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The maxillary first molar has been presented as a tooth with an enormous variety of root 

canal system configurations. The purpose of this paper is to present two cases of maxillary 

first molars displaying an uncommon seven root canal system morphology. After a proper 

access opening of the maxillary molars undergoing a root canal treatment, two dark devel-

opmental grooves were seen connecting both the main buccal canals to the palatal one. 

Under the magnification and illumination of a dental operating microscope, these two 

grooves were explored with ultrasonic tips, which allowed identifying several other root 

canal orifices in both buccal roots complemented by a single palatal root canal in one case, 

and two in the other. Embryological reasons and the best clinical approaches to these com-

plex morphologies are also debated. Bearing in mind the complexities of internal anatomy 

can help maximize the success rates of endodontic treatment. (Rev Port Estomatol Med Dent 

Cir Maxilofac. 2019;60(4):197-204)
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r e s u m o

Tratamento endodôntico de molar superior com 7 canais radiculares  
– relato de dois casos

Palavras-chave:

Anatomia

Endodontia

Molar

Morfologia

Tratamento endodôntico

O primeiro molar superior definitivo é descrito com uma enorme variedade de configura-

ções do sistema canalar. Neste trabalho apresentamos dois casos de molares superiores 

com uma morfologia invulgar de 7 canais radiculares. Depois de estabelecido o acesso à 

câmara pulpar, foram detetados dois sulcos de desenvolvimento com coloração mais es-

cura a interligar os dois canais vestibulares principais ao palatino. Sob ampliação e ilumi-

nação do microscópio cirúrgico, estes dois sulcos foram explorados com pontas ultrassó-

nicas, o que permitiu identificar vários orifícios de entrada canalar adicionais em ambas 

as raízes vestibulares complementadas por um único canal palatino num dos casos, e dois 

no outro. Debatemos também as questões de desenvolvimento embrionário relacionadas 

com as diferentes configurações anatómicas e as melhores abordagens clínicas para estes 

casos. Reconhecer as complexidades da anatomia interna canalar pode contribuir para 

maximizar a taxa de sucesso do tratamento endodôntico. (Rev Port Estomatol Med Dent Cir 

Maxilofac. 2019;60(4):197-204)

© 2019 Sociedade Portuguesa de Estomatologia e Medicina Dentária.  

Published by SPEMD. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The morphology of the maxillary first molar has been exten-
sively studied over the years. The most common pulp cham-
ber floor configuration for the maxillary first molar is the 
presence of four root canal orifices,1 but configurations rang-
ing from one to eight root canals have also been reported.1-3 
Root fusion with main root canals merging4 or even C-shaped 
anatomies (5) have also been documented.

The scientific evidence shows that the clinical efficacy of 
root canal therapy is not only associated with correct coronary 
rehabilitation but is also clearly linked with complete instru-
mentation, disinfection and obturation of the root canal sys-
tem.6 The preoperative periapical status has also been pointed 
out as a potential prognostic factor for the success of both pri-
mary and secondary non-surgical root canal treatment.7 More-
over, even under controlled conditions, persistent periapical 
inflammation may develop, or persist, as a tissue response to 
the endodontic treatment.8 The anatomic variation of the max-
illary first molar is wide, and, although understanding the anat-
omy of the tooth under treatment may be a challenge, it is un-
arguably important. Several authors have stated that previous 
root canal treatment failures might be associated with endodon-
tic therapies that leave missed and untreated root canals.9,10

The objective of this paper is to present two cases of an 
uncommon configuration of the maxillary first molar present-
ing three roots and seven root canals.

Case reports

Case # 1
A 52-year-old Caucasian female was referred to an emergency 
appointment with a chief complaint of spontaneous and 

acute pain in the maxillary left side, which tended to increase 
with cold temperature. The reported medical history was 
non-contributory. On clinical examination, a large carious le-
sion was observed on the mesial and occlusal aspects of the 
maxillary left first molar (tooth 26); however, no periodontal 
pockets were noted, the tooth mobility was within physiolog-
ical limits and none of the teeth 25, 26 or 27 were tender to 
percussion or palpation. The response to the cold-sensitive 
test (Endo cold spray, Henry Schein, Germany) was an intense 
pain on tooth 26 and normal response on tooth 27. The preop-
erative radiographic examination confirmed the involvement 
of tooth 26 (Figure 1). Considering the clinical and radiograph-
ic findings, tooth 26 was diagnosed with symptomatic irre-
versible pulpitis with normal periapical tissues. Root canal 
treatment was scheduled after being accepted by the patient.

Following a buccal infiltration anesthesia performed using 
1.8 mL of 4% articaine with 1:200.000 epinephrine (Artinibsa, 
Inibsa, Spain), proper rubber dam (R&S Dental Dam, CFPM, 
France) isolation was obtained. The carious lesion was exca-
vated, and the endodontic access prepared. A careful inspec-
tion of the pulp chamber floor was possible after the removal 
of loose pulp stones with the aid of a #2 ProUltra ultrasonic tip 
(ProUltra, Dentsply Maillefer, USA). Three main root canal ori-
fices were identified: mesiobuccal (MB1), distobuccal (DB1) and 
palatal (P). Upon a more detailed observation of the chamber 
floor using a surgical microscope (Opmi Pico, Carl Zeiss Surgi-
cal, Germany), two dark developmental grooves were observed 
connecting both the main buccal canals to the palatal one. 
These developmental grooves were explored with #2 ProUltra 
ultrasonic tip troughing, and four extra canals were detected 
(MB2, MB3, DB2 and DB3). A total of seven root canals were 
identified (Figures 2, 3, 4).

All canals were negotiated using an ISO size.08 stain-
less-steel hand file, and the working length was determined 
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by an electronic method using a Root Zx II locator (Root Zx II, 
Morita, USA) and confirmed radiographically. Coronal flaring 
was performed with a ProTaper SX rotary file (ProTaper Uni-
versal, Dentsply Maillefer, Switzerland) and hand instrumen-
tation until an ISO size.15 stainless-steel hand file could reach 
the previously established working length in order to obtain a 
manual glide path. The mechanical instrumentation was per-
formed following the ProTaper Universal sequence with S1, S2 

and F1 rotary files (ProTaper Universal, Dentsply Maillefer, 
Switzerland), as recommended by the manufacturer. The pal-
atal root canal was the only one finished at an F2 file. An end-
odontic rotary motor (Dentaport ZX, J.Morita, Japan) was used 
to accomplish the mechanical debridement, using medium 
torque and 300 rotations per minute. The mechanical debride-
ment was accomplished under continuous intracanal irriga-
tion with 5.25% sodium hypochlorite (Denta Flux, J. Ripoll SL, 
Spain) at room temperature.

The treatment was planned for two appointments due to 
time limitations related to the technical procedures of the first 
visit. To prevent further coronal microleakage between ap-
pointments, a dressing of calcium hydroxide (Ultracal, Ultra-
dent, USA) was placed with a lentulo as intracanal medication, 
and the access cavity was provisionally restored with IRM fill-
ing (IRM, Dentsply, Germany).

At the time of the second appointment, two weeks later, 
the tooth under treatment was asymptomatic. After buccal 
anesthesia, rubber dam isolation and removal of the tempo-

Figure 1. Periapical radiograph of tooth 26

Figure 2. Intraoperative photograph showing three root 
canal orifices in the mesiobuccal root (MB1, MB2 and MB3)

Figure 3. Intraoperative photograph showing three root 
canal orifices in the distobuccal root (DB1, DB2 and DB3)

Figure 4. Intraoperative photograph showing a single 
canal in the palatal root (PT)
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rary restoration, the calcium hydroxide dressing was washed 
out with continuous irrigation with 5.25% sodium hypochlo-
rite. The cleanliness of the root canals was verified with a sur-
gical microscope. The final irrigation protocol included 
one-minute irrigation with 17% EDTA (EDTA, Laboratorios Clar-
ben S.A., Spain), followed by a final flush with 5.25% sodium 
hypochlorite and alcohol rinses. Paper points were used to dry 

the root canals, which were posteriorly filled with gutta-per-
cha and AH Plus sealer (AH Plus, Dentsply, Germany) using the 
continuous wave condensation technique (Figures 5, 6). A Sys-
tem B unit (System B, Sybron Endo, USA) was used for down-
packing and an Obtura II unit (Obtura II, Obtura Spartan, USA) 
was used for backfilling. After root canal filling procedures, the 
pulp chamber was cleaned with alcohol, the entrance of the 
root canals orifices was closed with a flowable composite res-
in (Supraflow, R&S, CFPM, France) and the access cavity was 
temporarily restored. The patient was scheduled for definitive 
coronal rehabilitation (Figure 7). The 15-month recall showed 
no clinic or radiographic findings (Figure 8).

Case # 2
A 38-year-old Caucasian male reporting a non-contributory 
previous medical history attended an emergency appointment 
with a chief complaint of spontaneous and increased pain with 
cold in the maxillary right side. A careful clinical and radio-
graphic observation , which was performed using a recent pan-
oramic radiograph avoiding unnecessary radiation exposure of 
a supplemental preoperative x-ray, following the ALARA prin-
ciples,11 revealed a large carious lesion on the mesial and distal 
aspects of the maxillary right first molar (tooth 16) (Figure 9). 
No periodontal pockets were noted, and the tooth mobility was 
within healthy limits. Teeth 15, 16 and 17 were not tender to 
palpation or percussion. The response to the cold-sensitive test 
(Endo cold spray, Henry Schein, Germany) was an intense pain 

Figure 5. Periapical radiograph for working length 
confirmation with master cones

Figure 6. Intraoperative photograph of the obturation of 
the seven root canals

Figure 7. Final radiograph after endodontic treatment 
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on tooth 16 and normal response on tooth 17. A diagnosis of 
irreversible pulpitis with normal apical tissues on tooth 16 was 
established. The case was scheduled for root canal treatment 
after being accepted by the patient.

The treatment protocol was similar to the one detailed for 
Case #1, except for the instrumentation sequence, which was 
done with the Protaper Next rotary system up to X2 in all ca-
nals (Dentsply Maillefer, Switzerland). In this case, the root 
canal therapy was completed in a single session. The distribu-

tion of the seven canals – MB1, MB2, MB3, DB1, DB2, PT1, PT2 
(Figures 10, 11, 12, 13 and 14) – also differed from the previous 
case. One year after treatment, the patient was contacted for 
a follow-up appointment, but he declined and added that the 
tooth was in function and asymptomatic.

Discussion and conclusions

The root development starts after the crown formation is 
completed. Epithelial cells of the inner and outer dental epi-
thelium meet in the apical end at a junction named cervical 
loop, forming the Hertwig’s horizontal root sheath or horizon-
tal diaphragm. The apical end of the horizontal diaphragm 
bends to form a collar-like structure. In the single-rooted 
teeth, the horizontal diaphragm grows like a tube around the 
newly formed pulp. In the multi-rooted teeth, epithelial cells 
from the horizontal diaphragm develop extensions that grow 

Figure 9. Panoramic Radiograph

Figure 10. Intraoperative photograph showing three root 
canal orifices in the mesiobuccal root (MB1, MB2 and 
MB3) and two root canal orifices in the distobuccal root 
(DB1 and DB2)

Figure 11. Intraoperative photograph showing two root 
canal orifices in the palatal root (PT1 and PT2)

Figure 8. 15-month recall showed no radiographic findings
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toward the center until they contact each other, dividing the 
original single diaphragm into several horizontal diaphragms, 
one for each root.12

Prior to root formation, at the late bell stage of tooth de-
velopment, the most peripheral cells of the dental papilla 
differentiate into odontoblasts, which are responsible for the 
dentin matrix secretion in a process called dentinogenesis. 

The primary and secondary dentinogenesis are responsible 
for the formation of the root canal system. The primary den-
tin is formed at a fast pace prior to the tooth eruption, while 
the secondary dentin is formed at a very slow pace all around 
the internal periphery of the crown and roots, after the tooth 
eruption and during the lifetime.13 This leads to dentin ma-
trix deposition on the floor and roof of the pulp chamber and 
inside the root canals which, in turn, leads to pulp recession 
and the formation of complex root canals systems.

There is an intimate relationship between angiogenesis 
and dentinogenesis.13 The microcirculatory system of the 
pulp is composed of arterioles, the largest vessels of the 
pulp, which end in the capillary layers that reach as far as 
the sub-odontoblastic region. The thin wall of a capillary 
works as a semipermeable membrane that allows the ex-
change of substances, including nutrients that will allow the 
correct function of the odontoblast cells during dentinogen-
esis. Because of this strong correlation between blood sup-
ply and tooth development, the deposition of dentin matrix 
takes place near blood vessels, and the capillary layers must 
reach all the pulp cells.14 This may justify the presence of 
complex root canals systems with more than one root canal 
and the isthmus between these canals in a single very large 
root, as is the case of the mesiobuccal root of the maxillary 
molar. Larger roots need a larger and more complex micro-
circulatory system, which may lead to a more complex den-
tin matrix deposition around this circulatory system, result-

Figure 13. Intraoperative photograph of the obturation of 
the seven root canals

Figure 12. Periapical radiograph for working length 
confirmation with master cones

Figure 14. Final radiograph after endodontic treatment 

202 rev port estomatol med dent cir maxilofac. 2019;60(4) :197-204



ing in more complex root canal anatomies that potentially 
increase the endodontic procedures’ difficulty.

This dentinogenesis may lead to different anatomic con-
figurations of the maxillary first molar. Several of them have 
been already reported in the scientific literature. The review 
by Cleghorn et al.1 makes an extensive analysis of the data 
available on the anatomy of the first upper molar. Regarding 
the mesiobuccal root, in an overall sample of 8399 roots from 
34 ex vivo and in vivo studies, one root canal (MB) was identified 
in 43.1% of the cases and two root canals (MB1 and MB2) in 
56.8%. The distobuccal root review had an overall sample of 
2576 roots from 14 laboratory and clinical studies. The inci-
dence of a single canal (DB) was 98.3% and the presence of two 
canals (DB1 and DB2) was found in 1.7% of the cases. Only a 
few reports3,15 described three root canals in the MB root, and 
this may be found in the DB root very rarely. In this report, two 
seven root canal configurations – a rare configuration with 
scarce reports available, are presented.1,15 In the present cases, 
three canals were found in both mesiobuccal and distobuccal 
roots. The mesiobuccal roots had a Gulabivala type 2 (3-2) con-
figuration in both cases, the distobuccal had a Gulabivala type 
1 (3-1) configuration in Case #1 and a Vertucci type II (2-1) in 
Case #2, while the palatal root had a Vertucci type I (1-1) in 
Case #1 and type V (1-2) in Case #2.16

As for the techniques used to approach these cases clini-
cally, some aspects should be considered. A correct diagnosis 
of the anatomy is important. The surgical microscope works 
as a valuable tool when exploring the pulp chamber floor,17,18 
allowing to detect all the depressions and isthmuses that may 
hide root canal orifices. Exploring those depressions and isth-
muses with ultrasonic troughing is highly effective.19 In addi-
tion to periapical radiographs, the cone-beam computed to-
mography (CBCT) might be useful for the assessment and 
appreciation of extremely complex root canal systems prior 
to, and aiming to enhance, endodontic management.20

Technically, the over-enlargement of the root canals should 
be avoided at all costs in cases with multiple canal configura-
tions, to minimize the chance of root weakness. To overcome 
the challenges of the isthmus and root canal system irregular-
ities, thermoplastic obturation techniques should be pre-
ferred.21 The agitation of ultrasonic irrigation has been docu-
mented as capable of improving irrigation effects and may be 
very useful for these configurations full of complexities.22
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