Braz Dent J (2008) 19(2): 114-118

ISSN 0103-6440

Method for Determination of Root Curvature
Radius Using Cone-Beam Computed
Tomography I mages

Carlos ESTRELA?
Mike Reis BUENQ?
Manoel Damido SOUSA-NETO?
Jesus Djalma PECORA?

IDental School, Federal University of Goias, Goiania, GO, Brazil
2Dental School, University of Cuiabd, Cuiaba, MT, Brazil
3Dental School of Ribeir&o Preto, University of So Paulo, Ribeirdo Preto, SP, Brazil

This article describes and discusses a method to determine root curvature radius by using cone-beam computed tomography (CBCT).
The severity of root canal curvatureisessential to select instrument and instrumentation technique. The diagnosis and planning of root
canal treatment have traditionally been made based on periapical radiography. However, the higher accuracy of CBCT images to
identify anatomic and pathol ogi c alterations compared to panoramic and periapical radiographs has been shown to reducetheincidence
of false-negativeresults. | n high-resol utionimages, the measurement of root curvatureradius can be obtained by circumcenter. Based on
3 mathematical points determined with the working tools of Planimp® software, it is possible to calculate root curvature radiusin both
apical and coronal directions. The CBCT-aided method for determination of root curvature radius presented in this article is easy to
perform, reproducible and allows a more reliable and predictable endodontic planning, which reflects directly on a more efficacious

preparation of curved root canals.
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INTRODUCTION

Conventional endodontic treatment is based on
emptying, shaping, disinfecting and filling of the root
canal system. Removal of infected pul p tissueimproves
root canal instrumentation since sanitizationisbenefited
by amore efficient action of irrigants and medications,
and space is created for the filling material.

Schilder (1) has emphasized that the root canal
should present a flare shape from apical to coronal,
preserving the apical foramen and not atering the
original canal curvature. Several instrumentation tech-
nigues have been devel oped to make root canal prepa-
ration easier and more effective (2-13), especially after
the development of nickel-titanium instruments.
However, transportation of the apical foramen, creation

of ledges, elbows, zips, perforations, and instrument
fracture can occur along with loss of working length
(2,4-9). Knowledgeof thecomplex toothinternal anatomy
and careful planning of endodontic treatment are
mandatory to reduce failure rates.

Periapical radiography isan essential resourcein
endodontic diagnosis. Endodontic planningisrelated to
theidentification of different aspectsobserved inradio-
graphic images, including anatomic complexity, pres-
ence of material in the root canal, dental development
disturbances, and progression, regression and mainte-
nance of apical periodontitis (AP). However, radio-
graphs are two-dimensional representations of three-
dimensional structuresand certain clinical, morphologi-
cal and biological features may not be reflected in
radiographic changes.
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Depending on morphological variations, sur-
rounding bonedensity, x-ray angul ationsand radiographic
contrast, radiographic images may be misinterpreted.
With the great technological advances of recent years,
new imaging modalities have been added to dental
radiology asviable diagnostic tools, among which cone
beam computed tomography (CBCT), which provides
detailed high-resolutionimagesof oral structures. CBCT
has been used for several clinical and investigational
purposes in Endodontics. The accuracy of CBCT im-
ages to identify anatomic and pathologic aterations
compared to panoramic and periapical radiographs has
been shown to reduce the incidence of false-negative
results (14).

Root canal shape can be challenging to the
endodontist, especialy in teeth with dilacerated roots,
which require caution to choose the most indicate
endodontic instrument and instrumentation technique.
Several studies have determined the curvature of the
root canals by the angle and the radius methods (2,3,6-
8,10,12,15) using periapical radiographic images.

This article describes and discusses a method to
determine root curvature radius using CBCT images
analyzed by a specific software.

DESCRIPTION OF THE METHOD

The propose method to determine the curvature
radius of curved root canal usestwo 6-mm semistraight
lines superimposed to the root canal (Fig. 1A-C), the
primary line (light gray) being the one that represents
the longer continuity of the apical region and the
secondary line(dark gray) being the onethat represents
themiddle and cervical thirds. Regardless of thelength
of the secondary line, only the 6 mm closest to the
primary lineis used to measure. The midpoint of each
semistraight lineisdetermined. Fromthisspot, twolines
perpendicular to the semistraight lines are drawn until
they meet at a central point, which is named circum-
center. The distance between the circumcenter and the
center of each semistraight line is the radius of the
circumference (16), which determines the magnitude
of the curve (Fig. 1A-C). The semistraight lines can be
shorter, if necessary.

In high-resolution images, such as CBCT scans,
the measurement of root curvature radius can be ob-
tained by the circumcenter. Based on 3 mathematical
points determined using a software named Planimp®

(CDT Informatics, Cuiaba, MT, Brazil), root curvature
radius can be calculated in both apical and coronal
directions. This method aided by CBCT images (Figs.
2A-D) can benefit the endodontic treatment planning
and preparation of curved root canals.

The values of root curvature radius considering
the two 6-mm semistraight lines are classified as fol-
lows: small radius (r<4 mm): severecurvature; interme-
diary radius(r>4 and r<8 mm): moderate curvature; and
large radius (r>8 mm): mild curvature.

DISCUSSION

The present method to determine root curvature
radius is easy, reproducible and efficient, particularly
when using CBCT images. Knowledge of root curva-
tureradiusallowsamoreaccurate planning of root canal
instrumentation and minimizes the impact of the ana-
tomic difficulties and limitations of the endodontic
instruments. This method permits the maintainance of
the curves associated with continuously tapered shapes
and prevents structural deformations of the endodontic

ST A r1-8.21mm

Br2-577 g
C r3-3.53mm

Figure 1. The root curvature radius based on 3 mathematical
points can be determined in both apical and coronal directions.
Curvatureradiusconsidering thetwo 6-mm semistraight linesare
classified assmall radius(r<4 mm): severecurvature; intermediary
radius (r>4 and r<8 mm): moderate curvature; and large radius
(r>8 mm): mild curvature.
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instruments. In this way, disastrous consequences to
root canal preparation can be avoided, such as loss of
workinglength, apical transportation, creation of ledges,
elbows, zips and perforations, and fracture of
instruments.

Some root cana curvature classifications use
definitionslikeapical curve, gradual curve, sickle-shape
curve, severe-moderate-straight curve, bayonet curve,
dilacerated curve (5,11). Several studies (2,3,6-
8,10,12,15) have suggested methods to determine root
canal curvatureusing periapical radiographs. Schneider
(12) proposed a method to determine curvature based
on the angle that is obtained by two straight lines. The
firstisparallel tothe long axis of the root canal, and the

Figure 2. Accuracy of the visual appearance of root canal
morphology allowsabetter determination of root curvatureusing
CBCT imagesthan periapical images.
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second passes through the apical foramen until inter-
secting with the first line at the point where the
curvature starts. The formed angle (o) was named
accordingtothedegreeof root canal curvature: straight:
5% moderate; 10-20°; and severe: 25-70°. Dobé-Nagy
etal. (15) described amathematically based classification
of root canal curvatures on natural human teeth,
suggesting a standard description of root canal shapes
with the help of differentiated geometrical pattern
analysis and computer graphics. In this study,
measurements of over 400 roots were conducted on
isometric radiographs taken from the clinical view.
Measured points of the same radiographs were
approximated using fourth degree polynomial functions
describing the imaginary axis of canals. This type of
classification of root canalsissuitablefor standardizing
test specimens, including natural human teeth, used for
testing root forms: | (straight), J (apical curve), C
(entirely curved) or S (multicurved). Pruett et al. (10)
reported that the effect of the radius of curvature as an
independent variable should be considered in studies
evaluating root canal instrumentation. Two root canals
measured at the same angle in degrees by Schneider’s
method could have very different radii or abruptness of
curvatures. Lopeset a. (6) evaluated the occurrence of
apical transportation after root canal instrumentation
using K-Flexofilesaloneor intercalated with K-Flexofile
Golden Mediums. The degree (Schneider’s method)
and the radius of curvature were recorded before and
after instrumentation. There was no significant differ-
ence between the techniques. The correlation between
the degree and the radius of curvature of the root canal
was not consistent, neither existed a relationship be-
tween the original radius of curvature and apical trans-
portation. However, determination of root curvature by
use of its radius has proved to be an effective method.

It is not easy to observe the standard sample of
root canal morphology with the precise visual appear-
ance. By the method described in the present study for
determination of curvature radius, it is possible to
analyze a specific length of root canal, and it is not
necessary thewhole canal length. Thisisaninteresting
fact becausemore one curvature (e.g.: corona and/or
apical portion) can be found in the same root canal,
which will not permit an accurate calculation of radius
in the entire root length. Likewise, Lopes et d. (7)
reported that in a curved cana with the same radius, it
is possible to have arcs (curved segments) with differ-
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ent lengths (angles with different degrees). These dif-
ferences may influence the intensity of the tensile and
compressive stresses induced in the helical shaft of an
endodontic instrument, thus altering its resistance to
cyclic fatigue. Cunningham and Senia (3) studied the
degree and configuration of canal curvature in the
mesia rootsof 100 mandibular first and second molars.
The teeth were radiographed in buccolingua (clinical)
and mesiodistal (proximal) directionswith#8 K-filesin
place. One hundred percent of the specimens had
curvature in both views. No correlation was found
between the clinical and proximal views regarding the
degreeof curvature. Secondary curvature, inadirection
opposite to that of the main curve, was seen more
frequently in the proximal view. In the proximal view,
canals had agreater mean curvature than the secondary
curvature in 38% of the cases.

In the present study, root curvature radii consid-
eringthetwo 6-mm semistraight lineswereclassified as
small, intermediary and large, corresponding to severe,
moderate and mild root curvatures, respectively (Fig.
1A-C), as reported elsewhere (6,10). Root canals with
small radiuscan beassociated with anegativeimpact on
instrument or instrumentation technique. Lopes et al.
(6) reported that the number of cycles necessary to
inducecyclicfatiguefracturein ProTaper F3instruments
usedinrotating-bendingin canalswiththesamecurvature
radius decreases as the length of the arcs increase.

The determination of root cana curvature is
unquestionably a key procedure for endodontic plan-
ning. However, another aspect that cannot be over-
looked beforeroot canal instrumentationisthe accurate
working length determination (9,17,18). Pécora et a.
(9) reported that the instrument-binding technique,
though commonly used, is not precise for such pur-
pose. Intheir study, preflaring of thecervical and middie
root canal thirds with rotary instruments provided a
significantly more accurate determination of the work-
ing length. Orifice openers created a more precise
relationship between file size and anatomic diameter.

CBCT providesimagesof root cana morphol ogy
with higher resol ution than those obtained with periapi-
cal radiography (Figs. 2A-D). Estrelaet al. (14) verified
the accuracy of CBCT imaging and panoramic and
periapical radiographs on detection of apical periodon-
titis. The use of conventional radiographic images for
detection of apical periodontitis should be done with
care because of the high possibility of false-negative

diagnosis. A great advantage of using CBCT in endo-
donticsrefersto its usefulnessin aiding in the identifi-
cation of essential anatomic structures and periapical
lesions, and in the differential diagnosiswith a highly
accurate noninvasive technique. AP was correctly
identified in 54.5% of the cases with periapical
radiographs and in 27.8% of the cases with panoramic
radiographs. Minor changes in sensitivity were found
for the different tooth groups, except for incisors in
panoramic radiographs. CBCT proved to be an accurate
diagnostic method.

The CBCT-aided method for determination of
root curvature radius presented in thisarticle is easy to
perform, reproducible and alows a more reliable and
predictableendodontic planning, which reflectsdirectly
on amoreefficacious preparation of curved root canals.

RESUMO

O objetivo deste estudo foi discutir um método para obter o raio
decurvaturaapartir deimagensdetomografiascomputadorizadas
conebeam (CBCT). A severidadedacurvaturado canal radicular
é essencial para selecionar o instrumento e a técnica de
instrumentagdo. O diagnostico e o plangjamento do tratamento
endodontico tem sido feito com o auxilio daradiografia periapi-
cal. Contudo, a precisdo da imagem obtida por CBCT para
identificar alteragbesanatdmicase patol ogicasreduz osresultados
falso-negativos. Em imagens com alta qualidade de resolucéo a
mensuracdo do raio de curvatura pode ser obtida a partir do
circuncentro. Baseado em trés pontos matematicos com a
ferramentadetrabalho deum software (Planimp®) pode-secal cular
o raio de curvatura em ambas as direcOes, tanto para frente em
sentido apical, como paratras em diregdo cervical. Este método
para se determinar o raio de curvatura auxiliado por imagens de
tomografia computadorizada é f&cil, reprodutivel e favorece o
plangjamento do tratamento endodéntico o que influencia na
eficaciado preparo de canaisradiculares curvos.
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