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ABSTRACT 
Maxillary molars have usually three roots. The palatal and disto-buccal 

roots have a roughly round cross section with a single root canal. The third 

root, the mesio-buccal root has commonly an oval cross section and often 

has two canals. One canal is larger and located in the buccal part of the 

root, referred to as MB1 canal and another, which has usually a smaller 

diameter and is located in the more palatal part of the root is referred to 

as MB2 canal. Failure of endodontic treatment of maxillary molars is often 

related to the second MB2 root canal that was not recognized and not 

treated, thus containing necrotic tissue and bacteria. When considering the 

developmental pattern of the mesio-buccal root, it is rather predictable 

that if the root has an oval cross-section it is most likely to have an MB2 

canal. Oval cross section may be best demonstrated in an axial view of a 

Cone-Beam Computerized Tomographic (CBCT) scan of the tooth. Yet, such 

scan may often have no evidence of the presence of MB2 canal. When 

voxel size of the CBCT scan is considered, absence of an MB2 canal in the 

scan may mean that its diameter may be smaller than can be detected in 

a clinical CBCT image. MB2 canals with a diameter of 100 µm cannot be 

expected to be seen even in a high resolution clinical CBCT scan, yet failing 

to find and treat them may lead to failure of the endodontic treatment of 

maxillary molars. Thus, when an oval cross section is detected in the MB 

root, the operator should use all his skills to find and treat the “invisible” 

MB2 canal.  
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Introduction 
FAILURE RATE OF ROOT CANAL TREATMENT OF 
MAXILLARY MOLARS.  
Failure rate of endodontic treatment in maxillary molars 
is relatively high. A study found that 44.4% of endodontic 
failures occurred in maxillary molars 1. Another study 
reported that maxillary molars account for 31.6% of 
failed root canal treatments 2. In many cases the failure 
was caused by an MB2 (second Mesio-buccal) canal that 
was not detected and thus not treated 3,4. Getting 
familiar with the anatomy of the MB root and the 
development of its canal system is essential for adequate 
endodontic treatment of this complex root morphology. 
The aim of this Editorial is to enhance the understanding 
of the development of the MB root of maxillary molars 
on one hand and the limitations of the resolution of a 
CBCT scan on the other, thus allowing better 
interpretation of images derived from a CBCT scan of a 
MB root of maxillary molars.  

DEVELOPMENT OF THE MESIO-BUCCAL ROOT OF 
MAXILLARY MOLARS. 
The development of any root, including the MB (mesio-
buccal) roots is initiated and dictated by the Hertwig’s 
epithelial root sheath (HERS) 5. This temporary two-layer 
epithelial structure develops from the cervical loop of the 
enamel organ during the late bell stage of tooth 
development. It is made of the inner enamel epithelium 
and outer enamel epithelium, and guides the shape, 
length, and number of roots. Its function is to induce 
differentiation of dental papilla cells into odontoblasts, 
which then form root dentin. The root dentin develops 
from where the HERS initially was (the outer surface of 
the root), inwards to the place that will later be the root 
canal 6. The dentin gradually develops in layers (Figure 
1). At early stages the root contains a very large and 
patent root canal. With maturation of tooth this gradual 
dentin apposition process will eventually stop, leaving the 
root canal of a mature tooth.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Development of two root canals in a MB root of a maxillary molar. (a) Axial view of a CBCT scan of a 
maxillary molar. (b) The oval root magnified. (c) The outline of the oval root where the root development began. (d) 
Early stages of root development: a wide oval canal. (e) Continuous dentin apposition results in two distinct canals: MB1 
and MB2. 
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If the HERS had initially a round shape, the mature tooth 
will have one canal with a round cross section. In the case 
that HERS was oval, as in the case of many of the MB 
roots of maxillary molars, the end-result will be different. 
At early stages the young root canal will have an oval 
cross section, but at later stages the continued apposition 
of dentin may eventually separate the root canal into 
MB1 and MB2 canals (Figure 1). 
 
When examining an axial section of a CBCT scan of the 
MB root, we should appreciate that the outline of the root 
represents the line at which the HERS initiated the process. 
If the outline is oval, we usually can see a clear MB1 canal 
on the buccal side of the root and either see or not 
another canal on the palatal side of the root. Sometimes 
we do not see a clear MB2 canal, yet considering the 
process described above we may understand the location 
at which the MB2 canal should be or was once located 
(Figure 1). The case will be different if the outer surface 
of the root had originally a round cross section. Only in 
such cases can we expect to have a single round canal.  
 
The shape of the outer surface of the MB root, as seen in 
an axial section of a CBCT scan is thus an important 
indicator for potential presence of an MB2 canal. 
However, one should keep in mind that the cross section 
examined should be in a plane really perpendicular to 
the long axis of the root. Sections of a round root may 
seem oval if the plane of the section is diagonal axis of 
the root, like diagonal salami slices of a perfectly round 
salami.  
 
To obtain adequate axial view of the MB root, one may 
often have to tilt and align the scan along the axis of the 
specific root. It should be kept in mind that the 3 roots of 
a maxillary molar are often diverging from each-other 
and an optimal axial section of each root may require an 
individual alignment for each of the roots. A simple axial 
view of the whole tooth (rather than of the MB root alone) 
may be misleading. 
 
LIMITATION OF CONE-BEAM COMPUTERIZED 
TOMOGRAPHY RESOLUTION 
When examining a well aligned axial section of a MB 
root, one may often see an oval cross section with the 
MB1 canal clearly visible at the buccal area of the 
section. The MB2 canal may be seen as well, yet often no 
such canal can be seen in the place where it may be 
expected. Does it really mean the MB2 canal does not 
exist or that it is fully calcified?  
 
We tend to think about CBCT as the most accurate and 
reliable radiographic-clinical tool to detect root canal 
anatomy 7. Yet, like every tool, it has its limitations. The 
image seen in CBCT is composed of voxels, the size of 
which greatly affects the resolution of the image. Scans 
that were generated with larger voxel size may provide 
less resolution than those generated with smaller voxel 
size 8. 
 
One should also keep in mind other factors that may 
affect the resolution, which include unit-related factors 
such as field of view (FOV), as well as image acquisition 
and processing parameters such as exposure settings, 
detector technology, and reconstruction algorithms. 

Additionally, patient-related factors like motion, image 
noise and artifacts can significantly degrade image 
quality 9. 
 
The best resolution of root canal details may be currently 
provided by microCT. Such excellent resolution often 
involves voxel size of 3-9 µm. Consequently, microCT is 
often related to as a “gold standard” in the analysis of 
extremely fine anatomical structure of teeth 8,10. Such 
small voxel size involves very high radiation exposure 
that may be used on extracted teeth but not on a patient. 
Currently the smallest voxel size that may be generated 
with most modern clinical CBCT scanners is commonly 
around 75 µm.  
 
What does voxel size mean in terms of ability to detect 
very small root canal structures? It has been established 
that spatial resolution in planar radiographic images 
requires that the smallest structure that can be detected 
will be at least with the size of two pixels (voxels in the 
case of a three-dimentional image) 11. Consequently, if a 
structure is smaller than 75x2 = 150 µm, we cannot 
expect to be able to detect it in a scan built of 75 µm 
pixels. As a clinical illustration, the diameter of the tip of 
a # 15 endodontic file is 150 µm. 
 

An easy way to understand this issue is presented in a 
study by Bai et al 8. In this study extracted mandibular 
incisors were examined for presence of double canal and 
of accessory canals, using CBCT with voxel size of 300, 
250, 200 and 125 µm and compared with a microCT 
image with voxel size of 9 µm, that was used as the “gold 
standard”. The ability of the observers to detect the dual 
canal in the CBCT scans increased with the reduction of 
the voxel size. Yet, most accessory canals which had a 
diameter of 131-192 µm, as measured from a microCT 
reconstruction, could not be reliably detected even when 
the voxel size used was 125 µm.  
 

All the above leads to the understanding that when we 
cannot radiographically detect a very delicate structure 
such as an MB2 canal in a place where it should have 
been found, it does not essentially mean that the canal 
does not exist or that it is totally blocked by calcification. 
It may simply mean that the size of the structure/canal is 
smaller than 150 µm. In clinical terms such narrow canal 
may be accessed only by using #10 endodontic files or 
smaller. In biological terms we should keep in mind that 
the average size of a bacterium is about 1 µm. Therefore, 
a canal with a 100 µm diameter, may potentially contain 
as much as 10,000 bacteria per cross section. Thus, a 
small canal, even with a diameter of only 100 µm, and 
thus one that cannot be expected to be seen in the clinical 
CBCT axial section, has a great potential to lead to 
endodontic failure if not negotiated and properly 
endodontically treated. 
 

Conclusion 
CLINICAL IMPLICATIONS.  
A significant proportion of maxillary first molars have two 
canals in the mesio-buccal (MB) root. Its prevalence can 
range from 48% to 96%, depending on the study and 
population. Less than one-third of MB roots of maxillary 

molars have a single canal 12,13. When the outer shape of 

the MB root, in its axial cross section, is oval with a 
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buccally located MB1 canal, one should assume the 
presence of an MB2 canal even when no such canal is 
seen in the CBCT axial cross sections. The shape of the 
section will indicate where it should be found: In general, 
it should be located in the center of the palatal curved 
surface of the oval root (Figure 1).  
 
Finding a narrow MB2 canal, that cannot be seen on a 
CBCT, requires knowledge and skill by an experienced 
operator. Knowledge that such canal may be patent even 

if the CBCT does not show it, and skill in the use of 
endodontic microscope, ultrasonic tips, spreaders and 
files that may allow the penetration of such a canal and 
performing an adequate endodontic treatment in a canal 
that though not seen in a CBCT scan, may lead to failure 
of the endodontic treatment if not found. 
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