUMAN RESEARCH

January 30, 2018

Carolina Rodriguez-Figueroa

651-204-0639

rodri274@umn.edu

Dear Carolina Rodriguez-Figueroa:

On 1/30/2018, the IRB reviewed the following submission:

Type of Review: Initial Study

Title of Study: CBCT Analysis of Vertucci Type III Mandibular 

Incisors 

Investigator: Carolina Rodriguez-Figueroa

IRB ID: STUDY00001195

Sponsored Funding: None

Grant ID: None

Internal UMN Funding: None

Fund Management 

Outside University:

None

IND, IDE, or HDE: None

Documents Reviewed 

with this Submission:

• Bienias, Category: IRB Protocol;

• CITICert#2_Bienias.pdf, Category: IRB Protocol;

• Permission letter.JPG, Category: Other;

• HRP-595-Bienias.docx, Category: IRB Protocol;

• CITIIRB#1_Bienias.pdf, Category: IRB Protocol;

• CITICert_Bienias#3.pdf, Category: IRB Protocol;

The IRB determined that the proposed activity is not research involving human subjects 

as defined by DHHS and FDA regulations. To arrive at this determination, the IRB used 

“WORKSHEET: Human Research (HRP-310).” If you have any questions about this 
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determination, please review that Worksheet in the HRPP Toolkit Library and contact the 

IRB office if needed.

Ongoing IRB review and approval for this activity is not required; however, this 

determination applies only to the activities described in the IRB submission and does not 

apply should any changes be made. If changes are made and there are questions about 

whether IRB review is required, please submit a Modification to the IRB for a 

determination.

Sincerely,

Jessica Wright, MA

IRB Analyst

We value feedback from the research community and would like to hear about your 

experience. The link below will take you to a brief survey that will take a minute or two 

to complete. The questions are basic, but your responses will help us better understand 

what we are doing well and areas that may require improvement. Thank you in advance 

for completing the survey.

Even if you have provided feedback in the past, we want and welcome your evaluation.

https://umn.qualtrics.com/SE/?SID=SV_5BiYrqPNMJRQSBn
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Appendix B - Table of Measurements for Sample Teeth #1-20 
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Appendix C - Table of Measurements for Sample Teeth #21-40 
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Appendix D - Table of Measurements for Sample Teeth #41-60 
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Appendix E: Table of Measurements for Sample Teeth #61-80 
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APPENDIX F: Table of Measurements for Sample Teeth #61-80 and Final Totals, 

Averages, and Standard Deviations 
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APPENDIX G: ProTaper Gold Cross Diameter Sizes and Tip Size Chart(27)  

 

 

 


