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ABSTRACT 

IN VITRO DETECTION OF MESIO-BUCCAL 
CANALS IN MAXILLARY MOLAR CROSS­

SECTIONS USING THREE DIFFERENT 
RESOLUTIONS WITH KODAK 9000 3D CBCT 

lolanta Nowicka Sauer 

April 9, 2010 

CBCT in endodontics demonstrates anatomic features in 3D that intraoral, panoramic, 

and cephalometric images cannot. CBCT units reconstruct the projection data to provide 

interrelational images in three orthogonal planes (axial, sagittal, and coronal). In addition 

because reconstruction of CBCT data is performed natively using a personal computer, 

data can be reoriented in their true spatial relationships. 

Aims: To investigate accurate detection of the correct number of root canals in the mesio-

buccal root of the maxillary molar teeth using 3D imaging with cone beam computed 

tomography (CBCT) at different spatial resolution (isotropic voxel) settings. 

Methods: With IRB approval, 31 extracted maxillary molars were examined using high 

resolution, small field of view CBCT at isotropic voxel resolutions ranging at 0.076, 0.10 

and 0.20 mm. The image data sets were imported into third party segmentation software 

to provide 3D videos for 8 observers to determine the number of mesio-buccal root canals 
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in cross-sectional reconstructions. The ground truth was later established by sectioning 

the tooth roots axially. 

Results: Twenty-four of the teeth proved on sectioning to have two mesio-buccal canals 

whereas the others had one canal. Accuracy in detection of mesio-buccal canals varied 

between observers from 59% to 75% and statistically unrelated to observer experience. 

No statistical differences were found between the reconstructed 3D images regarding 

accurate detection of canals. 

Conclusions: CBCT outperformed the findings for accuracy in detection of mesio-buccal 

root canals in all previous studies using 2D imaging modalities and Tuned Aperture 

Computed Tomography. 

Keywords: Computed Tomography, X-ray, Cone-Beam; Endodontics; Image processing 
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

Most current imaging techniques in the dental office are 2-dimensional representations of 

3-dimensional (3D) objects (1-4). However, cone-beam computed tomography (CBCT) 

has gained considerable acclaim worldwide in recent years as a viable 3D imaging 

modality. To date most applications of CBCT have been in fields of implantology, oral 

and maxillofacial surgery, oral and maxillofacial radiology, and orthodontics (5). 

Improved spatial resolutions and more user-friendly software programs have opened the 

door for more clinicians then ever before to use this technology. Endodontic applications 

are growing in popularity. Researchers have shown that CBCT has greater sensitivity in 

detecting apical periodontitis, when compared to periapical and panoramic radiographs 

(6). In a population of 888 consecutive patients (1508 teeth) with endodontic infection, 

the prevalence of apical periodontitis, when comparing panoramic and periapical 

radiographs and CBCT, was 17.6%,35.3%, and 63.3%, respectively (P < .001) (6). With 

such a strong impact already suggested in the literature, this research project describes 

CBCT and its practicality as a diagnostic tool in clinical endodontic practice. 
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RCT (Root Canal Therapy) is the procedure to cure the infection and save the tooth 

where dentist drills into the pulp chamber and removes the infected pulp by scraping it 

out of the root canals. Once this is done, the dentist fills the cavity with an inert material 

and seals up the opening. The long term success of the endodontic therapy depends 

greatly on the clinician's ability to locate and identify all canals present. 

1. Historical Background 

X-rays are electromagnetic waves, like light waves, but with a wavelength about 1,000 

times smaller. Because of this very short wavelength, X-rays can easily penetrate low­

density material, such flesh. They are reflected or absorbed, however, by high-density 

material such a bone. The image made by radiography shows the denser materials (like 

bones) as light areas (i.e. the radiograph is a negative). The X-ray was discovered by 

Rektor Wilhelm Conrad Rontgen (Fig. 1) on November 8, 1895. He was studying the 

phenomena accompanying the passage of an electric current through a gas of extremely 

low pressure. On the evening of November 8, he found that if a paper plate covered on 

one side with barium platinocyanide was placed in the path of the rays it became 

fluorescent even when it was as far as two meters from the discharge tube. Rontgen 

showed that the new rays are produced by the impact of cathode rays on a material 

object. Because their nature was then unknown, he gave them the name X-rays (7). 

Rontgen delivered a paper detailing his findings on December 28, 1895. In the paper he 

admitted that he did not know the precise nature of these new rays. He chose to name 
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them "X-rays", since "X" is the mathematical symbol for the unknown. Within a few 

months of the discovery, Reiniger, Gebbert and Schall began the first commercial 

production of an x-ray apparatus in Germany. The first dental radiograph is attributed to 

Friedrich Otto Walkoff of Braunschweig, Germany, who made images of the crowns of 

teeth using silver halide emulsion on glass plates in 1896. The first "film" image 

exposure time was 25 minutes (8). Reiniger, Gebbert and Schall introduced the 'Record' 

as the first dental x-ray unit in 1905 (9). Since Rontgen's discovery of X-rays the dental 

film has been the standard for radiography in dentistry. William G. Stuber with Eastman 

Kodak developed the silver halide X-ray film specifically for dentistry (8). Although 

radiographs revolutionized medicine and dentistry they were still 2D images of 3D 

objects, therefore 3D modalities began to be explored in 1917. An Austrian 

mathematician Johann Radon (Fig.2) proved that an image of a three-dimensional object 

could be produced from its mathematical projections (10). 
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FIGURE 1 

Rektor Wilhelm Konrad Rontgen (1815-1923) 
Discoverer of X-rays 
(Source: http://nobelprize.org/nobel prizes/physics/laureates/1901lrontgen-bio.html) 
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FIGURE 2 

Johann Radon 
Mathematician who proved that an image of a three-dimensional object could be 
produced from its mathematical projections 
(Source: http://en.wikipedia.org/wiki/Johann_Radon) 
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2. Prelude to CBCT Scanners 

In 1972, Hounsfield (Fig.3) revolutionized diagnostic medicine with the introduction of 

the Computed Tomography (CT) scanner by the British firm EMI Ltd based on the 

developments of the British engineer, Godfrey Hounsfield. Together with A.M. Cormack 

(Fig.4), a South African physicist at the Groote Schuur Hospital in Cape Town who 

contributed to the development of CT in the 50s and 60s, Hounsfield was awarded the 

Nobel Prize for Medicine in 1979 (11-12). 

From this work conventional or fan beam CT scanners were developed. They are mostly 

designed for full body scanning and acquire data in the axial plane by scanning a patient 

with a narrow fan shaped X-ray beam obtaining the image slice by slice. The slices are 

then stacked together to create the three dimensional image. One of the major limitations 

of medical CT machines is that they are large and very expensive systems (13). 
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Godfrey N. Hounsfield 
Inventor of 
computed tomography in 1970-1971 

FIGURE 3 

(Source: http://media-2.web.britannica.comleb-medial57121 057 -004-11E821AF.jpg) 
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Allan MacLeod Cormack (1924-1998) 
Inventor of 
computed tomography in 1970-1971 

FIGURE 4 

(Source: http://www.britannica.comlEBchecked/topic/137722/ Allan-MacLeod-Cormack) 

CBCT uses a beam geometry providing multiple transmission images that are integrated 

directly forming volumetric information (14). One of the earliest 3D volumetric scanners 

was the Dynamic Spatial Reconstructor (DSR), conceived as early as 1975 and finally 

installed in the Medical Sciences Building on the Mayo Clinic Rochester campus in 1978 

(15). Fourteen rotating 2D cameras with 240 scan lines each receive photons of 14 
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opposing X-ray point sources at a frequency of 1/60 seconds. 

The system was very large, with a gantry measuring 4.57 meters in diameter and 6.24 

meters in length. The device weighed more than 15,200 kilograms. 

At the time the DSR was developed, 3D reconstruction algorithm was still not available. 

In need of pioneering results, the DSR was forced to employ a standard 2D 

reconstruction algorithm, originally designed to reconstruct cross-sectional slices from 

fan-beam projection data. In an approach termed the "stack-of-fans" method, the DSR 

simply treated each axial row of projection data as coming from a rotating virtual 2D fan­

beam source, located in the same plane. The DSR was used as a non-invasive diagnostic 

device to detect lung cancer and heart disease in their early stages. 

Several CBCT systems have been developed specifically for angiography (16-21), 

radiation therapy planning (22-25), and mammography (26-27). While computed 

tomography (CT) was conceived in the mid 1970s, its application in dentistry was not 

immediate because of cost, size, and dose considerations. It is only since the late 1990's 

that computers capable of computational complexity and x-ray tubes capable of 

continuous exposure have enabled clinical systems to be manufactured that are both 

inexpensive and small enough to be used in the dental office. 
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3. Cone Beam Computed Tomography 

CBCT differs from fan beam CT because it uses an X-ray cone instead of a narrow fan 

beam to acquire the data. A three dimensional cylindrical volume of data is obtained 

with a single pass of the cone as opposed to multiple passes with the traditional fan. The 

volume of data is variable between different machines. The volume is described as the 

field of view (FOV). 

A patent application for the first commercially successful maxillofacial CBCT was made 

in Italy in 1995 with Attilio Tacconi and Piero Mozzo as co-inventors and the system was 

designed and produced by Quantitative Radiology in Verona, Italy. The system was 

reported at SIRM Milano in June 1996, ECR Vienna, X March 1997 and CARS/CMI 

Paris June 1999 (28). Prototypes were tested by Polizzi (Verona, Italy, 1996), Novarad 

(Venice, Italy, March 27 1997), Bianchi (Torino, Italy, April 8, 1997), Ortega (Madrid, 

Spain, May 16, 1997) and Jacobs (Maerburg, Germany, September 5, 1997). Approval 

for sale of the first commercially available unit developed from these efforts in the United 

States, the NewT om DVT 9000 (Maxiscan in Italy only, branded by Esaote) by the Food 

and Drug Administration (FDA) was granted March 8, 2001 with the first installation 

being at the University of Lorna Linda, CA (Apri1200l). The NewTom DVT 9000 was 

the first generation (produced from 1997-2004) followed by the NewTom 3G from 2004 

onwards and the NewTom VG from 2007. All NewT om versions prior to the VG had the 

patient supine. The VG has the patient positioned standing vertically. 

FDA approval for three more CBCT units quickly followed in 2003 followed for the J 

Morita Manufacturing Corporation's 3D Accu-itomo (March 6, 2003), the Imaging 

Sciences International i-CAT (October 2,2003) and for the Hitachi CB MercuRay 
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(October 20,2003). All three of these systems have the patient seated with the head 

vertical (29). 

The J. Morita Manufacturing Corporation (Kyoto, Japan) Accu-i-tomo initially had a 4cm 

FOV that has subsequently been expanded to more than twice that size. J. Morita has also 

released a hybrid CBCT, cephalometric and panoramic unit, the Veraviewepocs-3D at the 

IDS in Cologne, Germany, in 2007, and this is now FDA approved for sale in the United 

States (30). 

The first CBCT unit manufactured in the United States was the i-CAT (Imaging Sciences 

International, Hatfield, PA, USA) which saw its development initiated at the Engineering 

School, The University of Michigan, USA and was advanced as part of the doctoral 

program for a bright young student, Predrag Sukovik, from Belgrade, Serbia. In prototype 

this system was termed the DentoCAT (14). 

Hitachi engineer, Rika Baba, had a major role in helping develop the Hitachi MercuRay, 

and subsequently in extending the range of CBCT products for anatomical sites other 

than the maxillofacial region. The MercuRay is a relatively large and heavy unit that in 

Japan has been replaced by the smaller Hitachi CB Throne. This smaller unit appears to 

be distributed solely to the Japanese market at the time or writing time (30). 
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4. Currently Available CBCT 

Examples of current commercially available CBCT units for dento-maxillofacial 

radiology: 

FIGURES 

Newtom 9000G (Quantitative Radiology, Verona, Italy) 

FIGURE 6 

CB MercuRay (Hitachi, Medical Corp., Kashiwa-shi, Chiba-ken, Japan) 
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FIGURE 7 

3D Accuitomo - XYZ Slice View Tomograph, (J. Morita Mfg. Corp., Kyoto, Japan 

FIGURE 8 

i-CAT Conebeam CT (Danaher/Imaging Sciences International, Hatfield, PA) 
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FIGURE 9 

Kodak 9000 3D (Carestream, Marne-la-Vallee, France) 
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Unit Mode/(s) Manufacturer / Distributor 

Accuitomo 3D Accuitomo - XYZ J. Morita Mfg. Corp., Kyoto, Japan 
Slice View Tomograph I 
Veraviewpacs 3D 

Galileos Galileos Sirona Dental Systems, Charlotte, NC, USA 

GENDEX CB 500 Imaging Sciences International, Hatfield, P A, 
USA I Distributed by Gendex, Chicago, 
Illinois 

Hitachi CB MercuRay I CB Hitachi Medical Corp., Chiba-ken, Japan 
Throne 

i-CAT ClassicI Next Generation Imaging Sciences International, Hatfield, P A, 
USA 

ILUMA Ultra Cone Beam CT MTEC Imaging Ardmore, OK, USA 
Scanner 

KaVo 3D eXam Imaging Sciences International, Hatfield, P A, 
USA I Distributed by Ka Vo Dental Corp." 
Biberach, Germany 

KODAK 9000 3D I 9500 3D KODAK Dental Systems, Carestream Health 
Rochester NY, USA, distributed exclusively in 
the United States by PracticeWorks, Atlanta, 
GA 

Newtom 3G I NewTom VG QR, Inc. Verona, Italy I Dent-X Visionary 
Imaging, Elmsford, NY 

ORION RCB-888 Ritter Imaging GmbH, Ulm, Germany 

Picasso Trio I Pro I Master E-Woo Technology Co.,Ltd, Natech, 
Series Giheung-gu, Korea 

PreXion TeraRecon In., San Mateo, CA, USA 
3D 

Promax 3D Planmeca OY, Helsinki, FInland 

Asahi PSR 9000N Asahi Roentgen, Kyoto, Japan I Distributed by 
Roentgen Belmont, Tokyo, Japan 

Scanora Scanora 3D CBCT SOREDEX , Tuusula, Finland 

SkyView 3D Panoramic imager My-Ray Dental Imaging, Cefla Dental Group, 
Imola, Italy 

TABLE 1 

Current Commercially Available CBCT Equipment 
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How is a CBCT scan performed? 

There are some universal concepts to be considered when operating CBCT units. 

The patient is seated or stood in CBCT unit, similar to panoramic radiography unit, 

between an x-ray source and image detector. Relevant patient information is entered into 

software program, and the area of the head to be scanned is positioned. Upon starting the 

scan, there is a cone-shaped beam of x-ray radiation that is emitted from a source to the 

patient. The "shadow" of a patient is than cast into the detector. The source and detector 

together move in one 360 degree rotation around the patient. This 3D volume of a 

captured data is, essentially, a cylinder of pixels called "voxels", which vary in 

dimensions depending on the manufacturer and scan settings selected by the operator. 

Basically the smaller and more numerous the voxels, the better the spatial resolution. 

CBCT systems can be categorized according to the orientation of the patient during 

image acquisition or scan volume irradiated. 

Patient Positioning 

CBCT can be performed with the patient in three possible positions; 1) patient sitting, 2) 

patient standing and, 3) patient supine. Equipment that requires the patient to lie supine 

physically occupies a larger surface area or physical footprint and may not be accessible 

for patients with physical disabilities. Standing units may not be able to be adjusted to a 

height to accommodate wheelchair bound patients. Seated units are the most comfortable, 

however fixed seats may also not allow scanning of physically disabled or wheelchair 

bound patients. As scan times are often greater than that used with panoramic imaging, 

perhaps more important than patient orientation is the head restraint mechanism used. 
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Scan Volume 

The dimensions of the field of view (FOV) or scan volume able to be covered is primarily 

dependent on the detector size and shape, beam projection geometry and the ability to 

collimate the beam. The shape of the scan volume can be either a cylinder or spherical 

(e.g. Newtom 3G). 

Collimation of the primary x-ray beam limits x-radiation exposure to the region of 

interest. Field size limitation therefore ensures that an optimal FOV can be selected for 

each patient based on disease presentation and the region designated to be imaged. Based 

on available or selected scan volume height, the use of units can be designed as: 

1) localized region - approx. 5cm or less (e.g. dento-alveolar, TMJ), 

2) single arch - 5cm to 7cm (e.g. maxilla or mandible), 

3) inter-arch - 7cm to 10cm (e.g. mandible and superiorly to include the inferior 

concha), 

4) maxillofacial- Wcm to 15cm (e.g. mandible and extending to nasion) or 

5) craniofacial- greater than 15cm (e.g. from the lower border of the mandible 

to the vertex of the head). 

Extended FOV scanning incorporating the craniofacial region is difficult to incorporate 

into cone beam design because of the high cost of large area detectors. The expansion of 

scan volume height has been accomplished by one unit (i-CAT Extended Field of View 

model) by software addition of two rotational scans to produce a single volume with 

22cm height. Another novel method to increase the width of the FOV yet using a smaller 

area detector, thereby reducing manufacturing costs, is to offset the position of the 
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detector, collimate the beam asymmetrically and scan only half the patient (e.g. Scanora 

3D, SOREDEX, Tuusula, Finland) 

5. Radiology and CBCT in Endodontics 

Radiography is essential to successful diagnosis of odontogenic and nonodontogenic 

pathoses, treatment of the pulp chamber and canals of the root of a compromised tooth 

via intracoronal access, biomechanical instrumentation, final canal obturation, and 

assessment of healing. Imaging serves at all stages in endodontics (31) 

Preoperative Assessment. Imaging achieves visualization of dental and alveolar hard 

tissue morphology and pathologic alterations to assist correct diagnosis. It provides 

information on the morphology of the tooth including location and number of canals, 

pulp chamber size and degree of calcification, root structure, direction and curvature, 

fractures, iatrogenic defects, and the extent of dental caries. The effects of periradicular 

and periapical disease can be determined, including the degree of root resorption and 

characteristics of periapical osteolysis. Larger lesions, only determined by imaging, may 

necessitate adjunctive surgical procedures in addition to conventional intracanal therapy. 

Diagnostic radiographs help predict the potential for complications, permit root fracture 

detection, and demonstrate periapical lesions (32). 

Intraoperative. During therapy two intraoral periapical images may be performed. The 

first is a "working" radiograph achieved by placement of a metallic file(s) into the root 

canal(s) to a length that approximates that of the root as radiological and anatomic root 

apexes are almost never coincident. This ensures that mechanical debridement of the 
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intracanal contents extends to the apical terminus of the canal and that obturation is 

dense, homogeneous, and contained within the root canal system. In addition, prior to 

final obturation, a "final" or pre-condensation radiograph is made to assure proper fitting 

of the master cone. 

Postoperative. A "postoperative" radiograph immediately after root canal obturation is 

made to assess the sealing condensation and containment of the root canal filling material 

within the root canal system. In cases where periradicular healing is incomplete, it acts as 

a baseline for assessment of healing in the medium and potentially long term. Imaging is 

important in evaluating the results of previous therapy, delayed healing, evaluating 

potential obstacles to retreatment, as well as surgical considerations (33). 

Perhaps the most important advantage of CBCT in endodontics is that it demonstrates 

anatomic features in 3D that intraoral, panoramic, and cephalometric images cannot. 

CBCT units reconstruct the projection data to provide interrelational images in three 

orthogonal planes (axial, sagittal, and coronal). In addition because reconstruction of 

CBCT data is performed natively using a personal computer, data can be reoriented in 

their true spatial relationships (32). 
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6. Mesio-Buccal Root of Maxillary Molars 

In 1960 Healey, et ai. stated that the ultimate objective of endodontic therapy is the 

obliteration of the prepared root canal space with inert material in order to restore 

integrity and state of good health of the treated tooth in dental arch (34). Ingle (35), in 

1964 described the most common cause of endodontic failure being apical percolation, 

with the largest percentage of cases failing due to incomplete canal obliteration. Other 

reasons for failure in this category include leaving a canal completely unfilled and 

inadvertently removing a silver point. Quite often a canal is left unfilled because the 

operator has failed to recognize its presence. Therefore, it is the obligation of those 

interested in endodontics to be thoroughly familiar with root canal anatomy, in both 

normal and abnormal situations, in order to keep this cause of endodontic failure to a 

minimum. 

In 1969 Weine, et ai. (36) performed study on the mesio-buccal roots of 208 extracted 

maxillary first molars in order to come up with canal configurations. Teeth in the study 

were sectioned from a mesial approach in a buccolingual direction with a disk. The canal 

configurations fell into three categories: 

Type I. A single canal from the pulp chamber to the apex. (48.5 %) 

Type II. A larger buccal canal and a smaller canal located lingual to the former which 

merges from 1 to 4 mm from the apex. (37.5%) 

Type III. Two distinct canals and two distinct apical foramina, with the buccal canal 

being larger and usually longer from the roof of the chamber to its apical foramen. (14%) 
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Since it is extremely difficult to determine which canal configuration is present, it is 

suggested (36) that whenever the mesio-buccal canal of the maxillary first molar is 

resected, the endododontist assume that a Type II or III is present and the long 

buccolingual preparation and apical filling should be employed. 

To locate the additional canal, the orifice is usually found just palatal to the orfice of the 

main mesio-buccal canal. With the course of the canal being toward the buccal aspect as 

it approaches the apex, it is suggested that a slight buccal curve be placed in the exploring 

instrument (37). 

In 1973 Seidberg, et al. (38) in laboratory and in vivo clinical observations revealed that 

38% of the mesio-buccal roots examined had a single canal from the pulp chamber to the 

apex; 37% had two pulp chamber orfices leading to separate canals that merged to a 

common apical foramen, 25% demonstrated two distinct canals and two distinct apical 

foramens. This is just another study which verifies the complexity of the mesio-buccal 

root canal system of the maxillary permanent first molar and emphasizes that care and 

effort needed to locate and treat these additional root canals. 

Sergio Vigouroux, et al. in 1978 (39) studied to floor of the pulp chamber of the 

permanent maxillary molar to obtain information that would be used to search and find 

the root canals. The floor of the pulp was found exactly in the center of the tooth and 

approximately matched the contour at the same distance from mesial, distal, buccal, and 

lingual surfaces. 
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In 1990, Gilles, et al. (40) used electron microscope to examine the number, size, or 

location of the mesiolingual orfice in mesio-buccal root. The results of this study showed 

a higher incidence of two canals in maxillary first (81 %) and second molars (59%) and 

separate mesiolingual orfices in both teeth than has been previously reported. 

Kulild, et al. (41) found MB2 in the coronal half of 95.2% of the roots studied. 54.2% 

were located by hand instruments, 31.3% by use of a bur to trough, and 9.6% with the aid 

of a microscope. His study demonstrated that careful use of a bur increased the incidence 

in locating mesio-buccal canals, in vitro, from 54.2 to 85.5%. This study also showed that 

the careful use of a bur in the floor of the chamber should not lead to an increase in 

perforations. 

In 1994, Fogel, et al. (42) used surgical telescopes, headlamps, and a modified access 

preparation which clinically aided in search for mesiolingaul canals in mesio-buccal 

roots. He found high incidence (71.2%) of two treatable canals. Of these 71.2%,31.7% 

had two separate apical foramina (Weine Type III) and 39.4% had two canals that joined 

(Weine Type II). In 28.9% cases only one canal was located. 

Occurrence ofthe fourth canal in maxillary first molars varies from 18.6% (40) to 

96.1 % (43), depending on which method was used. John J Stropko, et al., in 1999, 

stated that as operator became more experienced, scheduled sufficient time, routinely 

employed the dental operating microscope, and used specific instruments adapted for 

micro-endodontics, MB2 (second mesio-buccal) canals were located in 93% of first 

molars and 60.4% in second molars. Corcoran, et al. found similarity in their study 
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(44). Operator experience was found to improve the ability to locate and fill additional 

canals in maxillary first and second molars. 

Wolcott, et al. (45) found significant difference in the incidence of a MB2 canal between 

initial treatments and re-treatments suggests that failure to find and treat existing MB2 

canals will decrease the long term prognosis. The incidence of a MB2 in first molar re­

treatments was 67% compared to a 59% incidence in initial treatments. Frank Vertucci 

(46) in his article described and illustrated root morphology. He stated that thorough 

understanding of the complexity of the root canal system is essential for understanding 

the principles and problems of shaping and cleaning, for determining the apical limits and 

dimensions of canal preparations, and performing successful microsurgical procedures. 

Vertucci described another canal type that he designated as a type III canal. This type of 

canal starts as one canal, splits into two and then back into one canal at the apex. 

Vertucci type IV canal was the same as the Weine Type III canal with two separate 

canals to the apex. Therefore his categorization (incidence) was Type I (45%), Type II 

(37%) and Type IV (Weine type III - 18%). Since then many laboratory techniques, like 

dye injection, have been used to determine the prevalence of MB2 canals. 

Many radiographic methods have been explored to improve the accuracy of detecting 

MB2 radiographically. Walton (47) described a technique to alter the horizontal 

angulation of the radiographic beam to visualize the third dimension in a root. Martinez­

Lozano, et al.( 48) showed that altering the horizontal angulation of two periapical 

radiographs 20° and 40° improved visualization of objects that are superimposed over 

each other. Weine (49) indicated that the MB canal is often superimposed over MB2 
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which makes it difficult to visualize. MB2 is also close to the MB canal and has a smaller 

size. Goerig, et al. (50) used the 'Same Lingual Opposite Buccal' (SLOB) localization 

rule to determine the lingual from the buccal canal based on the change of direction of the 

x-ray beam and the movement of the canal or root on the second radiograph. SLOB rule 

states that the lingual canal, the most distant canal, will move in the same direction as the 

cone when a horizontal change is applied. 

Filho, et al. (51) in 2009 investigated internal morphology of maxillary molars using 

cone beam computed tomography (CBCT) analysis. He demonstrated that operating 

microscope and CBCT have been important for locating and identifying root canals, and 

CBCT can be used as a good method for initial identification of maxillary first molar 

internal morphology. 

In recent years, the development of micro-computed tomography (MCT) has gained 

increasing significance in study of hard tissues. MCT offers noninvasive reproducible 

technique for three-dimensional (3D) assessment of root canal systems and can be 

applied quantitatively as well as qualitatively. Furthermore, internal and external anatomy 

can be demonstrated simultaneously or separately. Somma, et al. (52) investigated ex 

vivo the root canal morphology of the MB root of maxillary first molar teeth by means of 

micro-computed tomography. He concluded that root canal anatomy is very complex: a 

high incidence of MB2 root canals, isthmuses, accessory canals, apical delta and loops 

was found. 
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Multiple articles indicate that CBCT may be used to evaluate root canal anatomy, 

however there is no evidence based criteria indicating what scan parameters are best for 

viewing small anatomical features like MB2 or for the difference clinical experience 

makes in evaluating CBCT scans. There are also no criteria for the use of CBCT as a 

laboratory standard. 

The current research will focus on high resolution, limited field of view CBCT, 

hoping to resolve the following issues: 

1. The ability to accurately detect the number of canals in mesio-buccal root of 

maxillary molars using CBCT. 

2. The impact of CBCT voxel resolution on the ability to accurately detect the 

number of canals in mesio-buccal root of maxillary molars. 
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CHAPTER II 

STATEMENT OF OBJECTIVES AND HYPTOHESES 

Study Objectives 

The purpose of this of this study is to investigate accurate detection of the correct number 

of root canals in the mesio-buccal root of the maxillary molar teeth using 3D imaging 

with cone beam computed tomography (CBCT) at different spatial resolution (isotropic 

voxel) settings. To determine the accuracy of CBCT images I compared detection rate of 

eight different observers with different level of experience to the ground truth, the 

anatomic cross-sections of mesio-buccal root of the maxillary molars utilized. 

The specific aims of the study were to: 

1. present descriptive information of overall accuracy of correct choice by raters in 

both original and repeat observations 

2. compare the proportion of correct choices of the number of canals in mesio-buccal 

root of maxillary teeth among three groups of raters: endodontic faculty, second 

year endodontic residents and first endodontic residents for original observations 
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3. compare the proportion of correct choices of the number of canals in mesio-buccal 

root of maxillary teeth among three levels of resolution: 0.076 mm voxel, 0.1 mm 

voxel, 0.2 mm voxel for original observations 

4. assess inter-rater reliability of the original measurements as measured by the 

intraclass correlation coefficient (ICC) 

5. assess intra-rater reliability of the repeat measurements as measured by the 

intraclass correlation coefficient (ICC) 

Study Hypothesis 

Null Hypotheses (Ho) 

1. There is no statistically significant difference in the proportion of correct choices in 

mesio-buccal root of maxillary teeth among three groups of raters: endodontic 

faculty, second year endodontic residents and first endodontic residents for original 

observations 

2. There is no statistically significant difference in the proportion of choices of the 

number of canals in mesio-buccal root of maxillary teeth among three levels of 

resolution: 0.076 mm voxel, 0.1 mm voxel, 0.2 mm voxel for original observations 

3. The measures of inter-rater reliability of the original measurements as measured by 

the ICC do not differ from 0 

4. The measures of intra-rater reliability of the repeat measurements as measured by 

the ICC do not differ from 0 

27 



Alternate Hypotheses (HI) 

1. There is a statistically significant difference in the proportion of correct choices in 

mesio-buccal root of maxillary teeth among three groups of raters: endodontic 

faculty, second year endodontic residents and first endodontic residents for original 

observations 

2. There is a statistically significant difference in the proportion of choices of the 

number of canals in mesio-buccal root of maxillary teeth among three levels of 

resolution: 0.076 mm voxel, 0.1 mm voxel, 0.2 mm voxel for original observations 

3. The measures of inter-rater reliability of the original measurements as measured by 

the ICC differ from 0 

4. The measures of intra-rater reliability of the repeat measurements as measured by 

the ICC differ from 0 
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CHAPTER III 

METHODS AND MATERIALS 

Overview 

This observational cross-sectional ex vivo (in vitro) experiment was approved by 

an expedited review procedure through the Institutional Review Board (IRB), Human 

Studies Committee of the University of Louisville for a Specimen Study involving 

previously extracted human maxillary first and second molars (Appendix A). 

Eight (8) dentist observers with varying experience in endodontics viewed a video 

that scrolled through one hundred and twenty three (123) CBCT cross sections performed 

on Kodak 9000 3D (Carestream, Marne-Ia-Vallee, France) of thirty one (31) extracted 

human maxillary first and second molars made at three different isotropic voxel 

dimensions or resolutions. Observers scored the presence or absence of MB2 canals as 

present or absent. This was compared to the ground truth by studying 2mm horizontal 

ground sections stained with methylene blue dye under a surgical operating microscope. 

Sample 

The sample consisted of thirty one extracted human maxillary molars with closed 

apices acquired from the University of Louisville Oral and Maxillofacial Surgery 

department, faculty practice and the GPR (General Practice Residency). All teeth 
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originated from adults; the age, sex, race, and reasons for extraction were not recorded. 

The teeth were stored in 10% formalin for at least 7 days for disinfection and kept in this 

preservative for unknown number of weeks. Any molars with decay extending onto the 

root surfaces or with open apices were excluded from the study. Teeth which had large 

amalgam restoration had the material removed prior to study in order to avoid the scatter 

from metallic restorations. The teeth were removed from the storage medium and allowed 

to air dry for 24 hours. 

Total of eleven models were prepared from which nine (9) models with three 

teeth (Fig. 10) and two (2) models with two teeth embedded in Red Boxing Wax 

(Dentsply, York, PA) for a support medium (Fig. 11 ). The teeth in each model embedded 

in wax was oriented so the palatal roots were on one side and buccal roots on opposite 

side and the teeth crowns were numbered from #1 through #31 respectively with a black 

sharpie marker for identification (Fig. 12). 

FIGURE 10 

Nine Experimental Models with Three Teeth 
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FIGURE 11 

Two Experimental Models with Two Teeth 
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FIGURE 12 

Numbered crowns with a black sharpie marker (1-31) for identification 
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Imaging procedure for CBCT 3D acquisition 

Small field of view CBCT scans of each experimental model were performed using the 

Kodak 9000 3D (Carestream, Marne-la-Vallee, France). This machine is a true 

panoramic/CBCT hybrid capable of a number of radiologic examinations including, 

panoramic, segmented panoramic, maxillary sinus and TMJ projections 

1) Prior to CBCT imaging, the acquisition computer must be turned on first after 

which the imaging platform is then turned on (Fig. 13). 

FIGURE 13 

Screenshot of acquisition computer turned on 

2) Next the KODAK dental imaging icon on the screen is selected to activate the 

KODAK Dental Imaging Software (Version 6.11 .7.0, Kodak 9000 3D, 

Carestream, Marne-la-Vallee, France) (Fig. 14-15). 
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FIGURE 14 

Selection of KODAK Dental Imaging Software 

FIGURE 15 

Screen shot of initial start up screen of KODAK Dental Imaging Software 
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3) The demographic data of the patient is then entered into the appropriate fields 

including the patient's number, last and first name, date of birth, social security 

number, address, phone number and comments. If the patient is of record, then 

under "PATIENT", the option "FIND" is selected and the existing patient 

database is identified. For purposes of our study each experimental model was 

entered into the computer system under "Sauer" name. 

4) For all images, the experimental models, one at the time, were immersed in water 

in the plastic container (pink denture box) with the crowns down and roots up -

mimicking the "real" orientation of maxillary teeth in the mouth (Fig. 16). The 

water level in the denture box was up to 2 cm above the apex of the teeth to 

provide soft tissue equivalent attenuation. The container with the water and 

immersed teeth was positioned on a support in an approximate position between 

the detector and the x-ray generator near the cephalostat (Fig. 17). 

FIGURE 16 
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Placement of experimental models on the support prior to acquisition 

FIGURE 17 

Arrangement of a plastic container with experimental model immersed in water 

5) The experimental models were oriented such that the occlusal plane of maxillary 

teeth was parallel to the scan rotation plane. This was achieved by using three 

laser guided lights to correct the positioning of the experimental model in the 

vertical, mid-saggital and, horizontal orientation. Crowns of the extracted teeth 

were placed just below the horizontal laser guide beam, while mid-saggital and 

vertical laser beams were in the middle of the experimental model (Fig. 18-19). 
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FIGURE 18 

Demonstration of the vertical and horizontal laser lights 
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FIGURE 19 

Demonstration of the vertical and mid-saggitallaser lights 

6) After the experimental model was positioned in the cephalostat it is necessary to 

alter the fulcrum of the CBCT and center it in the volume to be scanned. This is 

accomplished by accessing the "3D" imaging console (Fig. 20) .1 3D acquisition is 

achieved by selecting the "3 D" icon on the task bar. 
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FIGURE 20 

Initial interface of the KODAK Dental Imaging Software 

7) The software provides the operator two (2) methods to control exposure 

parameters. Exposure can be adjusted according to patient type ("Patient") or 

individual exposure factors including rnA and kVp can be adjusted 

("Parameters"). We adjusted the technical parameters of exposure using the 3 

exposure variables present on the "Patient: selection: 1) Size of the patient (4 

options - child, small adult, medium sized adult, large sized adult), 2) Shape of 

dental arch (3 options - square, "U", and "V" shaped arch forms) and, 3) Position 

of anterior teeth (3 options - protrusive, normal interincisal angle and, steep 

interincisal angle). We empirically determined that the optimal image was 

obtained with a "u" shaped arch, medium adult exposure and normal anterior 

incisal edge occlusion (Fig. 21). 
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FIGURE 21 

Parameters used under "Patient" selection for each experimental model exposure 

8) An initial scout film was performed on each specimen to verify that the entire 

tooth was in the scan region. All experimental models were then scanned at one 

of the three voxel resolutions: 0.076mm (Fig. 22), O.lmm (Fig. 23) and, 0.2mm 

(Fig. 24). 

FIGURE 22 

Voxel resolution 0.076 mm 
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FIGURE 23 

Voxel resolution 0.1 mm 

FIGURE 24 

Voxel resolution 0.2 mm 
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9) After selecting the required parameters the launching of the X-Ray by remote 

control. To hold the exposure until the end of the acquisition. The image appears 

on the screen. 

Image Reconstruction and Display 

Primary reconstruction of the data was automatically performed immediately after 

acquisition and took less than a minute. Secondary reconstruction occurred in "real time" 

and provided contiguous color correlated perpendicular axial, coronal and sagittal 2D 

MPR slices, with isotropic voxels in each orthogonal plane (Fig. 25-26). 

FIGURE 25 

Image on KODAK Dental Image Software 
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FIGURE 26 

Screenshot of dataset using KODAK Dental Imaging Software in orthogonal display 
mode 

CBCT reconstructions can be displayed in three orthogonal planes simultaneously, axial, 

sagittal and coronal. For our study we only used the orthogonal plane. To establish the 

cross section, the cross sectional tool is selected from the menu options at the top of the 

scan screen in order to scan through the tooth (Fig. 27) 
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FIGURE 27 

KODAK Dental Imaging Software cross sections of experimental models oriented such 
that palatal roots are oriented to the top of the screen 

Each SFOV volumetric dataset was exported in DICOM multifile format and 

imported into InVivoDental software (Anatomage, San Jose, CA) (Fig 27-28). 

FIGURE 27a 

InVivoDental software Icon (Anatomage, San Jose, CA) 
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FIGURE 28 

Screenshot of opening InVivoDental (Anatomage) software 

After importing DICOM files from Kodak into In VivoDental software the reorientation 

of teeth (Fig. 29) in each of the experimental models occurred such that palatal roots were 

oriented so they appear on the top of the screen (Fig. 30-31) 
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FIGURE 29 

Reorientation of the experimental models on the screen 

FIGURE 30 

Reorientation of the experimental models on the screen 
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FIGURE 31 

Reorientation of the experimental models on the screen in In VivoDeantal software 
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An advantage to evaluating CBCT data is the ability for the observer to dynamically 

interact with the volumetric data by scrolling through the cross sections. In my study the 

cross-sections were presented to raters as a video rather than selected or a contiguous 

strip of static images. These videos were made using the screen capture (Fig. 32). 

FIGURE 32 

InVivoDental Video software Icon (Anatorriage, San Jose, CA) 

Using the Anatomage software (Fig. 33) and the mouse driven cursor, a circle was drawn 

around each tooth (Fig. 34) in order to separate them so there will be only one tooth at the 

time on the screen (Fig. 35). 
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Section 

FIGURE 33 

Icon used to separate teeth so there will be one tooth at the time on the screen 

FIGURE 34 

Drawing around each tooth to separate them 
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FIGURE 35 

Single tooth on the screen 

Each tooth at each resolution was placed with the cross section at 100% magnification 

(Fig.36). 

FIGURE 36 

Cross section of tooth 
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Each scan took from 12 to 25 seconds depending on the length of the tooth roots. 

After appropriate rendering method, opacity, brightness and contrast (Fig. 37) we saved 

all videos using the "customized" option according to the settings as demonstrated in Fig. 

38. These settings were determined by conversations with Dr. Doug Chenin from 

Anatomage. 

FIGURE 37 

"Customized" settings 
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FIGURE 38 

Video Capture 

Thirty one (31) teeth were scanned at three different resolutions. Total of ninety 

three (93) videos were generated. Ten (10) videos from each resolution were repeated to 

determine intra-observer variability [31 teeth x 3 resolutions = 93 videos + 30 repeat 

videos = 123 videos]. The digital videos were saved in the *.avi format to a portable 

Kingston hard drive. 

Data collection 

Using the website: www.random.org (Fig. 39) random sequence was generated for 123 

numbers [31 teeth x 3 resolutions = 93 videos + 30 repeat videos = 123 videos] (1-123) to 

determine the order of the videos in the final video folder (appendix B). 

A second random sequence of numbers was generated to determine the 10 repeat videos 

from each of three folders with 3 different resolutions (Fig. 40). 
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FIGURE 39 

Random Sequence Generator 

FIGURE 40 

Random sequence of numbers generated to determine the repeat 10 videos from each 
folder of three different resolutions 
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Video observations 

Individual video folders with three different resolutions (including repeats) were 

combined into one final video folder where 123 videos were stored in *avi format using 

previously InVivoDental (Anatomage, San Jose, CA) software. 

Five endodontic residents (two second year and three first year residents) and 

three endodontic faculty members were asked to independently evaluate the presence or 

absence of MB2 canals in maxillary molars. The observers were given written 

instructions (Appendix C) (same instructions were placed on desktop) as well as 

observers assessment form to fill out (Appendix D). Observers were watching the 123 

videos on the same DELL Computer terminal in a "literature review room". Videos were 

played on a Windows Media Player (Microsoft, Redmond W A 98052). Upon viewing, 

the observers were asked to rate the presence or absence of MB2 canals using a two point 

confidence scale: 

1 - One canal detected, 

2 - Two or more canals detected. 

Each observer studied the 123 videos resulting in 123 ratings per observer (Fig. 41). 

Thus 984 ratings (123 Ratings x 8 Observers) were obtained (Appendix B). 
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FIGURE 41 

Observers' assessment form 

Determination of Anatomic Truth 

To evaluate the anatomic truth is important to describe: tooth sectioning, staining cross­

sections and microscopic evaluations confirmed by picture taking. 

Tooth sectioning 

After completion of the observers assessments each tooth was removed from the 

experimental models and soaked in 30% Sodium Hypochlorite solution for a minimum of 

24 hours. The MB root of each tooth was cleaned with a denture brush and hand perio 

scaler (Hu-Friedy. Chicago, ll). After drying the teeth were set in red wax and labeled. 

After 2 days of dry time the MB root of each tooth were measured and marked with pin 

point marker in order to obtain 2 mm horizontal cross-sections (Fig. 42). 
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FIGURE 42 

Marked 2 mm horizontal cross-sections 

Each tooth section was initiated from the apex and preceded coronaJly until the furcation 

was reached. 

The tooth crown was secured between right and left hand of researcher on the support 

(Fig. 43) and a diamond disc was used with high speed of saw (Baldor Polishing Lathe 

with Wells Quick Chuck, 3450 RPM) to section the mesio-buccaJ root horizontally in 

2mm increments (Fig. 44). Three to six sections were made of the MB root depending on 

the root length. The tooth sections were placed on red wax with the rest of the tooth (Fig. 

45). 
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FIGURE 43 

Making 2 mm horizontal sections of mesio-buccal root of molar 

FIGURE 44 

2 mm horizontal sections of mesio-buccal root of molar 
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FIGURE 45 

Teeth with their 2 rnm cross-sections 

Staining of the cross-sections 

The 2 rnm cross-sections of each tooth root embedded in red wax were stained with 

methylene blue dye (Roydent, Johnson City, TN) to highlight the canal space (Fig 46). 
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FIGURE 46 

Root canal locator dye 

The root sections were photographed using Cannon Power Shot SD 450 camera to show 

all the sections together. All sections were stained but only one section was evaluated by 

the microscope (FigA 7 - 61). 

FIGURE 47 

Photographic view of cross-sections teeth 1 & 2 
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FIGURE 48 

Photographic view of cross-sections teeth 3 & 4 

FIGURE 49 

Photographic view of cross-sections teeth 5 & 6 
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FIGURE 50 

Photographic view of cross-sections teeth 7 & 8 

FIGURE 51 

Photographic view of cross-sections teeth 9 & 10 
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FIGURE 52 

Photographic view of cross-sections teeth 11 & 12 

FIGURE 53 

Photographic view of cross-sections teeth 13 & 14 
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FIGURE 54 

Photographic view of cross-sections teeth 15 & 16 

FIGURE 55 

Photographic view of cross-sections teeth 17 & 18 
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FIGURE 56 

Photographic view of cross-sections teeth 19 & 20 

FIGURE 57 

Photographic view of cross-sections teeth 21, 22 & 23 
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FIGURE 58 

Photographic view of cross-sections teeth 24 & 25 

FIGURE 59 

Photographic view of cross-sections teeth 26 & 27 
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FIGURE 60 

Photographic view of cross-sections teeth 28 & 29 

FIGURE 61 

Photographic view of cross-sections teeth 30 & 31 
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Microscopic evaluation 

Each root cross-section was viewed under a global surgical operating microscope (Global 

Surgical Co., St. Louis, MO 63122) (Fig. 62) to determine the presence of one or two 

canals. 

FIGURE 62 

Cross-sections under microscope 

One resident and one faculty member blinded to the tooth number or identification 

carefully examined the sections to determine the true number of canals present. The 

results of the two observations were compared for consistency. There were 5 inconsistent 

answers so final answer was given based on two additional endodontic residents 

evaluation the questionable sections. Photographs were taken through the microscope 

using the Nikon COOLPIX 4500 digital camera (Fig. 63-94). 
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FIGURE 63 

Microscope and camera set up 

FIGURE 64 

Microscopic view of tooth #1 
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FIGURE 65 

Microscopic view of tooth #2 

FIGURE 66 

Microscopic view of tooth #3 
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FIGURE 67 

Microscopic view of tooth #4 

FIGURE 68 

Microscopic view of tooth #5 
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FIGURE 69 

Microscopic view of tooth #6 

FIGURE 70 

Microscopic view of tooth #7 
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FIGURE 71 

Microscopic view of tooth #8 

\ 
FIGURE 72 

Microscopic view of tooth #9 
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FIGURE 73 

Microscopic view of tooth #10 

FIGURE 74 

Microscopic view of tooth #11 
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FIGURE 75 

Microscopic view of tooth # 12 

FIGURE 76 

Microscopic view of tooth #13 
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FIGURE 77 

Microscopic view of tooth #14 

FIGURE 78 

Microscopic view of tooth #15 
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FIGURE 79 

Microscopic view of tooth #16 

FIGURE 80 

Microscopic view of tooth #17 
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FIGURE 81 

Microscopic view of tooth # 18 

FIGURE 82 

Microscopic view of tooth #19 
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FIGURE 83 

Microscopic view of tooth #20 

FIGURE 84 

Microscopic view of tooth #21 
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FIGURE 85 

Microscopic view of tooth #22 

FIGURE 86 

Microscopic view of tooth #23 

79 



FIGURE 87 

Microscopic view of tooth #24 

FIGURE 88 

Microscopic view of tooth #25 
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FIGURE 89 

Microscopic view of tooth #26 

FIGURE 90 

Microscopic view of tooth #27 
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FIGURE 91 

Microscopic view of tooth #28 

FIGURE 92 

Microscopic view of tooth #29 
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FIGURE 93 

Microscopic view of tooth #30 

FIGURE 94 

Microscopic view of tooth #31 
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Data Analysis 

Agreement between eight different raters' choice and the ground truth for the three 

resolutions was calculated and presented. Three groups of raters (endondontic faculty, 

second year residents and first year residents) were compared to see if there was any 

difference in rater accuracy with the weighted Chi Square test for Independence. The a 

priori level of significance was set at p ::s 0.05. Intrac1ass Correlation Coefficient (ICC) 

was used to compare inter-rater and intra-rater reliability. The ICC was used to assess the 

consistency of measurements made by multiple observers measuring the same quantity. 
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Ground Truth 

CHAPTER IV 

RESULTS 

Table (2) below shows the status of the 31 molars in the sample. Twenty four (24) 

of the 31 (77.4%) maxillary molars had two MB canals upon careful analysis of 2 mm 

horizontal cross-sections and seven teeth (7) (22.6%) maxillary molars had one MB 

canal. 

TOOTH NUMBER 

TOOTH #1 

TOOTH #2 

TOOTH #3 

TOOTH #4 

TOOTH #5 

TOOTH #6 

TOOTH #7 

TOOTH #8 

TOOTH #9 

TOOTH #10 

TABLE 2 

Ground Truth 
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GROUND TRUTH 

One Canal 

Two Canals 

Two Canals 

Two Canals 

Two Canals 

Two Canals 

Two Canals 

Two Canals 

One Canal 

One Canal 



TOOTH #11 Two Canals 

TOOTH #12 Two Canals 

TOOTH #13 Two Canals 

TOOTH #14 Two Canals 

TOOTH #15 Two Canals 

TOOTH #16 Two Canals 

TOOTH #17 Two Canals 

TOOTH #18 Two Canals 

TOOTH #19 Two Canals 

TOOTH #20 Two Canals 

TOOTH #21 One Canal 

TOOTH #22 Two Canals 

TOOTH #23 One Canal 

TOOTH #24 One Canal 

TOOTH #25 Two Canals 

TOOTH #26 Two Canals 

TOOTH #27 Two Canals 

TOOTH #28 Two Canals 

TOOTH #29 One Canal 

TOOTH #30 Two Canals 

TOOTH #31 Two Canals 
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Descriptive measure of overall accuracy of 744 original ratings: 

66.3% of total responses were correct. 

33.7% of total responses were incorrect. 

CORRECT RESPONSES: 

19% raters answered one canal and the truth was 1. 

47.2% raters answered two canals and the truth was 2. 

INCORRECT RESPONSES: 

29.2% raters answered one canal and the truth was 2. 

4.6% raters answered two canals and the truth was 1. 

Descriptive measure of overall accuracy of 240 repeats ratings: 

66.6% of total responses were correct. 

33.4% of total responses were incorrect. 

CORRECT RESPONSES: 

12.9% raters answered one canal and the truth was 1. 

53.9% raters answered two canals and the truth was 2. 

INCORRECT RESPONSES: 

26.2% raters answered one canal and the truth was 2. 

7% raters answered two canals and the truth was 1. 
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Truth 1 Canal 2 Canals Total 

Raters 142-31 217-63 359-94 
Choice 
1 Canal 

Rater's 34-17 351-129 385-146 
Choice 
2 Canals 

Total 176-48 568-192 744-240 

Original Videos Repeat Videos 

Rater Choice Compared to Truth 

FIGURE 95 

Descriptive measure of overall accuracy for both original and repeat ratings: 

66.3% of total responses were correct. 

33 .7% of total responses were incorrect. 

CORRECT RESPONSES: 

17.6% raters answered one canal and the truth was 1. 

48.7% raters answered two canals and the truth was 2. 

INCORRECT RESPONSES: 
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28.5% raters answered one canal and the truth was 2. 

5.2% raters answered two canals and the truth was 1. 

Truth 1 Canal 2 Canals Total 

Raters 173 280 453 
Choice 

1 Canal 

Rater's 51 480 531 
Choice 

2 Canals 

Total 224 760 984 

Rater Choice Compared to Truth 
in both original and repeat videos 

FIGURE 96 

Overall Rater Accuracy 

The percentages of overall correct responses compared to the truth for each 

observer is as follows: Observer 1 (endodontic faculty (ef): 67.5%, Observer 2 

(endodontic faculty (ef): 62.6%, Observer 3 (endodontic faculty (ef): 61.8% , Observer 

4 (second year resident (2yr»: 65.9%, Observer 5 (second year resident (2yr»: 74.8%, 

Observer 6 (first year resident (lyr»: 70.7%, Observer 7 (first year resident). 

(lyr»:69.1 %, Observer 8 (first year resident (lyr»: 58.5% (table 3) 
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TABLE 3 
Rater Accuracy with Observers Experience 

TABLE 

Rater Accuracy with Observers Experience 

Observer Experience Accuracy 

1 ef 67.5 % 

2 ef 62.6% 

3 ef 61.8% 

4 2yr 65.9% 

5 2yr 74.8% 

6 lyr 70.7% 

7 Iyr 69.1 % 

8 Iyr 58.5 % 

ef- endodontic faculty, lyr - first year resident, 2yr- second year resident 
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Overall Rater Accuracy 
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FIGURE 97 

Overall rater accuracy compared to the ground truth 

Overall Rater Accuracy Related to Experience and Resolution 

Detection rates of mesio-buccal canal in maxillary teeth were broken down into three 

different groups dependable on experience level and on resolution. I had three groups 

based on experience level: 1- endodontic faculty (three number of observers), 2- second 

year residents (two number of observers) and 3- first year endodontic residents (three 

numbers of observers). The resolutions were: 1- 0.076 voxel, 2- 0.1 voxel and 3- 0.2 

voxel. In my study the second year residents had the best detection rate at 74.2% at 0.1 
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voxel resolutions and the worse detection rate had first year residents at 61.3% at 0.2 

voxel resolutions. For comparison of the effect of experience on MB canal detection the 

raters were combined into their respective groups. The three groupings were compared 

to see if there was any difference in rater accuracy with a Chi-Square test for 

Independence. 

Measuring three groups of raters between correct choice at 0.076 voxel p value = 0.9549 

Measuring three groups of raters between correct choice at 0.1 voxel p value = 0.2849 

Measuring three groups of raters between correct choice at 0.2 voxel p value = 0.6095 

The results indicated that there is NO statistically significant difference between 

detection of two canals in mesio-buccal root of maxillary molars between three different 

levels of experience. 

These results are limited by the fact that there was a small sample size with only 2 - 3 

raters in each group which could affect the results. Years of experience did not improve 

MB canal detection with CBCT as the endodontic faculty did not detect MB at a higher 

rate than the residents with less experience. 
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FIGURE 98 
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Following a two week gap in time, the Kodak 9000 3D images were again viewed in 

randomized order independently by the same observers, but this time using the native 

software provided by Practiceworks for viewing Kodak 9000 3D images 

Accuracy using the Kodak 9000 3D native imaging software: 

0.076 mm 0.100mm 0.200mm 

Correct 181 179 182 

Incorrect 67 69 66 

Total readings = 744 (correct = 542; incorrect = 202) 

p = 0.967 (X2 test for independence) 

i.e. no significance was proven related to isotropic voxel resolution using the Kodak 9000 

3D system for the task of accurately determining the number of mesio-buccal canals in 

maxillary molar teeth. Images at high resolution did appear clearer but this did not prove 
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to alter diagnostic outcomes. For teeth with one mesio-buccal canal overall accuracy was 

66.7%. For teeth with two mesio-buccal canals overall accuracy was 74.7%. 

Comparing raters the respective (%) correct answers were 77%, 73%, 73%, 74%, 61 %, 

72%,73%, and 78%. p = 0.266 (X2 test for independence). 
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Discussion: 

CHAPTER V 

DISCUSSION AND CONCLUSION 

Conventional 2D digital intraoral radiography provides clinicians with an accessible, cost 

effective, high resolution imaging modality that continues to be of value in endodontic 

therapy. There are, however, specific situations, both pre- and post-operatively, where 

the understanding of spatial relationships afforded by CBCT facilitates diagnosis and 

influences treatment. Previous studies have shown that the likelihood of accurate 

detection of the correct number of root canals in the mesio-buccal root of the maxillary 

molar is little better than a coin toss when using conventional 2D images. CBCT even at 

0.4 mm isotropic voxel resolution outperformed the previous studies at the University of 

Louisville using 2D film, solid state and photostimulable phosphor imaging, and with 

Tuned Aperture Computed Tomography (53-55). 

This new study using the Kodak 9000 again confirms that CBCT provides greater 

accuracy than 2D dental imaging and the use of Tuned Aperture Computed Tomography; 

however, it failed to produce the high levels of accuracy attained with the i-CAT native 

images captured at the isotropic voxel resolution setting of 0.12 mm. Indeed, the results 

in the present study were similar to those obtained with 0.3-0.4 mm isotropic voxel 

resolution in the previous study by Baughman (56). 
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There was in any event an improved accuracy yield with this study using 3D imaging in 

comparison with the prior studies using 2D radiography and limited basis image 

information from Tuned Aperture Computed Tomography. Baughman previously 

determined detection of such canals was substantially spatial resolution related. In his 

study, to obtain a reliability of accurate interpretation of the number of mesio-buccal 

canals in maxillary molars above 90% required an isotropic voxel resolution approaching 

0.1 mm, whereas at 0.4 mm the accuracy was only 60.1 %. It was therefore recommended 

that where 3D imaging is desired for endodontic assessment, CBCT systems capable of 

high resolution should be employed. The influence of number of basis images to reduce 

image noise needs to also be considered. Using the i-CAT the higher resolution images 

also used twice the number of basis images as were used in the lower resolution scans. To 

minimize the radiation dose to the patient it is further recommended that systems 

permitting collimation to a narrow field of view be utilized. A joint effort is presently in 

progress between the American Academy of Oral and Maxillofacial Radiology and the 

American Association of Endodontists to establish guidelines for use of CBCT for 

Endodontics (57). Once no diagnostic difference was proven in image accuracy between 

the different resolutions AVIs from the Anatomage software for observer convenience we 

returned to the native Kodak software to re-read the images. 

Following a two week gap in time, the Kodak 9000 3D images were again viewed in 

randomized order independently by the same observers, but this time using the native 

software provided by Practiceworks for viewing Kodak 9000 3D images. 
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Conclusion: 

3D imaging using CBCT is beneficial to assist in determination of the number of canals 

in the mesio-buccal root of maxillary molars. It is likely to also be of use for detection of 

root fractures with minimal separation, and in other subtle tasks that defy the cause of 

endodontically-related symptoms or failed endodontic treatments. 

(1) Using the i-CAT CBCT system there was a significant positive relationship 

between isotropic voxel resolution and accuracy in detection of mesio-buccal 

canals in maxillary molars, with higher resolution meaning greater performance. 

At 0.125 mm isotropic voxel resolution accuracy exceeded 93%, whereas as at 0.4 

mm isotropic voxel resolution the accuracy was 60%. No statistical differences 

were proven for a resolution greater than 0.200 mm. 

(2) Using the Kodak 9000 3D, while image quality was subjectively better with 

improved voxel resolution, no diagnostic difference was proven either for the 

native Kodak imaging software or for the same images exported to Anatomage 

InVivoDental. We originally used the AVIs from the Anatomage software for 

observer convenience, but returned to the native Kodak software once no 

difference was proven in image diagnostic accuracy between the different 

resolutions. For teeth with one mesio-buccal canal overall accuracy was 66.7%. 

For teeth with two mesio-buccal canals overall accuracy was 74.7%. Exporting 

into Anatomage In VivoDental had no detriment on the diagnostic value of the 

Kodak 9000 3D images. 
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(3) Comparing the two systems the findings with the Kodak 9000 3D system at 

0.076-0.200 mm isotropic voxel resolution proved accuracy at this range to be 

equivalent to the i-CAT images using a 0.300 mm isotropic voxel resolution. 

(4) It can be concluded that isotropic voxel resolution is important when using the i­

CAT CBCT system for high definition tasks, but that this is not the case for the 

Kodak 9000 3D system. There are obviously additional factors in the imaging 

chain other than voxel resolution that may affect diagnostic image quality. For 

instance, there is a trade off between patient dose and the resulting signal to noise 

ratio. When dose is reduced to a very low level, as is the case with the Kodak 

9000 3D, the potential untoward effects of radiation on the patient are 

constrained. Perhaps in striving to minimize dose, there is a loss of contrast that 

could impede high resolution tasks despite the Kodak 9000 3D having the 

smallest voxel resolution available at the time of this study. 

Caveats: 

(l)This study was conducted in vitro. Clinical trials are required to establish whether 

the same outcomes would be achieved in vivo. 

(2)This study investigated just one diagnostic task out of the very many different 

applications for CBCT. The task chosen was one that requires greater contrast and 

spatial resolution than is the case for most other diagnostic needs in dentistry. The 

results of this study should not be extrapolated to applications beyond the scope of the 

investigational parameters utilized. Statistical differences in accuracy were not found 

for resolutions> 0.200 mm for either system. 
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APPENDIX A 

Approval of Protocol by Human Studies Committee 

INSTITUTlONAL REVIEW BOARDS 

University of Louisville 

MedCenier One, SUite 200 

501 E Broadway 

louisville, Kentu<:ky 40202· 1798 

Office. 502-852·5188 

Fax: 502-852-2164 

Expedited - Case Report I NHSR - Acknowledgement 

To: 
From: 
Date: 
Subject: 

Clark, Stephen 
Human Subjects Protection Program Office 
Wednesday, April 30, 2008 
No action required 

Tracking #: CASE-37 
Title: Use of Extracted Teeth For Bench-top Research in School of 

Dentistry 

I have reviewed your submission and the case report described does not meet the 
"Common Rule" definition of human subjects ' research . Therefore, this report does not 
require IRB review prior to completing the work. 

If you have any questions please contact the HSPPO office at (502) 852-5188. 

Thank you. 

Board Designee: Walker, Frank 

Leiter Sent By: Dearinger, Barbara, 4/30/2008 2:08 PM 

Fil II Aeeredlta/jOt' 5inCt! JIIt'~ 100J by IIII! Assodalionfor Ihe Accredita(ion 0/ 
Humtm Ruearch ProleC1ifm Programs, Inc. 
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APPENDIXB 

Random Sequence Generator for 123 numbers 

83 22 89 
63 94 114 
33 115 84 
118 99 123 
74 40 1 
30 76 9 
110 108 101 
38 80 102 
55 64 45 
41 54 96 
77 120 49 
105 71 106 
47 19 18 
73 112 90 
20 16 78 
50 23 39 
67 107 26 
12 2 104 
8 37 81 

52 46 93 
15 103 21 
35 56 59 
3 98 57 

119 6 44 
86 85 92 
53 121 5 
60 62 28 
11 68 48 
116 91 100 
97 58 69 
109 4 79 
43 27 34 
36 13 72 
65 82 7 
24 31 17 
29 42 25 
87 75 51 
117 14 10 
61 113 66 
32 88 
111 95 
122 70 
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APPENDIXC 

Random Video Order Numbers with repeats 

Video Sequence 
Order Tooth # Resolution Repeat # 

1 21 200 No 83 
2 1 200 No 63 
3 2 100 No 33 
4 27 200 Yes 118 
5 12 200 No 74 
6 30 76 No 30 
7 16 100 Yes 110 
8 7 100 No 38 
9 24 100 No 55 

10 10 100 No 41 
11 15 200 No 77 

12 14 100 Yes 105 
13 16 100 No 47 
14 10 200 No 73 
15 20 76 No 20 
16 18 100 No 50 
17 5 200 No 67 
18 12 76 No 12 
19 8 76 No 8 
20 21 100 No 52 
21 15 76 No 15 
22 4 100 No 35 
23 3 76 No 3 
24 4 200 Yes 119 
25 24 200 No 86 
26 22 100 No 53 
27 29 100 No 60 
28 11 76 No 11 
29 5 200 Yes 116 
30 23 76 Yes 97 
31 26 100 Yes 109 
32 12 100 No 43 
33 5 100 No 36 
34 3 200 No 65 
35 24 76 No 24 
36 29 76 No 29 
37 25 200 No 87 
38 2 200 Yes 117 
39 30 100 No 61 
40 1 100 No 32 
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41 2 100 Yes 111 
42 25 200 Yes 122 
43 22 76 No 22 
44 16 76 Yes 94 
45 6 200 Yes 115 
46 28 76 Yes 99 
47 9 100 No 40 
48 14 299 No 76 
49 20 100 Yes 108 
50 19 200 No 80 
51 2 200 No 64 
52 22 100 No 54 
53 19 200 Yes 120 
54 9 200 No 71 
55 19 76 No 19 
56 12 100 Yes 112 
57 16 76 No 16 
58 23 76 No 23 
59 19 100 Yes 107 
60 2 76 No 2 
61 6 100 No 37 
62 15 100 No 46 
63 20 76 Yes 103 
64 26 100 No 56 
65 14 76 Yes 98 
66 6 76 No 6 
67 23 200 No 85 
68 29 200 Yes 121 
69 31 100 No 62 
70 6 200 No 68 
71 29 200 No 91 
72 27 100 No 58 
73 4 76 No 4 
74 27 76 No 27 
75 13 76 No 13 
76 22 200 No 82 
77 31 76 No 31 
78 10 100 No 42 
79 13 200 No 75 
80 14 76 No 14 
81 24 100 Yes 113 
82 27 200 No 88 
83 24 76 Yes 95 
84 8 200 No 70 
85 28 200 No 89 
86 15 200 Yes 114 
87 22 200 No 84 
88 23 200 Yes 123 
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89 1 76 No 1 
90 9 76 No 9 
91 15 76 Yes 101 
92 27 76 Yes 102 
93 14 100 No 45 
94 26 76 Yes 96 
95 18 100 No 49 
96 11 100 Yes 106 
97 18 76 No 18 
98 28 200 No 90 
99 16 200 No 78 

100 8 100 No 39 
101 19 76 No 26 
102 30 100 Yes 104 
103 19 200 No 81 
104 31 200 No 93 
105 21 76 No 21 
106 28 100 No 59 
107 26 100 No 57 
108 13 100 No 44 
109 30 200 No 92 
110 5 76 No 5 
111 28 76 No 28 
112 17 100 No 48 
113 29 76 Yes 100 
114 7 200 No 69 
115 17 200 No 79 
116 3 100 No 34 
117 10 200 No 72 
118 7 76 No 7 
119 17 76 No 17 
120 25 76 No 25 
121 20 100 No 51 
122 10 76 No 10 
123 4 200 No 66 
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APPENDIXD 

Written instructions given to observers 

INSTRUCTIONS TO THE OBSERVERS 

You will be watching a series of 123 videos. These videos will show a CT scan cross 
section of a tooth. In some cases when the video starts you will be looking at the crown 
of the tooth at the level of the CEJ. Some of them from the crown down. When the video 
starts the image will scroll down through the cross sections of the tooth root. It will take 
15 - 20 seconds to scroll down each root. You can look at the video more than once if 
you have to but watch carefully. 
All teeth are maxillary first or second molars. They are arranged so that the palatal 
aspect of the tooth will be toward the top of the screen. There are both maxillary right 
and left molars. It is up to you to determine which root is the MB root during the video 
and evaluate for the presence of MB2 

You will rate the presence of MB2 using a two point confidence scale. Place an X in the 
box marked 1 or 2 according to the following criteria: 

One mesio buccal canal detected, 
One oblong canal or 
One canal with a fin but no second canal at the end of the fin 
Unable to detect a canal at all 

2 Two or more mesio-buccal canals detected 

If a second MB canal can be visualized at any cross section it is considered to be present. 
An answer of 2 does not mean you can see a second canal through the whole root, but 
that you can visualize it at any point during the video. 

Thank you for your time! 
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APPENDIXE 

Observers' assessment form 

OBSERVERS ASSESSMENT FORM 

Video 
Number 1 - canal 2 - canals 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

110 



28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 
65 
66 
67 

111 



68 
69 
70 
71 
72 

73 
74 
75 
76 
77 

78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

11 2 



112 

113 

114 

115 

116 

11 7 

118 

11 9 

120 

121 

122 

123 

1 = One mesio buccal canal detected, 
One oblong canal or 
One canal with a fin but no second canal at the end of the fin 
Unable to detect a canal at all 

2 = Two or more mesio-buccal canals detected 
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