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Abstract 
Background: Reports and studies on dental anatomy describe variations in the morphology, number and shape of the 
roots and root canals, with the mandibular premolars being one of the dental groups with special complexity. In the 
bibliographic review published on the morphology of mandibular second premolars, the presence of three roots being 
extremely rare, finding differences according to the ethnic group studied. The aim of this case is to describe an unusual 
case of the anatomy of a mandibular second premolar. 
Material and Methods: A 59-year-old male patient presented with pain in the right mandibular second premolar. 
After taking the clinical history and the examination, he was diagnosed with irreversible serous pulpitis. Endodontic 
emergency treatment was started with the location of two root canals and the suspicion of two roots, according to 
radiographic examination. After performing CBCT, the presence of a third root was discovered in 45 and the presence 
of another anatomical variant in the right mandibular first premolar (44).
Results: Endodontic treatment was performed in the three canals of 45 (mesio-vestibular, disto-vestibular and lingual). 
Clinical controls were carried out at 12 and 18 months. 
Conclusions: With the limitations of this clinical case, we can conclude that Anatomical knowledge is essential for 
performing endodontic treatment. The study of the tooth with CBCT is essential in cases where the anatomy of the 
tooth shows abnormalities in the radiographic study.
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Introduction
Reports and studies on dental anatomy describe varia-
tions in the morphology, number and shape of the roots 
and root canals, with the mandibular premolars being 
one of the dental groups with special complexity, possi-
bly presenting more than one root (1,2). However, most 

mandibular premolars present a single root and a single 
root canal, although some studies have already reported 
the frequency of complex anatomies in the mandibular 
premolar canals, finding that 24% had two separate ca-
nals from the chamber pulp to the apex and 14% of the 
canals were C-shaped (3). The Vertucci classification 
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on anatomical variables of root canals in mandibular 
premolars describes eight different types of anatomical 
configuration: Type I (1,1,1): a single canal from the 
pulp chamber to the apex ; Type II (2,2,1): two separate 
canals exit the pulp chamber joining near the apex to 
form a canal; Type III (1,2,1): a canal leaves the pulp 
chamber and divides in two at the root, which in turn 
merge to end as one; Type IV (2,2,2): two separate ca-
nals from the pulp chamber to the apex; Type V (1,1,2): 
one canal exits the pulp chamber and divides near the 
apex into two canals with separate apical foramina; Type 
VI (2,1,2): two separate canals exit the pulp chamber, 
merge in the root body and divide again near the apex 
to emerge as two distinct canals; Type VII (1,2,1,2): one 
canal exits the pulp chamber, divides and then rejoins in 
the root body, finally, it divides again into two different 
canals near the apex; Type VIII (3,3,3): three distinct 
and separate canals from the pulp chamber to the apex. 
Endodontic success fundamentally depends on a good 
diagnosis and an adequate strategy to access root canal 
treatment, so the anatomical knowledge of the tooth to 
be treated is very important for the planning and perfor-
mance of root canal treatment.
Cone beam computed tomography (CBCT) is the most 
accurate complementary test for the study of the ana-
tomy of the dental root and root canals in vivo; it is a 
method that offers us a large amount of information (4-
8). In 2015, the American Association of Endodontists 
(AAE) and the American Academy of Oral and Maxi-
llofacial Radiology (AAOMR) published the position 
on the use of CBCT in endodontics (9). Recently, the 

European Society of Endodontics in a position state-
ment on the use of CBCT (5) stated that its use is indi-
cated in patients with complex canal anatomy to obtain 
a good diagnosis and undertake endodontic treatment 
with knowledge of the root canal system that the tooth 
presents; however, its use should not be generalized in 
endodontic treatment.
We present the clinical case of a patient with complex 
anatomy in the right mandibular second premolar, in 
which CBCT helped identify the roots and root canals to 
perform root canal treatment.

Case Report
This investigation complies with the Helsinki Declara-
tion, and the patient signed an informed consent form.
A 59-year-old patient presented for spontaneous pain 
in the second right mandibular premolar (45), with two 
days of evolution, related to the fall of the obturation he 
had on the distal aspect.
The medical history detected no medical illnesses of in-
terest. The dental history recorded a vertical dental frac-
ture of 46, which required the extraction of the molar 
three months prior to the current clinical picture.
The patient explains having suffered severe and spon-
taneous pain radiating from the anterior teeth, which 
increases in reaction to thermal stimuli, presenting per-
sistent pain.
Examination revealed the absence of the disto-vestibular 
and occlusal wall of the right mandibular second premo-
lar (45), with the presence of a cavity compatible with 
the loss of a restoration (Fig. 1-A). Palpation and per-

Fig. 1: (A) Initial clinical image of the mandibular second premolar. Vestibular vision. (B) Clinical image at the end 
of the restoration. Vestibular vision. (C) Clinical image at the end of the restoration. Occlusal vision. (D) Clinical 
image one and a half years after restoration. Vestibular vision. (E) Clinical image one and a half years after restora-
tion. Occlusal vision.
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cussion were not painful. The 45 vitality tests were in-
creased, triggering severe pain. The 44 vitality test was 
normal. There was an oral orthopantomography perfor-
med three months before, where the distal obturation of 
45 and the tooth anatomy were observed, identifying the 
presence of two roots (Fig. 2A).
Based on the clinical picture and the exploration, the pa-
tient was diagnosed with symptomatic irreversible pul-
pitis with no signs or symptoms of periapical pathology, 
and emergency endodontic treatment was indicated to 
relieve pain.
After infiltrative anesthesia of 45 with SPC Xilonibsa 
2% 1: 80,000 (Inibsa), the surgical field was isolated. 
Then, the cavity cleaning was started and the chamber 
was opened. Two canals, one vestibular and the other 
lingual, were located with K files 010-015 (Fig. 3C), 
with independent paths and starting on the buccal and 
lingual aspect of the pulp chamber. Several periapical 
X-rays were performed with different views (Fig. 3E). 
The radiographic study of the tooth can indicate the 
existence of anomalies and anatomical variants in the 
roots and root canals. After verifying that it was a too-
th with a special anatomy, the root canal treatment was 
postponed, only removing the cameral pulp to relieve 
the patient’s pain.
The study of the tooth with CBCT is essential in cases 
where the anatomy of the tooth shows abnormalities in 
the radiographic study. In such a case, a CBCT scan is re-
quested for anatomical study of the roots and root canals. 

Fig. 2: (A) Orthopantomography of the patient. (B). Periapical X-ray of conductometry on 45. (C) Periapical X-ray of conometry of 
45. (D) Periapical X-ray at the end of endodontic treatment on 45. (E) Periapical X-ray at the end of restoration of the crown of 45. (F) 
Periapical X-ray one year after endodontic and restorative treatment of 45. (G) Periapical X-ray one and a half years after endodontic 
and restorative treatment of 45.

The CBCT scan showed the presence of three roots, two 
located in the buccal and one in the lingual (Fig. 3A,B). 
The vestibular roots were of equal length, the lingual 
root was longer. Despite clearly differentiating, they 
were united in the coronal third, becoming independent 
in the middle and apical third where the lingual root was 
totally independent (Fig. 4B). Three independent circu-
lating root canals were detected from the pulp chamber 
to the apex, one in each root (Fig. 3G). The canal ana-
tomy was classified as Vertucci type I.
In the second appointment, infiltrative anesthesia and 
isolation of the operative field were performed again. 
The provisional filling was then removed, and the third 
canal was located. The three canals were: mesio-vesti-
bular (MV), disto-vestibular (DV) and lingual (L) (Fig. 
3D,F), as observed in the CBCT image (Fig. 3G).
Endodontic treatment was performed with a manual and 
rotary Protaper technique (Dentsply Maillefer, Ballai-
gues, Switzerland). We performed the Glide Path with K 
files - ISO 010 and 015. Little by little with the S1 rotary 
files with brushing movements and alternating with the 
file K015 we reached the working length in the three 
canals: L 19,5mm, MV 17mm and DV 16mm (periapical 
X-ray and apex locator). We instrumented with the S1 
file until LT and later with S2. Then we proceeded to the 
apical conformation using F1 -F2 in the DV canal and 
F1-F2-F3 in the MV and L. The canals were permeabili-
zed with a K015 file, after using each rotary file.
The canals were irrigated with sodium hypochlorite 



J Clin Exp Dent. 2022;14(1):e107-13.                                                                                                                                                                           Endodontic treatment of a three-rooted premolar

e110

Fig. 3: (A) Three-dimensional reproduction 
of the mandibular second premolar, seen from 
vestibular and distal. (B) Three-dimensional 
reproduction of the mandibular second pre-
molar seen from mesial. (C) Cameral opening 
with the location of two canals. (D) Cameral 
opening with the location of three canals. (E) 
Periapical radiograph with the location of two 
roots and two canals. (F) Periapical radiograph 
with the location of the three canals and the 
three roots. (G) CBCT image with the three 
roots and the three canals.

Fig. 4: (A) Three-dimensional reproduction of the 
right mandibular first and second premolar. (B) Ax-
ial planes of 44 and 45 from pulp chamber to apex. 
(C) Three-dimensional reproduction of 44 and 45 
seen from apical. Three foramina are seen at 44. In 
Axial section of 44 and 45. Three canals are seen at 
44 and 45. (D) Coronal planes of 44 from distal face 
to mesial face.
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(NaOCl) to remove organic tissue and with 10% citric 
acid to dissolve inorganic matter.
5ml of 5.25% NaOCL were irrigated between each fi-
ling and in each canal with a 3ml syringe with a 30G 
side-vented irrigation needle (Monoject). The needle 
was inserted up to 2mm from the apex and slow irri-
gation was performed to avoid extruding irrigant to the 
periphery. The final irrigation was carried out with 10 
ml of 5.25% NaOCL for 2 minutes, using passive ultra-
sonic irrigation with a 20 gauge-21 mm IrrisafeTM tip, 
followed by a wash with physiological serum. Then irri-
gation was done with 10% citric acid for 1 minute and 
after the wash we carried out the last application of 2% 
chlorhexidine for 1 minute. The canals were then dried 
with 25 and 30 gauge paper tips.
The obturation of the canals was performed with AHplus 
(Dentsply-Sirona) and gutta-percha cones of No. 25 in 
the DV, No. 30 canal in the MV and L, and lateral con-
densation tips.
Fig. 2B, C and D provide the periapical x-rays of the 
different phases of endodontic treatment.
In the same session, the crown was restored with aesthe-
tic adhesive materials, using a self-etching adhesive with 
selective etching, a cavity base with fiberglass reinforce-
ment and a micro-hybrid composite, and photographic 
control from the vestibular and occlusal areas at the end of 
the treatment (Fig. 1B,C) and periapical x-ray (Fig. 2E).
Months after the treatment of 45, an implant was per-
formed in 46 (Fig. 2F) and after osseointegration the 
prosthetic crown was placed, which can be seen in the 
clinical and radiographic control of the restorative and 
endodontic treatment of 45, performed a year and a half 
after the root canal treatment (Fig. 1D,E, 2G).

Discussion
The clinical case we present, a 45 with three roots and 
an independent root canal from the pulp chamber to the 
apex in each root, type I according to the Vertucci classi-
fication, is a very rare anatomical variant in mandibular 
second premolars. The arrangement of the roots and root 
canals is similar to the arrangement of the upper molars, 
recalling the molarization of the bicuspid, since there are 
two vestibular roots, disto-vestibular (DV) and lingual 
or buccal (L), and a buccal or lingual (L) root of greater 
length. Root development depends on the dynamic ac-
tivity of the epithelial root lamina, although it may be 
under the stimulatory control of the dental papilla. The 
primary apical hole is subdivided into secondary apical 
holes, which is what causes the development of several 
roots, depending on the number of subdivisions that oc-
cur, that is the number of roots that will develop. Regar-
ding the morphology of the crown despite the existing 
destruction due to the distobuccal cavity it presents, we 
can say that the dimensions in the vestibule-lingual and 
mesio-distal directions are normal.

In the bibliographic review published by Cleghorn BM 
et al. (10) on the morphology of mandibular second pre-
molars, they concluded that 99.6% have a single root, 
two roots 0.3% and three roots only 0.1%, being ex-
tremely rare. Another systematic review carried out on 
mandibular premolars by Kottoor J, et al. (11) reported 
the presence of three or more canals in mandibular se-
cond premolars as scarcely being reported (0-2%), fin-
ding significant differences in the morphology of man-
dibular premolars according to the ethnic group studied. 
Alfawaz H et al. (12), in their study on the anatomy of 
mandibular premolars in the Saudi population, concluded 
that 95.6% of second premolars present type I canals, not 
finding any case of type VI and VII and finding the pre-
sence of type VIII in 1.7% and only three independent 
roots in 0.6% of the teeth with a significant difference be-
tween gender, being detected only in women, whereas the 
case reported here is from a male. Another study carried 
out on a Jordanian population (13) concluded that 72% 
of the second premolars studied have a single root and a 
single canal (Type I), and 22.8% had two roots with two 
canals and foramina separate apicals, not reporting any 
case of three roots. Another investigation carried out on 
the Nayarit population with CBCT (14) concluded that 
despite type I being the most frequent anatomical form 
(91.4%), the highest frequency of detected anatomical va-
riables were types III and V, not finding any type VIII in 
the sample of 914 second premolars studied. Recent re-
search carried out on the Thai population (15) did not find 
any cases of multiple roots in a total of 416 mandibular 
second premolars analyzed, detecting them in 5.73% of 
the 349 first premolars studied. The presence of anatomi-
cal variations is more frequent in the first premolar than in 
the second  (2; 11; 12; 15), which confirms the anatomical 
singularity of this clinical case, in which the most impor-
tant anatomical anomaly is centered in 45.
Cleghorn BM et al. (16) published the clinical case 
of a patient with a first premolar with three roots and 
three canals and a second premolar with a C-shaped ca-
nal. The incidence of three roots in the mandibular first 
premolar is approximately 0.2%, being less frequent 
in the second premolar. Wong (17) reported endodon-
tic success in a mandibular second premolar with four 
canals and a single root. Recently, Zhang M et al. (18) 
published a case of a mandibular first premolar with 5 
canals, located thanks to the use of CBCT. In the case 
that we present, the CBCT allowed us to detect the third 
root that went unnoticed in the periapical radiographs, 
having three roots and three canals like the clinical case 
presented by Cleghorn BM in the first premolar. There 
are many studies that expose the different morphologies 
that the mandibular second premolar may present, which 
is why the clinician’s knowledge of the anatomy and the 
meticulous study of the tooth is necessary when plan-
ning endodontic treatment (19,20). 



J Clin Exp Dent. 2022;14(1):e107-13.                                                                                                                                                                           Endodontic treatment of a three-rooted premolar

e112

Regarding the anatomical symmetry with the contrala-
teral premolar, Alfawaz H et al. (12) found a contrala-
teral symmetry of 97.8% in terms of number of roots 
and canal configuration. Johnsen, GF et al. (21) also 
found symmetry in terms of number of roots and root 
canals but found variations at the apical level. However, 
previous studies (22) have concluded that relatively few 
pairs of contralateral teeth had anatomical symmetry. 
In this case, the anatomy of the contralateral premolar 
was not studied for ethical reasons; however, the CBCT 
study showed how the right mandibular first premolar 
also presented a rare anatomy (Fig. 4), which led us to 
suspect, together with the orthopantomography (Fig 
3-A), that the contralateral premolars also had more than 
one root or root canal. In Fig. 4-A we observe the 3D 
reproduction of the two premolars (44-45), apprecia-
ting the spatial arrangement of the roots. In Fig. 4B,D 
the most representative sections of the CBCT study are 
shown (Fig. 4B axial planes and Fig. 4D coronal planes). 
In 44, there is the division of two clearly differentiated 
roots and a third distal formation of the vestibular root 
that remains fused to both roots, but that shares a ca-
nal with the vestibular root, separating in the final part 
with an independent foramen (Fig. 4C) from the apical 
foramen of the vestibular root (Fig.4C). Therefore, the 
vestibular root of 44 would be classified as Vertucci type 
V and the lingual as type I. The vestibular root in some 
axial planes (4B) suggests a configuration in C such as 
those described by Jan et al. (2) and Ordinola-Zapata et 
al. (23). In Figure 4C the three foramina were confir-
med, two in the buccal root and one in the lingual root, 
by 3D reproduction and an axial section.

Conclusions
With the limitation of this manuscript, it can be conclu-
ded that we must perform a good radiographic exami-
nation when faced with endodontic treatment of man-
dibular premolars to detect anatomical variations. The 
study with CBCT is necessary to obtain good knowledge 
of the anatomy and morphology of the roots and root 
canals whenever some type of dental anomaly is sus-
pected.
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