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Abstract 

Objective: The success of endodontic treatment depends on the possibility to properly identify and assess 
all root canals in order to prepare, irrigate and finally obturate them. 
Aim: The aim of this review article is to describe the main variations in the root canal system of upper first 
and second molars and to emphasize on the advantages of CBCT, which allows conducting a non-invasive 
analysis of the morphology of the root canal system. 
Methods: A review of related articles, studies and publications is conducted in order to summarize the main 
morphology types of the root canal system of upper first and second molars. 
Results: The internal morphology of maxillary first and second molars is complex. Most variations occur in 
the mesio-buccal root where the root canal system configuration can vary according to the ethnical 
differences of the investigated patients. 
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Introduction 
 
The success of endodontic treatment is greatly affected by the possibility to access all root canals of the 
treated tooth, to properly chemically and mechanically prepare them and finally 3-dimensionally obturate 
them. Not identified root canals during the treatment can prevent healing or can lead to formation of 
periapical lesions. 
The main object of root canal therapy is thorough shaping and cleaning of all pulp spaces and the complete 
obturation of the root canal system with an inert filling material (1). Number of different studies reveals the 
complexity of the root canal system. 
Together with diagnosis and treatment planning, knowledge of the canal morphology and its most frequent 
variations is a basic requirement for endodontic success. 
Peters et al. (2) in their study proved that variations in canal geometry before shaping and cleaning the 
canal had more influence on the changes that occur during preparation than the instrumentation techniques 
themselves. 
Numerous studies proved that a root with a tapering canal and a single foramen is the exception rather than 
the rule (1). Multiple foramina, additional canals, deltas, connections between the canals and C-shaped 
canals occur often enough to be considered normal. 
The root canal can take different pathways to the apex, canals may divide and rejoin again. Weine in his 
study (3) described the complexity of the root canal system in every root into four types. Vertucci et al. (4) 
found a much more detailed classification and described eight different configurations. 
The root canal systems of maxillary molars are often considered particularly difficult to treat. The presence 
of a second mesio-buccal root canal in the mesio-buccal root is often emphasized.  However, its incidence 
varies, which is considered to be due to differences in age, gender and ethnics (5, 6, 7, 8). 
The proper evaluation of the existence of a second mesio-buccal root canal has a huge impact on the 
outcome of endodontic therapy (9). 
The introduction of CBCT in the field of endodontics in 1990s has allowed more precise non-invasive 
analysis of internal dental morphology (10). 
Many studies revealed more variations in the root number in the second upper molar than in the first one 
(15, 17). Among the second upper molars a greater diversity in the number of root canals is also presented 
(13, 14, 18). It is possible to observe single root canals and two root canals, as well as C-shaped root canals, 
which are considered very difficult to treat (18). 
C-shaped root canals are more frequently to be seen in maxillary second (2,7%) than in first (0,8%) molars 
according to a CBCT study, conducted by Jo et al. (19). 
 
Aim 
 
The aim of this review of literature is to summarize the main root canal system configurations of maxillary 
first and second molars using CBCT as a diagnostic tool. The article describes the main advantages of 
CBCT and the possibility to conduct a non-invasive analysis of the inner morphology of the tooth. 
 
Methods 
 
A review of related literature sources is conducted and the results of different CBCT studies are summarized 
and compared in order to present the differences of maxillary first and second molar’s root canal system 
configurations according to the ethnical background of the studied populations.  
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Results and Discussion 
 
The second upper molars present with a higher frequency of three root canals, but a lower frequency of four 
root canals compared to the first upper molar (18, 20).  According to most studies the forth root canal in the 
first upper molar is always the second mesio-buccal one (18, 20). 
The reported frequency of a second mesio-buccal root canal differs according to the different studies, which 
is considered to be due to ethnical differences of the studies populations. 
Tanavi et al. (21) reported 55,72% frequency of a second mesio-buccal root canal in first maxillary molars 
and 17,39% in second maxillary molars. Abarca et al. (22) in their study reported a frequency of 42, 8% in 
second upper molars and 73, 44% in first upper molars. 
The presence of a second mesio-buccal root canal in second upper molars is considered to be 22-48% 
according to the different studies (23, 24). 
The presence of a second mesio-buccal root canal in the Irish population was found to be 78% in the first 
maxillary molars and 58% in the second upper molars (25). 
CBCT studies on the frequency of a second mesio-buccal root canal, depending on the age and gender of 
the patients, show different results (18, 21, 22). 
Ghasemi et al. (27) reviewed the literature in order to describe the main root and canal configurations of 
second maxillary molars. Studies and literature reviews based on different ethnical populations were 
included. According to their review (27) the presence of a second mesio-buccal root canal ranged from 
11,53% to 93,7%. Type II (2-1) Vertucci was the predominal type in Brazil and USA and type II and type III 
(1-2-1) in Chinese population. In 8,8-44% of the  cases fusion of both root canals was observed. 
Alrahabi et al. (28) conducted a CBCT study to evaluate the root canal morphology of maxillary molars and 
reported that the presence of a second palatal root canal is considered very rare. The same counted for the 
existence of a second distal root canal. The study reported that in 100% of the evaluated by CBCT cases 
in the distal root there was only one root canal. Low incidence of two or more canals was reported by other 
studies (25). 
That is the reason why the mesio-buccal root is considered as the main focus of morphological studies. 
Wide range of variations about the root canal system in this root has been reported and the incidence of 
more than one root canal is considered significantly high (29). Cleghorn et al. (30) reported that there is not 
even a single study denying the existence of a second mesio-buccal root canal in first maxillary molars. 
Alrahabi et al. (28) observed Vertucci type II and III in cases of two mesio-buccal root canals in the mesio-
buccal root and type I in cases with one root canal. The authors concluded that Vertucci number I and II 
configurations are most likely to be found in the mesio-buccal root. 
The conclusions of a literature review on the topic of internal morphology of first maxillary molars stated that 
type II and IV from the Vertucci classification are most likely to be seen in the mesio-buccal root (31). 
Khademi et al. (32) in their study reported a prevalence of a second mesio-buccal root canal in 70, 2% of 
the investigated first upper molars and 43, 4% of the investigated second upper molars. The second mesio-
buccal root canal was more present in the first maxillary molar and in 2/3 of the cases both root canals had 
separate orifices. Type II of Vertucci classification (second mesio-buccal root canal merging with the first 
one) was the most frequent configuration for the first molar and type I and type II of Vertucci classification – 
for the second maxillary molar. 
All first maxillary molars in another study (32) were three rooted with presence of a second mesio-buccal 
root canal in 86% of the cases. In most of the cases of mesio-buccal root with two root canals, the 
configuration was type VI of Vertucci classification (35%), followed by types II, I, IV and V. 
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The different results in the different CBCT studies prove that the prevalence of a second mesio-buccal root 
canal cannot be generalized to all ethnical groups because genetic diversity is sufficient in the tooth’s 
internal anatomy (28). 
Shelly et al. (26) conducted a CBCT study with the aim to detect and evaluate second mesio-buccal root 
canals of endodontically treated upper molars, which were asymptomatic. The evaluation included 
determining if the root canal is filled or not. The study conducted that most of the examined cases showed 
the presence of a second mesio-buccal root canal. Most of the unfilled second mesio-buccal root canals 
were connected with existing periapical radiolucencies.   
Several methods are used to declare the presence of a second mesio-buccal root canal and to illustrate the 
internal morphology of upper first and second molars. CBCT is considered according to some studies as 
the most aqurate technique for this purpose (33, 34). 
CBCT allows prior knowledge of the exact relations between the anatomical structures (35). CBCT 
evaluation before the endodontic treatment can point to proper treatment decision because it allows 
evaluation of the exact morphology of the root canal system and of the preoperative extend of existing 
periapical lesions (36, 37). 
 
Conclusion 
 
The internal morphology of maxillary first and second molars is complex and often not properly evaluated 
before performing an endodontic treatment. Prior knowledge of the number of root canals and their fusion, 
if such exists, can lead to an easier and more predictable outcome of the non-surgical endodontic 
treatment. CBCT is a powerful diagnostic tool that allows achieving a non-invasive illustration of the inside 
tooth morphology. 
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