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Background: The aim of this study was to describe the degree of curvature in
distal roots in the first and second permanent mandibular molars in a Chilean
patient sample. A cross-sectional descriptive study was conducted in which digital
panoramic X-rays were analysed.
Materials and methods: Examinations of patients under 18 years, with signs of
distortion or alteration in the contrast or the presence of pathologies that affected visualisation of the roots and pulp-chamber floor of the teeth to be analysed
were excluded. Using the AutoCad software, an angle was drawn to represent
the curve of the root in its different thirds, drawing lines inside the root canal
from the pulp-chamber floor to the dental apex. Using the classic definition of
dilaceration (root curvature > 90°), its prevalence was established. 412 teeth and
roots were analysed, finding a dilaceration prevalence of 0.73% (n = 3). 84.72%
of the roots presented some type of curvature.
Results: The middle third had the highest percentage of curvatures and the greatest average of angular curvature, whereas the cervical third was the straightest.
No significant differences were found between the degree of curvature and the
gender of the subjects, except for the apical third of tooth 3.6. The analysis of
curvature by root third offers to the clinician a better perspective of the directional change of the roots and does not limit it to just the presence of curves in
the apical third.
Conclusions: The report of the angular degree of the curvatures, in addition to
the prevalence of dilacerations, informs to the clinicians about the likelihood of
finding difficulties when treating root canals. (Folia Morphol 2018; 77, 1: 131–137)
Key words: root curvatures, dilacerations, digital panoramic X-rays,
morphometry

INTRODUCTION

Estimating the degree of root curvatures makes it pos-

Detailed knowledge of the dental anatomy, particularly the root, is relevant for some areas of dentistry. This is the case of endodontics, where the
access, preparation and identification of the root
canals pose a great challenge to the specialist [12].

sible to establish normality parameters and thus identify cases of excessively pronounced curvatures [6],
because it is known that each permanent tooth has
a wide range of variations in root morphology [26].
These excessive curvatures, or dilacerations, are the
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result of a disturbance in the root formation that produces a deviation in the linear relation between the
crown of a tooth and its root [6]. The causes of root
dilacerations vary depending of tooth type and dentition. In permanent anterior teeth, dilacerations most
often is a consequence of a trauma to the primary
predecessor, such as an intrusive trauma, and produce
a dislocation of the radicular parts of the germ [16,
24]. On the other hand, the causes of root dilacerations of premolars and molar is not completely clear,
although it is often seen when the roots of retained
teeth encounter a cortical bone structure during its
development [16].
Hamasha et al. [10] and Malcic et al. [17] define
“dilaceration” as a deviation of the root in a mesial
or distal direction, forming an angle of 90º or more
with the normal longitudinal axis of the tooth. Chohayeb [5], by contrast, define dilaceration as an apical
deviation equal to or greater than 20° in relation to
the central axis of the tooth. There have been few
descriptions of the degree of curvatures and the
prevalence of dilacerations in the roots of permanent
teeth [10], and these vary according to the criteria used to classify them [9]. Çolak et al. [6] report
a prevalence of dilacerations of 0.78% in a sample of 192,150 teeth, among which they emphasize
the third and second mandibular molar with the
highest percentages (3.76% and 1.81%, respectively). On the other hand, Hamasha et al. [10] report
a prevalence of dilacerations of 3.78% in a sample
of 4,655 teeth, where the third and first mandibular
molar showed the highest prevalences (19.2% and
5.6%, respectively), followed by the second maxillary
premolar and second mandibular molar (4.7% and
3.6%, respectively). Nabavizadeh et al. [20] report
a prevalence of dilacerations of 0.3% in a sample of
6,146 teeth, where the second and first mandibular
molar presented the highest frequencies (1.6% and
0.7%, respectively).
An X-ray is required to diagnose a dilaceration
correctly [10], and the periapical X-ray is considered
to be the most suitable method [20]. X-rays represent
a bidimensional image of a three-dimensional (3D)
structure, which is why it is necessary to consider that
some morphological characteristics will not be accurately reflected. This is an obstacle in the diagnosis
of curvatures that occur on the vestibular-palatal or
vestibular-lingual axis, and even when analysing roots
superimposed on the image [7]. Cone beam computed tomography (CBCT) has solved this limitation

and more accurate studies have been conducted [11];
despite its advantages, however, this technology is
not always available in the clinic. In contrast to CBCT,
the panoramic X-ray is a highly requested examination
and commonly used by the dentist. The panoramic
X-ray in its digital format has some advantages over
other methods to study root curvatures, because it
requires low doses of radiation, it allows a simultaneous assessment of several structures, and it is economical [9]. For these reasons, the aim of this study
is to determine the degree of curvature of each third
of the distal roots of the first and second permanent
mandibular molar, analysed using digital panoramic
X-rays in a Chilean patient sample.

MATERIALS AND METHODS
A cross-sectional descriptive study was conducted, in which a database of digital panoramic X-rays
(1:1 ratio) available in the Imaging Unit of the Teaching Dental Clinic in the Faculty of Dentistry, Universidad de la Frontera, Temuco, Chile was analysed. The
X-rays were taken using a standard technique with
the PAX-400C orthopantomograph (VATECH, Korea,
2010) in 2014. This study has the approval of the
Scientific Ethics Committee of the Universidad de La
Frontera (file Nº 015/2014).
The gender and age of the individuals available
in the examination file was recorded. All the X-rays
from subjects under 18 years, X-rays with signs of
distortion or alteration in the contrast, signs compatible with pathologies that affect visualisation by
the root (cysts, internal root resorption, external root
resorption and fractures), presence of teeth included
in the molar zone in a severely bad position or with
restorations that compromise the visibility of any
root third including the pulp-chamber floor (root
canals, posts, orthodontic bands, etc.), presence of
titanium plates or evidence of orthognathic surgery
were excluded. 140 subjects (91 women; 49 men)
whose age average was 32.74 ± 13.94 years (18–69
years) were included in this study. 412 teeth were
examined in total, of which 200 were first mandibular
molars (100 teeth from the right hemiarch and 100
teeth from the left hemiarch), and 212 were second
mandibular molars (106 from the right hemiarch and
106 from the left hemiarch).
All the digital panoramic X-rays were projected
onto a 29’’ LED monitor (LG, model 29UM67) with
a resolution of 2560 × 1080 pixels, and analysed by
two examiners. The degree of curvature of the distal
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Figure 1. Methods for draw the angle that represents the curve of the root for each thirds. A. Two points were drawn in the furcation of the
tooth and on the chamber floor to determine the longitudinal axis of the tooth (A). Then, a tangent line (T) to the chamber floor was drawn in
a way that would be perpendicular to the axis of the tooth; B. A line (R1) was drawn from the midpoint of the distal root canal on the same
plane as line T. R1 is a straight line that follow the direction of the root, in the centre of the canal, to the point at which the line left the canal.
A second line (R2) was drawn in the same way as the previous one, until finally reach the root apex; C. The angle considered for the registry
of the curvature was the additional or inferior angle.

roots visible on the panoramic X-ray was determined
for the first and second mandibular molar of each
hemiarch. Analysis of the mesial root of these teeth
was excluded due to the superimposition of structures on the image. To take the measurements, the
AutoCAD software was used (2010 version; Autodesk
Inc. USA), which processes vector images and can
incorporate photographic or bitmap files, making it
possible to draw basic figures, lines, arcs and rectangles, to measure distances and angles and to calculate
other geometric parameters. The size of the X-ray
was adjusted by the measurement software as per
the parameters indicated by the orthopantomograph
software so that the measurement scale was not
altered. Using the software’s drawing tool, an angle
was drawn that represents the curve of the root for
each of its thirds through two lines. The lines were
drawn as follows:
— the longitudinal axis of the tooth (A) was determined through the projection of two points: one
located in the furcation of the tooth (most concave point) and the other located on the chamber
floor above the furcation and at the midpoint of
the mesiodistal distance from the chamber (Fig. 1A);
— a line tangent (T) to the chamber floor was drawn
in a way that would be perpendicular to the axis
of the tooth (Fig. 1A);
— the lines of the angle were drawn to measure,
establishing a midpoint in the distal root canal
on the same plane as line T;
— a line (R1) was drawn from this point following the
direction of the root, in the centre of the canal, to
the point at which the line left the canal (Fig. 1B);

— from the point at which R1 left the canal, a second
line (R2) was drawn, following the direction of
the root, in the centre of the canal, to the point
at which the line again left the canal (Fig. 1B).
This procedure was repeated until the necessary
angles were drawn that represent the curvatures of
a root in its different thirds, until finally reaching
the root apex (Fig. 1B). The angle considered for
the registry of the curvatures was the additional
one to that formed by both lines or inferior angle
(Fig. 1C). Those thirds in which no curvatures were
found were described with an angle equal to 0°
and the criterion of Hamasha et al. [10], Malcic et
al. [17] and Colak et al. [6] was used to identify
dilacerations (degree of curvature greater than or
equal to 90°); therefore, all those root thirds that
presented an angle greater than 0° and less than
90° were considered curved.
Statistical analysis

In order to determine inter-operator agreement,
the intraclass correlation coefficient (ICC) was calculated to measure the curvatures and a kappa statistic
was used to identify curvatures according to root
third by means of the individual analysis of 50 dental roots of first and second molars by each operator. Mean and standard deviation were used for the
data analysis. The t-test for independent samples was
performed with a significance level of 0.05. The data
were analysed using the SPSS 20.0 software. Associations were sought between the degree of curvature
of the roots in their different thirds and the variables
gender and dental group.
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Table 1. Average of angular curvature of each root third (cervical, middle and apical) by tooth, finding of dilacerations, presence of
straight root thirds, and the count and its respective percentage
Tooth

Cervical

Middle

Apical

Straight

Curvature

Dilaceration

Straight

Curvature

Dilaceration

Straight

Curvature

Dilaceration

%

97%

3%

–

33%

67%

–

65%

34%

1%

3.6 N

97

3

–

33

67

–

65

34

1

0°

1.01°

–

0°

11.90°

–

0°

9.77°

114°

93.4%

5.7%

0.9%

46.2%

53.8%

–

59.5%

39.6%

0.9%

99

6

1

49

57

–

63

42

1

0°

1.07°

162°

0°

10.08°

–

0°

10.92°

135°

%

91%

9%

–

28%

72%

–

63%

37%

–

4.6 N

91

9

–

28

72

–

63

37

–

Angle
%
3.7 N
Angle

Angle
%

0°

1.62°

–

0°

13.93°

–

0°

8.14°

–

92.5%

7.5%

–

33%

67%

–

66%

34%

–

98

8

–

35

71

–

70

36

–

0°

1.88°

–

0°

13.55°

–

0°

8.46°

–

4.7 N
Angle

Table 2. Average of angular curvature of homologous teeth grouped according to root third (cervical, middle and apical).
Homologous teeth

Average of angular curvature
Cervical

Middle

Apical

3.6 + 4.6 (n = 200)

1.32°

12.92°

8.96°

3.7 + 4.7 (n = 212)

1.48°

11.82°

9.69°

RESULTS

tooth (162°) and two in the apical third of a 3.6 and
a 3.7 tooth (114° and 135°, respectively). The average
angle of the curvatures of each third for the teeth
grouped by type is shown in Table 2. The average angle
of curvatures of first mandibular molars (3.6 and 4.6)
in their cervical, middle and apical root thirds was
1.32°, 12.92° and 8.96°, respectively. Also, the average
angle of curvatures of the second mandibular molars
(3.7 and 4.7) was 1.48°, 11.82° and 9.69° for their
root thirds, respectively.
Table 3 presents the average angle of curvatures
for each third of the teeth analysed, grouped according to gender. No significant differences were found
for the degrees of curvature of the different root
thirds between men and women, except for the apical
third of tooth 3.6 (p = 0.023) that was greater in men.

In the analysis of inter-operator agreement, the
ICC was 96.9% (very good agreement), while the
kappa statistic was 100% (very good agreement).
The prevalence of dilacerations found was 0.73%
(n = 3) and the percentage of roots that presented
at least one curvature was 84.72% (n = 347). The
average angle of the curvatures of each tooth according to the root third in which they were found
is summarised in Table 1. For all the first and second
mandibular molars analysed (teeth 3.6, 3.7, 4.6 and
4.7), the middle third was the one with the highest
percentage of curvatures (67%, 53.8%, 72% and
67%, respectively), whereas the cervical third was
the straightest (97%, 93.4%, 91% and 92.5%, respectively). The middle third of teeth 4.6 and 4.7 had
the highest average of angular curvature (13.93° and
13.55°, respectively).
Only three cases of teeth with root thirds with
degrees of curvature greater than 90° (dilacerations) were found: one in the cervical third of a 3.7

DISCUSSION
In this study a novel analysis was made of the
curvatures present in the different thirds of the distal
roots of the first and second mandibular molars seen
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Table 3. Average of angular curvature of each root third by tooth and according to gender
Tooth

Gender

Root third
Cervical

3.6
3.7
4.6
4.7

Male

2.21°

Female

0.39°

Male

1.32°

Female

0.93°

Male

2.14°

Female

1.34°

Male

1.49°

Female

2.12°

p
0.285
0.562
0.492
0.646

Middle
11.59°
12.06°
10.49°
9.87°
13.86°
13.97°
12.80°
14.02°

p
0.824
0.782
0.960
0.612

Apical
14.97°
7.17°
13.28°
9.70°
7.83°
8.31°
5.68°
10.22°

p
0.023*
0.088
0.853
0.065

*Statistically significant differences

types) using periapical X-rays, whereas Bodrumlu et
al. [3] report a prevalence of 3.4% (n = 317) in the
same population sample (9,406 permanent teeth of
all types) using the same method. Also, Udoye and
Jafarzadeh [25] report a prevalence of dilaceration
of 2.97% (> 90°) in a Nigerian sample population
(706 permanent teeth of all types) using periapical
X-rays. In our study, the prevalence of dilacerations
found was smaller than the previous studies reaching 0.73% (n = 3) in a sample of 412 teeth (first and
second mandibular molars), where only the distal
roots were analysed.
On the other hand, Aminsobhani et al. [1] use
a 3D method (CBCT) to identify curvatures (among
other anatomical findings) in anterior teeth, emphasizing its high precision over other methods for
studying roots. In this same line, Estrela et al. [8]
propose a method to determine the root curvature
using CBCT and basing it on the calculation of the
radius of a circumference, to then report in 2015 [7]
the prevalence of curvatures in the cervical and apical thirds of the mesial and distal roots of molars in
a Brazilian sample. That study, like ours, proposes
a new approach for analysing curvatures, considering
that these not only originate in the apical third, but
can also occur in the upper thirds. Their study reports
that 92.75% of the analysed roots present curvature
in the apical third, and that 73.25% show it in the
cervical third (using the coronal plane of the CBCT as
a reference), which is compatible with our findings
(84.72% of the analysed teeth presented at least one
curvature in one of its thirds). Llena et al. [15], in
a Spanish sample and using CBCT, report that 65%

through digital panoramic X-rays. Analysis of the
curvatures by root third offers a better approach to
study the root anatomy through images, because it
provides a perspective of the directional change of the
roots, which must be identified by the clinician prior
to treating the tooth. To our best knowledge there
are no other studies that analyse the root curvatures
this way using panoramic X-rays.
The root dilacerations can occur by multiple and
sometimes unknown causes, like a trauma in the
predecessor tooth or obstacles in the development of
the tooth root sheath. Another hypothesis that could
explain this alteration is relative to bone remodelling
gradients in alveolar bone (gradients of plasticity)
[23], which could be the cause of a displacement of
tooth root. The role of tooth root sheath or Hertwig’s
epithelial root sheath in root formation is well known
and accepted [27] and its interaction with bone
plasticity zones, characterised by a great amount of
localised remodelling, has been hypothesised [23].
According to this hypothesis, during the physiologic
growth related to alveolar and basal bones, portions
of developing tooth could be found within one or
more of these plasticity zones and a root dilacerations
may result by a tooth movement between two zones
with different plasticity rates [23].
The prevalence of dilacerations reported in the
literature varies according to the type of population
studied (origin), type and number of teeth analysed,
method of diagnosis and the specific definition of
dilaceration. Miloglu et al. [18] report a prevalence
of dilacerations (> 90°) of 4.3% (n = 276) in a Turkish sample population (6,386 permanent teeth of all
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of the premolars analysed possess some degree of
curvature, which reaffirms the need to know not only
the cases of dilaceration, but also those cases in which
curvatures exist that could require greater attention
on the part of the clinician. There is no doubt that
a 3D method for analysis of root curvatures is most adequate to understand its complex anatomy, which is
compound by several flexion in three different planes;
however its application is very limited by economical
and technician factors. Our study proposes a more
accessible method for this purposes, using digital
panoramic X-rays as a tool; however, its use is limited
and can be offers some inaccuracies when the tooth
has curvatures in a vestibular or lingual/palatine direction. This is an important method limitation in the use
of bidimensional images, but the justification of its
use is based on the high prevalence of dilacerations
and curvatures in mesial or distal direction.
Finally, the criterion used to differentiate a curvature from a dilaceration of the root has varied over
the years and this may in part explain the wide range
of reported percentages [16]. Schneider [21] defines
a way to measure the angle of deviation of the root
with respect to the longitudinal axis of the tooth,
thereby classifying the roots as straight, moderately
or severely curved. That method has been replicated
constantly in the literature and there has been
a succession of classifications. Chohayeb [5] define
a dilaceration as a deviation of 20° or more of the
apical portion of the root during an analysis of the
morphology of the superior lateral incisors. Later,
a consensus was established to define a dilaceration as
a deviation of the root in a mesial or distal direction,
forming an angle of 90° or more with respect to the
longitudinal axis of the tooth or root [6, 10, 17].
Generally, the reports agree in that there are no
statistical differences in the dilaceration of dental
roots according to the age of the subjects when
permanent teeth are studied [3]. This is because once
root development is complete, from 15 years of age
no further dental morphological changes occur and
hence in this study that analysis has been disregarded.
When examining the degree of root curvature in
molars of men and women, we did not find any significant differences, which is consistent with other
reports that analyse different dental groups [3, 10,
15, 18]. On this last point, it is possible to find some
studies that do indeed report significant differences
in the prevalence of root dilacerations between men
and women [6], although the degree of the curvatures

of the teeth has not been explored and they are not
classified as dilacerated.
A large body of evidence regarding the root morphology is comprised of case reports [2, 4, 13, 14,
19, 22] and some prevalence studies [3, 6, 10, 17].
Our study not only reports the prevalence found of
root dilacerations, but also provides a novel report on
the degree of angular curvature and the directional
change that occurs in the distal roots of mandibular
molars. In a previous study, we reported on the angular degree of root curvature in mandibular premolars
and what it means for the clinician to know both the
directional change of the root, the magnitude and
percentage of teeth or cases he/she may be facing [9].

CONCLUSIONS
Of all total distal roots of first and second mandibular molars analysed, there was a prevalence of
dilacerations of 0.73% (> to 90°), whereas 84.72%
of these roots presented some type of curvature in
some of their thirds. The middle third had the highest
percentage of curvatures (from 53.8% to 67% of the
curves found for each type of tooth) and the highest average of angular curvature (12.92° and 11.82°
for first and second mandibular molar, respectively),
while the cervical third was the straightest.
It is important to consider that the curvatures,
whether they are within a normal range or classified
as a dilaceration, represent a directional change of the
structure that the clinician must be able to identify
in order to treat the tooth. These curvatures do not
originate only at apical level and it is very common
to find them at the level of the middle and even cervical third. Knowledge of the percentage of curved
and straight roots in a certain dental group helps the
clinician in decision-making and promotes caution
when treating the tooth.
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