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Objective  To evaluate the incidence of two-rooted mandibular premolar morphology using
full-mouth periapical film series in a Chinese population, with particular emphasis on bilateral incidence, so as
to provide a clinical anatomical basis for root canal treatment in mandibular premolars.

Methods A total of 2015 patients who underwent dental treatment and had full mouth periapical
radiographs at the Peking University School of Stomatology from April 2011 to April 2012 were enrolled in
this study. Three experienced dentists reviewed the patients’ periapical films and classified the root
morphology of mandibular premolars bilaterally. The incidence of unilateral and bilateral double roots were
recorded and calculated, including confirmed and suspected bucco-lingual root types.

Results In terms of the morphology of two-rooted mandibular first premolars, of the 2015 cases with
complete root formation, two-rooted first premolars were detected in 120 cases, with a total number of 159
teeth. According to the number of teeth, the overall incidence of double roots was 4.03% (159/3972). In
terms of the morphology of two-rooted mandibular second premolars, of the 2015 cases with complete root
formation, two-rooted second premolars were detected in 24 cases, with a total number of 33 teeth.
According to the number of teeth, the overall incidence of double roots was 0.85% (33/3880).

Conclusions  The roots of mandibular premolars display specific morphological patterns. Based on a
large sample, we observed and calculated not only the occurrence rate of bucco-lingual and mesio-distal
double roots in first and second mandibular premolars, but also the incidence of unilateral or bilateral double
roots within the same mandible. These findings could provide useful information on the anatomical structure
of mandibular premolars for endodontic, prosthodontic and surgical procedures, and could improve the
quality of treatment and reduce complications.
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ANDIBULAR premolar teeth normally have

single roots, but have always been talked of

having an unusual anatomy.® Slowey?

suggested mandibular premolar to be the
teeth which is the most difficult to successfully perform
endodontic treatment. Mandibular premolars are un-
doubtedly an endodontic challenge, especially because
the presence of extra roots or root canals may occur far
more often than one can expect.® The literature is replete
with reports of extra canals in mandibular premolars, but
reports regarding the incidence of extra roots in these
teeth are quite rare. Hoen et al* reported an incidence
rate of 42% for missed roots or canals in the teeth that
needed retreatment. In an assessment of the results of
endodontic therapy, the failure rates for the first and
second mandibular premolars were 11.45% and 4.45%,
respectively, possibly due to the complex root canal
anatomy of some of the studied teeth.® Therefore, it is
highly important to understand root number variations to
administer appropriate root canal therapy. However, the
morphology of roots and root canals varies among dif-
ferent populations, regions and races. The aim of this
study is to investigate the incidence of double roots in
mandibular premolars, especially those that occur bilate-
rally, to provide guidance for clinical operation on these
types of teeth.

MATERIALS AND METHODS

Sample collection

Data from 2015 patients with full-mouth periapical films
who visited the Department of Oral Radiology at Peking
University Stomatological Hospital between April 2011 and
April 2012 were assessed. The inclusion criteria were as
follows: 12-78 years of age, with full-mouth periapical films
acquired with a bisecting angle technique to clearly reflect
the morphology of every tooth. The exclusion criteria were:
patients with severely damaged radiographs, residual
premolar roots, missing bilateral mandibular premolars, or
those without periapical films. The initial reason for taking
periapical films was not considered.

Diagnostic criteria

It is difficult to observe bucco-lingual double roots because
they are oriented in the same direction as the radiation
source ion. Therefore, the bucco-lingual double roots might
appear as overlapped. This issue can be addressed by the
following methods. First, the periodontal image can help to
identify overlapping roots, shown as continuous low-
density contour lines with consistent width around the

CHINESE MEDICAL SCIENCES JOURNAL 175

dental roots on the periapical film; therefore, the diagnosis
of multiple roots can be established if there are many lines
on the periodontal image. Second, comparison of different
full-mouth periapical films taken in different angles can
indicate the presence of bucco-lingual double roots. Three
examiners, 2 endodontists and 1 dental radiologist,
assessed the periapical films of the included patients for
double roots, including bucco-lingual and mesio-distal
double roots, in the 2015 cases of mandibular first and
second premolars, focusing on the incidence of bilateral
double roots. In cases of controversial, a consensus agree-
ment was reached via discussion among the examiners.

Radiographs are not the gold standard for identifying
bucco-lingual double roots; they can only help in screening.
Therefore, the patients were divided into groups for
confirmed and suspected bucco-lingual double roots. For
mesio-distal double roots, cases where the two roots
bifurcated in a mesio-distal direction from the middle,
coronal, or apical third of the roots were investigated in
analysis. The following criteria were used to divide the
cases into confirmed and suspected groups.

Confirmed bucco-lingual double roots: the standard for
confirmed bucco-lingual double roots was the presence of
four contour lines in the periodontal image intersecting at a
periapical point with no overlap. Figure 1 is a schematic
diagram illustrating bucco-lingual double roots, and Figures
2A and 2B show confirmed bucco-lingual double roots in
mandibular first and second premolars, respectively.

Figure 1. A schematic diagram of confirmed bucco-lingual double

roots.

Figure 2. Confirmed bucco-lingual double roots in the mandibular
first premolar (A) and the mandibular second
premolar (B).
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Suspected bucco-lingual double roots: this group
included the less-suspected and highly suspected cases.
The less suspected cases had four contour lines in the
periodontal image overlapping at a periapical point,
whereas the highly suspected cases had four contour lines
in the periodontal image that did not overlap at the
periapical point. Figures 3A and 3B show suspected bucco-
lingual double roots in a mandibular first premolar and a
mandibular second premolar, respectively.

Confirmed non-buccolingual double roots: non-bucco-
lingual double roots were confirmed when there were only
two or three contour lines in the periodontal image in the
films. Figure 4 is a schematic diagram of confirmed
non-double roots. Figures 5A and 5B illustrate confirmed
non-bucco-lingual double roots in a mandibular first
premolar and a mandibular second premolar, respectively.

Mesio-distal double roots: mesio-distal double roots
included those that bifurcate from the apical, middle, and
coronal third of the roots (Fig. 6). Figures 7A and 7B show
bifurcation in apical third of roots in a mandibular first
premolar and a mandibular second premolar, respectively;
figures 7C and 7D demonstrate bifurcation in middle third
of roots in a mandibular first premolar and a mandibular
second premolar, respectively.

RESULTS

Incidence of mandibular first premolar double roots
A total of 2015 patients with full-mouth periapical films
were investigated. Excluding five patients with bilateral
loss of mandibular first premolars, and another 48 cases for
the absence of unilateral mandibular first premolars, there
were 159 teeth with double roots (incidence rate: 4.03%).
Overall, 39 of 3972 cases had bilateral double roots
(incidence rate: 0.98%), including 6 cases with bilateral
mesio-distal double roots, 28 cases with bilateral bucco-
lingual double roots, and 5 cases with bucco-lingual double
roots on one side and mesio-distal double roots on the
other. Among the 81 patients with unilateral double roots,
one case was excluded from the analysis due to tooth loss
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Figure 3. Suspected bucco-lingual double roots in the mandibular
first premolar (A) and the mandibular second premolar
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Figure 4. A schematic diagram of the confirmed non-double roots.

Figure 5. Confirmed non-bucco-lingual double roots in the
mandibular first premolar (A) and the mandibular

second premolar (B).

A B

Figure 6. Schematic diagrams of the mesio-distal double roots
divided from the periapical section (A), the middle
section or the upper section of the roots (B).

Figure 7. Mesio-distal double roots divided from the periapical section in the mandibular first premolar (A) and the mandibular

second premolar (B), and those divided from the middle section in the mandibular first premolar (C) and the mandibular

second premolar (D).
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on the other side, and the remaining 80 were with single
roots on the other side.

Incidence of mandibular second premolar double
roots

Of the 2015 patients with full-mouth periapical films, 17
were excluded for bilateral loss of mandibular second
premolars, and another 116 because of the absence of
unilateral mandibular second premolars. There were 33
teeth with double roots (incidence rate: 0.85%). Overall, 9
of 3880 cases had bilateral double roots (incidence rate:
0.23%), including 8 cases with bilateral buccolingual
double roots, and 1 with buccolingual double root on one
side and mesio-distal double root on the other. Among the
15 patients with unilateral double roots, 2 cases was
excluded from the analysis due to tooth loss on the other
side, and the remaining 13 cases were with single roots on
the other side.

DISCUSSION

This study used full-mouth periapical films to evaluate
double roots of premolars in 2015 Chinese individuals.
Periapical films are very important for examining dental
and periodontal tissues, including enamel, dentin,
cementum, pulp cavity, pericementum, alveolar bone, and
lamina dura.® Full-mouth periapical films are especially
useful in that they provide information on all maxillary and
mandibular teeth. Periapical radiographic techniques are
divided into bisecting angle and paralleling techniques. The
paralleling technique can accurately and clearly reveal the
morphology and location of dental and periodontal
structures. However, this technique requires the use of a
film holder and a long position-indicating device, and it is
quite time-consuming to acquire all films.” In contrast, no
special filming device is required for the bisecting angle
technique; however, its result is not always accurate
enough because of deformation and distortion of the dental
film due to non-vertical angulation along the X-ray midline
and the long axis of the tooth. Therefore, in this study,
three experienced dentists simultaneously interpreted the
films to reduce the possibility of misdiagnosis. Although
this method may not be completely accurate, the
radiographic findings are clinically relevant.

It is the standard test to verify double roots on ex vivo
teeth rather than on full-mouth periapical films. Despite
this limitation, the bisecting angle technique is the most
widely used for full-mouth periapical radiography in China.
Even though it is less accurate than ex vivo teeth

examination to use full-mouth periapical film to evaluate
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the number of premolar roots, it is of great advantage for
the analysis of the incidence of bilateral double roots.

In this study, only 4.03% mandibular first premolars
had double roots, and 0.85% mandibular second premolars
had double roots, higher than previous findings, which
showed that the incidence of double roots in mandibular
first premolars and second premolars was 0.2%° and 0.3%”°,
respectively.

Five anatomical studies that included 672 teeth
reported the number of roots in the mandibular first
premolar.’®** The majority of the teeth in these studies
(93.9%) had a single root; double roots were found in
5.65% of the teeth studied and three roots found in 0.45%.

Eight anatomic studies that included 4 436 teeth
reported the number of roots in the mandibular second
premolar.®***® The majority of the teeth in these studies
(99.34%) had a single root; double roots were found in
only 0.52% of the teeth studied; three-rooted (0.14%)
teeth were extremely rare.

Numerous factors contribute to variations in the root
and root canal studies, including ethnicity, age, sex, and
unintentional bias in selection of clinical examples of teeth
(specialty endodontic practice versus general dental
practice) and study design (in vitro versus in vivo).?° Scott
et al** described the accessory root of mandibular first
premolar. They observed ethnic differences in the root
morphology, and reported the highest incidence (>25%) of
accessory roots in the Australian and sub-Saharan African
populations. The lowest incidence (0-10%) occurred in the
American, Arctic, New Guinea, Jomon and Western
Eurasian populations. Sert et al® also reported sex differences
in canal morphology, observing higher incidence (44%) of
accessory roots and canals in females as compared to
males (34%).

There are no previous reports of bilateral mandibular
premolar double roots; however, our results showed that a
person may present with bilateral double roots in the
mandibular first premolar or the mandibular second
premolar. The incidence is 0.98% and 0.23%, respectively.
Although the probability is very low, clinicians must
consider bilateral double roots if a patient presents with
mandibular premolar double roots on one side.

In conclusion, accurate pre-operative radiographs are
very important. Straight and angled radiographs and the
use of paralleling technique are very helpful in providing
clues for the number of roots. Morphologic variations in
pulpal anatomy must be always considered before starting
treatment. A thorough understanding of root canal
anatomy and its variations, careful interpretation of the
radiograph, close clinical inspection of the floor of the pulp
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chamber, and proper modification of access opening are

essential for a successful treatment outcome.
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