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ABSTRACT

Background and Aim: The aim of this study was to evaluate
the morphological aspects of the root canal anatomy of the
distal roots of mandibular first molars using micro computed
tomography.

Materials and Methods: The distal roots of sixty mandibular
first molar teeth were visualized two-dimensionally by micro
computed tomography. The views of all roots at 2, 5, and 8
mm were measured in terms of major diameter (dmax), minor
diameter (dmin) and total area of root canal (A) pixels by x400
magnification. The roundness of a discrete two-dimentionally
object is defined as 4.A/(p.[dmax]?), where A is the area and
dmax is the major diameter. The aspect ratio is a measure of
shape, and it is achieved by dividing the value of the major
diameter by the minor diameter.

Results: The roundness value at 2 mm were statistically
significantly higher than the roundness value at 5 mm and
8 mm. The aspect ratio at 8 mm was found statistically
significantly higher than other groups.

Conclusions: The increased rate of flattened canals was
observed in a coronal direction from the apex. The distal root
canals were more round at the apical third.
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Amac: Bu calismanin amaci, mikro bilgisayarll tomografi

kullanilarak mandibular birinci molar dislerin kok kanal
anatomisinin morfolojik yonlerini degerlendirmektir.

Gerec ve Yontem: 60 adet mandibuler birinci molar disin
distal kokleri mikro-bilgisayarli tomografi kullanilarak iki boyutlu
olarak gortntulenmistir. Tam koklerin 2, 5 ve 8 mm'deki kesit
gorintlleri Gzerinde major cap (dmax), minér cap (dmin)
ve kok kanalinin toplam alani (A) x400 blyltme altinda
hesaplanmistir, Elde edilen kok kanal gorlintlistintn yuvarlaklik
orani, 4.A/(p.[Jdmax]?) formult kullanilarak degerlendirilmistir.
En boy orani ise, major cap degerinin minor capa bolunmesiyle
elde edilmistir. Kok kanallarinin yuvarlaklik ve en/boy oranlarinin
istatiksel analizi, tek yonlt ANOVA testi kullanilarak yapiimistir
(p<0.05).

Bulgular: Kok kanalinin 2 mm" deki yuvarlaklik degeri, 5 ve
8 mm mesafedeki yuvarlaklik degerinden istatistiksel olarak
anlamli derecede yUksek bulunmustur. En boy orani ise, 8 mm
mesafeden alinan kesit gorlintllerinde, diger gruplara gore
istatistiksel olarak anlamli derecede yUksek bulunmustur,

Sonuclar: Kok kanall icinde apeksten koronal yone dogru
gittikce yuvarlaklik degerinin azaldigi ve kanalin uzun-dtz bir
sekle donUstigl gozlenmistir. Mandibular birinci molar dislerin
distal kok kanallarinin apikal Uclide daha yuvarlak oldugu
belirlenmistir.
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INTRODUCTION

The success of endodontic treatment depends onremoval of
pulp tissue and necrotic material, biomechanical preparation,
disinfection and obturation of the root canal! The rate of
the root canal treatment failure was reported as 14% due
to leakage, even with radiographically satisfactory fillings.#®
Thus, hermetic obturation of the root canal systemis critical
in endodontic treatment.®

The root canal morphology can be examined noninvasively
and precisely with the availability of micro computed
tomography (micro-CT). Internal and external anatomy could
be demonstrated simultaneously or separately. Images
could be assessed qualitatively and quantitatively.”19 With
voxel sizes as small as 19 pm, 3D images can be produced
and analysed to determine the number and configuration
of canals and foramina.'* Micro-CT system is also useful
in quantitatively measuring the mineral concentration
of bones and teeth with an accuracy of better than 1%
and a resolution between 5 and 30 pm.t® The presence
of accessory canals in micro-CT images of maxillary
and mandibular roots showed a statistically significant
correlation with the stereomicroscopic images, which was
used as a gold standard.*

Generally, the morphology of the root canals varies greatly
in shape and transversal cross-sections in different groups
of teeth.’3* The mandibular first molar exhibits a complex
and distinct range of variations in the morphology of the
root canal system.!>1® They usually have 2 roots, but,
occasionally, they have 3, with 2 or 3 canals in their mesial
roots and 1, 2, or 3 canals in their distal roots.'®”?9 When
only one distal canal is present, it is usually oval-shaped
buccolingually, and untreated surface areas can to be as
much as 59%-79% when rotary instruments were used for
the shaping procedure !

The aim of this study was to evaluate the morphological
aspects of the root canal anatomy of the distal roots of
mandibular first molars using micro-CT.

MATERIALS AND METHODS

After ethics committee approval (Marmara University
Institute of Health Sciences Ethics Committee, Protocol
#22-2016), sixty extracted human mandibular first molars
were selected. Adherent soft tissue was removed by an
ultrasonic device. Teeth with resorption, cracks, fracture or
restoration at the root surface were excluded. Teeth with
mature apices and a root length more than 10 mm were

included. The selected teeth were then washed under tap
water for 30 seconds and stored in 10% formalin solution.
Apical (2 mm), middle (5 mm) and coronal (8 mm) sections
of the distal root canals were scanned two-dimensionally
using Micro-CT (Scanco Medical, uCT 50) at 70 kVp, 114
pA, FOV 20,5 mm, voxel size 20 um, integration time 600
ms settings. X-rays were filtered with a 0.5 mm Al filter for
changes in the sensitivity of the polychromatic radiation
(Figure 1),

All images were transferred to Image | (Image ] 1.42m,
NIH, USA) program for sectional analysis. Area, roundness,
major diameter, minor diameter, and aspect ratio of the root
canals were calculated in pixels by x400 magnification.
The roundness of a discrete 2D object is defined as
4 A/(p.[dmax]?), where A is the area and dmax is the major
diameter. The value of roundness ranges from O to 1, with
1 expressing the perfect circle. The major diameter was
defined as the distance between the 2 most distant pixels
in that object. The minor diameter was defined as the
longest chord through the object that can be drawn in the
orthogonal direction to that of the major diameter 4¢3
The aspect ratio is @ measure of shape, and it is achieved
by dividing the value of the major diameter by the minor
diameter. An oval canal has an aspect ratio higher than 1
and lower than 2, a long oval canal higher than 2 but lower
than 4, and a flattened canal higher than 4. Root canals
with aspect ratios lower than 1 were classified as nonoval#*
For the statistical analysis, SPSS (Statistical Package for
Social Sciences) for Windows 21.0 program was used. In the
comparison of quantitative data, if there were more than
two groups, One way ANOVA test was used to compare

Figure 1. The images of different root canals at 2 mm, 5 mm and
8 mm.



the normally distributed parameters. Tukey test was used
to determine the group that caused the difference. The
results were evaluated at a 95% confidence interval and a
significance level of p <0.05.

RESULTS

The roundness value was calculated at 2, 5 and 8 mm
distances, as 047, 0.36 and 0.29 respectively (Table 1).
The roundness value at 2 mm was significantly higher than
those at 5mm (p=0,015) and 8 mm (p=0,000). There was no
statistically significant difference between the roundness
values at 5 mm and 8 mm (p=0,184).

The aspect ratio of root canals was calculated according
to the dmax/dmin formula and was found statistically
significant (p>0.05). The aspect ratio at 2 mm was
significantly lower than the those at 5 mm (p=0,042) and 8
mm (p=0,000) (Table 2).

The mean value of aspect ratio at 2 mm was 2.83 and it
was considered to be “long oval” The mean value of aspect
ratio at 5 mm distance was 4.28 and the root canals were
defined “flat”. The mean value of aspect ratio at 8 mm
distance was calculated as 6.24 and the root canals at this
distance were expressed more “flat” than the root canals in
the other sections (Figure 2).

We found that a single canal at all sections of the distal
root was present in 73.33% of the mandibular first molars
evaluated (n=44) (Figure 3).
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DISCUSSION

The study of the dimensions of the internal anatomy
of teeth was a challenge?>?® Although conventional
radiographs used during clinical procedures can show
important details such as the number of root canals, the
severity of the root canal curvature, or the presence of
calcifications, periapical x-rays are two dimensional images
and do not provide enough details of the internal anatomy.
For this reason, anatomical studies are necessary to guide
clinicians to achieve better cleaning of the root canals.'
Over the years, numerous root canal configurations have
been identified resulting in the proposal of classifications
and modifications. Although Vertucci classification is the
one of most commonly used methods for the evaluation
of root canal morphology,’” roundness and aspect ratio of
the root canals were evaluated in this in vitro study using
different formulas.

The mandibular first molar is recognized as exhibiting a
complex and distinct range of variations in the morphology
of the root canal system.!>'® When only 1 distal canal
is present, it is usually oval-shaped buccolingually, and
untreated surface areas can be as high as 59%-79% when
rotary instruments are used for the shaping procedure.?* In
this study, 73.33% of all the distal roots of mandibular first
molars that we evaluated had a single canal at all sections
(n=44). The studies which evaluated the morphology of
the distal roots of mandibular first molars reported that a

Table 1. The value of roundness ranges at 2, 5 and 8 mm. (1: perfect circle) (Sd: standart deviation)

5mm 0,36

0,20 0,000*

8 mm 0,29

0,21

*p<0,05

Table 2. The value of aspect ratio at 2, 5 and 8 mm. (oval canal: between 1 and 2, long oval: between 2 and 4, flattened canal; >4, non-oval

canal: <1), (Sd: standart deviation)

5mm 4,28

2,70 0,000*

8 mm

6,24

4,85

*p<0,05
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Figure 2. The images of different sections of a distal root canal (2
mm: oval, 5 mm: long oval, 8 mm: flattened canal)

Figure 3. The images of different sections of a distal root canal (2
mm: two root canals, 5 mm: two root canals, 8 mm: single root canal)

single canal was present in 66.62% of Korean population,’®
438,8% of Turkish population,”® %70 of Belgian and Chilean
population,’® 65.9% of Chinese Subpopulation,®* 61.3% of
Iranian population.?” These results were similar with ours.
The difference between the results was thought to be
due to the fact that our study was only a cross-sectional
analysis.

Filpo-Perez et al.** evaluated the morphologic aspects of the
distal roots of mandibular first molars using Micro-CT. They
reported roundness values of 0.47 and 0.35 at 2 mm and
5 mm, respectively. This result coincides with our findings.
Abou-Rass et al?* used a term called "danger zone" to
describe the thin inner walls of the root canals which are
vulnerable to stripping by injudicious filing. The disparity
between the mesial/distal and buccal/lingual dimensions of
the canals in both roots shows that these canals are not
round. This means that most instruments will inevitably
widen the mesial/distal aspect of the canal (toward the
“danger zone" in the mandibular first molar) more than the
buccal lingual/aspect. If an endodontic file was introduced
into a canal towards these dimensions, it could lead to a
reduction in the thickness of the already-thin furcal aspect
of the root while possibly leaving some of the buccal or
lingual walls uninstrumented. For this reason, as reported

by previous authors,*>3” coronal enlargement may be
needed to adequately clean and shape these dimensions,
however, the thinness of dentin toward the furcation must
be respected in order to avoid perforation in this area.

CONCLUSIONS

The distal roots of mandibular first molars showed a high
rate of single root canals. The increased rate of flattened
canals was observed in a coronal direction from the apex.
The distal root canals were more round at the apical third.
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