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Abstract 

	 The existence of  accessory canals in the furcation region of  primary molars has been the subject 

of  extensive research. The objective of  this study was to use a micro-computed tomography scanner to 

analyze accessory canals in the furcation region of  extracted primary molars. Sixty-five primary molars 

which were extracted for purposes not including this study  were collected and scanned at a resolution of  

9.0 µm using a Skyscan 1176 Micro-CT scanner. For each extracted molar collected, the patients age at 

the time of  extraction was recorded, as well as whether the tooth came from the maxillary or mandibular 

arch and if  the tooth was a first or second molar. DataViewer v1.5.1 software was used to analyze each 

scanned primary molar for the presence or absence of  canals, canal patency and number of  canals 

present. Collected data was analyzed using SPSS 20.0 for Windows. Fisher’s exact and Kruskal-Wallis 

tests were used to identify association between variables.  

	 Canals were observed in the furcation area of  83% of  molars scanned, and patent canals were 

found in the furcation area of  8% of  the molars. The mean number of  canals per tooth was found to be 

2.6. The majority of  these canals were found adjacent to the periodontal ligament on the outer surface of  

the furcation.  Second molars were observed to have a higher number of  canals than first molars (p<0.05), 

with maxillary second molars having a mean number of  canals of  3.3, mandibular second molars having 

a mean number of  canals of  3.5, maxillary first molars having a mean of  1.8, and mandibular first molars 

having a mean of  2.1 canals. No significant association was found between patient age and the number of  

canals present. Micro-Computed Tomography was an effective method to quantify accessory canals in the 

furcation region of  extracted primary molars. 
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Introduction 

	 The importance of  the furcation region of  primary molars cannot be overstated due to its 

intimate relation with the developing follicle of  permanent successor teeth, as well as the 

pathological changes observed in the furcation area which can result from pulpal necrosis.  

Dental radiographs frequently show areas of  rarefaction in the furcation region. Upon 

extraction, these teeth frequently have granulation tissue attached to external root surfaces in the 

furcation area. This phenomenon likely results from pulpal infection (Myers, Battenhouse, 

Barenie, McKinney, & Singh, 1987). In primary molars, pathological bone changes following 

pulpal necrosis are not likely to be found at root apices; rather, they are found in the furcation 

area (Winter, 1962). Due to these factors, studying accessory canals in the furcation region of  

primary molars is highly relevant as it provides additional information of  this anatomical area 

which is directly linked to the common problem of  furcation radiolucency observed in primary 

molars.  

	 The presence of  accessory canals in primary molars that may connect the pulp and 

periodontal ligament has been investigated (Dammaschke, Witt, Ott, & Schafer, 2004; Kramer, 

Faraco Junior, & Meira, 2003; Luglie, Grabesu, Spano, & Lumbau, 2012; Morabito & 

Defabianis, 1992; Moss, Addelston, & Goldsmith E.D., 1965; Paras, Rapp, Piesco, Zeichner, & 

Zullo, 1993a; Paras, Rapp, Piesco, Zeichner, & Zullo, 1993b; Ringelstein & Seow, 1989; Woo & 

Miller, 1981; Wrbas, Kielbassa, & Hellwig, 1997b). An accessory canal has been defined as a 

communication between the pulp and periodontal ligament other than through the root apices 

(Woo & Miller, 1981). These canals are the result of  a localized failure in the formation of  

Hertwigs Sheath during embryologic stages of  tooth formation. Accessory canals are probably 
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due to the persistence of  abnormally placed blood vessels reaching the pulp (Morabito & 

Defabianis, 1992). The terms accessory and lateral canals are often used synonymously. Previous 

studies have stated that accessory and lateral canals can occur at any point along the root of  the 

tooth and connect pulpal and periodontal tissues (Paras, Rapp, Piesco, Zeichner, & Zullo, 1993b). 

This study will use the term accessory canal to refer to canals branching off  of  the main root 

canal which are smaller than would traditionally be referred to as lateral root canals. 

	  

	 Several techniques have been utilized in an attempt to identify and describe accessory 

canals in the furcation region of  primary molars. Such techniques include using a  Scanning 

Electron Microscope (SEM) (Dammaschke et al., 2004; Kramer et al., 2003; Luglie et al., 2012; 

Morabito & Defabianis, 1992; Paras, Rapp, Piesco, Zeichner, & Zullo, 1993b), serial histologic 

sections (Moss et al., 1965; Wrbas, Kielbassa, & Hellwig, 1997b), dye perfusions (Ringelstein & 

Seow, 1989; Winter, 1962; Woo & Miller, 1981), latex perfusion (Paras, Rapp, Piesco, Zeichner, & 

Zullo, 1993a), decalcification and sectioning (Woo & Miller, 1981), and silicone injection 

(Simpson, 1973). Results gathered from these studies were not in agreement with regards to 

quantifying the number, size, and patency of  accessory canals in the furcation of  primary molars.  

	 Computed tomography scanning (CT) was first developed in the 1970’s and advances in 

diagnostic imaging technology have revolutionized the practise of  medicine. Images are collected 

from multiple viewing angles and reconstructed to produce three-dimensional (3D) spatial 

distribution maps of  material density within attenuating materials. Clinical CT scanners typically 

produce images composed of  1 mm3 volume elements (voxels). Microcomputed tomography 

scanners (Micro-CT)  have much better spatial resolution, and produce voxels in the range of  
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5-50 µm. This is approximately 1 000 000 times smaller than CT voxels. Micro-CT has recently 

been used in dental research to evaluate areas such as enamel thickness and tooth measurement, 

analysis of  root canal morphology and evaluation of  root canal preparation, craniofacial skeletal 

development and structure, biomechanics, tissue engineering, mineral concentrations of  teeth, 

and implant and periimplant bone (Swain & Xue, 2009).  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Literature Review 

Incidence of  Accessory Canals in Primary Molar Furcations 

	 Multiple researchers have attempted to quantify the existence of  accessory canals in the 

furcation region of  primary molars using a variety of  techniques. These techniques have yielded 

a broad spectrum of  different conclusions with regards to the incidence of  accessory canals in the 

furcation region. The first reported study was published in 1962 and concluded that 23% of  

primary molars have accessory canals in the furcation (Winter, 1962). Since then multiple 

publications have reported on the incidence of  accessory canals and have concluded the 

incidence to be 32% (Woo & Miller, 1981), 35% (Paras, Rapp, Piesco, Zeichner, & Zullo, 1993b), 

43% (Ringelstein & Seow, 1989), 53% (Kramer et al., 2003), 70% (Morabito & Defabianis, 1992), 

77% (Wrbas, Kielbassa, & Hellwig, 1997b), and 94% (Dammaschke et al., 2004). A full summary 

of  these results can be found in Table 1. 
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Table 1 : Summary of  Research of  Primary Molar Furcation Canals

Author Method Sample Size 
(N)

% Teeth 
With 

Accessory 
Foramin

% Teeth 
With Patent 

Canals 

Canal 
Diameter 

(µm) 
Other 

Findings

Morabito et 
al. (1992)

SEM 30 70 N/A N/A -No 
significance of  
gender, 
location, or 
tooth type

Paras et al. 
(1993)

SEM 20 35 N/A 5-175 N/A

Kramer et al. 
(2003)

SEM 60 53 on EFA 
25 on IFA

N/A 20-222 - No 
significance in 
presence of  
canals between 
healthy and 
necrotic pulps

Dammaschke 
et al. (2004)

SEM 100 94 N/A 10-360 - Significantly 
more foramin 
in primary 
molar 
furcation than 
permanent 
molar 
furcation

Luglie et al. 
(2012)

SEM 30 77 N/A 4-300 - All teeth 
examined 
extracted for 
orthodontic 
reasons
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Winter et al. 
(1962)

Dye 
Penetration 

Under 
Vacuum 
Suction

100 23 N/A N/A N/A

Woo et al. 
(1981)

Dye 
Penetration & 

Histologic 
Sectioning

157 32 (Dye 
Penetration) 

25 (Histologic 
Sectioning)

N/A - Inverse 
relation 
between 
patient age 
and 
prevalence 
of  accessory 
canals. 

- Higher 
prevalence 
in male 
patients

Ringelstein et 
al. (1989)

Dye 
Penetration 

Under 
Vacuum 
Suction

75 43 N/A N/A - No significant 
difference 
between 
maxillary and 
mandibular 
first and 
second molars

Wrbas et al. 
(1997)

Histologic 
Sectioning

40 77 30 N/A - 17 % of  
orifices found 
on pulp 
chamber floor, 
83% on 
interradicular 
aspect 

Moss et al. 
(1965)

Histologic 
Sectioning 

56 N/A 20 N/A N/A

Paras et al. 
(1993)

Latex 
perfusion

25 N/A 4 N/A N/A

Simpson 
(1973)

Silicone 
Perfusion

150 N/A N/A N/A N/A
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Techniques of  Analysis : Scanning Electron Microscope 
	  

	 A frequently used method of  detecting accessory canals in the furcation region of  

primary molars is with the Scanning Electron Microscope (SEM) (Dammaschke et al., 2004; 

Kramer et al., 2003; Luglie et al., 2012; Morabito & Defabianis, 1992; Paras, Rapp, Piesco, 

Zeichner, & Zullo, 1993b).  Teeth prepared for SEM analysis are first sectioned transversely 5mm 

coronal to the floor of  the pulpal chamber to remove the roof, and 5mm apical to the external 

furcation area. They are then placed in a solution of  1 percent sodium hypochlorite to remove all 

remnants of  pulpal tissue. Next, the specimens are mounted on metallic stubs and are sputter-

coated with gold. SEM images can then be produced at magnifications of  15X, 35X, 750X, and 

1000X (Kramer et al., 2003).  

	  

	 In their study published in 1992, Morabito et al. used a SEM to analyze 30 primary 

molars. All molars were extracted due to the presence a radiolucency confined to the region 

directly below the furcation of  the roots which was viewed radiographically. All extracted teeth 

were identified with the child’s name, sex, and birthdate. Accessory canals were found in 70% of  

extracted primary molars. Gender had no significance on the presence of  canals, nor did the 

location of  the tooth (maxillary versus mandibular) or the type of  tooth (first versus second 

molar) (Morabito & Defabianis, 1992).  

	 Paras et al. (1993) performed SEM analysis on 20 primary molars. Teeth were divided 

into two groups; on 10 molars the internal furcation area (IFA) was scanned and on the other 10 

molars the external furcation area (EFA) was scanned. Of  the teeth scanned on the IFA, only 
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20% showed evidence of  accessory foramina. Canal orifices ranged in diameter from 6 to 43µm. 

According to the authors, the accessory canals located on the IFA by SEM did not appear to be 

patent, however they were not able to confirm this using the SEM.  When scanning the EFA, the 

authors observed 50% of  molars to have accessory foramina which ranged in diameter from 

5-175 µm (Paras, Rapp, Piesco, Zeichner, & Zullo, 1993b).   

	 Another study using SEM technology was published in 2003 by Kramer et al., who used 

60 primary molars, of  which 30 were extracted for clinical reasons and 30 were extracted for 

orthodontic purposes. Extracted teeth were immediately grouped and those with the presence of  

a radiolucency in the furcation area were separated from those which did not show any signs of  

pulpal inflammation clinically or radiographically. All 60 teeth were scanned with a SEM.  It was 

found that found 53% of  primary molars exhibited an accessory canal in the EFA, and 25% 

exhibited an accessory canal in the IFA. This represented a statistically significant difference in 

the incidence of  accessory foramina in the external and internal furcation regions. Canal 

diameters ranged from 22-222 µm in the group extracted for orthodontic reasons and 20-160 µm 

in the group extracted due to furcation radiolucency. Statistical analysis of  the data in this study 

found that there were no statistically significant differences neither in the prevalence nor diameter 

of  accessory foramina between primary molars extracted because of  pulpal pathology or 

orthodontic reasons (Kramer et al., 2003). 

	 A comparison of  the incidence, location, and size of  accessory foramin in both 

permanent and primary molars was made by Dammaschke et al. in 2004. A SEM was used to 

view a random sample of  100 extracted human permanent molars and 100 extracted primary 
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molars. The scans of  permanent molars revealed 79% having accessory foramin, and the 

foramin diameter ranged in size from 10 to 200 µm. In primary molar scans it was observed that 

accessory foramin were present in 94% of  molars with diameters varying from 10 to 360 µm. 

Statistical analysis showed the incidence of  accessory foramin to be significantly higher in 

primary molars than in permanent molars. No statistically significant differences were observed 

between the frequency of  accessory foramin in maxillary and mandibular molars, nor was a 

statistically significant difference noted between the size of  accessory foramin. The floor of  the 

pulp chamber of  primary molars was found to have significantly fewer foramin than the furcation 

surface and the lateral root surface (Dammaschke et al., 2004). 

	 A recent study in 2012 by Luglie et al. also used SEM technology to assess accessory 

foramin in the furcation area of  primary molars.  It selected 30 primary molars (15 maxillary and 

15 mandibular) for the study and scanned each with a SEM.  In 77% of  primary molars the 

presence of  one or more extra foramin in the furcation area was observed. Diameters ranged 

from 4 to 300 µm. Like other SEM studies, no information was gathered about the nature of  the 

canals found in the furcation region and how far each canal penetrated into the furcation (Luglie 

et al., 2012).  

Dye Penetration Under Vacuum Suction 

	 An additional method that has been used to inspect primary molars for accessory canals 

in the furcation area is dye penetration under vacuum suction (Ringelstein & Seow, 1989; Winter, 

1962; Woo & Miller, 1981). With this technique, a suction apparatus connected to a suction 
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pump is used. A 2% methyl violet dye is introduced into the sealed pulp chambers of  the 

extracted primary molars. Suction pressure of  600mm of  mercury is applied to the external 

surface of  the roots for 30 minutes. At the end of  the suction period teeth are re-examined and 

the position of  any accessory canals is then identified by violet staining on the surface of  the 

furcation (Winter, 1962).  

	 In 1962 Winter et. al used the technique of  dye penetration with vacuum suction to 

examine 100 extracted primary molars.  It was observed that 23% of  teeth had an accessory 

canal. Winter was only able to find canals on the inter-radicular surface of  the root and stated 

that only rarely were canals found the bifurcation or trifurcation area (Winter, 1962).	  

	 The method of  dye penetration was also used by Woo et al. (1981), whose study also used 

an additional technique involving histologic analysis of  decalcified molars. Twenty-two extracted 

deciduous molars were studied using the same dye penetration technique that was used by Winter 

in 1962 (Winter, 1962). Teeth were stained with methyl violet dye, and then examined under 

binocular microscope (2X) for the presence of  spots of  stain on the inter-radicular surface and 

represented the foramin of  accessory canals. The authors took the additional step of  using 

transverse decalcified sections in order to confirm the presence of  accessory canals. In this aspect 

of  their research, they examined 157 deciduous molars which were sectioned in 5 µm thickness, 

stained in hematoxylin and eosin, mounted, and examined under a light microscope. The results 

of  the dye penetration component of  the study showed 32% of  primary molars to have an 

accessory canal. Analysis of  the decalcified sections of  primary molars revealed 25% had an 

accessory canal. All accessory canals were 10 to 90 µm in diameter. This study did attempt to 
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analyze the nature of  the accessory canals. Woo stated that only a few of  the accessory canals in 

the furcation area were traceable from the pulp chamber to the inter-radicular surfaces. It was 

also noted that there appeared to be a higher prevalence of  accessory canals in the deciduous 

second molars than in deciduous first molars and that there seemed to be an inverse relationship 

between the age of  the patients and the prevalence of  accessory canals in their deciduous molars 

(Woo & Miller, 1981).  

	 Ringelstein and Seow (1989) also used the technique of  dye penetration under vacuum 

suction to inspect 75 extracted primary molars. A slightly different method than previously used 

by Winter (Winter, 1962) was chosen wherein Safranin red dye was injected. A prevalence of  

43% showed a foramin in the furcation region. Different prevalences of  foramin were found for 

maxillary and mandibular first and second molars. Maxillary first molars revealed 50% with a 

foramin, mandibular first molar 33%, maxillary second molar 48%, mandibular second molar 

40%, however no statistically significant difference was found.  

Histologic Sectioning 

	 Multiple authors have used the technique of  histologic sectioning to examine primary 

molars for accessory canals (Moss et al., 1965; Wrbas, Kielbassa, & Hellwig, 1997b). When 

preparing teeth for histologic sectioning, their pulp chambers are exposed via high speed rotary 

instrumentation and pulpal remnants are removed. Pulp chamber floors are decalcified in 20% 

hydrochloric acid. Following decalcification, the pulp chamber is dehydrated, paraffin embedded, 
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and cross-cut in sections of  7 µm. The serial sections are stained and investigated with a light 

microscope.  

	 The technique of  histologic sectioning was first used by Moss et al. in 1965 to examine 56 

primary molars, who also studied the permeability of  the furcation region with methylene blue 

dye. In the permeability study methylene blue dye was placed on the floor of  the pulp chamber. 

The time required for the dye to appear at the periodontal surface of  the root furcation was 

measured. The results of  the permeability study showed no significant difference in permeability 

between infected and control teeth that had accessory canals on histologic examination. 

Comparisons of  infected and noninflected teeth without such anatomic channels showed a 

significant increase in permeability of  all the infected teeth. Histologic evidence of  accessory 

canals revealed 20% having accessory canals entering the pulp chamber in the region of  the 

furcation of  the roots. In addition to commenting on accessory canals, the authors also made the 

general observation about the dentin making up the floor of  the pulp chamber in infected 

primary molars as having distorted or lost tubules, and an amorphous matrix that is stained 

deeply and suggestive of  decalcification and an increase in organic matter. They also observed 

that broad bands of  disrupted dentin running from the floor of  the pulp chamber to the 

periodontal surface were observed frequently (Moss et al., 1965).  

	 Wrbas et al. (1997) performed a study which inspected 40 human primary second molars 

that were extracted due to extensive caries. Teeth were prepared and analyzed using the 

previously mentioned technique of  histologic sectioning. It was observed that 77.5% of  examined 

specimens had an accessory foramina in the furcation area. This study was also able to determine 
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patency of  the canals and found that 30% had an accessory canal that connected the periodontal 

ligament with the pulp chamber floor. The authors noted that 17% of  accessory foramina were 

found in the pulp chamber floor and 83% were observed interradicular and close to the 

periodontal ligament (Wrbas, Kielbassa, & Hellwig, 1997b).  

Latex and Silicone Perfusion 

	 Paras et al. (1993) attempted to classify canals as either true, blind, looping, or enclosed 

using the technique of  latex perfusion. This study was a continuation of  their SEM study and 

attempted to gain further knowledge of  canals observed in their initial study. Through the 

utilization of  a vacuum system low viscosity latex was introduced into the pulp chamber and 

three separate techniques were used in this study to flow latex through accessory foramin. A total 

of  25 primary molars, all of  which were found to have accessory foramin in the previous SEM 

study, were used. Only one patent canal was found in the 25 teeth using three separate methods 

of  latex perfusion. It was concluded that better techniques would be required to analyze 

accessory foramin more thoroughly (Paras, Rapp, Piesco, Zeichner, & Zullo, 1993a). 

	 Two methods were used by Simpson (1973) to study 150 extracted primary teeth. In 100 

teeth the pulp chambers and canals were subsequently injected with tinted silicone elastomer. 

The other 50 teeth were replicated in clear epoxy resin with red epoxy pulps. Results obtained 

from both methods revealed numerous root canals, but none were found in the furcation regions 

of  the 150 teeth studied. The majority of  the lateral canals were seen in the apical third of  

molars (Simpson, 1973).  
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Micro-Computed Tomography 

	 Computed tomography (CT) provides superior spatial information as compared to 

conventional radiograph techniques. In conventional X-ray radiography information is provided 

in only 2 dimensions, (x and y). Information relating to the third or depth (z) direction is lost as 

the 3-dimensional object is collapsed into a 2-dimensional image projected onto a film or 

detector. In CT imaging this 3rd dimension is preserved. This is achieved by obtaining a large 

number of  observations at different viewing angles, which allows a cross sectional image to be 

produced by tomographic reconstruction. A CT image is the result of  triangulating hundreds of  

images acquired at different viewing angles (Jackson, 2015). 

	  

	 An important distinction to be made is that between Micro-Computed Tomography and 

clinical CT scanners. Clinical CT scanners typically produce images composed of  1 mm3 volume 

elements (voxels). X-ray microcomputed tomography systems have much better resolution, 

producing voxels in the range of  5-50 µm. This is approximately 1 000 000 times smaller in 

volume than CT voxels. A wide variety of  specimens may be examined using Micro-CT, 

including mineralized tissues such as teeth, bone, and materials such as ceramics, polymers, 

biomaterial scaffolds etc. Micro-CT imaging can also be extended to soft tissues such as lungs 

that have been perfused with a contrast agent. This allows for in vivo imaging of  small live animals 

(Swain & Xue, 2009). 

Applications of  Micro-Computed Tomography in Dentistry 

	 Micro-Computed Tomography has been used extensively in dental research in a wide 

array of  applications. It has been used to compare hand removal of  decay with chemical removal 
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(Ahmed, Davis, & Wong, 2012), to study the hard tissue anatomy of  mandibular second molars 

(Barsness, Bowles, Fok, McClanahan, & Harris, 2015), to evaluate micro leakage of  class II 

composite restorations as compared to the ART technique (Eden, Topaloglu-Ak, Cuijpers, & 

Frencken, 2008), and to investigate the root anatomy of  bifurcated maxillary first premolars, 

mandibular premolars, and mesiobuccal roots of  maxillary molars (Li, Li, & Pan, 2013; 

Ordinola-Zapata et al., 2013; Ordinola-Zapata et al., 2015; Verma & Love, 2011). It has also 

been used to detect proximal caries in primary molars (Soviero, Leal, Silva, & Azevedo, 2012), to 

analyze root canal anatomy of  primary molars (Fumes et al., 2014),  to assess bone regeneration 

after periodontal surgery (Wang et al., 2014; Wohlfahrt et al., 2012), and to evaluate the 

effectiveness or rotary instrumentation (Yamamura et al., 2012). 

Significance of  Furcation Canals 

	 It has been stated by multiple authors that furcation canals should not be considered the 

sole explanation for the phenomenon of  furcation radiolucency (Kramer et al., 2003; Winter et 

al., 1962; Moss et al. 1965;, Wrabas et al. 1997) because it has been observed that the vast 

majority of  canals are not patent and do not represent a true communication between pulp and 

periodontal tissues. No attempt has been made to describe the physiologic function of  accessory 

canals. 
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Objective 

The objectives of  this study include the following: 

1. To quantify the existence of  accessory canals in the furcation of  primary molars. 

2. To examine the incidence of  patent canals in the furcation of  primary molars.  

3. To analyze the relationship between patient age at time of  extraction and the existence of  

accessory canals in the furcation of  primary molars.  

4. To examine if  a  relationship exists between type of  tooth (maxillary and mandibular first 

and second primary molars) and the existence of  accessory canals in the furcation of  primary 

molars.  

5. To consider the efficacy of  Micro-CT scanners for analyzing accessory canals in extracted 

primary molars. 
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Hypothesis 

	 The null hypothesis is that there will be no relationship between tooth type (maxillary 

versus mandibular and first versus second molar) and the presence and nature of  accessory canals 

in the furcation region. The alternative hypothesis is that a relationship will be found between 

maxillary and mandibular, first and second molar, and the presence and nature of  accessory 

canals in the furcation region. 
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Materials and Methods 

Ethics Approval 

	 Ethics approval was granted from the University of  Manitoba Human Research Ethics 

Board (See Appendix B). 

Teeth Collection and Storage 

	 A total of  68 extracted primary molar teeth were scanned using Micro-Computed 

Tomography in this study. It was determined that 3 teeth were fractured during extraction and 

unusable, bringing the actual sample size to 65. Teeth were collected from a variety of  sources. 

The vast majority of  teeth were collected from the University of  Manitoba Graduate Pediatric 

Dentistry Clinic, and the remainder from Pediatric Dental specialists in the province of  

Manitoba. Almost all teeth used in the study were extracted under general anesthesia, and all 

were extracted for purposes other than for this study (most commonly due to irreversible pulpitis 

or necrotic pulps). To be included in the study, molars had to display no evidence of  resorption in 

the furcation region. Some extracted teeth, particularly in the teeth from children in the age 

group of  over 6 years old, displayed some resorption consistent with the natural exfoliation of  

these teeth and were excluded from the study. 

	  

	 Immediately after extraction teeth were placed in either saline or 10% neutral buffered 

formalin. Every effort was made to prevent extracted teeth from desiccating. Once given to the 
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principal investigator, teeth stored in saline were transferred to 10% neutral buffered formalin for 

storage. All specimens were kept in formalin until they were scanned.   

	  

	 Only patient age at time of  extraction and tooth type were recorded in this study. After 

extraction, teeth were immediately sorted by age and stored in a container with all other 

extracted teeth of  the same age. All specimens were held in one of  4 labelled jars containing 10% 

neutral buffered formalin. Jars were labelled as “3 and under”, “4”, “5”, and “6 and over”. These 

represented the 4 age categories used in this study. At the time of  scanning, the type of  extracted 

tooth was recorded by the principal investigator.  

Micro-CT Scanning and Reconstruction 

	 Prior to scanning, each tooth was removed from its storage container and placed into a 

custom polystyrene foam tube (shown in Figure 1). Teeth were gently held in place with masking 

tape to ensure no movement during scanning.  

 	  

 

	  

SkyScan Model 1176, as shown in Figure 2, was the micro-CT scanner used in this study 

(SkyScan 1176; Bruker-microCT, Kontich, Belgium). The scanner is able to operate with pixel 
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Figure 1: Polystyrene Tube For Loading Teeth Into Micro-CT Scanner (Jackson, 2015)



sizes of  9 µm, 18 µm, and 35 µm. The highest spatial resolution possible for this machine is 

achieved using a pixel size of  9 µm, and this was the pixel size used in this study. The X-ray tube 

was operated at 90 kV and 278 µA, with a rotation step of  0.5 degree, using a copper-aluminium 

filter. 

 

	  

Approximately 10 - 12 teeth were secured on the polystyrene tube and were scanned as a 

group. The scanning time for each tooth was approximately 45 minutes, resulting in a total scan 

time of  roughly 8 hours per group. Upon completion, scanned teeth were returned to their 

storage medium and another group was loaded into the SkyScan 1176. All images produced 

were reconstructed with dedicated software (NRecon v.1.6.6; Bruker-microST). 
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Figure 2: SkyScan 1176.  (Jackson, 2015)



Quantitative Analysis 

	 DataViewer v.1.5.1 software (Bruker-microCT) was used to analyze the reconstructed 

images. Each image was studied by the principal investigator and all data was collected on an 

Excel spreadsheet. Type of  each tooth (maxillary versus mandibular, and first versus second 

molar) and age of  each tooth were recorded on the spreadsheet. This was done to eliminate the    

bias of  prior knowing the sample demographics.  

	 The furcation region was analyzed carefully by observing each of  the sagittal, coronal, 

and axial planes for radiolucent evidence of  canals. If  a canal was identified, it was first 

determined if  the canal was patent or not. The diameter of  the canal was recorded, as well as the 

length of  the canal. It was also noted if  an accessory canal originated from the inner surface (next 

to the pulp) of  the furcation, or if  it originated from the outer surface of  the furcation (next to the 

periodontal ligament). Thus, all canals were classified as being either “patent” and extending 

from the inner surface of  the furcation to the outer surface of  the furcation (Type A), “blind” and 

originating at the inner surface of  the furcation adjacent to the pulp chamber (Type B), or 

“blind” and originating at the outer surface of  the furcation adjacent to the periodontal ligament 

(Type C), as is shown in Figure 3. As most extracted primary molars exhibited multiple canals, 

this was continued for all existing canals on a given tooth. 
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A
B

C

Type A :  Patent canal
Type B : Originating on the pulpal floor and terminating in dentin
Type C:  Originating on the outer surface of the furcation and        

       terminating in dentin

Figure 3: Classification of  Accessory Canals



It is important to consider the precise anatomical areas referenced in this study. 

Numerous authors have used the term “furcation” and “furcation region” to define anatomically 

different locations of  the tooth. The term “furcation” has been defined as the area limited to the 

immediate region where the roots separate, while the “furcation region” encompasses the actual 

furcation of  each tooth plus an area 4mm down the internal aspect of  the root surfaces 

(Ringelstein & Seow, 1989). For the purposes of  this study, only canals located in the “furcation” 

of  extracted primary molars were counted. However, the terms “furcation” and “furcation 

region” are used interchangeably in this paper to describe the immediate region where the roots 

separate.  
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	 Figure 4 shows another representative image obtained from the Dataviewer Software, and 

is a Type A patent canal that was extracted from a 4 year old child. The image shows all three 

views (axial - top left, sagittal - bottom left, coronal - bottom right).  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Figure 4: representative Type A canal using Dataviewer Software 1.5.1



	 A Type B canal is shown in Figure 5. The image was also obtained using Dataviewer 

Software and was extracted from a 6 year old child. The image shows all three views (axial - top 

left, sagittal - bottom left, coronal - bottom right). 
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Figure 5: representative Type A canal using Dataviewer Software 1.5.1



	 A representative image of  an extracted primary tooth analyzed using the Dataviewer 

Software is shown in Figure 6. Figure 6 shows a Type C canal from a 3 year old child.  The 

image shows all three views (axial - top left, sagittal - bottom left, coronal - bottom right).   
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Figure 6: representative Type C canal using Dataviewer Software 1.5.1



Qualitative Analysis 

	 Three-dimensional models and cross sections of  some extracted primary teeth with 

interesting anatomy were created using CTvox software (Bruker-microCT). This was used only 

for visualization of  the images and qualitative analysis. Figure 7 shows a representative 

reconstruction of  a three dimensional model of  an extracted primary molar. Note that canal 

foramin are visible in the three-dimensional model.  

"27

Figure 7: Reconstructed Image using CTvox Software



Statistical Analysis 

	 A power analysis was performed prior to commencing the study to determine the sample 

size of  extracted teeth that would be required to achieve statistically significant results. This 

analysis concluded that 75 teeth would be required to achieve significance and was based on the 

assumption that 30% of  extracted primary molars would have a patent canal. The estimate of  

30% canal patency was derived from the previous research of  Wrabas et al. (1997). After 

analyzing the information from first 65 teeth scanned, the initial estimate of  30% patent canals 

was observed to be an overestimation. Further statistical analysis of  the 65 scanned primary 

molars revealed either P values well under the threshold of  0.05, or well over the threshold and 

not close to statistical significance. It was therefore determined that the final sample size of  the 

study would be 65. 

	 All data was entered into Microsoft Excel by the principal investigator. Statistical analysis 

was performed by a statistician from the University of  Manitoba Biostatistics unit using SPSS 

20.0 for Windows. Descriptive statistics were provided in summary tables. Fisher’s Exact test was 

used to analyze correlation between presence of  canals and subject age, as well as presence of  

canals and type of  tooth. This test was used due to the categorical nature of  the data and 

relatively small sample size.  A Kruskal-Wallis test was performed to assess the relation between 

number of  canals and subject age, as well as number of  canals and type of  tooth. This test was 

used because data was determined to be non-parametric, groups had different sample sizes, and 

multiple groups were studies. A significance of  P<0.05 was used for all tests.  
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Results and Statistical Analysis 

Quantitative Results 
	 The total number of  extracted primary molars used in this study was 65. Tables 2 and 3 

show the distribution of  type of  tooth and patient age at time of  extraction.  

	  

	 Of  the 65 teeth scanned with Micro-CT, 83% (54 teeth) teeth were found to have one or 

more canals and 17% (11 teeth) had no canals. The mean number of  canals per tooth, as well as 

median, minimum, maximum, and standard deviation of  canals per tooth are found in Table 4.  

Table 2: Type of  Primary Molar
Tooth Type Frequency Percent (%)

Maxillary First Molar 20 31

Maxillary Second Molar 18 28

Mandibular First Molar 13 20

Mandibular Second Molar 14 21

Table 3: Patient Age at Time of  Extraction
Tooth Type Frequency Percent (%)

3 and Under 18 28

4 11 17

5 21 32

6 and Over 15 23
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	 A total of  169 canals were found in the 65 teeth tested. It is important to note that no 

single tooth had multiple patent canals. The 5 patent canals were found on 5 individual teeth. 

The distribution of  these canals as either Type A (patent), Type B (originating on inner furcation 

but not patent), or Type C (originating on outer furcation but not patent) is shown in Table 5. As 

most teeth had multiple canals, the frequency of  type of  canal  relative to other canals is 

displayed separately from the frequency of  canal types existing in each tooth. 

Table 4: Mean, Median, Minimum, Maximum and Standard Deviation of  Number of  Canals per 
Tooth

Mean Median Minimum Maximum Standard 
Deviation

2.6 2.0 0 14 2.4

Table 5: Frequency of  Canals of  Type A, Type B, Type C.

Canal Type Frequency Percentage

Type A 5 3

Type B 12 7

Type C 152 90

"30



Of  the 65 teeth analyzed in this study, 8% had a patent canal (Type A). The frequency of  teeth 

with either a Type A, B, or C canal is shown in Table 6. 

	 Fisher’s exact test was used to compare the proportion of  teeth with accessory canals in 

the furcation region between different age groups. The 4 year old age group was found to have 

the highest proportion of  teeth with canals present, however this was not significant. No 

association was found between patient age at time of  extraction and presence or absence of  

accessory canals (P = 0.5971). Table 7 outlines the results of  Fisher’s exact test.  

Table 6: Frequency of  Teeth with Canals of  Type A, Type B, Type C.

Canal Type Frequency Percentage

Type A 5 8

Type B 7 11

Type C 42 64

No Canals 11 17

Table 7: Presence of  Canals and Patient Age
Age No Canals Present Canals Present Total

3 and Under 5 13 18

4 1 10 11

5 3 18 21

6 and Over 2 13 15

Fisher’s Exact Test

Table Probability (P) 0.0147

Pr <= P 0.5971
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	 Fisher’s Exact Test was once again used to determine if  a relationship exists between type 

of  tooth and presence of  canals in the furcation region of  primary molars. Mandibular second 

molars had the highest proportion of  teeth with at least one accessory canal, but the difference 

was not significant.  No association was found between type of  primary molar and presence of  

accessory canals (P = 0.4771). Table 8 shows the results of  Fisher’s Exact Test.  

	  

	 A relationship between the number of  canals present in the furcation region per tooth 

and patient age at the time of  extraction was assessed using the Kruskal-Wallis Test. Both the 4 

and 5 year old groups had a higher median number of  canals present, however the difference 

was not significant. No relationship was found between the number of  canals present and the 

patient age (P = 0.2296). Table 9 shows the results of  the Kruskal-Wallis Test.  

Table 8: Presence of  Canals and Type of  Primary Molar
Type of  Primary Molar No Canals Present Canals Present Total

Maxillary Second Molar 2 16 18

Maxillary First Molar 5 15 20

Mandibular Second Molar 1 13 14

Mandibular First Molar 3 10 13

Fisher’s Exact Test

Table Probability (P) 0.0106

Pr <= P 0.4771
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	 Association between number of  canals present in the furcation region and type of  tooth 

was also tested with the Kruskal-Wallis Test. A statistically significant difference (P = 0.0028) was 

found between maxillary and mandibular first and second molars. Maxillary and mandibular 

second molars had a higher median number of  canals than maxillary and mandibular first 

molars.  The results of  the Kruskal-Wallis Test are displayed in Table 10. 

Table 9: Number of  Canals Present and Patient Age
Age N 

Observations
Mean Median Minimum Maximum Std Dev

3 18 2.2 2 0 8 2.3

4 11 3.1 3 0 6 1.9

5 21 3.3 3 0 14 3.1

6 15 1.8 2 0 4 1.2

Kruskal-Wallis Test

Chi-Square 4.3128

DF 3

Pr > Chi-Square 0.2296
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Table 10: Number of  Canals Present and Tooth Type
Tooth Type N 

Observations
Mean Median Minimum Maximum Std Dev

Maxillary 
Second Molar

18 3.3 3 0 8 2.1

Maxillary First 
Molar

20 1.8 1 0 14 3.0

Mandibular 
Second Molar

14 3.5 3.5 0 7 2.1

Mandibular First 
Molar

13 2.1 2 0 4 1.4

Kruskal-Wallis Test

Chi-Square 14.0465

DF 3

Pr > Chi-Square 0.0028
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Discussion 

  
	 The aim of  this study was to examine the furcation region of  extracted primary molars 

using Micro-Computed Tomography. Of  particular interest was the presence of  canals in this 

area which could provide a communication between pulpal and periodontal tissues. The main 

finding of  this study was that while a majority of  primary molars have accessory canals on the 

external furcation region adjacent to the periodontal ligament, very few of  these canals are 

patent and most terminate within the dentin in the furcation. Several patent canals were 

observed, however very few primary molars possessed a patent canal.  Significantly more canals 

were observed in maxillary and mandibular second molars than in first molars. No relation was 

found between both presence and number of  accessory canals and patient age. 	  

Significance of  the Furcation Region in Primary Molars 

	 Radiographic changes in the furcation region of  primary molars have long been a visible 

finding indicative of  subacute and chronic abscess formation (Winter, 1962). It was identified in 

1962 by Winter that the radiographic change is generally one of  rarefaction, which appears to 

commence at the bifurcation and trifurcation of  the root and gradually extends to involve the 

whole of  the inter-radicular bone. The author also stated that resorption of  the inter-radicular 

bone is stimulated by inflammation extending from an infected or necrotic pulp  and that it 

would appear that the resorption of  inter-radicular bone is followed by the process of  

radiographic rarefaction (Winter, 1962). These clinical and radiographic observations have led to 

great interest in the furcation region of  primary molars.  
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	 A description of  the aetiology of  accessory canal formation has been  provided by Seltzer 

et al. (1967), who hypothesized that accessory canals are caused by a localized failure in the 

formation of  Hertwig’s Epithelial Root Sheath. This failure in Hertwig’s Sheath results in lack of  

odontoblast differentiation and formation of  dentin at this point. Thus, a small accessory canal 

which connects the periodontal ligament with the pulp chamber / root canal of  the tooth is 

formed. It was also said by the authors that the gap in the Hertwig’s sheath is likely produced by 

the persistence of  abnormally placed blood vessels reaching the pulp. They also stated that 

extension of  inflammatory lesions from the dental pulp apparently occurred through accessory or 

lateral canals situated in the furcation regions of  molars, however other avenues of  

communication between the pulp and periodontal ligament, such as dentinal tubules, may 

account for the extension of  the inflammatory lesions (Dammaschke et al., 2004; Seltzer, Bender, 

Nazimov, & Sinai, 1967).  

	  

	 The importance of  the furcation region of  primary molars has led to several research 

studies. Multiple technologies have been used to closely inspect the furcation region, including 

Scanning Electron Microscopy (SEM), histologic sectioning, radiology, dye penetration, and 

multiple perfusion techniques. Each technology has advantages and disadvantages with regards 

to inspection of  the furcation region of  primary molars.  

	  

	 SEM technology has been used most frequently to analyze the furcation region of  

extracted primary molars, using magnification to produce high resolution images of  furcation 

regions and providing accurate measurements of  canal orifice diameters, as well as exact 
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locations of  orifices. However, the major drawback of  this technology is that the images 

produced by SEM cannot determine the nature of  accessory canals and whether or not they are 

true canals that connect the pulp chamber with the periodontal ligament (Paras, Rapp, Piesco, 

Zeichner, & Zullo, 1993b).  

	 Micro-computed Tomography scanners (Micro-CT) offer a non-invasive and 

reproducible technique for providing three dimensional analysis of  the furcation region. Three 

dimensional analysis allows the assessment of  accessory canals rather than canal orifices, and can  

be used to assess accessory canal patency. One limitation of  the Skyscan 1176 Micro-CT scanner 

is that at the highest resolution of  9 µm, canals smaller than 9 µm will not be detected. Previous 

studies using SEM technology have reported canal diameters smaller than 9 µm (Paras, Rapp, 

Piesco, Zeichner, & Zullo, 1993b), however the vast majority of  canals are larger than this and 

capable of  detection.  To date, no study has been undertaken to analyze the furcation region of  

primary molars using high-resolution micro-computed tomography.  

Presence of  Furcation Canals in Primary Molars 

	 The incidence of  accessory canals in primary molars varies greatly in the literature, with 

values ranging from 23% of  primary molars having canals (Winter, 1962)  to 94% (Dammaschke 

et al., 2004). In this study 83% of  primary molars were found to have at least once accessory 

canal and this value lies within the range of  previous research. 
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	 Patent accessory canals (Type A) were found in this study to occur at an incidence of  8% 

of  extracted primary molars scanned using Micro-CT. Only 3 previous studies have been able to 

determine canal patency (Moss et al., 1965; Sharma, Gulati, & Gill, 2015; Wrbas, Kielbassa, & 

Hellwig, 1997a). Moss et al. and Wrbas et al. both used histologic sectioning and found the 

incidence of  patent canals to be 20% and 30%, respectively (Moss et al., 1965; Wrbas, Kielbassa, 

& Hellwig, 1997b). Moss et al. stated that a majority of  patent accessory canals entered the pulp 

chamber at the region of  least thickness, where the floor of  the pulp chamber slopes into the 

roots and the minority of  patent accessory canals entered through the height of  greatest 

curvature in the centre of  the pulp chamber. No canals originating on the root surface were 

included in this study, however multiple accessory canals on the root close to the furcation were 

observed by the principle investigator. One possible explanation for the discrepancy between 

values reported by Moss et al. and Wrbas et al. and this study is the inclusion criteria determining 

which canals counted as furcation canals.  

	 It has been reported by both Kramer et al. (2003) and Paras et al. (1993) that the vast 

majority of  accessory canals are located on the outer surface of  the furcation, attached to the 

periodontal ligament, and only a small minority are located on the inner surface of  the furcation 

adjacent to the pulpal floor. Paras et al. found that 20% of  teeth scanned with SEM had an 

accessory canal on the inner surface and 50% of  teeth scanned with SEM had a canal on the 

outer surface of  the furcation (Paras, Rapp, Piesco, Zeichner, & Zullo, 1993b). Likewise, Kramer 

et al. also used SEM technology to  find that 25% of  teeth had a canal on the inner surface of  

the furcation while 53% had a canal on the outer surface of  the furcation (Kramer et al., 2003). 

This study found a similar trend in that 11% of  all teeth studied had a canal only on the inner 
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surface of  the furcation and 64% had a canal only on the outer surface of  the furcation, 8% of  

teeth had patent canals, and the remaining 17% had no canals. 

Tooth Type and Presence of  Accessory Canals 

	 Ringlestein et al. (1989) compared the incidence of  accessory foramina in maxillary and 

mandibular first and second primary molars. The study concluded that while the prevalence of  

foramina in the different teeth surveyed was not equal, no statistically significant difference was 

found (P > 0.1) and it could not be concluded that more foramina are located in maxillary versus 

mandibular teeth or first versus second molars (Ringelstein & Seow, 1989). An additional paper 

by Morabito et al. (1992) used SEM technology and concluded that canals appeared equally in 

maxillary and mandibular teeth, and no difference was found between first and second molars 

(Morabito & Defabianis, 1992). This study also found, through the use of  Fisher’s Exact Test (P = 

0.4771), no relation between presence of  canals and type of  primary molar (shown in Table 6). 

	 While no association was found between the  presence of  canals and the type of  primary 

molar,  a significant relationship was found between the number of  canals observed in  first and 

second molars. As shown in Table 10, maxillary first molars had a median number of  canals of  

1, and mandibular first molars had a median of  2. This is in contrast to maxillary second molars 

with a median of  3 and mandibular second molars with a median of  3.5. As the Kruskal-Wallis 

Test compares median values, it can be concluded that second molars have a significantly higher 

number of  canals present than first molars.  
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Tooth Age and Presence of  Accessory Canals 

	 To date, the only previous study to analyze the effects of  patient’s age on the prevalence 

of  accessory canals was performed by Woo et al. (1981) using histologic sectioning as well as dye 

penetration. Patient’s age was grouped into three categories; 3-5, 6-8, and 9-12. The age group 

of  3-5 had an incidence of  accessory canals of  27.2%, 6-8 had an incidence of  26.2%, and 9-12 

had an incidence of  6.7%. While no statistical analysis was performed, it was stated that there 

seemed to be an inverse relationship between the age of  the patients and the prevalence of  

accessory canals in their deciduous molars. It was also hypothesized that this trend could be 

explained by the obliteration of  some of  the canals with age (Woo & Miller, 1981). The present 

study tested correlation between both presence of  canals and patient age and number of  canals 

and patient age. No relation was found between patient age and presence of  canals using Fisher’s 

Exact Test (P = 0.5971). Likewise, no relation was found between the number of  canals present 

and patient age using the Kruskal-Wallis Test (P = 0.2296). The overall results of  this study differ 

significantly from Woo et al., in that a much higher prevalence of  canals was found in this study 

(83%) versus the 32% for dye penetration and 25% for histologic sectioning used by Woo et al. 

Also, the majority of  teeth used in this study came from a much younger population than in the 

Woo et al. study. Thus, it is not surprising to have differing results.  

Significance of  Furcation Canals in Primary Molars 

	 It has long been speculated that there is a constant flow of  material directly through the 

pulpal floor of  the deciduous molar (Moss et al., 1965). Some authors have reported that the 
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interradicular bone resorption may be caused by the presence of  accessory canals in the furcation 

area (Kramer et al., 2003). The results of  this study suggest that the presence of  accessory canals 

in the furcation region of  primary molars does not necessarily imply that a direct communication 

between pulp and periodontal tissues exist. Paras et al., Winter et al., Moss et al. and Wrbas et al. 

have also concluded that the presence of  accessory canals is not the only reason for interradicular 

bone resorption which may result from pulpal necrosis in primary molars (Moss et al., 1965; 

Paras, Rapp, Piesco, Zeichner, & Zullo, 1993b; Winter, 1962; Wrbas, Kielbassa, & Hellwig, 

1997b).  

	 In a 1965 study, Moss et al. made the following four observations in his histologic study of  

the floor of  deciduous molars (Moss et al., 1965); 1,  the floor of  an infected deciduous molar is 

more permeable to methylene blue dye than that of  a noninflected molar tooth, 2, there are 

accessory canals leading directly to the interradicular area, 3, the floor of  the pulp chamber is 

exceedingly thin and 4, the dentin and cementum are relatively poorly calcified and contain 

numerous developmental defects. 

	  

	 The results of  this and other studies show that while there are accessory canals that lead 

directly to the interradicular area, these canals are rare and the majority of  accessory canals 

terminate within the dentin and are not likely responsible for interradicular bone resorption. This 

questions the second observation made by Moss et al. as a possibly aetiology for interradicular 

bone resorption, however, the other observations made in their paper likely help explain the 

frequent occurrence of  interradicular bone resorption in infected primary molars (Moss et al., 

1965). Kramer et al. (2003) speculated that small thickness of  dentin, physiological root 
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resorption with dentin tubule exposition in the external furcation area, and the presence of  true 

accessory canals could increase the permeability of  the region and increase the chances of  

pathological alterations in the interradicular region of  primary molars (Kramer et al., 2003). 

	 There are scarce explanations presently discussed in literature pertaining to the 

physiologic purpose of  external canals adjacent to the external furcation region. While previous 

studies have concluded that these canals are not likely responsible for furcation radiolucency, they 

have provided few hypothesis with regards to the purpose of  these canals. One potential 

explanation for the presence of  multiple canals on the external furcation surface is to balance 

occlusal forces during mastication. Canals could act to relieve the stresses placed on primary 

molars and prevent fracture of  the furcation area or very divergent molar roots.  
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Future Research 

	 The future research potential of  using Micro-CT to analyze primary molars is vast. The 

scans created in this study could be used to further examine the furcation region of  primary 

molars. The third and fourth observations made by Moss et al. (Moss et al., 1965) that the pulp 

chamber floor is exceedingly thin and that the dentin and cementum are poorly calcified could 

likely be analyzed by Micro-CT. Pulp chamber floors could easily be measured, and calcification 

of  dentin and cementum could be analyzed by evaluating the relative radiolucency/radiopacity 

of  dentin and cementum in various teeth.  

	  

	 The status of  the pulp of  each tooth was not recorded. A future study could compare the 

incidence of  accessory canals in the furcation region of  primary molars with necrotic pulps and 

with healthy pulps. 

	 Furcation canals could be analyzed for the presence of  blood vessels and cells, in 

particular the absence of  collagen fibers. Presence of  these tissues could indicate physiologic 

function of  the canals. 

	 Occlusal loading effects could be explored by determining if  in vitro occlusal pressure 

would cause any change regarding the presence of  canals or the size of  canals.  
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Conclusions  

	 The following conclusions can be made from this study: 

1. Although a high percentage of  extracted primary molars had at least one accessory canal in 

the furcation region (83%), only a small number of  teeth possessed a patent canal (8%).  

2. No relationship was found between the age of  the patients at the time of  extraction and the 

existence of  accessory canals in the furcation.  

3. No association was found between first molars versus second molar, maxillary versus 

mandibular with regard to presence of  accessory canals in the furcation. However,  second 

primary molars were found to have a significantly higher number of  canals than first molars. 

4. The use of  a Micro-CT scanner was an effective method to quantify accessory canals in the 

furcation region of  extracted primary molars.    
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