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Abstract
The aim of this study was to investigate root canal curvature and direction of maxillary lateral incisors in Shandong, China.
Cone beam computed tomography (CBCT) images of 176 maxillary lateral incisors of 88 patients were collected in Shandong

Province, China. Software included with CBCT was used to measure the angle of root canal curvature of maxillary lateral incisors on
the maximum bending plane. In addition, the direction of each root canal was recorded. The data were statistically analyzed by SPSS
17.0 software package.
The results showed that all the samples had a single canal (Vertucci’s type I). The incidence of straight root canals, curved root

canals, and S-type root canals was 39.2%, 58%, and 2.8%, respectively. The difference in the mean angle of root canal curvature
failed to identify any differences between the left and right side (P> .05). The most curved root canal of maxillary lateral incisors
oriented in the palato-distal direction.
The maxillary lateral incisors were mainly curved root canals of which the proportion of moderate curvature was the largest.

Software included with CBCT would provide some valuable information for root canal instrumentation of maxillary lateral incisors.
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1. Introduction

At present, root canal therapy is regarded as a fundamental
method of treating pulpal and periapical diseases. Comprehen-
sive knowledge of root canal system is the necessary prerequisite
for successful root canal therapy, which could avoid complica-
tions such as root canal deviation, formation of steps, and
separation of instruments.[1] Root canal curvature is one of the
important indices to evaluate the difficulty of root canal
therapy.[2] Usually, maxillary lateral incisors exist with curvature
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of different degrees. In clinical practice, digital periapical
radiogram serve important function in observing the curved
shape of the root canal and evaluating difficulties of root canal
treatment before surgery. Some studies used digital periapical
radiogram to measure the root canal curvature, but two-
dimensional overlap and distortion influence the accuracy of
investigations.[3,4,5] Moreover, multiple prior investigations
placed k-files or silver points to measure root canal curvature
by X-ray film[4,6] Hartmann et al[7] reported that metal wires
might not remain centered in the root canal, especially in wide
canals, therefore, a file or silver point curvature may not be
representative of the actual root canal curvature. To overcome
the limitations, three-dimensional imaging techniques were used.
In 2000, Peters et al[8] detailed three-dimensional models of root
canal systems by micro-computed tomography (micro-CT).
Micro-CT can provide valuable information on root canal
curvature in the extracted teeth,[9] but themicro-CT techniquewas
reported to be time-consuming andhigher radiation exposure.[5] In
addition, micro-CT can not reflect the root and canal morphology
in a living body.[10] With rapid advancements in CBCT over
the recent years, the postprocessing technique and resolution has
risen tremendously. In 2008, Estrela et al[11] proposed the higher
accuracy of CBCT images to identify anatomic and pathologic
alterations compared to panoramic and periapical radiographs
has been shown to reduce the incidence of false-negative results.
CBCThas becomeanaccurate equipment todescribe the curvature
of root canal in three-dimensional direction.[12,13]

Therefore, the present study collected CBCT data on maxillary
lateral incisors in Shandong, observed the maximal root canal
curvature on the maximum bending plane of the root canal and
recorded the direction of curved root canal, so as to provide
references for clinical practice.
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2. Materials and methods

2.1. Data collection

This study was approved by our institutional review board, and
the exemption of informed consent had been granted because this
is a retrospective study. One hundred seventy sixmaxillary lateral
incisors of 88 patients with CBCT in Jinan Stomatological
Hospital were collected from January 2018 to July 2019. There
were 37 males and 51 females in this study. The range of the
patient’s age was from 19 to 70, which gave an average age of
34.90±13.55 years old. Inclusion criteria were: the healthy
bilateral maxillary lateral incisors, clear image and free of
artifacts, completed root formation. Exclusion criteria were: root
resorption, treatment of root canal, treatment of apicoectomy.
Figure 1. The angle of root canal curvature of maxillary lateral incisors. The
angle between the line a and line b was measured.
2.2. CBCT scanning condition

All subjects were performed on a New Tom 5G CBCT scanner
(QR Verona, Verona, Italy). The patients were placed in the
supine position. Scanning parameters: voltage 110 kV, current
8.34 mA, field of vision 10�10mm, exposure time 4second.
2.3. Classification standard

According to the Vertucci classification,[14] The root canal types
were recorded and divided into the following 8 types. Type I. A
single canal extends from the pulp chamber to the apex. Type II.
Two separate canals leave the pulp chamber and join short of the
apex to form 1 canal. Type III. One canal leaves the pulp
chamber, divides into 2within the root, and thenmerges to exit as
1 canal. Type IV. Two separate and distinct canals extend from
the pulp chamber to the apex. Type V. One canal leaves the pulp
chamber and divides short of the apex into 2 separate and distinct
canals with separate apical foramina. Type VI. Two separate
canals leave the pulp chamber, merge in the body of the root, and
redivide short of the apex to exit as 2 distinct canals. Type VII.
One canal leaves the pulp chamber, divides and then rejoins
within the body of the root, and tinally redivides into 2 distinct
canals short of the apex. Type VIII. Three separate and distinct
canals extend from the pulp chamber to the apex.
Figure 2. The direction of curved root canal of maxillary lateral incisors. The
direction of line b was recorded.
2.4. Measurement methods

Measurements were performed using the method of
Schneider.[15] The root canal orifice was defined as point A
and the root canal foramen was defined as point C. The first line a
was scribed from point A parallel to the long axis of canal. The
point where the line began to leave the long axis of canal was
defined as point B. The second line b was drown from B to C.
Angle of intersection of line a and b was measured and recorded
(Fig. 1). The same experimenter measured the root canal
curvature according to the above method, and took the average
value of 3 measurements to reduce bias between observers.
According to the Schneider method, the calculated curvature of
root canal can be divided into 3 categories: 0–5 degrees of root
canal curvature is category I (also known as basically no
curvature), 5–20 degrees of root canal curvature is category II
(moderate curvature of root canal), and more than 20 degrees of
root canal curvature is category III (severe curvature of root
canal). The combination of category II and category III is
indicated a curved root canal. If there were more than 2 curves, it
was recorded as S-shaped root canal. In consideration of it was
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necessary to find multiple bending planes, the measurement of
S-shaped root canal was not carried out in this study. In 3D view,
the line a was adjusted perpendicular to the screen, we draw 2
straight lines centered on line a, 1 line paralleled to incisal edge
and 1 line was perpendicular to it. The image was divided into 4
quadrants: mesio-palatal direction (including mesial direction);
palato-distal direction (including palatal direction); disto-buccal
direction (including distal direction); bucco-mesial direction
(including buccal direction), then, the direction of line b was
recorded (Fig. 2).

2.5. Statistical analysis

Analysis were performed using SPSS statistical 17.0. Descriptive
data are presented as mean with standard deviation (SD)
frequencies (%) when appropriate. The angle means of root
canal curvature of maxillary lateral incisors in the left and right
side were analyzed by paired t test. A P value <.05 was
considered a statistically significant level.
3. Results

The results showed that the maxillary lateral incisors were all
type I root canals in this study. In addition, out of 176 subjects,



Table 1

Classification of root canal curvature of maxillary lateral incisors between the right and left side.

Classification Right maxillary lateral incisors (n=86) Left maxillary lateral incisors (n=85) Total maxillary lateral incisors

Category I 34 35 69
Category II 36 32 68
Category II 16 18 34
P .462
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69 reported straight root canals, 102 reported curved root canals,
and 5 reported S-shaped root canals, showing incidence of
39.2%, 58%, and 2.8%. The incidence of moderate curvature
and severe curvature of root canals was 38.6% (68/176), 19.3%
(34/176), respectively. The classification of root canal curvature
of maxillary lateral incisors was shown in Table 1. Moreover, the
mean angle of the root canal curvature for the right maxillary
lateral incisors was 10.33±9.98° as compared with 11.73±
11.47° for the left maxillary lateral incisors. The mean angle of
root canal curvature of the maxillary lateral incisors was not
significant between the right and left side (P> .05) (Table 2).
The incidence of curved root canals in 4 quadrants was 11.8%
(12/102), 71.5% (73/102), 12.7% (13/102), 3.9% (4/102),
respectively.
4. Discussion

To improve the success rate of root canal therapy, it is necessary
to understand the knowledge of the root canal anatomy. Root
canal preparation is the most critical step in root canal therapy. It
is widely considered that the angle of curved root canal is an
important factor affecting the success rate of root canal
therapy.[16,17] Numerous methods have been used to measure
the curvature of root canal in previous studies, such as digital
periapical radiogram, transparent tooth method, microcomputed
tomographic imaging and so on. The buccolingual and the
mesiodistal root canal curvature were mostly measured by digital
periapical radiogram. In the report of Weng et al,[18] it showed a
positive correlation between the incidence of buccolingual root
canal curvature and the incidence of mesiodistal curvature, which
indicated that the change of root canal curvature is often three-
dimensional direction and should not only focus on a certain
direction. Furthermore, the root canal file changes the shape of
root canal during the process of experiment. In recent years,
micro-CT was often used in evaluations of the curvature of root
canal in some studies.[19,20,21] However, the experimental
methods for evaluating the curvature of root canal were mostly
in vitro studies. Furthermore, it was a hard work to collect large
numbers of samples. CBCT is an advanced equipment used in
oral medicine, which provides three-dimensional images by a 180
to 360° rotation and offers a lower exposure in comparison with
micro-CT. At the same time, as a noninvasive tool, CBCT is
Table 2

Root canal curvature of the maxillary incisor between the right and
left side (x ± s).

Tooth/Group n Root canal curvature (°)

Right maxillary lateral incisors 83 10.33±9.98
Left maxillary lateral incisors 83 11.73±11.47
P .305
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reported as accurate as the staining and clearing technique for
evaluating root canal systems.[22] In addition, maxillary lateral
incisors usually have a single root containing a root canal. So, we
can measure the degree of root canal curvature of maxillary
lateral incisors on the maximum bending plane of the root canal
using the inbuilt software MPR. Reconstruction software of
CBCT is used to clearly visualize the root canal in vivo. Haridas
et al[13] pointed out that CBCT is a reliable and non-destructive
method for the study of root canal morphology. In this study,
CBCT was used to measure the degree of root canal curvature of
maxillary lateral incisors, which can provide accurate reference
data for clinical treatment.
Several of primary studies suggested that type I was the most

prevalent in maxillary lateral incisors, which is consistent with
this study.[14,23] The mean curvature of maxillary lateral
incisors was 11° in the study by Schäfer et al,[24] which is similar
to this study. The evaluation of the curvature in maxillary
lateral incisors by willersbausen et al[25] demonstrated that
there was no statistical difference in the degree of root canal
curvatures incisors between the right and left side. The same
observation was found in our observation. Willersbausen
et al[25] also showed that all of the lateral incisors exhibited
curvatures. In this study, the incidence of curved root canals
was 58%. It must be noted that 2 studies used different
classification methods for root canal curvature, which might
partially explain this differences. Another explanation is the
racial different. Park et al[26] noted the canal curvature of
maxillary lateral incisors that was mainly oriented in the disto-
palatal direction, which is in line with our finding. The study
has several limitations that may affected the results. One
limitation of this study was that CBCT showed limited
information of subtle structures such as lateral branch root
canal and apical divergence due to its resolution. Another
limitation was the measurement of line did not always pass
through the actual center of the root canal, we believe that the
number of curved canals was underestimated.
In a word, most of the root canal curvature of maxillary lateral

incisors showed moderate and severe curvature, which undoubt-
edly increases the complication and challenge for root canal
therapy. It is very necessary to evaluate the angle of curved root
canal in advance by CBCT to prevent iatrogenic injury in the
process of root canal preparation, so as to improve the success
rate of treatment.
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