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DIGITAL DETERMINATION OF CURVATURE OF ROOT
CANALS OF EXTRACTED TEETH
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Abstract. Introduction: Determination of the curvature of root canals at present is accom-
plished by complicated or expensive methods. Therefore, there is a need to develop a new
digital method by which this curvature can be determined quickly, easily and accurately.
The aim of this in-vitro study is to determine the angles of curvature of the root canals of
extracted teeth by comparing a new digital method of measurement with an established
digital method. Material and Methods: Forty-eight (48) root canals of extracted teeth were
studied to achieve the goal. In all roots, curvature is measured by three methods: Method
1 — new digital photographic method and special Software (Screen Protractor);, Method 2
— a new digital radiography method and special software (Screen Protractor); Method 3 —
approved method, digital by X-ray and special Software (Durr dental). Results: The mean
degrees of the measured curvature of the root canals in all three groups are similar and are
about 22°. There are no statistically significant differences between them (p > 0.05). Con-
clusion: This shows that the new digital photographic and x-ray methods for measuring
root curvature can accurately determine the curve angle for extracted teeth.
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for root canal treatment in the course of treatment
depending on its curvature [2, 14, 19]. Root canals
are classified as straight when the curvature angle is
5° or less, averaged curved — at an angle of 10°-20°
and strongly curved — at an angle of over 20°.

INTRODUCTION

ber of difficulties. One of the major challenges

is the treatment of curved root canals. The
strategies and methods of negotiating these canals
depend on the degree of their curvature. The exact
determination of the curve angle of the root canals
is relevant to the choice of appropriate treatment
method and consequently successful endodontic

E ndodontic treatment is associated with a num-

Various methods for determining root canal curvature
are described in the literature, but there is no consen-
sus on which method to use. Some of these methods
can be used in clinical practice, but others are only

treatment. The presence of curvature limits the prep-
aration in this area and this can lead to errors associ-
ated with ledge formation, instrument breakage, per-
foration or apex transportation [3, 9]. It is extremely
important to select appropriate tools and technique

relevant for research purposes [9].

The following methods are used to determine the root
canal curvature: X-ray (Schneider, Weine, Luiten,
Cunningham and Senia methods) and CT [1, 3, 7,
11, 12, 13, 16, 20, 22, 23]. Traditionally, the diagno-
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sis and planning of endodontic treatment is based on
periapical X-ray. The Schneider and Weine method
has been widely used in endodontics due to its easy
and practical use.

Some of the available methods (CBCT, MicroCT) are
expensive and involve the use of specialized, expen-
sive software products, which further limits their use.

Determining curvature by these methods requires
time and specific knowledge. Therefore, there is a
need to develop a new digital method for determining
root canal curvature by using affordable and easy-to-
use software that can be used for scientific research
on extracted teeth.

AIM

The aim of this in-vitro study is to determine the an-
gles of curvature of the root canal of extracted teeth
by comparing a new digital method of measurement
with an established digital method.

MATERIAL AND METHODS

To achieve the goal, 48 root canals of extracted teeth
were studied.

The method by which we examined the curves is
based on the Schneider method, where three points
are used to determine the curvature angle, which are
marked in the region of the orifice, the canal curva-
ture and the apical foramen. After connecting the first
and second points, a line is created, and a second
line is drawn after the second and third points are
joined. The curvature is determined by the angle be-
tween them — Fig. 1 [3, 9, 17].

B

Fig. 1. Schneider's method for determination of canal curvature
(by Plotino)

On all roots, curvature is measured by three methods:

1. Method 1 — a new digital photographic method and
special software (Screen Protractor).

With this method, all roots are photographed using a
standardized technique by Nikon D90 DSLR camera,
a Nikon AF-S VR 105 mm f/ 2.8G IF-ED Micro lens
and a Nikon R1C1 macro flash. Each photo is taken
to measure root curvature using the Screen Protrac-
tor software. The angle on the outer surface of curva-
ture AOB is measured (Fig. 2).

Fig. 2. Measurment of the root curvature by digital photography
and specialized software Screen Protractor

2. Method 2 — a new digital X-ray method and special
software (Screen Protractor).

In this method, after performing a digital radiography
of the tooth, the root canal curvature is measured by
specialized Screen Protractor software. The angle
AOB on the outer surface of the root curve is mea-
sured (Fig. 3).

Fig. 3. Measurment of root canal curvature by digital X-ray and
specialized software Screen Protractor.

3. Method 3 — Approved Method, Digital by X-ray and
Special Software (Durr dental).

In this method, after making a digital radiograph of
the tooth, the curvature of the root canal is measured
using the Durr Dental specialized software for X-ray
imaging. The angle on the outer surface of the curva-
ture is measured (Fig. 4).

After measuring the root canal curves by the three
methods for each root, the results are statistically
processed by IBM Statistics SPSS v. 19. A Student-
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Fisher test is applied to compare measurement val-
ues and correlation analysis to establish the relation-
ship between root curvature and root canal curvature.

Fig. 4. Measurement of the root canal curvature by digital X-ray
and specialized software Durr Dental

Depending on the method of measurement, the teeth
are divided into three groups.

RESULTS

By comparing the mean values of curvature angles
through the three methods, we obtained the results
presented in Table 1.

The table shows that the mean degrees
of the measured curvature of the root ca-
nals in all three groups are similar and

classic curvature angle measurement techniques
— Weine, LAT (long axis technique), are described
techniques using highly specialized engineering soft-
ware — AutoCAD or by a digital image overlay meth-
od. Work with such programs requires specific knowl-
edge and expensive, complicated equipment [10].

Although the measurement of curvature of the root ca-
nal is very accurate, the application of these methods
is difficult. This is conditioned by the specific features
of the software, the knowledge of which requires extra
and continuous training. Therefore, it is necessary to
apply an accurate, reliable and easily executable way
of measuring the root canal curvature.

In recent years, more and more digital technologies
have been imposed, allowing for much more accurate
measurements. Computer tomography is increasingly
becoming part of everyday clinical practice [4, 7, 8, 9,
16, 20]. This method determines the radius of curvature.
One line follows the course of the root canal in the api-
cal area, and the second line follows the groove in the
middle and coronary. Regardless of the length of the sec-
ond line, only six millimeters of the first line is measured.
Each line segment is defined as the midpoint. From this

Table 1. Mean values in degrees and standard deviation of root

canal curves for the three groups

are about 22°. There are no statistically Statistics 0 L sD
significant differences between them (p Studied arou X=

f I
> 0.05). This shows that the new digital grofip (number of roots/canals) (degrees)
photographic and x-ray methods for mea- Method No 1 (a) 48 2217+12,38
suring the curvature of the root can accu- Method Ne 2 (b) 48 22,54 + 15,83
rately determine the curve angle. Method Ne 3 (c) 48 21,79 £12,99
The table shows that there is a correla- t,, =-0,29 p,, = 0,77
tion between all the studied groups. This t-test t.=028 p,.=0.78
confirms once again the accuracy and re- t,. =057 P, = 0,57

liability of the new digital method for mea-
suring the curvature of the root canal.

DISCUSSION

In literature, the most commonly cited meth-
od for determining the curvature of the root
canal is Schneider’s. This method is simpli-
fied and easy and is done by measuring the
curvature of the root canal by analog X-ray
and millimeter paper [5, 6, 15, 18, 21, 25].
The X-ray image allows visualization of the
curvature in the medio-distal direction but is
not sufficiently informative for the curvature
in the bico-lingual direction [3].

In some experimental studies involving
root canal curvature, canal transporta-
tion, or instrument stress, apart from the

Table 2. Degree of correlation between the three methods of
measuring the curvature of root canals

Studied group Group Ne1 | Group Ne 2 | Group Ne 3
Pearson Correlation 1 ,880* ,789*
Mﬁ(t)h?d Sig. (2-tailed) ,000 ,000
N (number) 36 36 36
Pearson Correlation ,880** 1 865™
Mﬁzhzod Sig. (2-tailed) 000 000
N (number) 36 36 36
Pearson Correlation ,789* ,865* 1
M,‘jf_,hgd Sig. (2-tailed) 000 000
N (number) 36 36 36

** Correlation is significant at levels of 0.01 (2-tailed)
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point two lines perpendicular to the first are drawn as
they cross. This point is called a circumcenter. The dis-
tance between the circumcenter and the center of each
line is the radius. The smaller the radius, the greater the
curvature (less than 4 mm — a strongly curved root ca-
nal, between 4-8 mm —a medium curved root canal, and
over 8 mm — a straight root canal). In this way, a particu-
lar segment of the root canal can be analyzed, and this is
especially useful when the root has more than one curve
[3, 7, 8]. However, computerized tomography is associ-
ated with a large radiation exposure for the patient and
no small financial expense [3, 4, 8, 9].

For this reason, the development of a new, digital
method for measuring the curvature of the root canal
would facilitate the conduction of scientific research.
This new digital method should provide precise, ac-
curate, quick and easy curve measurement. Dental
photography can be an essential tool in relation to
this [24]. In addition, the results must be comparable
to those already applied and even more precise.

The digital photographic and x-ray methods devel-
oped by us provide great accuracy and reliability in
measuring the curvature of the root canal of extracted
teeth. This is confirmed by studies that compare the
new method to other validated digital method. The
lack of a statistically significant difference and the
presence of a correlation between the three groups
in our study suggests that the new method can very
well determine the curve of the canal. Additionally, its
application is very easy, fast and is not related with
expensive equipment and software products.

CONCLUSION

The new digital method we are researching to de-
termine the root canal curvature provides very pre-
cise results that are achieved quickly and easily. This
method can be used to determine the complexity of
root canal anatomy of extracted teeth.
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