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INTRODUCTION 

  

The goal of endodontics is to save teeth by preventing and treating apical 

periodontitis. The etiology of apical periodontitis is microbial contamination of the pulp 

that elicits an immunoinflammatory response of the pulpal and periapical tissues. 

Removal of the afflicted pulpal tissues with chemomechanical disinfection is completed 

through non-surgical root canal therapy. Complete cleaning, shaping, and obturation of 

the canal space is necessary to allow for the best healing prognosis of the periradicular 

tissues (Schilder, 1967, 1974).  To accomplish this goal, thorough knowledge of each 

tooth’s canal system is paramount for locating and appropriately managing the canals to 

minimize risk of iatrogenic errors, untreated anatomy, and improve healing outcomes. 

The field of endodontics has advanced significantly in recent times to include the 

use of surgical operating microscopes, more flexible nickel-titanium rotary files, 

ultrasonic and multisonic irrigation strategies, bioceramic obturating materials, and 

limited field of view cone-beam computed tomography (LFOV CBCT). These 

technologies aid the clinician’s ability to locate canals and accomplish sufficient 

disinfection and debridement of the canal space as well as allow for preservation of 

coronal and radicular dentin (Burleson, 2007; Stropko, 1999;  Weissman, 2015; Zhou, 

2016). 

The maxillary first molar is a commonly treated and retreated tooth (Hoen, 2002). 

The complicated anatomy of the mesiobuccal root has sparked a significant volume of 

research for the presence, location, and treatment of the mesiobuccal root and the “MB2” 

canal. Focus must not be lost on the distobuccal and palatal canals however as the overall 
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success of the tooth requires success of each canal in these multi-rooted teeth (De 

Chevigny, 2008; Marquis, 2006; Ng, 2007, 2008, 2010, 2011).  

Should non-surgical therapies of the maxillary first molar result in non-healing, 

surgical intervention may be necessary. Understanding the canal and root anatomy is 

equally critical with a surgical approach to increase success rates and decrease surgical 

complications (Kim, 2001). Specific challenges of maxillary molars may be due to the 

proximity of this tooth to the maxillary sinus risking perforation. Additionally, should the 

palatal root require surgical retreatment, the surgery is more challenging as accessibility 

and visibility are limited with a palatal approach (Eberhardt, 1992; Lavasani, 2016). 

Moreover, there is a greater amount of blood loss when a palatal surgery is performed 

(Selim, 1987).  

Beyond appropriate endodontic therapy, full coverage restorations are necessary 

for the best outcome of endodontically-treated maxillary molars. Under some 

circumstances, a post and core build-up may be deemed necessary. Posts are 

recommended for placement in the largest canals, which would be the palatal canal of 

maxillary molars (Goerig, 1983; Robbins, 1990, 2002). Thus, knowledge of the radicular 

dentin dimensions, canal size, and details of the canal curvature will aid in the decision-

making process for the type, size, and depth of post placement in this canal. The materials 

and techniques selected for the restoration of an endodontically-treated tooth should set 

the tooth up for success, rather than place it at increased risk for failure (Hommez, 2002; 

Salehrabi, 2004). 

With the frequency of endodontic therapy and subsequent restorative treatment of 

maxillary molars, further understanding of the anatomy of this tooth is useful. Past 

research methods range from stereomicroscope sectioning to scanning electron 
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microscopy to micro-computed tomography (Briseno-Marroquin, 2015; Degerness, 2008; 

Gilles, 1990). With the major focus of previous research related to canal morphology and 

frequency within the mesiobuccal root, additional research with modern technologies of 

other features of these teeth will aid in advancing and refining treatment approaches to 

maxillary molars.  

The purpose of this study is to utilize micro-computed tomography (micro CT) 

technology to analyze the anatomy the palatal root of maxillary first and second molars 

with the following goals: 1) to advance the morphological knowledge of this root with 

emphasis on the application to non-surgical and surgical endodontic therapies; 2) to 

advance the morphological knowledge of this root with emphasis on the application to 

restorative treatments with post preparation and placement; 3) to verify the cross-

sectional width of the canal along the length of the root to advance the understanding of 

the ‘working width’ within this tooth; 4) to quantify the dentin thinness along the furcal 

and palatal aspects of the root to determine the presence of any ‘danger zones’; 5) to 

document the presence of lateral canals and apical ramifications; 6) to categorize the 

anatomy of the apical constriction; 7) to classify the canal curvature of the root; and 8) to 

present any other anatomical feature(s) discovered. Statistical analyses will be done to 

compare for differences between palatal roots of maxillary first and second molars. The 

observations made from this research will provide additional knowledge of the palatal 

root for both endodontic and restorative therapies to aid in treatment success. 
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REVIEW OF THE LITERATURE 

 

Non-Surgical Endodontic Therapy 

To accomplish the ultimate goal of restoring and maintaining normal apical 

tissues, the pathological tissues and bacteria must be thoroughly removed from the 

complicated canal systems of teeth. Schilder’s objectives for cleaning and shaping the 

root canal state:  

The root canal preparation should develop a continuously tapering 

funnel from the root apex to the coronal access cavity. The cross-

sectional diameter of the preparation should be narrower at every 

point apically and wider at each point as the coronal aspect is 

approach. The preparation should occupy as many planes as are 

presented by the root and the canal. The preparation should follow the 

shape of the original canal. The apical foramen should remain in its 

original spatial relationship both to the bone and to the root surface. 

The apical opening should be kept as small as is practical in all cases. 

Procedures should be confined to the roots themselves. Necrotic 

debris should not be forced beyond the foramina. All tissues should 

be removed from the canal space. Sufficient space for intracanal 

medicaments and irrigation should be created (Schilder, 1974).  

The objective is to effectively clean the canal with a chemomechanical approach 

and remain conservative in the preparation so as not to transport, ledge, and/or perforate. 

Additionally, conserving root dentin will help to prevent root fractures (Sathorn, 2005).  

Determining what size to enlarge a canal to will dictate how much radicular 

dentin is removed and the efficacy of the chemical irrigation of the canal.  An approach 
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of using the first file that binds and enlarging the canal three file sizes greater for the final 

apical file size has been recommended as a method of sizing (Weine, 1996). This method 

has been shown to be inadequate and does not assure complete dentin removal in the 

apex or give a reliable method for determining the final apical file size due to the 

variability in the shape of the canal system (Wu, 2002). Few studies have focused on 

measuring the cross-sectional shape, or the “working width”, of canals in any teeth (Jou, 

2004). A pre-operative knowledge of this dimension would allow for a clinician to more 

accurately estimate their final apical file size with an evidence-based approach and 

thereby allow for improved and complete cleaning and shaping of the canal. The taper of 

the canal preparation can also be better estimated to conservatively yet effectively shape 

from coronal to apex. Additionally, filing techniques may be modified to allow for 

contact in all planes of the canal. Moreover, obturation of the tooth may be modified 

depending on the technique used to ensure a solid fill with a fluid-tight apical seal.  

Circumferential filing techniques increase the risk of strip perforation in roots 

with thin dentin walls and therefore an anticurvature filing technique is advised (Abou-

Rass, 1980). Studies of thin radicular dentin on the furcation side of the mesial root of the 

mandibular molar have confirmed a ‘danger zone’ requiring careful instrumentation and 

caution in size and taper used. In these studies, dentin thinness of 1.2-1.3-mm is 

considered the zone of greatest risk (Berutti, 1992; Harris, 2013; Lim, 1987). The dentin 

dimension of the furcal side of the palatal root is not reported in the existing literature. 

Knowledge of this dimension at all levels of the root will help guide clinicians in their 

instrumentation techniques and level of risk for strip perforation throughout the root.  

 The apical extent of instrumentation is determined based on research of apical 

anatomy (Burch, 1972; Green, 1956, 1960; Kuttler, 1955; Stein, 1990) with the goal of 
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maintaining instrumentation and obturation to within the canal system. Working lengths 

are typically set back 0.5mm to 1mm from the apex. The apical 3mm has been termed the 

“critical zone” by Simon (1994) (Figure 1) for debridement and the area of focus for 

creating an apical ‘seat’ to contain the obturation materials. Traditionally, the canal is 

thought to have an apical constriction detectable with an electronic apex locator to aid in 

determination of the working length (Ounsi, 1999; Piasecki, 2016; Shabahang, 1966). 

Olson (2008) cautions the apical constriction should be not considered a single point but 

rather a constriction ‘zone’ (Figure 2). Dummer (1984) further described the apical 

constriction anatomy to have variations in the type of constriction(s) present (Figure 3). 

 

 

Figure 1 – Apical anatomy (Simon, 1994) 
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Figure 2 – Apical constriction zone (Olson, 2008) 

 

 

Figure 3 – Anatomy of apical constrictions (Dummer, 1984) 

 

Recent research utilizing micro CT for the anatomy of the apical constriction of 

palatal roots found the majority of canals are without an apical constriction (Meder-

Cowherd, 2011). The research categorized the apical constriction anatomy to be either: 

single, tapering, parallel, flaring, or a delta. If the anatomy was ‘single’ or ‘tapering’, then 

a constriction was considered present (65%). If the anatomy was ‘parallel’, ‘flaring’, or a 

‘delta’, the constriction was considered absent (35%). With most palatal canals lacking an 

apical constriction, more attention is necessary to set a correct working length and apical 

size to maintain instrumentation and obturation within the canal space. Along with 
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electronic apex locators and radiograph verification (ElAyouti, 2001; Martins, 2014), 

knowledge of the canal dimensions and curvature should be critically applied when 

determining a working length (Jafarzadeh, 2007).  

Maxillary sinusitis of endodontic origin (MSEO) may also impact treatment 

decisions and material choices. MSEO, as termed in the 2018 AAE Position Statement, is 

seen most frequently in maxillary posterior teeth given their proximity to the maxillary 

sinus. LFOV CBCT improves the clinician’s ability to detect odontogenic sources for 

sinusitis as well as position of root apices. Periapical mucositis (PAM) and periapical 

osteoperiostitis (PAO) may be observed. Successful management of MSEO requires 

removing the nidus of infection and preventing reinfection through both non-surgical and 

surgical interventions (AAE Position Statement, 2018).  

Choices and actions made during treatment may increase or decrease healing 

success rates. Overinstrumentation may lead to severe inflammatory reactions (Seltzer, 

1969) and without the creation of an apical seat, extrusion of canal materials will occur 

resulting in higher risks of sodium hypochlorite accidents or even fungal infections in the 

maxillary sinus depending on type of sealer selected (Giardino, 2006). These errors may 

require surgical intervention for correction or ultimately doom the tooth’s survival as 

overextended obturation has been linked to decreased success rates in outcomes (De 

Chevigny, 2008; Ng, 2007, 2008, 2010, 2011; Schaeffer, 2005). 
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Surgical Endodontic Therapy 

 Surgical retreatment may be indicated in cases of non-healing non-surgical root 

canal therapy if non-surgical retreatment is impractical or unlikely to improve upon the 

results (Johnson, 2016). Some contraindications to surgery include: anatomical factors, 

2nd mandibular molars, periodontal considerations, and medical factors (Kim, 2001). 

Proximity to the maxillary sinus is not considered a strict contraindication to surgery. 

Research has shown the root of maxillary molars lie close to the sinus, particularly the 

mesiobuccal roots of maxillary second molars (Eberhardt, 1992; Lavasani, 2016). 

Lavasani et al. (2016) found a mean distance of 1.24mm from the palatal cortex to the 

level of 3mm resection of the palatal root surface of the maxillary first molar and 1.31mm 

for the second molar using cone-beam computed tomography. Overall, research 

recommends the buccal roots be approached buccally while the palatal root approached 

palatally due to the distances required to reach these roots in maxillary molars.  

While a palatal approach reduces the distance to the root apex, it comes with other 

significant challenges. The greater palatine neurovascular bundle exits to the palate from 

the greater palatine foramen near the palatal root of maxillary second molars. Specific 

flap recommendations involve a vertical release between the canine and first premolar 

(Figure 4). 
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Figure 4 – Example of palatal flap (Johnson, 2016). 

 

 All attempts should be made to reduce the risks of sinus perforation however it 

has been shown to occur up to 28% of the time with maxillary endodontic surgeries. The 

perforation and the size of the periapical inflammation have no influence on the treatment 

outcome (Watzek, 1997). The Schneiderian membrane typically regenerates without 

issue within five months (Hauman, 2002). There is even precedence in the literature of a 

transantral approach for treatment of maxillary posterior teeth (Wallace, 1996).  Due to 

the technique-sensitive nature of this approach as well as the potential for an oroantral 

fistula, it should not be considered for a primary treatment modality. Should sinus 

perforation occur, the most important step is to prevent any solid particles from entering 

the sinus cavity (Kim, 2006). Postoperative management of sinus perforations should 

include an antibiotic prescription for one-week, patient instructions to sleep with the head 

elevated, to avoid nose blowing, and to expect nose bleeds (Kim, 2006).  

 Research has suggested the apical 3mm should be resected to remove over 90% of 

the apical ramifications and lateral canals (Figure 5) (Kim, 2001). In maxillary molars, 
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Degerness (2008) found a 3.6mm resection of the mesiobuccal root necessary to 

eliminate accessory canals as well as manage any isthmus present. This resection is 

completed with a bur, such as the multi-purpose bur, in a surgical handpiece (Morgan, 

1998). The bevel of the resection should be in the range of 0-10 degrees (Gilheany, 1994; 

Kim, 2006). Then a 3mm retropreparation is completed using specialized ultrasonic tips 

to remove existing obturation material axial to the long axis of the tooth (Figure 6). 

Retrofilling is completed with bioceramic materials such as MTA (Kim, 2006). 

 

    

Figure 5 – Accessory apical anatomy and 3mm resection level (Kim, 2001) 

 

 

Figure 6 – Specialized ultrasonic tip (Kim, 2006) 
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The advances in endodontic surgery from the traditional apicoectomy to modern 

microsurgery have resulted in smaller osteotomies, decreased post-operative 

complications, and improved success rates (Table 1). 

 

Table 1 – (Kim, 2006) 

  

  

 When palatal root surgery is to be performed, there is much greater risk for blood 

loss (Selim, 1987). The average blood loss in endodontic surgery was 9.5mL. With 

palatal surgery, there was almost three-times the mean for all teeth. Operating time was 

found to be the major variable influencing blood loss. With the difficulty of a palatal flap 

approach, indirect visibility, and increased bleeding, it would behoove the operator to 

have an efficient approach to minimize operating time. If possible, orthograde placement 

of the root-end filling material would save time during the surgery. Research has shown 

no significant difference in the apical seal of resected MTA placed orthograde and the 

apical seal of MTA placed retrograde as a root-end filling (Andelin, 2002). So long as 

6mm of the material is placed orthograde, a 3mm resection should not decrease the 

sealing ability of MTA (Lamb, 2003). If the MTA is not able to be placed orthograde, it 

may be better to select white MTA for use as a root-end-filling than gray MTA when 
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blood contamination is anticipated for greater microhardness (Nekoofar, 2010). Other 

materials, such as EndoSequence ® Bioceramic Root Repair Material (BC RRM) 

(Brasseler, Savannah, GA, USA), are reported to be hydrophilic and have potential for 

use in a site with anticipated blood contamination though research is limited at this time 

for this variable. Recent research from Shinbori (2015) evaluating BC RRM found no 

significant difference in healing between mineral trioxide aggregate (MTA) and BC 

RRM with 92% success in a retrospective analysis of all surgeries in a four-year period, 

making it a viable alternative retrofilling material to MTA. 

 Post-operative care following palatal root surgery should also include fabrication 

of a palatal stent. Pre-operative steps must be taken to have this ready for use chairside. 

Placement of the palatal stent following surgery helps to reduce risks of hematoma and 

aid in reattachment of the soft tissue (Johnson, 2016). 

 Other surgeries, like intentional replantation, may be considered for maxillary 

molars should the root apices be inaccessible with root-end surgery. Inherent risks apply 

to extraction and intentional replantation of a tooth necessitating careful case selection. 

Should it be an appropriate treatment modality, the techniques and materials used with 

intentional replantation have developed significantly in recent times. Current practices 

promote the use of Hank’s Balanced Salt Solution (ThermoFisher Scientific, Waltham, 

MA, USA) in a basin allowing submersion of the root after extraction and during root-

end preparations. Any handling of the periodontal ligament should be avoided. 

Additionally, time is of the utmost importance with the goal to replant within 12-15 

minutes (Jang, 2016; Kratchman, 1997). Overall success rates of intentional replantation 

have improved to 80-85% with these updated techniques making it a viable treatment 

option under appropriate circumstances (Kratchman, 1997).  
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 With surgical success rates ranging from 80-94% (Kratchman, 1997; Setzer, 

2010), non-healing endodontically-treated teeth should be considered for further 

treatment through surgical means to maintain the tooth.  

 

 

 

Morphology 

Knowledge of root canal morphology and complexity is critical for endodontic 

treatment. A basic tenet in pulp-root anatomy is that the pulp is a typically a miniature 

version of the tooth and root (Ingle, 2004). Research into canal morphology has been 

ongoing since 1925 when Hess and Zurcher first published their study (Carrotte, 2004). 

Most studies have focused on categorizing and numbering canal systems with roots 

(Vertucci, 1984). From these studies, various landmarks and anatomical ‘laws’ have been 

established as well as classification systems for the type and number of canals. 

Krasner & Rankow (2004) set forth the following “Laws” to aid in the access and 

treatment of teeth. 

➢ Law of symmetry 1: except for maxillary molars, the orifices of the canals are 

equidistant from a line drawn in a mesial distal direction through the pulp 

chamber floor. 

➢ Law of symmetry 2: except for the maxillary molars, the orifices of the canals lie 

on a line perpendicular to a line drawn in a mesial-distal direction across the 

center of the floor of the pulp chamber. 

➢ Law of color change: the color of the pulp-chamber floor is always darker than 

the walls. 

➢ Law of orifice location 1: the orifices of the root canals are always located at the 

junction of the walls and the floor 

➢ Law of orifice location 2: the orifices of the root canals are located at the angles in 

the floor-wall junction 
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➢ Law of orifice location 3: the orifices of the root canals are located at the terminus 

of the root developmental fusion lines 

➢ Law of Centricity: pulpal floor is located in the center of the tooth at the CEJ level 

➢ Law of Concentricity: walls of the pulp chamber are concentric to external surface 

➢ Law of CEJ: landmark pulp chamber location 

 

The frequency and type of canal configurations present within a tooth and individual 

roots can be classified according to Weine’s (1996) classification. There are four types of 

configurations in this simplified model of classification (Figure 7). They are as follows: 

➢ Type I– a single canal extends from the pulp chamber to the apical foramen. 

➢ Type II – two separate canals leave the chamber but merge before the apex to form 

one apical foramen. 

➢ Type III – two separate canals leave the chamber and exit the root in separate apical 

foramina. 

➢ Type IV – a single canal leaves the chamber but divides before the apex into two 

separate canals with separate apical foramina. 

    

Figure 7 – Diagram of Weine’s canal classifications (Weine, 1996). 

  

Vertucci (1984) presented eight types of classification based on canal 

configuration. Other research has been done presented for additional classification 
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systems (de Pablo, 2010) that can become quite elaborate (Figure 8). Overall, these 

classification systems demonstrate the complexity of the canal systems.  

 

 

Figure 8 – Multiple canal classification systems (de Pablo et al., 2010) 

 

  Recent research by Briseno-Marroquin (2015) utilized micro CT to evaluate the type 

and frequency of canals in the mesiobuccal root of maxillary molars. With their research, 

they also presented a numerical classification method with four digits. The first three digits 

reflect the root canal number at the coronal limit of the respective third of the root. The 

fourth digit is separated with a slash and gives information about the number of main 

foramina present (Figure 9). 
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Figure 9 – Example of numerical classification (Briseno-Marroquin, 2015) 

 

 Past and future morphological studies continue to add to the knowledge of the 

complexity of the canal systems. Consideration must be given to the nature of research 

performed and its translation to clinical practice. While these canal intricacies may be 

apparent with SEM and micro CT imaging, the clinical practice of actually locating and 

treating these canals may not be practical (Fogel, 1994).  

 

 

Maxillary Molars 

The maxillary molars are one of the most frequently treated teeth in endodontics. 

Additionally, they are more often retreated due to a missed additional mesiobuccal canal 

(Hoen, 2002; Wolcott, 2002). Thus, numerous studies have been done to determine the 

incidence of the second canal (MB2), how to identify it, and how to treat it (Cleghorn, 

2006; Kulild, 1990; Stropko, 1999; Vigouroux, 1978). A recent literature review of 
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research on the maxillary molar found 34 studies on the MB root, only 14 studies 

including 2576 teeth with data on the DB and P (Cleghorn, 2006).  

The maxillary first molars (Figure 10) and the maxillary second molars (Figure 

11) are the largest maxillary teeth in the arch. The first molar erupts around age 6 and the 

second molar erupts around age 12.  

 

Figure 10 – Wheeler’s anatomy diagram of maxillary first molars (Nelson, 2015) 

 

  

The coronal anatomy of the first molar is such that the crown is wider buccal-

lingually than mesial-distally with four well-developed cusps. There is the possibility of a 

supplemental cusp, known as the ‘cusp of Carabelli’. This tooth typically has three roots 

that are well-separated and well-developed. The root placement gives the tooth maximum 

anchorage with the greatest spread parallel to the line of greatest force brought to bear 

against the crown diagonally in the buccal-lingual direction (Nelson, 2015). The palatal 

root is typically the longest root and it is tapered to a smoothly rounded apex. There is a 
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lingual developmental groove on the crown of the tooth confluent with the outline of the 

distal-lingual cusp. The groove progresses mesially and cervically to end at a point in the 

approximate center of the lingual surface of the crown. There is a shallow depression in 

the surface that extends from the terminus of the lingual groove to the center of the 

lingual surface of the palatal root at the cervical line and continues in an apical direction 

on the palatal root, fading out in the middle third of the root (Nelson, 2015).  

 

Figure 11 – Wheeler’s anatomy diagram of maxillary second molars (Nelson, 2015) 

  

The anatomy of the second maxillary molar is much like that of the first molar 

with a few differences. The distal-buccal cusp is not as large as the first molar and the 

distal-lingual cusp is noticeably smaller. The crown height is approximately 0.5mm 

shorter cervico-occlusally than the first molar but the buccal-lingual dimension remains 

the same. The root trunk of the second molar is longer, and the apex of the palatal root is 

in line with the distal-lingual cusp rather than the lingual groove as with the first molar 

(Nelson, 2015). There is no report of a shallow depression on the lingual aspect of the 

second molar palatal root as there is in first molars. 
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 Traditionally, access cavity preparation outlines were as follows (Figure 12): 

 

Figure 12 – Traditional access outlines (Wilcox, 1989) 

 

In this traditional approach, the access margins extend to the mesial marginal 

ridge. With further study by Wilcox (1989), the design of a maxillary molar access 

outline should be modified to stay centered mesiodistally on the occlusal surface and 

need not extend to the mesial marginal ridge (Figure 13).  

 

Figure 13 – Refined access outlines (Wilcox, 1989) 

  

When accessing, Deutsch & Musikant (2004) found the roof of the pulp chamber 

of maxillary molars should be reached approximately 6.24mm from the cusp tip. The 

chamber height was found to be 1.88mm and the distance from the pulpal floor to 

furcation was 3.05mm. These measurements are to be used as guides since every tooth is 

different and calcifications or anatomical variations may alter these measurements. 

 Once into the chamber, Krasner & Rankow’s Laws can be applied to locate canal 

orifices (see page 13). Vigouroux (1978) presents diagrammatic interpretation of the 

pulpal grooves on the pulp floor as well as noting the presence of a dentinal cornice 

concealing the orifice to MB2 (Figure 14).  
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Figure 14 – Pulpal floor grooves (Vigouroux, 1978) 

 

  

Should canals not be located upon access alone, a LFOV CBCT scan may be 

warranted to aid in locating canals (Hiebert, 2017). Within the Hiebert et. al study, MB2 

was present 92% of the time and if not found with direct access, taking a CBCT 

significantly increased the chances of finding MB2. The ability to access and treat these 

canals must be weighed with the risks of perforation when attempting to locate the 

canals. Clinical research from Stropko (1999) and Fogel (1994) found improved success 

in locating MB2 with use of magnification, troughing with ultrasonics, and sufficient 

time. However, not all canals that were deemed present were clinically ‘treatable’.  

 For complete cleaning and shaping of the canal system, the decision of the 

working length and master apical file size and taper is ultimately left to the operator. 
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Fundamentals of the apical anatomy, electronic apex locators, filing techniques, and root 

morphology are all applied in making this determination. Pre-operative knowledge of the 

average canal working width, length, radicular dentin dimension, and canal curvature are 

useful in guiding the clinician to appropriate treatment decisions. In terms of deciding 

what final apical file size to prepare a canal to, a variety of recommendations have been 

given. From Weine (1996), a suggested method is to take the first file that binds at 

working length and enlarge three file sizes greater. Wu (2002) found this is not adequate 

for complete cleaning and shaping of the apical anatomy as most canals were not 

perfectly round like the file cross-section (Figure 15). 

 
Figure 15 – Ground root surface at working length of first binding file (Wu, 2002) 

 

As Jou (2004) states, research and understanding of the pre-operative canal 

working width is necessary to ultimately decide the final working width through 

instrumentation. This knowledge will reduce the underestimation of the minimal initial 
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horizontal dimension at working length and subsequent incomplete cleaning of the root 

canal system. Within Jou’s research, a table is presented depicting the variety of 

recommended minimal final working width at working length (Table 2). The range is  

striking, particularly for large canals like the palatal canal of maxillary molars. The 

suggested final working width ranges from 25-100 hand file sizes.  

 

Table 2 – Suggested final working width sizes (Jou, 2004) 

 

 

 Given the evidence of the absence of an apical constriction in palatal canals 

(Meder-Cowherd, 2011), an adequate apical seat preparation is essential to minimize 

extrusions and maintain the obturation material, which is especially important given the 

proximity of the root to the maxillary sinus. According to Eberhardt (1992) and Lavasani 

(2016), the palatal root proximity to the maxillary sinus is approximately 1.5-2mm. 

Potential complications of obturation extrusions include non-healing, maxillary sinusitis 

of endodontic origin, sinus perforation and potentially an Aspergillus mycetoma fungal 

infection (Giardino, 2006). 
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 Owing to further complexity for instrumentation of the palatal canal is the root 

curvature. Research by Bone & Moule (1986) found a significant curvature present. The 

most common curvature is to the buccal and the majority have curvature between 10-20 

degrees, with 32.5% over 20 degrees. The curvature was found to most frequently initiate 

in the coronal half. Their research was completed by measuring two-dimensional 

radiographs of extracted teeth utilizing the Schneider’s method of measuring canal 

curvature (Figure 16) (Schneider, 1971). This method of curvature measurement has been 

frequently used in other studies on canal curvature. It has been found to focus mainly on 

the coronal region. In contrast, Weine’s technique also considers the apical region. 

Refined methods of canal curvature measurement, including measurement of the radius 

of curvature, are presented by Pruett (1997) (Figure 17). Angular values obtained using 

Pruett method were found to be geometrically equivalent to the curvature angle measured 

using the Weine technique in same canal (Gunday, 2005). 

 

 

Figure 16 – Example of Schneider’s method (Pruett, 1997) 
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The Pruett et al. method involves:  

Points a and b denote where the canal deviates from straight.  Line 1 is 

drawn centered through the canal to point a; line 2 from the radiographic 

apex (or foramen if known) to point b.  Perpendicular lines are drawn from 

a and b; the angle formed by the intersection of these two lines is the 

angle of curvature.  The radius of the circle, which can then be drawn, is 

the radius of curvature.  

 

 

Figure 17 – Example of Pruett et al method including radius (Pruett, 1997) 

 

With three-dimensional imaging technology such as micro CT and corresponding 

analysis software, advanced methods of measuring the canal curvature and radius of 

curvature have been suggested. In the present study, a modified version of Pruett’s 

method was used on a sagittal slice of the palatal root with an angle measurement tool to 

obtain a degree of curvature (Figures 26 & 27, page 39). Further research could be done 

to evaluate the radius of curvature or to implement more advanced micro CT measuring 

techniques for additional analysis of the canal and root curvature(s).  
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Restoration of Endodontically-Treated Teeth 

 The requirements for the restoration of endodontically-treated teeth varies by 

tooth type and amount of coronal tooth structure lost. In general, anterior teeth with 

conservative endodontic access and intact marginal ridges do not require a post or 

coronal coverage. Posterior teeth require cuspal coverage, except possibly mandibular 

first premolars with function like canines (Robbins, 1990). Without cuspal coverage, 

these teeth are at higher risk of fracture (Salehrabi, 2004). Posts are only required for the 

retention of buildup material and may not be as necessary given other retention and 

resistance forms available. Posts will not strengthen the teeth (Robbins, 2002).  

 Should a post be necessary in the restoration of a maxillary molar, placement is 

recommended into the palatal canal. There are a variety of different post types available 

(material, taper, length) with different advantages and disadvantages. Threaded posts are 

most retentive and also the most likely to cause root fracture (Goodacre, 1994), whereas 

pre-fabricated fiber posts have properties similar to natural dentin (Ree, 2010). Some post 

systems come with corresponding drills or peeso reamers to create space for the post 

within the canal. Table 3 shows the equivalent sizing of peeso reamers to Gates Glidden 

drills for comparison. Figure 18 shows suggested peeso reamer sizes for different canals 

of teeth from a Fixed Prosthodontic perspective (Gegauff, 1988).  

 

Table 3 – Comparing Peeso Reamer and Gates Glidden sizes (Gegauff, 1988) 
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Figure 18 – Suggested post sizes (Gegauff, 1988) 

  

 The recommended size according to Gegauff (1988) for a post in the palatal root 

is 1.1mm, which is equivalent to a size 4 Gates Glidden drill. The depth of post 

placement is recommended to be two-thirds of the root while still leaving 4-5mm of 

gutta-percha in the apical segment of the canal. Post space preparation should only 

minimally alter remaining radicular dentin, thus the smallest size post that can be used is 

recommended, rather than largest size (Goerig, 1983). Current pre-fabricated fiber post 

systems, such as EndoSequence®, are sized identical to rotary instrumentation so no 

additional canal preparation is necessary with selection of the paired post.  

 Additionally, post preparation of a curved canal will be at a greater risk of 

perforation. Since radiographic measurements are not reliable for measuring residual 

thickness after post preparation (Raiden, 2001), knowledge of root anatomy is essential 

for minimizing these iatrogenic risks and maintaining sufficient radicular dentin. 
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Anatomical Study Design 

 There have been significant developments and advances in morphological studies 

in endodontics. Historical studies, such as Carabelli’s drawings and descriptions of pulp 

canals in 1844 (Hess, 1925) and an in vitro corrosion technique by Preiswerk (Barrett, 

1925). These methods were limited to macroscopic interpretation and flow of material. 

The metal used in the corrosion technique did not adequately flow into the delicate 

isthmus and ramifications of the canal systems. 

A technique by Skidmore and Bjorndal (1971) with casting resin allowed more 

flow into the canal complexities for recording. However, these fabricated resins were 

extremely fragile and at risk of damage when handled. Furthermore, the enamel and 

dentin are removed with a casting technique eliminating the opportunity to evaluate the 

canal’s relationship to hard tissues.  

Vertucci’s (1984) canal morphology research utilized a bench-top clearing 

technique and Hematoxylin dye to replicate the canal system. This dye stained even 

minute amounts of pulp tissue allowing visualization of the multiple branches and 

connections between canals. As with any treatment of the tooth, there is risk of fracture 

and distortion with these in vitro techniques. 

Many studies have used extracted teeth for sectioning and examination under the 

microscope (Degerness, 2008; Gilles, 1990; Kulild, 1990). The act of sectioning the tooth 

results in loss of tooth structure and incomplete analysis of the tooth or root.  

Radiographic techniques through two-dimensional and three-dimensional imaging 

have also been used to evaluate canal morphology (Hiebert, 2017). With different 

angulations and views, canal configurations can be determined and applied clinically. 
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These methods are not able to pick up on fine details such as isthmuses or accessory 

canals due to low levels of magnification and resolution.  

Clinical studies like Fogel (1994) and Stropko (1999) report on the incidence of 

locating canals during endodontic treatment and offer insight into techniques and 

methods to adequately treat teeth. However finer details such as isthmuses or accessory 

canals are not clinically visible in most instances.  

Most recently, micro-computed tomography has been implemented for 

endodontic research and canal morphology because the tooth can be kept intact and the 

scanning microfocus and high resolution allows for visualization and interpretation of the 

intricacies of the canal system.  

 

 

 

 

Micro-Computed Tomography 

Micro CT is a method to produce true 3D images of the sample palatal roots. The 

accuracy of the technology has been researched and proven (Kim, 2007; Nielsen, 1995; 

Rhodes, 1999) for use in endodontic research (Briseno-Marroquin, 2015; Harris, 2013; 

Peters, 2011; Versiani, 2012). This technology, along with software for reconstructing 

and analyzing the data, allows for precise measurements to be taken at multiple levels of 

the root without damaging the samples. Souza-Flamini (2014) encouraged the publication 

of micro CT data of root canal morphology as it could increase significantly the safety 

and efficiency of root canal preparation procedures. 

Micro CT scanners operate with the following: an X-ray source, a specimen that 

is to be imaged, an X-ray-to-electronic signal-converting imaging array, and a device that 
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either rotates the specimen within the stationary scanner or rotates the scanner around the 

stationary sample (Ritman, 2004). There are three methods to provide high resolution 

with their own advantages and limitations (Figure 19). The cone beam method projects a 

magnified X-ray image onto a large-area X-ray detector array. The second method 

utilizes an optic magnifier to magnify the X-ray image. The third method involves a 

Bragg interferometer which uses photon wavelength-specific diffraction rather than 

specular reflection for magnification (Bonse & Busch, 1996). 

 

 

Figure 19 – Magnification Techniques of Micro CT (Ritman, 2004) 

 

The X-ray source is microfocus with a focal spot diameter of <100μm and the 

power output (P) is limited where Pmax=1.4(x)0.88, where x equals the focal spot diameter 

in μm. X-ray scatter has not been an issue with micro CT as much as it is in clinical CT. 

To obtain maximum signal to noise, the scatter can be greatly reduced by use of a 

diffraction X-ray optic placed between the specimen and detector when monochromatic 

radiation is used (Ritman, 2004). For the X-ray to light conversion system, a thin 

fluorescent crystal plate is effective. In most micro CT scanners, the fluorescent image is 

coupled to a charge-coupled device (CCD) imaging array to convert the image to a digital 

value (Ritman, 2004). 
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Use of micro CT for anatomical study design is proposed as the ‘gold standard’ 

by Rhodes (1999). The imaging software recognizes the variable densities of the 

components of the tooth and allows for differentiation between pulp, dentin, cementum 

and enamel. With micro CT, a three-dimensional rendering can be made of the specimen 

allowing for non-destructive viewing of internal and external components (Kim, 2007). 

Beyond observing the number of canals in a root like previous studies have done 

(Briseno-Marroquin, 2015; Park, 2009; Somma, 2009; Verma, 2011), the present study 

utilized micro CT for a complete anatomical analysis of the palatal root and palatal canal 

features of maxillary first and second molars. 
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SPECIFIC AIMS 

 

The specific aims for this research are as follows: 

1. Verify the cross-sectional width of the canals along the length of each root to 

advance the understanding of the working width within this tooth 

2. Quantify the dentin thinness of the root to determine the presence of any ‘danger 

zones’ (furcation and palatal) 

3. Document the presence of lateral canals, apical ramifications, and any other 

anatomical features discovered 

4. Classify apical constriction anatomy and canal curvature 
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MATERIALS AND METHODS 

 

 This research was deemed “Not Human Research” by the University of 

Minnesota IRB: Human Subjects Committee (see Appendix A).  No demographic 

information was available for any tooth specimen collected. 

 A total of 52 maxillary molars were collected and identified for use in this study. 

The majority of the samples had been existing extracted molar specimens in the 

University of Minnesota School of Dentistry Oral Anatomy class. Additional molars were 

collected from various clinics in Minneapolis, MN. The extracted teeth were stored in 

10% formalin for a minimum of six months, but it was unknown how long samples had 

been in storage from the Oral Anatomy course collection. The molars were categorized as 

‘first molars’ or ‘second molars’ based on their coronal anatomy (Nelson, 2015).  

 Inclusion criteria required the specimens to be maxillary first or second molars 

with complete root development, intact palatal root, no resorption, no radicular caries and 

no previous endodontic treatment. Hand instruments were used to remove any soft tissue, 

calculus, or debris on the exterior of the root. 

 Each tooth was mounted using a modified version of the technique by Harris 

(2013) using a chemically-polymerized composite resin (Integrity® Temporary Crown 

and Bridge Material, Dentsply International, York, PA) seen in Figures 20 & 21. The 

occlusal table of the crown was placed face down in the resin material contained in a 

circular acrylic template to create a resin base once set. The resin base was then mounted 

on a scanning pedestal with mounting adhesive putty which allowed for positioning of 

the palatal root to be as upright and centered. The scanning pedestal was placed on the 
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cylindrical specimen holder that corresponded with the internal diameter of the chamber 

of the CT scanner (Figure 22).  

 

 

Figure 20 – Mounting of specimens (base)       Figure 21 – Mounting of specimens (base) 

 

 

Figure 22 – Mounted specimen in micro CT with staging platform and pedestal 
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Each tooth was scanned individually using the micro-computed tomography 

scanner at the Minnesota Dental Research Center for Biomaterials and Biomechanics 

(H225 X-teck XT, Nikon Metrology Inc., Brighton MI, USA) under the following 

parameters: 720 projections with 2 frames per projection (110kV & 95uA) (Figure 23). 

Each specimen was positioned in the scanner at the position best suited for the scan of 

that specimen thus exact scan positions and resolutions varied. 

 

 

Figure 23 – Scanning of specimen 
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The micro CT data were reconstructed with CT Pro 3D software (Nikon Metrology 

Inc., Brighton, MI, USA) with all efforts to produce the best reconstruction possible. The 

reconstructed scans were viewed in Volume Graphics Studio MAX (versions 2.1 & 3.1) 

(Volume Graphics GmbH, Heidelberg, Germany) and specific measurements were made 

(Table 4). Like the technique of Harris (2013) for mandibular molars, the palatal root was 

sectioned from the anatomical root apex along the path of the canal in 0.5mm for the first 

6mm, and in 1.0mm increments from the 6mm point to the pulpal floor. The ‘polyline’ 

feature of the Volume Graphics Studio MAX software was applied to measure and label 

each increment (Figure 24).  

For each root, measurements were made focused on the following: 

1. The width of dentin on the furcation side of the root  

2. The width of dentin on the palatal side of the root 

3. The canal diameter in a buccal/lingual dimension 

4. The canal diameter in a mesial/distal dimension 

5. The number of canal exits (apical ramifications) in the apical 0.5mm  

6. The length of the root from CEJ to anatomical apex 

7. The presence and location of any lateral canals 

a. Level of exit from root surface 

b. Level of branch from main canal 

8. Canal curvature, location of curvature, and direction of curvature 

9. Anatomy of the apical constriction 

The data were recorded in multiple Excel spreadsheets (Appendices B-F) and 

descriptive statistics were calculated to characterize the data (means, standard deviation, 

and standard error of means). The unpaired t-test was applied to compare means of the 

first molar data to means of the second molar for any significant differences (p<0.05). 

Statistical software Minitab 18 © (Minitab Inc., State College, PA, USA) was used to 
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calculate the results (Appendix G) and statistically significant findings further analyzed 

by Minitab Assistant function (Appendix H). Correlation of canal curvature with dentin 

and width dimensions was also analyzed. 

See Table 4 and Figures 24 through 37 for reference on data and measurement examples. 

 
Table 4 – Description of Measurements 

Measurement Description 

Tooth Name Sample Number 

Tooth Type Molar Number: 1 or 2 

Number of Exits in Apical 0.5mm Number of canal exits seen in the palatal 

root upon scanning through apical 0.5mm 

Apical Constriction Anatomy type Categorize the apical constriction anatomy 

Root length Length of palatal root from CEJ to 

anatomical apex 

X mm from apex thinnest dentin (furcal) The thinnest area of dentin at X mm from 

the apex as measured from the palatal canal 

to the outer surface of dentin toward the 

furcation  

X mm from apex thinnest dentin 

(palatal) 

The thinnest area of dentin at X mm from 

the apex as measured from the palatal canal 

to the outer surface of dentin toward the 

palatal aspect of root 

X mm from apex width B/L The width of the canal at the widest point in 

the buccal/lingual dimension at X mm from 

the apex 

X mm from apex width M/D The width of the canal at the widest point in 

the mesial/distal dimension at X mm from 

the apex 

Canal curvature The curvature of the canal 

Level(s) of lateral canal(s) exit (root) Level at which any lateral canal exits on 

root surface  

Level(s) of lateral canal(s) branch 

(canal) 

Level at which any lateral canal branches 

from main canal 
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Example of Sectioning the Root with Polyline Feature  

 

Figure 24 – Polyline measurements of canal (Tooth 37) 

 

 

Example of Measuring Root Length 

 

Figure 25 – Root length measurement (Tooth 47) 
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Example of Measuring Canal Curvature 

  

Figure 26 – Angle of curvature (Tooth 5) Figure 27 – Angle of curvature (Tooth 41) 

 

 

 

 

 

Example of Measuring Furcal Dentin 

 

Figure 28 – Furcal dentin dimensions (Tooth 14 at 6mm) 
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Example of Measuring Palatal Dentin  

 

Figure 29 – Palatal dentin dimensions (Tooth 6 at 13mm) 

 

 

 

Example of Measuring the Canal Width in the Buccal/Lingual Dimension 

 

Figure 30 – B/L Canal Width (Tooth 47 at 7mm) 
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Example of Measuring the Canal Width in the Mesial/Distal Dimension 

 

Figure 31 – M/D Canal Width (Tooth 47 at 11mm) 

 

 

 

Example of Measuring Lateral Canals 

 

Figure 32 – Lateral canals measured using polyline distances (Tooth 6 at 2.5-3.5mm) 
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Examples of Apical Constriction Anatomy 

 

Single 

 

 

 

 

 

 

 

 

 

 

 

 

Tapering 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33 – Single constriction tooth 4 

 
Figure 34 – Tapering constriction tooth 18 
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Parallel 

 

 

 

 

 

 

 

 

 

 

Flaring 

 

 

 

 

 

 

 

 

 

Delta 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 35 – Parallel canal walls in teeth 10 

Figure 36 – Flaring canal walls in teeth 17 & 45 

Figure 37 – Delta apical anatomy in tooth 19 
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RESULTS 

 

 Fifty-two teeth were selected. After scanning and reconstruction, five samples 

(tooth #16, 32, 38, 42, 44) were excluded due to one or more of the following reasons: 

inability to reconstruct due to poor center of rotation during scan, file corruption in 

reconstruction and transfer processes, or inability to interpret scan likely due to 

movement during the scanning process.  Table 5 (below) presents the mean, standard 

deviation, standard error of mean, and the P-value of the linear data. See Appendices B, 

C, D, E, F for data in individual samples (pages 86-92). See Appendices G & H for 

statistical analyses (pages 93 &116). Table 6 (page 54) presents corresponding file sizes 

to mean pre-operative working widths. Table 7 (page 58) presents data on lateral canals. 

Tables 8 & 9 (pages 62-63) categorize canal curvature in degree and location. Table 10 

(page 64) categorizes the apical constriction anatomy. Results are labeled as “first molar” 

and “second molar” or “C1” and “C2” which stands for first and second molar 

respectively. 

 

 

Table 5– Summary of Linear Data 

Shaded row signifies First Molar Data. Unshaded row signifies Second Molar Data. 

Description Mean StDev SE Mean P-value 

Number of Exits in Apical 0.5mm 1.333 0.661 0.12 0.208 

Number of Exits in Apical 0.5mm 1.118 0.485 0.12 

Root Length 14.37 1.31 0.24 0.477 

Root Length 14.01 1.83 0.44 

0.5mm from apex thinnest furcal dentin 0.599 0.314 0.065 0.997 

0.5mm from apex thinnest furcal dentin 0.599 0.306 0.088 

0.5mm from apex thinnest palatal dentin 0.789 0.360 0.077 0.846 

0.5mm from apex thinnest palatal dentin 0.809 0.235 0.071 
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0.5mm from apex width B/L 0.292 0.157 0.034 0.679 

0.5mm from apex width B/L 0.312 0.105 0.032 

0.5mm from apex width M/D 0.364 0.348 0.073 0.720 

0.5mm from apex width M/D 0.403 0.266 0.080 

1.0mm from apex thinnest furcal dentin 0.842 0.380 0.069 0.247 

1.0mm from apex thinnest furcal dentin 0.717 0.313 0.081 

1.0mm from apex thinnest palatal dentin 0.968 0.311 0.057 0.326 

1.0mm from apex thinnest palatal dentin 1.065 0.303 0.078 

1.0mm from apex width B/L 0.290 0.143 0.026 0.211 

1.0mm from apex width B/L 0.347 0.141 0.036 

1.0mm from apex width M/D 0.326 0.173 0.032 0.240 

1.0mm from apex width M/D 0.385 0.149 0.039 

1.5mm from apex thinnest furcal dentin 1.034 0.333 0.061 0.059 

1.5mm from apex thinnest furcal dentin 0.829 0.350 0.085 

1.5mm from apex thinnest palatal dentin 1.101 0.293 0.054 0.554 

1.5mm from apex thinnest palatal dentin 1.154 0.293 0.071 

1.5mm from apex width B/L 0.313 0.126 0.023 0.314 

1.5mm from apex width B/L 0.364 0.183 0.044 

1.5mm from apex width M/D 0.375 0.166 0.030 0.846 

1.5mm from apex width M/D 0.387 0.203 0.049 

2.0mm from apex thinnest furcal dentin 1.148 0.259 0.047 0.079 

2.0mm from apex thinnest furcal dentin 0.985 0.312 0.076 

2.0mm from apex thinnest palatal dentin 1.200 0.266 0.049 0.916 

2.0mm from apex thinnest palatal dentin 1.209 0.275 0.067 

2.0mm from apex width B/L 0.354 0.130 0.024 0.413 

2.0mm from apex width B/L 0.396 0.181 0.044 

2.0mm from apex width M/D 0.462 0.213 0.039 0.324 

2.0mm from apex width M/D 0.398 0.211 0.051 

2.5mm from apex thinnest furcal dentin 1.240 0.253 0.046 0.158 

2.5mm from apex thinnest furcal dentin 1.106 0.329 0.080 

2.5mm from apex thinnest palatal dentin 1.203 0.309 0.056 0.847 

2.5mm from apex thinnest palatal dentin 1.221 0.281 0.068 

2.5mm from apex width B/L 0.392 0.125 0.023 0.968 

2.5mm from apex width B/L 0.390 0.182 0.044 

2.5mm from apex width M/D 0.503 0.199 0.036 0.688 

2.5mm from apex width M/D 0.477 0.208 0.050 

3.0mm from apex thinnest furcal dentin 1.315 0.257 0.047 0.242 
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3.0mm from apex thinnest furcal dentin 1.202 0.340 0.082 

3.0mm from apex thinnest palatal dentin 1.295 0.234 0.043 0.878 

3.0mm from apex thinnest palatal dentin 1.282 0.305 0.074 

3.0mm from apex width B/L 0.424 0.152 0.028 0.866 

3.0mm from apex width B/L 0.414 0.200 0.048 

3.0mm from apex width M/D 0.562 0.176 0.032 0.219 

3.0mm from apex width M/D 0.487 0.208 0.050 

3.5mm from apex thinnest furcal dentin 1.358 0.246 0.045 0.376 

3.5mm from apex thinnest furcal dentin 1.276 0.329 0.080 

3.5mm from apex thinnest palatal dentin 1.329 0.203 0.037 0.779 

3.5mm from apex thinnest palatal dentin 1.306 0.290 0.070 

3.5mm from apex width B/L 0.451 0.157 0.029 0.870 

3.5mm from apex width B/L 0.461 0.233 0.057 

3.5mm from apex width M/D 0.588 0.183 0.033 0.544 

3.5mm from apex width M/D 0.551 0.213 0.052 

4.0mm from apex thinnest furcal dentin 1.402 0.233 0.042 0.642 

4.0mm from apex thinnest furcal dentin 1.357 0.349 0.085 

4.0mm from apex thinnest palatal dentin 1.380 0.186 0.034 0.869 

4.0mm from apex thinnest palatal dentin 1.368 0.281 0.068 

4.0mm from apex width B/L 0.450 0.127 0.023 0.590 

4.0mm from apex width B/L 0.484 0.238 0.058 

4.0mm from apex width M/D 0.632 0.237 0.043 0.642 

4.0mm from apex width M/D 0.601 0.199 0.048 

4.5mm from apex thinnest furcal dentin 1.442 0.212 0.039 0.974 

4.5mm from apex thinnest furcal dentin 1.439 0.323 0.078 

4.5mm from apex thinnest palatal dentin 1.414 0.178 0.033 0.989 

4.5mm from apex thinnest palatal dentin 1.415 0.290 0.070 

4.5mm from apex width B/L 0.484 0.129 0.024 0.647 

4.5mm from apex width B/L 0.515 0.251 0.061 

4.5mm from apex width M/D 0.671 0.210 0.038 0.719 

4.5mm from apex width M/D 0.647 0.234 0.057 

5.0mm from apex thinnest furcal dentin 1.494 0.218 0.040 0.844 

5.0mm from apex thinnest furcal dentin 1.476 0.326 0.081 

5.0mm from apex thinnest palatal dentin 1.439 0.159 0.029 0.611 

5.0mm from apex thinnest palatal dentin 1.476 0.269 0.065 

5.0mm from apex width B/L 0.510 0.127 0.023 0.619 

5.0mm from apex width B/L 0.545 0.264 0.064 



 

 

47 

 

5.0mm from apex width M/D 0.709 0.169 0.031 0.724 

5.0mm from apex width M/D 0.685 0.242 0.059 

5.5mm from apex thinnest furcal dentin 1.524 0.229 0.042 0.708 

5.5mm from apex thinnest furcal dentin 1.559 0.333 0.083 

5.5mm from apex thinnest palatal dentin 1.455 0.159 0.029 0.386 

5.5mm from apex thinnest palatal dentin 1.518 0.268 0.065 

5.5mm from apex width B/L 0.540 0.122 0.022 0.722 

5.5mm from apex width B/L 0.565 0.278 0.067 

5.5mm from apex width M/D 0.750 0.191 0.035 0.854 

5.5mm from apex width M/D 0.736 0.266 0.065 

6.0mm from apex thinnest furcal dentin 1.578 0.246 0.045 0.769 

6.0mm from apex thinnest furcal dentin 1.606 0.327 0.082 

6.0mm from apex thinnest palatal dentin 1.470 0.140 0.026 0.217 

6.0mm from apex thinnest palatal dentin 1.558 0.264 0.064 

6.0mm from apex width B/L 0.570 0.133 0.024 0.733 

6.0mm from apex width B/L 0.595 0.277 0.067 

6.0mm from apex width M/D 0.794 0.211 0.039 0.819 

6.0mm from apex width M/D 0.775 0.297 0.072 

7.0mm from apex thinnest furcal dentin 1.662 0.224 0.041 0.718 

7.0mm from apex thinnest furcal dentin 1.695 0.304 0.078 

7.0mm from apex thinnest palatal dentin 1.523 0.128 0.023 0.253 

7.0mm from apex thinnest palatal dentin 1.612 0.296 0.072 

7.0mm from apex width B/L 0.623 0.150 0.027 0.377 

7.0mm from apex width B/L 0.694 0.304 0.074 

7.0mm from apex width M/D 0.891 0.219 0.040 0.967 

7.0mm from apex width M/D 0.895 0.328 0.080 

8.0mm from apex thinnest furcal dentin 1.734 0.208 0.038 0.919 

8.0mm from apex thinnest furcal dentin 1.742 0.264 0.068 

8.0mm from apex thinnest palatal dentin 1.550 0.103 0.019 0.041* 

8.0mm from apex thinnest palatal dentin 1.714 0.296 0.072 

8.0mm from apex width B/L 0.715 0.161 0.029 0.742 

8.0mm from apex width B/L 0.742 0.317 0.077 

8.0mm from apex width M/D 0.990 0.219 0.040 0.994 

8.0mm from apex width M/D 0.990 0.343 0.083 

9.0mm from apex thinnest furcal dentin 1.818 0.205 0.037 0.524 

9.0mm from apex thinnest furcal dentin 1.762 0.270 0.078 

9.0mm from apex thinnest palatal dentin 1.628 0.153 0.028 0.023* 
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9.0mm from apex thinnest palatal dentin 1.833 0.323 0.078 

9.0mm from apex width B/L 0.757 0.153 0.028 0.757 

9.0mm from apex width B/L 0.783 0.327 0.079 

9.0mm from apex width M/D 1.065 0.223 0.041 0.526 

9.0mm from apex width M/D 1.006 0.338 0.082 

10.0mm from apex thinnest furcal dentin 1.883 0.236 0.046 0.687 

10.0mm from apex thinnest furcal dentin 1.831 0.327 0.120 

10.0mm from apex thinnest palatal dentin 1.729 0.173 0.032 0.017* 

10.0mm from apex thinnest palatal dentin 1.997 0.400 0.097 

10.0mm from apex width B/L 0.794 0.149 0.027 0.544 

10.0mm from apex width B/L 0.847 0.332 0.081 

10.0mm from apex width M/D 1.147 0.294 0.054 0.104 

10.0mm from apex width M/D 1.001 0.286 0.069 

11.0mm from apex thinnest furcal dentin 1.941 0.202 0.044 0.729 

11.0mm from apex thinnest furcal dentin 2.004 0.444 0.170 

11.0mm from apex thinnest palatal dentin 1.872 0.238 0.043 0.018* 

11.0mm from apex thinnest palatal dentin 2.190 0.476 0.120 

11.0mm from apex width B/L 0.836 0.187 0.034 0.138 

11.0mm from apex width B/L 0.986 0.375 0.091 

11.0mm from apex width M/D 1.236 0.416 0.076 0.292 

11.0mm from apex width M/D 1.108 0.367 0.092 

12.0mm from apex thinnest furcal dentin 1.892 0.193 0.064 0.280 

12.0mm from apex thinnest furcal dentin 1.810 0.042 0.030 

12.0mm from apex thinnest palatal dentin 2.029 0.287 0.054 0.670 

12.0mm from apex thinnest palatal dentin 2.100 0.481 0.150 

12.0mm from apex width B/L 0.941 0.337 0.064 0.707 

12.0mm from apex width B/L 0.890 0.345 0.120 

12.0mm from apex width M/D 1.401 0.545 0.100 0.177 

12.0mm from apex width M/D 1.105 0.541 0.180 

13.0mm from apex thinnest furcal dentin 1.993 0.183 0.075 0.769 

13.0mm from apex thinnest furcal dentin 1.970 0.014 0.010 

13.0mm from apex thinnest palatal dentin 2.202 0.311 0.066 0.293 

13.0mm from apex thinnest palatal dentin 2.051 0.314 0.120 

13.0mm from apex width B/L 1.015 0.400 0.085 0.986 

13.0mm from apex width B/L 1.019 0.605 0.230 

13.0mm from apex width M/D 1.560 0.586 0.120 0.002* 

13.0mm from apex width M/D 0.977 0.299 0.110 
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14.0mm from apex thinnest furcal dentin 2.265 - - - 

14.0mm from apex thinnest furcal dentin 2.150 - - 

14.0mm from apex thinnest palatal dentin 2.436 0.308 0.075 0.113 

14.0mm from apex thinnest palatal dentin 2.202 0.272 0.110 

14.0mm from apex width B/L 1.163 0.432 0.110 0.723 

14.0mm from apex width B/L 1.058 0.641 0.260 

14.0mm from apex width M/D 1.859 0.583 0.140 0.000* 

14.0mm from apex width M/D 0.985 0.326 0.130 

15.0mm from apex thinnest palatal dentin 2.605 0.359 0.130 0.055 

15.0mm from apex thinnest palatal dentin 2.270 0.168 0.084 

15.0mm from apex width B/L 1.225 0.412 0.170 0.475 

15.0mm from apex width B/L 1.017 0.431 0.220 

15.0mm from apex width M/D 2.472 0.447 0.160 0.000* 

15.0mm from apex width M/D 0.962 0.284 0.140 

16.0mm from apex thinnest palatal dentin 2.857 0.528 0.300 0.237 

16.0mm from apex thinnest palatal dentin 2.337 0.114 0.066 

16.0mm from apex width B/L 1.112 0.189 0.110 0.811 

 16.0mm from apex width B/L 1.060 0.287 0.170 

16.0mm from apex width M/D 2.656 0.561 0.320 0.057 

16.0mm from apex width M/D 1.240 0.238 0.140 

17.0mm from apex thinnest palatal dentin 3.05   - 

17.0mm from apex thinnest palatal dentin 2.58   

17.0mm from apex width B/L 2.17   - 

17.0mm from apex width B/L 1.25   

17.0mm from apex width M/D 2.58   - 

17.0mm from apex width M/D 1.43   

* Signifies statistically significant finding where p<0.05 
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DENTIN DIMENSIONS 

 

The following differences in means between first and second molar dentin dimension 

measurements were found to be statistically significant (p < 0.05): 

- 8.0mm from apex thinnest palatal dentin 

o The 1st molar palatal dentin is thinner than the 2nd molar palatal dentin 

- 9.0mm from apex thinnest palatal dentin 

o The 1st molar palatal dentin is thinner than the 2nd molar palatal dentin 

- 10.0mm from apex thinnest palatal dentin 

o The 1st molar palatal dentin is thinner than the 2nd molar palatal dentin 

- 11.0mm from apex thinnest palatal dentin 

o The 1st molar palatal dentin is thinner than the 2nd molar palatal dentin 

All other measurements were found to have no statistically significant difference in the 

comparison of their means using a two-sample unpaired t-test.   

 

See Figures 38-40 for graphical analysis of dentin dimension. See Figures 28 & 29 for 

examples of measurements made (pages 39-40). 

 

 

Figure 38 – Comparing furcal and palatal dentin dimensions of each molar 
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Figure 39 – Comparing furcal dentin dimensions of first and second molars 

 

 

 

 

 

Figure 40 – Comparing palatal dentin dimensions of first and second molars 
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CANAL WIDTHS 

 

The following differences in means between first and second molar canal width 

dimension measurements were found to be statistically significant (p < 0.05): 

- 13.0mm from apex width M/D 

o The 1st molar canal width is wider than the 2nd molar canal width 

- 14.0mm from apex width M/D 

o The 1st molar canal width is wider than the 2nd molar canal width 

- 15.0mm from apex width M/D 

o The 1st molar canal width is wider than the 2nd molar canal width 

All other measurements were found to have no statistically significant difference in the 

comparison of their means using a two-sample unpaired t-test.  

 

See Figures 41-43 for graphical analysis of canal widths. See Figures 30 & 31 for 

examples of measurements made (pages 40-41). 

 

 

Figure 41 – Comparing canal widths of first and second molars 
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Figure 42 – Comparing buccal-lingual canal widths 

 

 

 

 

Figure 43 – Comparing mesial-distal canal widths 
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Table 6 – Corresponding file sizes to mean measured canal widths 

Level of canal 

from apex 

First Molar 

(B/L x M/D) 

Second Molar 

(B/L x M/D) 

0.5mm 30-35 30-40 

1.0 30-35 35-40 

1.5 30-40 35-40 

2.0 35-45 40-40 

2.5 40-50 40-50 

3.0 45-55 40-50 

3.5 45-60 45-55 

4.0 45-65 50-60 

4.5 50-70 50-65 

5.0 50-70 55-70 

5.5 55-75 55-75 

6.0 60-80 60-80 

7.0 65-90 70-90 

8.0 70-100 75-100 

9.0 75-105 80-100 

10.0 80-115 85-100 

11.0 85-125 100-110 

12.0 95-140 90-110 

13.0 100-155 100-100 

14.0 115-185 100-100 

15.0 125-250 100-100 

16.0 115-265 100-125 

17.0 220-260 125-145 
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Figure 44 – Area graph depicting the B/L width of the canal based on corresponding file size 

 

 

 

 

Figure 45 – Area graph depicting the M/D width of the canal based on corresponding file size 
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ROOT LENGTH 
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Figure 46 – Frequency distribution of root length 

No significant difference found between the 

root length of first and second molar palatal 

roots. 

 

The mean root length was 14.37mm for first 

molars and 14.01mm for second molars.  

 

See Figure 25 (page 38) for example of 

measurement. See Figure 46 (below) for 

graphical analysis of root length data.  
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NUMBER OF APICAL EXITS 
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Figure 47 – Frequency distribution of number of apical exits  

No significant difference found between the 

number of apical exits in 0.5mm for first and 

second molar palatal roots.  

 

The mean number of apical exits was 1.333 

for first molars and 1.118 for second molars. 

 

See Figure 47 (below) for graphical analysis 

of number of apical exits data. 
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LATERAL CANALS 

Table 7 – Summary of Distance from Apex of Lateral Canal Exit and Branch for All Samples (mm) 

Tooth Name Level of Lateral 

Canal Exit (root) 

Level of Lateral Canal 

Branch (canal) 

1 2.36 4.58 

2 2.51 3.01 

3 2.00 2.75 

6a 2.47 2.47 

6b 3.27 3.27 

11 1.75 1.50 

19 4.50 5.00 

20 1.25 1.50 

22 1.50 2.00 

23 2.00 2.25 

24 2.25 3.25 

27 1.50 3.50 

29 1.85 2.00 

37a 1.25 1.50 

37b 1.50 2.00 

43 3.50 3.00 

45a 3.00 3.00 

45b 3.50 3.50 

46 2.50 3.25 

47 0.75 2.00 

48a 2.75 2.50 

48b 3.50 3.50 

48c 6.50 7.00 

50a 1.50 1.50 

50b 2.00 2.00 

50c 2.50 2.75 

50d 3.50 3.75 

% with lateral exits 40.43% 

Average 2.49mm 2.90mm 

% Apical 3mm 74.07% 59.26% 

% Apical 3.5mm 92.59% 85.15% 
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LEVEL OF LATERAL CANAL EXIT 

 

 

Figure 48 – Frequency of level of lateral canal exiting root in millimeters from the apex (X-axis) 
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No significant difference was found 

for the level of lateral canal exit 

between first and second molar 

palatal roots.  

 

The mean level of canal exit was 

2.54mm for first molars and 

1.90mm for second molars.  

 

See Table 7 (page 58) and Figure 

48 (below). See Figure 32 (page 41) 

for example of lateral canal 

measurements. 
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LEVEL OF LATERAL CANAL BRANCH 

 

 

 

Figure 49 – Frequency of level of lateral canal branching in millimeters from apex (X-axis) 
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No significant difference was found 

between the level of lateral canal 

branch from main canal for first and 

second molar palatal roots. 

 

The mean level of lateral canal branch 

from main canal was 3.04mm for first 

molars and 2.75mm for second molars.  

 

See Table 7 (page 58) and Figure 49 

(below). See Figure 32 (page 41) for 

example of lateral canal measurements. 
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CANAL CURVATURE 

 

 

Figure 50 – Dot-plot of all data points for canal curvature 
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Canal Curvature

(Degrees)

Canal curvature was measured using an 

angle tool based on technique described 

by Pruett et al. (1997). 

 

No significant difference was found 

between the canal curvature of first and 

second molar palatal roots.  

 

The mean angle of canal curvature was 

22.40 degrees for first molars and 21.45 

degrees for second molars. 

 

See Figures 50-52 and Tables 8 & 9 

(below). 
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Figure 51 – Histogram of percentage of curvature in degrees (X-axis)  

 

Table 8 – Classifying canal curvature by type and molar by percentage 

Canal Curvature 1st Molar (n) 2nd Molar (n) 

Type 1 (less than 10°) 10     (3) 5.9       (1) 

Type 2 (10-20°) 20     (6) 29.4     (5) 

Type 3 (20-30°) 50    (15) 47       (8) 

Type 4 (greater than 30°) 20     (6) 17.6     (3) 

 

 

DIRECTION OF CURVATURE: 

4/30 1st molar canals curved to Palatal (13.33%); otherwise curved to Buccal.  

1/17 2nd molar canals curved to Palatal (5.88%); otherwise curved to Buccal.  

 

CORRELATION:  

Analysis for correlation of canal curvature to: root length, dentin dimensions, and canal 

widths, found none are statistically significantly different than zero. 
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Table 9 – Categorizing of location of canal curvature by percentage 

Location of 

Curvature 

 

Apical 

(n)  

Junction 

Middle/Apical 

(n) 

 

Midroot 

(n) 

Junction 

Middle/Coronal 

(n) 

 

Coronal 

(n) 

First Molar 

 

26.66 (8) 40 (12) 33.33 (10) 0 0 

Second 

Molar 

35.29 (6) 11.76 (2) 41.18 (7) 11.76 (2) 0 
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Figure 52 – Bar graph depicting percentage of location of canal curvature along palatal root 
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APICAL CONSTRICTION ANATOMY 

 

Table 10 – Classification of apical constriction anatomy  

 1st Molar 2nd Molar Combined 

Single 4 4 8         (17.02%) 

Tapering 2 1 3         (6.38%) 

Parallel 9 7 16       (34.04%) 

Flaring 10 3 13       (27.66%) 

Delta 5 2 7         (14.89%) 

 

Apical constriction considered “Present” if anatomy was “Single” or “Tapering” (23.4%) 

and considered “Absent” if anatomy was “Parallel”, “Flaring”, and/or “Delta” (76.6%). 

 

 

 

EXAMPLES OF OTHER ANATOMICAL FEATURES DISCOVERED: 

 

 

Figure 53 – Fused MB/P Root System (Tooth 15) 
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Figure 54 – Enamel Pearl at Furcation (Tooth 11) 

 

 

 

 

Figure 55 – Second Palatal Canal (Tooth 20) 
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DISCUSSION 

  

The results of this research have provided average measurements for a plethora of 

data points in the anatomy of the palatal root of maxillary molars. First and second molar 

measurements were compared at all points using an unpaired t-test and for the most part, 

there were no significant differences. This discussion section reviews the averages found 

per tooth in the various categories of measurements completed and delves into further 

analysis on the statistically significant differences. The impact of the results on clinical 

applications and treatment recommendations are also discussed. 

 

Dentin Dimensions 

 The thinnest furcal area was found at 0.5mm from the apex of both first and 

second molars at a mean of 0.599mm each. The mean dimension of thinnest palatal 

dentin was also found at 0.5mm at 0.789mm and 0.809mm for first and second molars 

respectively. From apex to coronal, the dimension of the dentin increases on both furcal 

and palatal sides of the root.  

There was a statistically significant difference found in the dimension of the 

thinnest palatal dentin in first molars compared to second molars at 8.0, 9.0, 10.0 and 

11.0mm from the apex. The first molar palatal dentin was thinner than the second molars 

at these levels. The mean palatal dentin thinness was 1.550mm at 8.0mm and 1.872mm at 

11.0mm from the apex for the first molars compared to 1.714mm at 8.0mm and 2.190mm 

at 11.0mm. The 8.0-11.0mm distance from the root apex coincides with approximately 

midroot and the location of 33-41% of canal curvatures (Figure 52, page 63).  Figures 38-

40 (pages 50-51) display the increase in dentin along the root as well as the difference 
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found at 8-11.0mm. This area of coronal root dentin thinness ranges in the data from 

1.41mm to 1.75mm for the first molars and 1.29mm to 2.40mm for second molars at the 

8.0mm level. Additional ranges can be seen within the complete data table in Appendix D 

(page 90).  

The morphology of the first molar crown has a distinct feature that relates to this 

area of thinner dentin. The lingual groove, which extends to the lingual surface of the 

crown, is continued by a shallow depression that extends to the palatal root surface 

(Figure 10, page 18). The second molar does not have such a distinct lingual groove or 

root depression according to Nelson (2015) (Figures 10, 11; pages 18, 19).  

This area of reduced dentin dimension would be at higher risk of perforation in 

some molars with deeper grooves and depression in root canal therapy should large 

coronal flaring instruments be used like Gates Glidden drill and orifice openers. These 

flaring instruments are typically used in ‘brushing’ motion away from the furcation and 

therefore into the palatal dentin. Additionally, there is an increased risk of strip 

perforation with enlarged taper sizes and with post space preparation. A clinician should 

evaluate the presence and extent of the coronal lingual groove and lingual depression on a 

maxillary first molar crown clinically to determine if any alterations in treatment 

approaches are needed. Probing the palatal root may also give an indication for the depth 

of the depression, both apically and pulpal. Additionally, it is likely this root depression 

would be visible on LFOV CBCT axial sections. 

Given the findings of thinner palatal root dentin in first molars at approximately 

midroot level, an anticurvature filing technique could increase risk of strip perforation or 

weakening of remaining palatal radicular dentin. Treatment alterations therefore should 
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include conservative filing techniques, selection of decreased tapers for instrumentation, 

and selection of smaller posts should they be required. The reduced palatal root dentin 

dimensions discovered through this research demonstrate the need for alteration in 

instrumentation techniques for maxillary first molar palatal roots. 

 

 

Canals Working Widths 

 Within the palatal root, the mean width mesio-distally was consistently found to 

be larger than the mean width of the canal bucco-lingually for both first and second 

molars (Figures 41-43, pages 52-53). 

 At distances of 13.0mm, 14.0mm, and 15.0mm from the apex, there was 

statistically significantly wider canals mesio-distally in first molars than in second 

molars. There were no significant differences found in the bucco-lingual dimensions 

between molars at any level. This study found the average root length of maxillary 

molars to be 14.01-14.37mm which relates the 13.0-15.0mm distances from apex 

approximately to the level of the cementoenamel junction (CEJ) and relative level of the 

pulpal floor. At 13.0mm from the apex, the mean mesio-distal width of first molar palatal 

roots was 1.560mm compared to mean mesio-distal width of second molar palatal roots at 

0.977mm. At 15.0mm, the mean first molar mesio-distal width was 2.472mm compared 

to 0.962mm in second molars. Further information on the means and ranges of data are 

available in Appendix F (page 92).  

 The larger mesio-lingual cusp found on maxillary first molars compared to second 

molars is likely the morphologic reason for the presence of a wider canal in the coronal 
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aspect of this root. Clinically, the wider canal may prompt the clinician to use a larger 

taper and coronal flaring of the orifice during instrumentation. However, as demonstrated 

in Figures 38-40 (pages 50-51) and previous discussion section on dentin dimensions, 

there is thinner palatal dentin found in the middle and coronal root thirds. File 

instrumentation techniques of the canal should consider this increased mesio-distal width 

and reduced dimensions of palatal dentin, perhaps focusing the files on the mesial and 

distal canal walls versus buccal and palatal.  

 Table 6 (page 54) and Figures 44 & 45 (page 55) relate the mean measurements 

of the canal widths to file sizes. It is clear in the area graphs (Figures 44 & 45) that the 

width mesio-distally is much greater than bucco-lingually. The range from bucco-lingual 

width to mesio-distal width further emphasizes the ovoid canal form. On average, the 

canal width at 0.5mm from root apex, an approximate working length, would equate to a 

30 or 40 file size. Therefore, in selecting a master apical file size, a minimum of 40 can 

be recommended to conservatively prepare the apical critical zone of the canal. If a 0.04 

taper preparation was completed, the file size at D7 is 0.680mm and at D16 1.040mm. The 

average pre-operative working widths at D7 for first molars were 0.623mm buccal-lingual 

and 0.891mm mesial-distal, while second molars, 0.694mm and 0.895mm respectively.  

Furthermore, at D16, the buccal-lingual dimension for first molars was 1.112mm and 

mesial-distal at 2.656mm, while second molars were 1.060mm and 1.240mm 

respectively. The buccal-lingual canal width would be conservatively prepared with a 

40/0.04 file size however preoperative width mesial-distally is approximately two file 

sizes larger than what would be prepared at D7 (70 versus 90). To achieve thorough canal 
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debridement, angling the files mesially and distally to brush along the wide ovoid form 

should be considered. 

 For obturation of the canal system, the mesio-distal ovoid form in first molars 

increased at 4mm from root apex where the equivalent file size difference was four sizes 

greater mesio-distally than bucco-lingually (65-45) and at level 5.5mm for second molars 

(75-55). For continuous wave obturation utilizing a seared master cone followed by canal 

backfilling with thermoplasticized gutta-percha, a sear-off level between 4-5.5mm can be 

recommended so that the thermoplasticized backfill can adapt and adhere to this 

increased flare of the middle and coronal canal widths.  

 Knowledge of the palatal root canal’s working width demonstrates the significant 

increase in width mesio-distally compared to bucco-lingually, particularly in first molars 

at levels 13-15.0mm from the apex or approximately at the level of the CEJ and pulpal 

floor.  

 

 

Apical Ramifications & Lateral Canals 

 There was no significant difference found between the number of apical exits in 

the apical 0.5mm of first or second molars. The mean number of apical exits was 1.333 

for first molars and 1.118 for second molars (Figure 47, page 57). This measurement 

demonstrates the complexity of the accessory canal anatomy and need to clean the full 

extent of the canal. 

 Regarding lateral canals, which were classified as any additional exit from the 

main canal and coronal to the apical 0.5mm, 40.43% of samples demonstrated the 
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presence of lateral canals (Table 7, page 58). There were no significant differences found 

between first and second molars and the level of lateral canal exits or level of branching 

from the main canal.  

 An interesting observation was the percentage of lateral canals exiting or 

branching in the apical 3mm versus the apical 3.5mm. The recommended surgical root-

end resection amount is 3mm based on apical anatomy (Kim, 2001, 2006). Within this 

micro CT analysis, a greater percentage of lateral canals would be removed with a 

resection level at 3.5mm compared to 3.0mm (92.59% vs 74.07%). Given the complexity 

of palatal root-end resection, consideration must be applied per individual case based on 

overlying thickness of palatal bone, crown-root ratio, and accessibility. 

 

 

Root Length & Canal Curvature 

 There were no significant differences found for mean root length of the palatal 

root for first or second molars. First molar palatal root length was 14.37mm and second 

molars 14.01mm.  

 No significant differences were found in mean angle of canal curvature in first 

and second molars. The average curvatures found were 22.56 degrees and 21.83 degrees 

respectively. Figure 51 demonstrates the frequency of curvature in degrees and Table 8 

classifies the canal curvature by Types (page 62). Type I is a curvature less than 10 

degrees, Type 2 ranges from 10-20 degrees, Type 3 ranges from 20-30 degrees, and 

newly added Type 4 is a curvature greater than 30 degrees. Bone & Moule (1986) had 

classified three types of curvature (Types 1, 2, 3), however in the present research 
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approximately 20% of curvatures were greater than 30 degrees thus a fourth ‘Type’ was 

added for further classification.  

 Other studies of canal curvature have measured and included the radius of 

curvature. A smaller radius with greater curvature is more challenging than a large radius 

of the same curvature. In the present study, the radius of curvature was not measured. By 

observational report only, most curvatures of the canal were broad sweeping curves 

rather than sharp abrupt curves (Figures 26 & 27, page 39). Future research could 

calculate and classify the radius of canal curvature of palatals root of maxillary molars. 

In the present study, the canal curvature was further analyzed by the location of 

the main region of curvature in Table 9 and Figure 52 (page 63). The majority of first 

molar canals curve at the junction of the middle and apical thirds (40%) and at midroot 

level (33.3%). No curvature was noted coronal to midroot. For second molars, most 

curvature was either in the apical third (35.39%) or midroot (41.18%). Still 11.76% of 

second molars curved at the junction of the middle and coronal thirds. The location and 

extent of curvature is significant for preventing iatrogenic errors such as ledges and strip 

perforation. With LFOV CBCT, three-dimensional analysis of roots can be done 

chairside for additional insight into canal curvature by degree and location.  

 

 

Restorative Recommendations 

Should a post be required in the restoration of this tooth, the location and degree 

of curvature should be considered for prevention of perforation and reducing the risk of 

root fracture. According to Goodacre (1995), the ideal length of a post is ¾ of the root 
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length, yet a minimum of 4mm of gutta-percha must be retained to prevent compromising 

the apical seal (Neagly, 1969).  This research found most root curvatures are within the 

middle to apical thirds of the palatal roots (Figure 52), therefore post placement beyond 

midroot depth would greatly increase the risk of perforation and would be 

contraindicated. With an average root length approximately 14mm in this study, a post 

preparation that retains at least 7mm of obturation material would prevent preparation 

beyond midroot and into the site of most curvature. Coupling this curvature with the 

thinner palatal dentin dimensions found at 8-11mm from the root apex in first molars, the 

size of post preparation should be such that no additional radicular dentin is removed. 

Selecting a matched tapered fiber post would be ideal to preserve the integrity of the 

remaining root dentin.  If a 40/0.04 preparation is completed, the file size at D7 is 

0.680mm and at D16 1.040mm. A post of similar or smaller taper would be ideal. 

In determining post sizing, additional consideration is needed given the mesio-

distal width of the canal compared to the buccal-lingual width. For a post to fit the mesio-

distal dimension, excessive preparation would be done to the buccal-lingual dentin likely 

resulting in perforation or increased fracture risk. For a post to fit the buccal-lingual 

dimension, unfilled canal space would be present and require sufficient luting cement 

material. Perhaps placement of two smaller posts would be better along the mesial and 

distal canal walls. This would also create divergence coronally for increased retention of 

the core material.  
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Apical Constriction Anatomy 

 The anatomy of the apical constriction was classified as one of the following: 

single, tapering, parallel, flaring, or a delta. Modeled by recent research (Meder-

Cowherd, 2015), single constriction or tapering canal walls were considered to indicate 

the presence of a constriction. Parallel, flaring and delta anatomy were considered to 

indicate the absence of a constriction. Within this research, only 23.4% of specimens 

were found with an apical constriction present. With 76.6% of canals having no apical 

constriction present, decisions made in the instrumentation process are critical for 

adequate cleaning, shaping, and obturation as well as prevention of apical extrusion.  

 The present study found an average pre-operative working width of the canal 

apical size to be 30-35mm, therefore a minimum master apical file size of 40 should 

enable creation of an apical seat and allow containment of obturation material within the 

canal.  

Given the increased risk of extrusion in this canal due to the absence of an apical 

constriction, attention should be applied to irrigation techniques, working length, and to 

materials selected for obturation. With a variety of sealers types available, selection of a 

non-zinc-based sealer is warranted given the risks of Aspergillus mycetoma of the sinus 

(Giardino, 2006). Furthermore, minimizing extrusions should aid in resolution of 

maxillary sinusitis of endodontic origin (MSEO) and increase overall healing prognosis 

of the endodontic therapy. 
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Additional Findings 

 Figures 53-55 (pages 64-65) depict additional findings and anatomic variations. 

Figure 53 depicts the fused root system between the mesiobuccal root and palatal root. 

An isthmus is visible as well as a furcation canal. Analysis with micro CT allowed for 

visualization of this anatomic finding and emphasized the importance of sufficient 

chemical irrigation, addition of passive ultrasonic or multisonic irrigation, and potential 

benefit of interappointment calcium hydroxide medication to aid in tissue dissolution and 

continued disinfection. Figure 54 shows an enamel pearl at the furcation. This 

developmental anomaly would likely increase the risk of periodontal disease with 

furcation involvement given lack of soft tissue attachment to enamel and difficulty in 

maintaining adequate oral hygiene. Most interestingly, Figure 55 presents evidence of a 

second palatal canal. This was the only specimen with two palatal canals out of the 47 

evaluated, an incidence of 0.02%. The axial micro CT view shows the irregular outline of 

the palatal root which would likely be recognized with a LFOV CBCT as atypical and 

prompt closer inspection. Expectation should be a single canal incidence, however there 

is still a small chance of an additional canal within the palatal root as well as an isthmus 

in fused roots.  

 

 

Micro-Computed Tomography 

 The use of micro CT for this anatomical study allowed for three-dimensional 

visualization of the canal and the relationship with the hard tissues in a non-destructive 

manner. The microfocus and resolution provided with this method of analysis is 
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advantageous to minute measurements that vary in tenths of millimeters. A disadvantage 

of the technology is the time required for scanning, reconstructing and analyzing. 

Additionally, the machine and software are expensive.  

The sample size in the present study is larger than previous types of micro CT 

anatomic studies (Barsness, 2014; Harris, 2013), however, still small compared to sample 

sizes completed by other anatomic study designs without micro CT (Degerness, 2008).  

Additionally, the analysis software of VG Studio allowed for basic measurements 

that were accomplished within this study, but more complex evaluation features are 

available for which additional training would be required for implementation. Thus, there 

is potential for additional research to be completed on the existing micro CT 

reconstructed scans and given the digital nature of the specimens, the scans can be 

accessed intact for future research. 

 

 

Limitations & Future Research 

 Beyond the limited sample size due to the time and costs required for use of micro 

CT, there was no demographic information on the origin of the teeth. This may be 

considered as a positive factor because it can be anticipated that both sexes, a range of 

ages, and various ethnicities contributed to the samples providing broad analysis. 

However, this cannot be confirmed. Perhaps the samples were mostly older individuals 

with secondary dentin deposition within the root, increased cementum deposition, and 

potential for external resorption to occur. These normal processes of aging teeth could 
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impact the dimensions measured and may be different than a tooth from a younger 

individual.  

 The accuracy of the measurements made relied on obtaining an ideal scan and 

reconstruction of the data as well as appropriate parameters set within the viewing 

software (VG Studio). Additional training and experience with these machines and 

software would likely allow for better utilization and manipulation of the features 

offered. 

 Future research of the palatal root could include analysis of teeth with known 

demographics to investigate any significant differences in dentin and canal dimensions, 

root length, and root curvature amongst different population groups (age, sex, ethnicity). 

Anatomic features of the palatal root could be analyzed using LFOV CBCT to see how 

comparable the measurements are to what was found in this study with micro CT. This 

information would assure clinicians that measurements made by LFOV CBCT are 

equivalent to the ‘gold standard’ of micro CT and translatable to clinical practice through 

available three-dimensional clinical radiography. 
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CONCLUSION 

 

The impact of this research adds to the understanding of one of the most 

frequently treated teeth: maxillary molars. The specific analysis of the palatal root was 

important as most previous research has focused on the mesiobuccal root. Furthermore, 

with the use of micro CT, analysis of the root dentin dimensions could also be completed. 

With this data, comparisons were made between first and second molars.  

Statistically significant differences were noted in palatal root dentin dimensions 

with thinner palatal dentin present at the 8-11.0mm levels from the apex, or 

approximately the middle and coronal thirds of the root, in first molars compared with 

second molars. Mesio-distal canal widths were also found to be statistically significantly 

wider in first molars compared to second molars at the levels of 13-15.0mm from the 

apex, which equates approximately to the level of the CEJ and pulpal floor. The clinical 

relevance of these findings relates to treatment decision-making for coronal flaring, filing 

techniques, preparation taper, and post placement technique. Conservative coronal 

flaring, minimal post preparation, and instrumentation directed more mesio-distal are 

suggested, especially in first molars given the presence of a lingual groove, lingual root 

depression, and large mesio-distal widths.  

Additionally, the pre-operative working width of the canal has been presented and 

an approximate apical size of 30-40 hand file of 0.02 taper exists on average in these 

canals. This data suggests a minimum master apical file size of 40. Furthermore, the 

absence of an apical constriction was noted in 76.6% of canals. Careful consideration is 

imperative for determination of working length and master apical file sizing to create an 

apical seat and to maintain obturation material in the canal. With evidence of the 
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proximity of this root near the maxillary sinus, prevalence of maxillary sinusitis of 

endodontic origin, and reported incidence of Aspergillus mycetoma fungal infection 

(Giardino, 2006), selection of a sealer that is not zinc-based is suggested as well as effort 

toward minimizing sealer extrusions.  

This research also demonstrates the extent of canal curvature present and 

confirms the recommendation by Bone (1986) to consider significant curvature in all 

palatal roots. The present study refines the curvature knowledge by using Pruett’s method 

and categorizes the location of curvature along the root. Should posts be necessary, 

preparation should not extend beyond midroot as approximately 33-41% of root 

curvatures initiate midroot. Clinically, aiming to retain 7mm of gutta-percha would 

coincide with limiting post placement beyond midroot. 

 The level of lateral canal exiting and branching is notable for surgical intervention 

through root-end resection. While only 40% of the specimens demonstrated the presence 

of lateral canals, when present, 74% exited in the apical 3mm and approximately 92.5% 

exited in the apical 3.5mm. These findings suggest that root-end resection levels should 

be made at 3.5mm from the apex for palatal roots.   

 The goal of this anatomic study was to enhance the understanding of the palatal 

root of maxillary molars. Overall, these findings aid in providing an adequate foundation 

of morphologic knowledge of this tooth as well as guide treatment decisions for non-

surgical, surgical and restorative treatment needs of maxillary first and second molars.  
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Tooth specimen type, apical exits, root length, curvature, and lateral canals 

 

Appendix B 
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Thinnest Dentin (mm)- FURCAL 

 

Appendix C 
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Thinnest Dentin (mm) – PALATAL 

 

Appendix D 
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Buccal/Lingual Canal Width (mm) 

 

Appendix E 
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Mesial/Distal Canal Width (mm) 

 

Appendix F 
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0.5mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 

 

  

  

Appendix G 



 

 

96 

 

1mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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1.5mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 

 

 

 

 

 

  

  



 

 

98 

 

2mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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2.5mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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3mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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3.5mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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4mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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4.5mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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5mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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5.5mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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6mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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7mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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8mm 

Furcal Dentin                   Palatal Dentin* 

 

Buccal-Lingual Width   Mesial-Distal Width 
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9mm 

 

Furcal Dentin                   Palatal Dentin* 

 

Buccal-Lingual Width   Mesial-Distal Width 
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10mm 

Furcal Dentin                   Palatal Dentin* 

 

Buccal-Lingual Width   Mesial-Distal Width 
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11mm 

Furcal Dentin                   Palatal Dentin* 

 

Buccal-Lingual Width   Mesial-Distal Width 
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12mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 
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13mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width* 
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14mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width* 

 

 

 

 

 

1st Molar: 2.265 mean; 

2nd Molar: 2.15 mean;  
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15mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width* 

 

 

 

 

 

n/a 
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16mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 

 

 

 

 

 

n/a 
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17mm 

Furcal Dentin                   Palatal Dentin 

 

Buccal-Lingual Width   Mesial-Distal Width 

 
 

 

 

 

 

n/a 1st molar: 3.05 mean; 

2nd molar: 2.58 mean; 

 

1st molar: 2.17 

2nd molar: 1.25 

 

1st molar: 2.58 mean 

2nd molar: 1.43 
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Minitab 18 Statistical Analysis Reports when p<0.05 

 

DENTIN DIMENSIONS 

 

The following differences in means between first and second molar dentin dimension 

measurements were found to be statistically significant (p < 0.05): 

 

8.0mm from apex thinnest palatal dentin 

 

 

 

i

!Data
Unusual

are associated with special causes and repeating the analysis.
you should try to identify the cause of its unusual nature. Correct any data entry or measurement errors. Consider removing data that
One data point (row 11) is unusual compared to the others in C2. Because unusual data can have a strong influence on the results,

Normality
are large enough.
Because both sample sizes are at least 15, normality is not an issue. The test is accurate with nonnormal data when the sample sizes

Size
Sample The sample is sufficient to detect a difference between the means.

Variance
Equal

shows that the test performs well with unequal variances, even when the sample sizes are not equal.
Minitab’s Assistant uses Welch's method, which does not assume or require that the two samples have equal variances. Research

Check Status Description

2-Sample t Test for the Mean of C1 and C2
Report Card
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9.0mm from apex thinnest palatal dentin 

 

 

 

i

Data
Unusual There are no unusual data points. Unusual data can have a strong influence on the results.

Normality
are large enough.
Because both sample sizes are at least 15, normality is not an issue. The test is accurate with nonnormal data when the sample sizes

Size
Sample The sample is sufficient to detect a difference between the means.

Variance
Equal

shows that the test performs well with unequal variances, even when the sample sizes are not equal.
Minitab’s Assistant uses Welch's method, which does not assume or require that the two samples have equal variances. Research

Check Status Description

2-Sample t Test for the Mean of C1 and C2
Report Card
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10.0mm from apex thinnest palatal dentin 

 

 

 

i

Data
Unusual There are no unusual data points. Unusual data can have a strong influence on the results.

Normality
are large enough.
Because both sample sizes are at least 15, normality is not an issue. The test is accurate with nonnormal data when the sample sizes

Size
Sample The sample is sufficient to detect a difference between the means.

Variance
Equal

shows that the test performs well with unequal variances, even when the sample sizes are not equal.
Minitab’s Assistant uses Welch's method, which does not assume or require that the two samples have equal variances. Research

Check Status Description

2-Sample t Test for the Mean of C1 and C2
Report Card
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11.0mm from apex thinnest palatal dentin 

 

 

 

i

Data
Unusual There are no unusual data points. Unusual data can have a strong influence on the results.

Normality
are large enough.
Because both sample sizes are at least 15, normality is not an issue. The test is accurate with nonnormal data when the sample sizes

Size
Sample The sample is sufficient to detect a difference between the means.

Variance
Equal

shows that the test performs well with unequal variances, even when the sample sizes are not equal.
Minitab’s Assistant uses Welch's method, which does not assume or require that the two samples have equal variances. Research

Check Status Description

2-Sample t Test for the Mean of C1 and C2
Report Card
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CANAL WIDTHS 

 

The following differences in means between first and second molar canal width 

dimension measurements were found to be statistically significant (p < 0.05): 

 

13.0mm from apex width M/D 

 

 

 

i

!

Data
Unusual There are no unusual data points. Unusual data can have a strong influence on the results.

Normality

interpreting the test results.
inaccurate with small samples. Because normality cannot be reliably checked with small samples, you should use caution when
Because the sample size of C2 is less than 15, normality can be an issue. If the data are not normally distributed, the p-value may be

Size
Sample The sample is sufficient to detect a difference between the means.

Variance
Equal

shows that the test performs well with unequal variances, even when the sample sizes are not equal.
Minitab’s Assistant uses Welch's method, which does not assume or require that the two samples have equal variances. Research

Check Status Description

2-Sample t Test for the Mean of C1 and C2
Report Card
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14.0mm from apex width M/D 

 

 
 

 

 

 

 

 

 

 

 

 

 

i

!

Data
Unusual There are no unusual data points. Unusual data can have a strong influence on the results.

Normality

interpreting the test results.
inaccurate with small samples. Because normality cannot be reliably checked with small samples, you should use caution when
Because the sample size of C2 is less than 15, normality can be an issue. If the data are not normally distributed, the p-value may be

Size
Sample The sample is sufficient to detect a difference between the means.

Variance
Equal

shows that the test performs well with unequal variances, even when the sample sizes are not equal.
Minitab’s Assistant uses Welch's method, which does not assume or require that the two samples have equal variances. Research

Check Status Description

2-Sample t Test for the Mean of C1 and C2
Report Card
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15.0mm from apex width M/D 

 

 
 

 

i

!

!Data
Unusual

associated with special causes and repeating the analysis.
should try to identify the cause of its unusual nature. Correct any data entry or measurement errors. Consider removing data that are
One data point (row 4) is unusual compared to the others in C1. Because unusual data can have a strong influence on the results, you

Normality

reliably checked with small samples, you should use caution when interpreting the test results.
inaccurate with small samples. In addition, unusual data can have a strong influence on the test results. Because normality cannot be
Because the sample sizes are less than 15, normality can be an issue. If the data are not normally distributed, the p-value may be

Size
Sample The sample is sufficient to detect a difference between the means.

Variance
Equal

shows that the test performs well with unequal variances, even when the sample sizes are not equal.
Minitab’s Assistant uses Welch's method, which does not assume or require that the two samples have equal variances. Research

Check Status Description

2-Sample t Test for the Mean of C1 and C2
Report Card
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