
Root and canal morphology of the 
maxillary first molar: A micro-computed 
tomography-focused review of literature 
with illustrative cases. 
Part 1: External root morphology

ABSTRACT
Cleaning and shaping of the root canal are profoundly 
affected by the complexity of root and canal morphology. 
Undiscovered roots or canals may lead to a reduced 
prognosis of a treated tooth as hidden causative organisms 
and their by-products can cause re-infection. Most maxillary 
first molars have three roots, namely mesio-buccal (MB), 
disto-buccal (DB) and palatal (P). They can be separate 
or fused, with incidences varying between populations. 
Anomalies have also been documented that include single-
rooted, double-rooted, four and even five-rooted teeth. 
Additional roots are mostly in the form of additional palatal 
roots and are known as either a radix mesiolingualis (RML) or 
radix distolingualis (RDL). This paper is the first of two giving 
an overview, focused on micro-CT, of available literature on 
various aspects of the root and canal morphology of the 
maxillary first permanent molar. The aim of this paper is 
to provide an overview of relevant aspects of the external 
root morphology in different populations. The content is 
supported by illustrative micro-CT images and case reports 

of rare morphological findings on maxillary first molars.

Keywords
Micro-CT, number of roots, radix mesiolingualis, radix 
distolingualis, root fusion, taurodontism

INTRODUCTION
Once a tooth becomes irreversibly inflamed, endodontic 
treatment is required. This involves removing infected tissues 
from the root canal system in a series of mechanical and 
chemical disinfection steps and eventual three-dimensional 
sealing of the prepared root canal spaces.1,2 Cleaning and 
shaping of the root canal are profoundly affected by the 
complexity of root and canal morphology. Undiscovered 
roots or canals may lead to a reduced prognosis of a 
treated tooth, as causative organisms and their by-products 
can cause re-infection.2,3 In addition to a complex internal 
structure, the external morphology of this tooth can be 
bizarre. In most cases, three roots are present: mesio-
buccal (MB), disto-buccal (DB) and palatal (P).4 Roots can 
be separate or fused, with incidences varying between 
populations.5-9 Variations in the number of roots have also 
been noted, including single-rooted, double-rooted,10-12 four 
and even five-rooted teeth.13,14 These additional roots are 
mostly palatal.14 

Recent technological developments, such as cone-beam 
tomography (CBCT) and micro-computed tomography 
(micro-CT), have made it possible to identify many of  
the complexities and anatomical variations of the roots 
and root canals of molar teeth in three dimensions 
that were often hidden in the two-dimensional view of 
conventional radiographs.15-17 More specifically, micro-CT 
enables the observation of fine detail and the identification  
of complexities in a segmentation process known as the 
watershed. During segmentation each component of  
a tooth is virtually separated from the others using modern 
software (for example Avizo18). Different colours can  
be assigned to enamel, dentine or the pulp, images can 
be magnified, and a tooth can be rotated in multiple 
planes.18-20

The aim of this paper is to provide an overview of available 
literature on the external root morphology of the maxillary 
first molar, supported by illustrative clinical cases and micro-
CT images. Studies have identified several investigative 
methodologies, and morphological findings differ from 
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Table I: Available studies reporting on the number of roots of maxillary first molars.

Country One root (%) Two roots (%) Three roots (%) Four roots (%) Author and date

Australia -   5.6 94.4 - Thomas et al. 199327

Australia - 10.4 89.6 - Martins et al. 201828

Brazil -   3.8 96.2 - Silva et al. 201429

Brazil -   -  100 - Lyra et al. 201530

Brazil 1.0   6.0 93.0 - Estrela et al. 201531

Burma -   - 100 - Ng et al. 201132

China 0.3   1.8 97.8 0.1 Tian et al. 20169

China -   - 100 - Zhang et al. 201133

China -   2.4 97.1 0.5 Jing et al. 201434

China 0.2   2.0 97.6 0.2 Wang et al. 201735

China 0.2   0.6 99.0 - Zhang et al. 201736

China -   0.8 99.2 - Martins et al. 201828

China -   0.4 99.6 - Martins et al. 201837

China 0.1   2.2 97.6 0.1 Gu et al. 201538

Costa Rica -   0.4 99.6 - Martins et al. 201828

Egypt -   - 100 - Ghobashy et al. 201739

Egypt 0.4   6.4 92.8 0.4 Martins et al. 201828

Egypt -   4.3 95.7 - Salem et al. 201840 

England -   3.6 96.4 - Martins et al. 201828

France 1.2   5.6 93.2 - Martins et al. 201828

France -   2.0 96.6 1.4 Monsarrat et al. 201641

Georgia -   - 100 - Beshkenadze and Chipashvili 
201542

Greece 3.9   5.6 89.3 1.2 Nikoloudaki et al. 201543

Greece 0.4 12.4 85.6 1.6 Martins et al. 201828

Iceland 0.4   5.2 94.0 0.4 Martins et al. 201828

India 0.9   1.4 96.8 0.9 Neelakantan et al. 20106

India -   - 100 - Shenoi, Ghule 201244

India -   1.2 98.8 - Martins et al. 201828

India -   2.7 96.8 0.5 Felsypremila et al. 201512

Iran -   0.3 99.7 - Khademi et al. 201745

Iran -   1.3 98.7 - Naseri et al. 201646

Iran -   0.8 97.6 1.6 Rouhani et al. 201447

Iran -   - 100 - Faramarzi et al. 201548

Iran 1.2   6.1 92.2 0.5 Ghoncheh et al. 201749

Ireland -   2.4 97.6 - Shalabi et al. 200050

Italy -   9.6 90.4 - Martins et al. 201828

Italy -   4.3 95.7 - Plotino et al. 201351

Korea 0.4   1.7 97.9 - Kim et al. 20127

Kuwait 0.8   2.4 96.0 0.8 Martins et al. 201828

Mexico -   - 100 - Martins et al. 201828

Netherlands 1.2   5.2 93.6 - Martins et al. 201828

Poland -   - 100 - Olczak and Pawlicka 201752

Portugal 0.7   6.4 92.8 0.1 Martins et al. 20168

Portugal 0.6   8.3 91.1 - Martins et al. 201753

Portugal 0.5   8.5 91.0 - Martins et al. 201828

Russia -   -  100 - Razumova et al. 201854

Saudi Arabia -   - 94.0 6 Alrahabi and Zafar 201510

South Africa -   9.0 91.0 - Irhaim 201655
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South Africa 1.6   0.8 97.6 - Martins et al. 201828

Spain -   6.4 93.2 0.4 Martins et al. 201828

Spain 2.1   0.7 97.2 - Pérez-Heredia et al. 201756

Syria -   - 100 - Martins et al. 201828

Taiwan 1.5   1.0 97.5 - Lin et al. 201757

Taiwan -   - 100 - Alavi et al. 200221

Thailand -   - 99.8 0.2 Ratanajirasut et al. 201858

Turkey 0.1   0.3 99.0 0.6 Altunsoy et al. 201559

Uganda -   4.1 95.9 - Rwenyonyi et al. 20075

Venezuela 0.4 11.6 88.0 - Martins et al. 201828

USA 0.4 13.6 86.0 - Martins et al. 201828

USA -   0.9 99.1 - Guo et al. 201460

population to population. However, the focus is on micro-
CT reports. 

Number of roots
Several papers report on the number of roots in different 
populations and, in most, CBCT was used. The consensus 
is that the maxillary fi rst molar has predominantly three 
roots but variations, including root fusions, have also been 
noted.5,21-26 Many authors have described the number 
of roots in different populations, which vary between 
one, two, three or four-rooted fi rst molars. Findings from 
available literature are shown in Table I. Figure 1 shows 
a typical three-rooted maxillary fi rst molar with separated 
roots viewed through micro-CT and Avizo software. No 
studies that reported on the number of roots using micro-
CT methodology were identifi ed.

Figure 1: Micro-CT illustration of the root morphology of a typical 
three-rooted maxillary fi rst molar; (A) Separate MB, DB and P roots 
viewed from mesio-palatal; (B) Adjusted transparency and increased 
radiolucency allowing separation between pulpal complex and root 
morphology. 

Radix mesiolingualis (RML) and radix distolingualis 
(RDL)

Additional roots can be present on either the mesio-palatal 
side (RML) or on the disto-palatal side (RDL).13 Most of the 
reports on RML and RDL are case reports, but there are 
a few cross-sectional studies investigating the prevalence 
of RML and RDL. In a Danish study authors found a 
prevalence of 8.6% of RML in maxillary fi rst molars using 
visual inspection. No RDL were identifi ed.13 Christie et 
al.61 observed patients in vivo who displayed additional 
palatal roots and found a prevalence of 12.5% for a fourth 
root.61 No studies reporting specifi cally on the RML or RDL 
in African or South African populations using micro-CT were 
identifi ed, but a Ugandan investigation found no teeth with 
more than three roots. The same was reported in other 
African or South African populations.5,28,55 

Figure 2 illustrates a case report of a South African who 
presented with a rare case of combined RML and RDL. 
The patient, a 54-year-old male, presented with irreversible 
pulpitis on his left maxillary fi rst molar that had previously 
been restored with a large occlusal amalgam. A periapical 
radiograph provided limited diagnostic information and no 
additional roots could be observed between the MP and 
DB roots. However, CBCT images revealed the presence 
of two buccal and two palatal roots (RML and RDL). The 
defective amalgam restoration was removed and the pulp 
was exposed. Clinically, the crown of the tooth appeared 
enlarged compared to the contralateral fi rst molar and 
was asymmetrical in shape. The pulp chamber fl oor was 
quadrangular in shape, with four distinct canal orifi ces 
arranged in each corner. The mesio-palatal and disto-palatal 
canal orifi ces were positioned more mesial and distal to the 
chamber fl oor than where a single palatal canal orifi ce would 

Figure 2: A maxillary left fi rst molar with RML and RDL; (A) Pre-operative periapical radiograph; (B) CBCT image illustrating the 
root and canal confi gurations (MB, DB, RML, RDL); (C) Completed access cavity preparation after canal preparation; (D) The fi nal 
obturation with temporary restoration in place. Note the different RML and RDL root canal systems.
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normally be. The four root canal systems were prepared 
after determining length and establishing glide path using 
the ProTaper Universal System (Dentsply Sirona). 

Other reports of four-rooted fi rst molars are included in 
Table II but unfortunately the specifi cs and location of the 
fourth root were not given.

Root fusion
Although most maxillary fi rst molars display a separate 
three-rooted confi guration, fusion can occur between some 
or all the roots. The fi ndings between populations differ. For 
example, in a Korean study, 0.7% of teeth in the sample 
displayed root fusion.7 This is similar to the case of a North 
American population where 0.9% of fusion between roots 
occurred in the sampled teeth.60 Both these fi gures are lower 

than the 2.2% that was observed in a Chinese group.38 In a 
Portuguese population, a larger number of teeth with fused 
roots were identifi ed (7.1%).8 Some populations in China, 
Burma, Iran, Poland and Taiwan had no teeth with fused 
roots in their samples.6,32,33,48,52,57 The incidence of fusion in 
other populations is 1.3% in an Iranian population,46 2.1% 
in a Greek population,43 0.7% in a Spanish population,56

2.4% in another Iranian population,47 1.4% in China,9 11% 
in Ireland,50 2.1% in South China35 and 7% in Saudi Arabia.72

Rwenyonyi et al.5 found fusion in 4.1% of teeth in Uganda. 
A prevalence of 9% of fused roots was found in a South 
African study. Unfortunately, no mention is made which 
population groups were included.55 However, the Ugandan 
study contained individuals of African descent.5 As South 
Africans are a diverse group of people it is diffi cult to make 
predictions for other groups. Nevertheless, the relatively 
higher prevalence noted is important to consider in the 
South African context. CBCT was the method used in most 
investigations, while micro-CT studies were limited (if any). 
Figure 3 shows a maxillary fi rst molar that was isolated by 
segmentation using Avizo from a South African individual of 
African descent.

Figure 4 illustrates a case report of a 38-year-old South 
African female who presented with a non-vital right maxillary 
fi rst molar with a large periapical radiolucency. A high-
resolution CBCT scan revealed that the distobuccal and 
palatal roots were fused. The fused root contained two root 
canal systems that joined into one large apical foramen in 
the apical third of the root and the mesio-buccal root only 
had one root canal system. After root canal preparation with 
the ProTaper Ultimate system (Dentsply Sirona) it was noted 
that the apex was open where the two canals joined in the 
fused root. The open apex was closed with ProRoot MTA 
(Dentsply Sirona) before the mesio-buccal and remaining 

LEFT: Figure 3: Micro-CT display of root fusion 
in a maxillary fi rst molar; (A) Fusion between 
the DB and P roots (Type 3);73 (B) Apical view 
displaying the portals of exit at the apex (black 
arrows); (C) Adjusted transparency with increased 
translucency displaying the correlation between 
root and pulp. Note the multiple portals of exit 
and accessory canals at the apex (white arrows).

BELOW LEFT: Figure 4: Clinical management of 
a right maxillary fi rst molar with fused DB and P 
roots; (A) Pre-operative periapical radiograph; 
(B) Axial view at coronal level of the roots 
showing complete fusion of the disto-buccal 
and palatal roots and separate MB root (white 
arrows). Note the two root canal systems in the 
fused root (white arrows) and the single canal 
in the mesio-buccal root (yellow arrow); (C)
Coronal view of the fused root showing two root 
canal systems in the coronal and midroot aspect 
of the root (white arrows), joining to open in a 
single apical foramen (yellow arrow); (D) Length 
determination radiograph showing that the two 
canals in the fused root join in the apical third of 
the root; (E) High-magnifi cation view of the pulp 
chamber fl oor illustrating the close proximity of 
the two root canal system orifi ces in the fused 
root, as well as the orifi ce of the mesio-buccal 
root canal system; (F) High-magnifi cation view 
at the level of the apical third of the fused root 
where MTA was packed to close the open apex; 
(G) Periapical radiograph showing the obturated 
mesio-buccal root canal system and a 5mm 
MTA plug in the apical third of the fused root; (H)
Immediate postoperative periapical radiograph 
after obturation of the midroot and coronal 
aspect of the root canal systems in the fused 
root. 

Table II: Reports on additional palatal roots in maxillary fi rst molars

Authors Year Study

Thews et al.62 1979 Case report

Di Fiore63 1999 Case report

Alexandersen64 1999 In vitro (1/99; 1%)

Baratto-Filho et al.65 2002 Case report

Barbizam et al.66 2004 Case report

Adanir67 2007 Case report

Raju et al.68 2010 Case report

He et al.69 2010 Case report

Moghaddas, Tabari70 2010 Case report

Neelakantan et al.6 2010 In vitro (2/220; 0.9%)

Tomazinho et al.71 2010 Case report

Kottoor et al.25 2011 Case report
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parts of the root canals in the fused root were obturated 
using AH Plus Bioceramic cement (Dentsply Sirona) and 
gutta-percha cones. 

Taurodontism
In this type of root morphology a tooth often displays 
shortened roots and an elongated body where the pulp 
fl oor and root furcations are displaced apically, resulting in 
a large pulp chamber.74 First described by Arthur Keith, a 
tooth with taurodontic traits has the appearance of a bull.75
The reported prevalence ranges between 0.57% and 
4.37%76,77 but can be as high as 60%.78,79 Prevalence 
between different population groups has been reported. In 
a Senegalese study involving individuals of African descent, 
panoramic radiographs were used to investigate maxillary 
fi rst and second molars. The authors found that 18.8% of 
the teeth showed taurodontism with a higher prevalence 
in second molars.80 In an early South African study, a 
researcher reported a prevalence of 30% in all molars after 
investigating skulls from different races including those 
from African descent. The prevalence in fi rst molars was 
not specifi ed but the author stated that taurodontism was 
more common in second and third molars.81 Most available 
reports are case reports using radiographic examinations. 
The use of micro-CT in cross-sectional studies to report on 
the prevalence of taurodontism in maxillary fi rst molars is 
scarce (if any). Figure 5 depicts an example of a maxillary 
fi rst molar that was isolated with segmentation using Avizo 
in micro-CT from a South African of African descent.

DISCUSSION
It is apparent that root and root canal morphology can differ 
among population groups and it has been determined that 
the anatomy of molars has a relation to genetic control.82 The 
anatomy of the roots of molar teeth can also be infl uenced 
by geographic location or perhaps socioeconomic 
status.83,84 It is important that treating clinicians are aware 
of any variations. Roots and their root canals that remain 
undiscovered increase the risk of treatment failure as 
infections can recur.2,85

The external morphology of the maxillary fi rst molar 
predominantly shows three separate roots. Most studies 
identifi ed in this paper reported three roots in 90% of teeth 
(Table 1). It is interesting to note that different population 
groups within a country can display varied root morphologies 
and number of roots. In China, for example, eight CBCT 
studies were identifi ed on individuals who displayed 
differences in the number of one-rooted, two-rooted, three-

rooted and four-rooted teeth. Perhaps geographic factors 
or genetic make-up determined the differences between 
fi ndings. Nearly all studies that reported on the number of 
roots used CBCT in their methodology. Micro-CT studies 
on root numbers are scarce and it appears that this 
technology has mainly been used to investigate complex 
internal morphology rather than to calculate the number 
of roots or macroscopic investigation of external root 
morphology. Although authors have determined that root 
morphological differences can be attributed to genetics 
or other factors,17,21-23 it seems that the specifi c reasons 
why the number of roots differs between populations is 
not clear. Single-rooted (0% to 3.9%), double-rooted (0% 
to 13.6%), four-rooted (0%-6%) and fi ve-rooted (mainly 
by case reports) teeth in different populations are less 
common (Tables 1 and 2). Teeth with root morphological 
anomalies outside the expected norm can create treatment 
challenges.  Additional roots can easily be overlooked 
during root canal treatment14 and may also cause diffi culties 
during extractions such as fracture of roots. The aetiology 
of additional roots is not completely understood but it has 
been speculated that disease, trauma, ethnicity, genetics 
and external pressure on the developing tooth could 
contribute to its formation.86-89 Additional roots can form 
either by splitting or folding of the Hertwig’s root sheath 
(HERS), thereby forming independent roots with a variety of 
morphological features.90 The highest incidence of a fourth 
root, 6%, was reported in Saudi Arabia.10 As mentioned 
earlier, an additional palatal root can be present on the 
mesio-palatal and is referred to as RML. In teeth where the 
additional root is present on the disto-palatal, it is referred 
to as RDL. These root morphologies have been described 
and classifi ed by various authors.61,91 

The case report described earlier depicts a rare case 
where both a RML and RDL were present. A thorough 
radiographic investigation is required to identify landmarks 
that might alert a clinician to the presence of additional roots 
or variations in root morphology. The use of magnifi cation in 
the form of the dental operating microscope may assist in 
the location of hidden root canals. Specialised diagnostic 
tools such as CBCT provide a three-dimensional view and 
assist in the diagnosis of root canal confi gurations and 
variations in root morphology.14 It is important that clinicians 
follow a methodical approach to identify this type of root 
morphology and use specialised diagnostic tools and 
equipment. Although it is appreciated that dental practices 
may have limited access to specialised tools, they can 
increase the rate of endodontic success if correctly applied.2

Figure 5: Micro-CT display of a 
maxillary fi rst molar with taurodontic 
traits; (A) Mesio-buccal view. Note 
the shortened roots and apically 
displaced root bifurcations; (B) 
Buccal view displaying an elongated 
body and shortened roots; (C) 
Adjusted transparency with 
increased radiolucency displaying 
the relationship between pulp and 
roots. Note the apical displaced pulp 
fl oor (arrow).
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The same can be said for teeth displaying taurodontism. 
Careful examination of pre-operative radiographs including 
panoramic views is needed, as taurodontic traits may not 
exhibit any significant clinical characteristics.92 Magnification 
can be very beneficial in identifying orifices on an apically 
displaced pulpal floor. 

Maxillary first molars can also display fusion of different 
roots. According to Zhang et al.,73 roots can display six 
types of fusion. The MB root can be fused to the DB root 
(Type 1); the MB root to the P root (Type 2); the DB root to 
the P root (Type 3); the MB root to the DB root and either 
the MB or DB root to the P root (Type 4); the P root with the 
MB and DB roots (Type 5); and the MB, DB and P roots all 
fused into a cone shape (Type 6). As with calculating the 
number of roots, CBCT has mainly been used to report on 
fused roots. Root fusion is created when the HERS fails to 
develop or fuses in the region of the root furcation, or it can 
form with increased age when more and more cementum is 
deposited, joining roots.72 This is some of the most complex 
root canal morphology and often root canals are merged. 
It has been established that merged root canals can be 
present in 4.5% to 27.9% of teeth.5,6,8 Authors have also 
stated that root fusion in maxillary molars is more complex 
than in mandibular molars as two or three can be fused, 
altering both internal and external morphology.8,73 Clinicians 
should be aware that fused morphology can be present and 
diagnostic tools such as CBCT are valuable in establishing 
its presence. Even if a clinician does not have access to 
CBCT technology, a proper investigation of pre-operative 
radiographs is vital. It may alert a treating clinician to 
abnormal root and canal morphologies. Clinical observation 
during access cavity preparation is of paramount importance 
to identify any additional root canal orifices and roots.2

In conclusion, the external root morphology of the maxillary 
first molar can be diverse and the number of roots, root fusion, 
additional roots and taurodontism vary among populations. 
Investigations in African and South African populations are 
limited, as is the use of micro-CT in investigations. Findings 
in different populations are important for pre-operative 
diagnosis, the clinical management of affected teeth and 
the management of morphological root variants. 
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