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ABSTRACT 
The endodontic system is complex and has many anatomical variations within different population groups. The 

success of any endodontic treatment depends on the comprehensive knowledge of the internal morphology of the 

canals, the achievement of an access cavity and a correct chemo-mechanical treatment, as well as the quality of the 

canal obturation. Lack of knowledge in this regard and omission of a root canal are among the most common causes 

of failure of endodontic treatments. 

Most previous studies on the first molars of the jaws have shown that they have three roots and four channels, 

because an additional channel is often found at the mesio-vestibular root. Other anatomical variations, such as an 

additional C-shaped canal, have also been reported in the disto-vestibular and palatal roots. Thus, due to the fact that 

they have a more complex anatomy compared to other teeth, the 1 maxillary molars have the highest rate of 

endodontic failure. 

Recently, CBCT has been used to explore the three-dimensional details of the root canal before endodontic 

treatment. 

The aim of this study is to highlight the importance of in-depth knowledge of the root canal morphology of the first 

permanent maxillary molar. 

KEY WORDS: maxillary first molar, CBCT, endodontic system, second mesio-vestibular canal. 

 

INTRODUCTION 

 

The complexity of the internal morphology 

of the root canals is genetically determined, 

a complexity that refers to the number of 

canals in each root, the distance of the holes 

and the type of canal, which are difficult to 

determine. Studies of the internal and 

external anatomy of teeth have shown that 

anatomical variations can occur in any tooth 

and can be extremely complex. [1] 

As mentioned, the success of endodontic 

treatment depends on the debridement, 

disinfection and three-dimensional closure 

of the entire endodontic system. In order to 

achieve this goal, it is essential to 



Romanian Journal of Oral Rehabilitation 

Vol. 13, No. 1, January-March 2021 

 

58 
 

understand the configuration of root canals 

and the possibility of the presence of 

secondary canals. [2] 

 

The endodontic treatment of a first, upper 

molar has the highest failure rate, most 

likely due to substantial variations in the 

configuration of the mesio-vestibular root. 

[3] [4] The incidence of secondary canals in 

the mesio-vestibular root varies between 

25% and 96%. These values differ 

depending on the geographical areas 

examined. [5] 

 

Each human tooth has its own root 

morphology, and this has been studied in 

detail. [6] Specialists have been interested in 

variations in the internal morphology of the 

upper first molar since the last century. For 

example, the mesial root of the first 

maxillary molar  has been described as 

having 2 distinct canals since 1925. [7] The 

upper  first molar  is the first permanent 

tooth to appear in the oral cavity, with a 

poor degree of mineralization and is thus 

exposed. at the appearance of carious lesions 

and implicitly of pulpal pathologies. 

 

A number of studies have been published on 

the morphology of the root canals of the first 

maxillary molar using different ethnic 

groups, methods and approaches. 

Commonly used methods to study root canal 

morphology use contrast solutions [8], 

radiographic techniques [9] and more 

recently introduced, computed tomography 

with conical beam. [10]     

 

CBCT is a technique that uses a specific 

beam to produce three-dimensional images 

in order to accurately reveal anatomical 

details. [11] The key advantages of using 

CBCT are the non-invasive nature and 

allowing 3D reconstruction of root canals. In 

endodontics, CBCT not only provides a 

three-dimensional assessment of the region 

of interest, but also an adequate resolution of 

the images, which allows a detailed analysis 

of the teeth and the anatomy of the alveoli. 

[12] 

 

 

PURPOSE OF THE STUDY 

 

Considering the need to know the internal 

anatomy to achieve an optimal endodontic 

treatment and considering the technological 

progress that allowed the three-dimensional 

analysis of the endodontic system, through 

this study, we aimed to analyze the 

morphology and configuration of the 

endodontic system of the upper first molar, 

given that this tooth has the greatest 

diversity in terms of internal morphology 

and the highest failure rate among 

endodontic treatments. 

 

 

MATERIAL AND METHOD 

 

The present study was performed by 

analyzing 100 CBCT images performed on 

female and male patients, which were 

presented in the Endodontic Clinic of the 

Faculty of Dentistry in Craiova, for various 

dental treatments during 2017-2019. The 

inclusion criteria were represented by the 

presence of at least one maxillary molar on 

the arch, whether or not it presented 

endodontic treatment, correct or incorrect. 

The exclusion criteria were represented by 

the absence of the two maxillary molars, 

respectively CBCT investigation incorrectly 

performed or unclear. Patients based on 

ethnicity, religion, sex were not excluded. 

All patients were informed of the purpose of 

the ongoing study and signed declarations of 

informed consent regarding the protection of 

personal data and participation in the study. 

The patients were investigated by clinical 

examination, supplemented with paraclinical 

investigations (CBCT), each of them being 
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prepared an individual treatment sheet. The 

100 CBCT images analyzed were performed 

using the CS8100 3D Carestream. All the 

data obtained were entered in spreadsheets 

made in Microsoft Excel. 

 

RESULTS 

In the present study, of the 100 subjects 

examined, 66% were female and only 34% 

male [Graph no.1]. 

 

Graph no.1- Distribution by sex 

Of the CBCTs of the patients examined, 

among men, none were 20 years old, most 

ranging between 31-30 and 41-50. Of the 

number of CBCTs examined of female 

patients, most were in the age group of 21-

30 years and 31-40[Chart no. 2]. 

 

Chart no. 2 - Distribution by sex according to age group 
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Of the 100 CBCTs examined, 43% of 

patients were in the age group 31-40 years, 

followed by 23% between 41-50 years. The 

youngest are under 20, the percentage being 

1% [ Chart no. 3]. 

Chart no. 3 - Distribution by age categories 

From the CBCTs of the examined patients, 

we observed that 58% of the upper first 

molars did not have endodontic treatment 

performed, and 42% had endodontic 

treatment [ Chart no. 4]. 

Chart no. 4 - Distribution according to the presence of endodontic treatment 
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Among the patients who had endodontic 

treatments performed on the upper first 

molars, there were none with 2 canals. A 

small number of patients had 3 root canals - 

12%, and the highest percentage was 

recorded by the presence of 4 root canals, 

respectively 88% [ Chart no. 5]. 

 
Chart no. 5 - Distribution according to the number of canals 

 

Of the patients who presented both homologous molars, 47% had both MV canals, and 53% had 

only one MV canal [ Graph no.6]. 

Graph no.6 - Distribution according to the presence of MV channels in homologous teeth 
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Of the first upper molars that have endodontic treatment performed and periapical lesions, 68% 

have separate mesio-vestibular canals and 32% confluent [ Chart no. 7]. 

Chart no. 7 Distribution according to the presence of confluent and separate MV channels in the 

teeth without endodontic treatment and periapical lesions 

 

Of the fist upper molars with enododontic treatment performed, but without periapical lesions, 

61% have separate mesio-vestibular canals and 39% confluent [ Chart no. 8]. 

Chart no. 8 - Distribution according to the presence of confluent and separate MV canals in teeth 

with endodontic treatment and without periapical lesions 
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Of the first upper molars without endodontic treatment performed and with periapical lesions, 

43% have separate mesio-vestibular canals and 57% confluent [ Chart no. 9]. 

Chart no. 9- Distribution according to the presence of confluent and separate MV canals in the 

teeth without endodontic treatment and with the presence of periapical lesions 

 

Of the first upper molars without enodontic treatment and without periapical lesions, 55% have 

separate MVs and 45% confluent [ Chart no. 10]. 

Chart no. 10 - Distribution according to the presence of confluent and separate MV channels in 

the teeth without endodontic treatment and without periapical lesions 
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DISCUSSIONS 

Although the palatal root of the first 

maxillary molar is the longest and largest in 

diameter, in most cases it contains a single 

round canals, from the emergency orifice to 

the apex. The presence of two or even three 

root canals in this root has been reported, but 

the number of cases has been negligible. 

Two root canals were reported in the Indian 

population in only 5% of cases. [15] 

Also, the disto-vestibular root also has, in 

most cases, a single root canal. The presence 

of two canals in the disto-vestibular root was 

analyzed in some studies and recorded a 

prevalence from 0.5 to 9.5%. The mesio-

vestibular root remains one of the mysteries 

of endodontics, thanks to the MV2 canal. 

[16] [17] 

ESE (European Society of Endodontics) 

recommends the use of CBCT in 

endodontics in cases of complex endodontic 

anatomy. CBCT is used not only to highlight 

the internal endodontic anatomy, but also to 

estimate the length of root canals and to 

determine the relationship of teeth with 

neighboring structures. CBCT is a relatively 

new technology that should be introduced in 

current endodontic practice. Dr. Martin 

Level, a member of The American Board of 

Endodontics, estimated in 2010 that 42% of 

patients requiring endodontic treatment 

should be scanned. [18] 

Various studies have used CBCT to study 

the morphology of the root canals of the 

maxillary molars. Blattner and collab. 

evaluated the prevalence of MV secondary 

canals in the extracted maxillary molars, in 

vitro. The teeth were axially sectioned to 

confirm the actual number of root canals. In 

total, an 80% correlation was reported 

between CBCT findings and results obtained 

by tooth dissection. [19] 

CBCT imaging finds applicability in 

endodontics after performing a conventional 

clinical and radiological examination, which 

requires additional 3D information, to 

establish the diagnosis or indications of 

endodontic treatment. In the CBCT analysis 

of the internal morphology of the upper first 

molar, we managed to observe in detail its 

particularities. 

A study by Jorge N.R. Martins [20], 

observed that the proportion of the presence 

of the MV2 canal is high in the young 

population and in the upper first molars with 

3 roots. 

The percentages in which there are two root 

canals in this root vary according to different 

authors, but they all agree on one fact: they 

may be present in more than half of the 

cases (53% according to Hess, 60.7% 

according to Pineda and Kuttler, 64% 

according to Smith, Nosonowitz and 

Brenner, 69.4% according to Acosta 

Vigouroux and Trugeda Bosaans, 84% 

according to Aydos and Milano, 93% 

according to Stropko and 96.1% in 

according to Kulid). [21] 

The maximum percentages, going up to 

80%, were found in young patients up to 30 

years old but also in the age group 50-60 

years old, which comes to emphasize once 

again the need to investigate as carefully as 

possible the internal morphology of each 

tooth in part. 

The low percentage of periapical lesions 

identified even in the case of one maxillary 
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molars that showed only one treated mesio-

vestibular canal, although in reality there is 

probably MV2, confirms that in many cases 

the two canals in the mesio-vestibular root 

vestibular are confluent, so the correct 

chemo-mechanical treatment and apical 

sealing at the level of MV1 was enough in 

many cases to maintain the health of the 

apical periodontium. Preoperative internal 

morphology would indicate the case of teeth 

with an atypical morphology. [22] 

Neelakantan and collab. compared the 

effectiveness of six methods (modified canal 

staining and cleaning technique, CBCT, 

peripheral quantitative CT, spiral CT, digital 

radiography, and contrast-enhanced digital 

radiography) to identify the root canalicular 

systems of 95 teeth. Their results showed 

that CBCT was as accurate as the gold 

standard (a modified channel staining and 

cleaning technique). [19] 

All of these findings demonstrate the 

usefulness of CBCT in endodontic diagnosis 

and treatment planning. The canal system of 

the mesio-vestibular root thus shows 

variations depending on the population 

group analyzed from 48 to 88%. For 

example, in Russia, MV2 was found in 

59.8% of cases [18], in Poland in 59.5% 

[19], in Japan 88.2% [20], and in Portugal 

71%. [23] 

In a similar study, but of a large scale, 

Cleghorn and Goodacre analyzed the 

morphology of the mesio-vestibular canal, 

out of a total number of 8515 teeth, out of 37 

studies. The incidence of the presence of 

two channels in the mesio-vestibular root 

was 57.1%. The incidence of two root canals 

in the mesio-vestibular root was higher in 

laboratory studies (61.1%), compared to 

clinical trials (54.7%). [24] 

In a study conducted in Saudi Arabia, which 

aimed to analyze the internal morphology of 

the first maxillary molars using CBCT, on 

100 extracted teeth from patients aged 

between 20 and 60 years, it was found that if 

the root distal and palatine most often have a 

single root canal, type I Vertucci, the mesial 

root has in over 70% of cases, 2 root canals, 

type I or II Vertucci. [25] 

Similar results also emerge from the study 

conducted in this paper, so over 50% of 

CBCT images examined showed the 

presence of the two mesio-vestibular canals 

regardless of the age group in which the 

patients fell.[26] 

 

CONCLUSIONS 

 

Following the study, we can conclude that 

CBCT allowed a detailed three-dimensional 

assessment of teeth, of the maxillofacial 

skeleton and the relationship between 

anatomical structures. CBCT in endodontics 

not only provides a three-dimensional 

assessment of the region of interest, but also 

an adequate resolution of the images, which 

allows a detailed analysis of the teeth and 

the surrounding alveolar anatomy. 

Upon CBCT examination of the upper first 

molars, a high percentage of molars with 3 

roots was identified, finding that the mesio-

vestibular roots, in most cases, had two 

canals: MV1 and MV2. An important 

finding regarding the mesio-vestibular root 

is the predominance of the endodontic 

system type 1 and 4 after Vertucci. 

A relevant observation from the study on 

endodontic treatment is the absence of a 
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periapical inflammatory reaction, in case of 

omission of one of the mesio-vestibular root 

canals, exclusively if the two canals had a 

common apex. This resulted from the apical 

sealing by clogging the instrumented canal. 

We identified that in patients with both 

upper first molars on the arch, 47% of them 

had two canals at the mesio-vestibular root, 

and the remaining 53%, a single channel at 

this root. Also, in people over 50, most had 

3 roots and 4 canals, but most of the time the 

canals were calcified. 

 

Comparing the results of this study with 

other relevant studies worldwide, it can be 

concluded that the canal system of the 

mesio-vestibular root shows variations from 

48 to 88%, depending on the specific 

population group examined. 
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