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Abstract: The aim of this study is to describe the anatomical characteristics of the ‘danger zone’ in human mandibular first molars by measuring the thickness of the bending point (point α) and the thinnest point (point β) of each root
in human mandibular first molars. Eighteen mandibular first molars were scanned by micro-computed tomography
and reconstructed three-dimensionally by Mimics Research 17.0. To identify characteristics of the ‘danger zone’,
the actual root curvature, the minimal dentin thickness of the bending slice and the thinnest slice were selected as
parameters. Furthermore, to describe the relationship of point α and point β, the distance between them was also
measured. The results showed that the actual canal curvatures in the mandibular first molars were 5-10 degrees
larger than those measured in 2-D images including X-ray or CBCT. The thinnest thickness of roots in all canals was
less than 1 mm except the two distal roots of three-rooted mandibular first molars. Moreover, as for some two-rooted
mandibular first molars, their point α and point β were located in the same furcation surface of root, the result might
be coincident in the mesiolingual side; whereas for three-rooted mandibular first molars, the distal two canals were
found significantly thicker than the mesial two (p<0.05). These results suggest that mesiobuccal and mesiolingual
canals of mandibular first molars require more conservative preparation plans to avoid root canal perforations.
Considering dentin thickness and root curvature, distobuccal canals might be more suitable for preparation.
Keywords: Danger zone, dentin thickness, mandibular first molars, micro-computed tomography

Endodontic management of mandibular first
molars (MFMs) with complex root canal configurations can be diagnostically and technically
challenging [1]. Root canal perforation is a common complication of endodontic treatment and
the frequency of perforations among failures of
root canal therapy is reported to be 3-4% [2].
Root canal morphology including calcification
of canals, root curvatures, and the excessive
cutting of radicular dentin during the preparation are all attributed to the occurrence of root
perforations [3, 4]. As a result, in order to quantitatively discuss the risk of root perforations,
studies related to root canal morphology need
to be conducted.

structed, the actual curvatures of root canals
cannot be directly displayed in the X-ray images or CBCT images. Actually, the curvatures
measured in those images are the component of the actual curvatures and may led practitioners to underestimate the root curvatures. With the development of micro-CT (μCT),
the details of the root canal morphology can
be displayed by modeling software from different directions [5]. Therefore, it becomes possible to observe and measure the actual curvatures of the canals through micro-CT. Moreover,
canal transportation caused by curved canals
could led excessive preparation of root dentin
[6]. As a result, measuring the minimal dentin
thickness in the bending slice might be of
importance.

During clinical practice, because the canal systems cannot be three-dimensionally recon-

During root canal preparation, the canals need
to be enlarged to allow better access to the api-

Introduction

Concurrent measurements of danger zone anatomy in the mandibular first molars
In this study, the actual root
curvatures, the minimal dentin thickness of the bending
slice, and the minimal dentin
thickness of the thinnest slice
were selected as parameters
to represent the risky factors
of roots. Moreover, other features including the positions
of the bending point and the
thinnest point may also provide valuable information of
vulnerable parts of the root in
mandibular first molars to
guide clinical practice. The
Figure 1. Three-dimensional model of dentin and root canal system conaims of the research are to (i)
structed by Mimics Reseach 17.0 and centerline drawn by the centerline tool.
evaluate the actual curvatures of the canals so as to
provide accurate data for practitioners. (ii) to
cal third, for debris removal, irrigation, medication, and obturation [7]. Therefore, additional
locate the bending point and the thinnest point
enlargement of the root canal space in the corof each root, and to measure the minimal thickonal 1/3 of the root may be required. Also,
ness in the slices of these two points. (iii)
some endodontically treated teeth may require
Moreover, as these two essential points are
an intra-radicular dowel, and more enlargelocated on the root surfaces, it is possible to
ment is needed in this part of root. Furtherdiscuss the relationship between them and the
more, it is recommended that the minimal
‘danger zone’.
residual dentin thickness should no less than 1
Materials and methods
mm around the entire circumference of the
canal [11]. The dentin removed in these two
Twenty-two mandibular first molars (15 twopreparatory procedures may jeopardize root
rooted and 7 three-rooted) excluding teeth with
integrity and make teeth vulnerable to perforaserious caries, previous endodontic treatment,
tions [10].
restorations, or other major defects were
collected from a native Chinese population in
Many studies [8-10] have reported the existhe Affiliated Stomatology Hospital of Tongji
tence of the ‘danger zone’ on the furcal surfacUniversity from 2016 to 2017. The mandibular
es of mandibular first molars. This area was
first molars were extracted because of seridescribed as a thin area located in the inner
ous periodontitis. The study was approved by
surfaces of the furcation of the mandibular first
the Ethics Committee of Tongji University (No.
molars. The ‘danger zone’ was rendered sus15,8200,0245,7132), and patients with writceptible to root perforations and root fractures
ten informed consent of permission to use th[11, 12], especially when there was excessive
eir data for scientific purposes. The molar typcanal preparation and transportation [13].
es of specimens were accurately identified by
However, previous researchers mainly focused
the operators according to external anatomy
on the ‘danger zone’ in the mesial roots [8, 9],
structures, positions in the dental arch, and
and the studies of the ‘danger zone’ of the disdental histories. Each specimen was labelltal roots were limited [10]. Also, research of the
ed and individually stored (4°C) in a bottle of
‘danger zone’ in three-rooted mandibular first
0.9% sodium chloride solution (China Nationmolars is rare. Furthermore, although the ‘danal Pharmaceutical Group Corporation (SINOger zone’ was considered relatively thin in the
PHARM), Beijing, China). Before investigation,
root, the results were analyzed from some limthe specimens were cleaned of calculus and
ited slices of the roots [8]. As micro-computed
tomography is also a noninvasive tool, concurremaining external tissues. Specimens were
rent measurements can be conducted in the
classified into two groups according to the num‘danger zone’.
ber of root (two-rooted and three-rooted) and
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Figure 2. Technique used to show the actual curvature of the canal. The Schneider method was then used to measure the canal curvature. Point a is marked at the canal orifice. Point b is a point where the canal deviated from the
original canal long axis. Point c is made at the apical foramen. The acute angle formed by the intersection of the 2
lines was measured to evaluate the canal curvature.

tions, and the remaining 18 molars were used
for measurement. The example of one of the
models is shown in Figure 1.
In each tooth, the following measurements
were taken.
Angle α: To observe the actual curvature of
each canal, the three-dimensional model of
the root canal system was first rotated to the
angle which the canal for measurement looked
like a straight line (the purpose was to concentrate all the curvatures on the vertical intersect
plane). The model was then rotated 90 degrees
clockwise to observe the maximum curvature
of the root canals (Figure 2). The curvatures of
the canals were measured with the Schneider
method [14].
Figure 3. Technique used to locate the minimal thickness on the bending slice. The point α was the yellow point noted on the outer contour of the root. The
thickness of dentin was measured by distance measurement tool.

were scanned using a μCT scanner (SCANCO
Medical AG, Fabrikweg, Switzerland). Each
tooth was scanned along the tooth axis with a
voxel slice of 15*15*15 μm. After that, using
the Mimics Research 17.0 (Materialise, Leuven,
Belgium), models of the dentin and root canals
were reconstructed from the source images by
using a segmentation threshold (with parameters: 2000 to 8000 for dentin and -1023 to
2000 for root canal systems). Of all specimens,
four molars were eliminated because of root
canal calcifications, root cracks or root absorp7694

Thickness α: After angle α was measured, a
circle (using the circle tool) was placed on the
cross-section of the bending point slice. The
center of the circle was made to coincide with
the center of the canal. The diameter of the
circle was determined when the circle was tangent to the outer contour of the root. The cut
point on the root surface was the bending point
of the root and was named point α (Figure 3). If
the point was located in the furcal surface of
the root, the position was recorded as ‘in the
furcation area’; otherwise, it was recorded as
‘out of the furcation area’.
Method of locating the thinnest point
The root dentin images in the transverse crosssection were masked separately by using a segmentation threshold (with parameter: 2000Int J Clin Exp Med 2018;11(8):7692-7700
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Figure 4. The technique used to locate the thinnest point of root (point β). The yellow mask was the 3D mask of
the radicular dentin, the red mask was one pixel smaller than the yellow mask, and the blue mask was two pixels
smaller than the yellow mask. After several steps, the purple mask showed an initial discontinuous point among all
slices. That point was the thinnest point of the radicular dentin and the red point noted on the outer contour of the
root was the point β.

named point β (Figure 4). Each root had only
one point β, no matter how many canals the
root had. Then, whether the point was in or out
of the furcation area was recorded. Further, if
the point was in the furcation, the location was
further divided into: in the buccal side, in the
lingual side or in the middle of the root.
Thickness β: After locating the thinnest point,
the wall thickness was easily measured by the
distance measurement tool.

Figure 5. Measurement of the surface distance (distance α-β) between point α and point β. Point α and
β were first highlighted on the root surface, then the
surface distance tool was used to measure the surface distance between them. If the two points were
on the different surfaces, the distance was recorded
as >1 mm.

6000). To avoid interference of the thin dentin
in the apical region, the apical 4 mm of dentin
was trimmed from the root masks. The masks
were then modified as follows:
1. Use the erode function (through the segmentation menu and the morphological operation
button) one pixel was subtracted concurrently
from both the inner and outer contours of the
root dentin masks. 2. Repeat two steps above.
The dentin masks gradually became thinner.
The whole process continued till the masks had
a discontinuous point on the root surface,
which was the thinnest point of the root. It was
7695

Distance α-β: The relationship of point α to
point β was described by the surface distance
(use the surface distance tool to measure)
between them (Figure 5). The coincidence
degrees of the two points were divided into the
following 2 groups based on the results: coincident (≤1 mm) or irrelevant (>1 mm).
Statistical analysis
Each measurement was repeated three times.
Data were analyzed with SPSS 22.0 (IBM
Corporation, Armonk, New York, United States).
One-way ANOVA and Tukey’s test for significance (HSD) were used to compare the thicknesses in the different canals. A level of p<0.05
was considered significant.
Results
Canal types
The anatomical types of 18 mesial roots and
distal roots were classified according to the
classification of Vertucci [15]. The morphology
Int J Clin Exp Med 2018;11(8):7692-7700
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the Schneider method were
both over 30 degrees in the
two mesial canals, and the
curvature degrees of the MB
canals were greater than the
ML canals by approximately 2
degrees. However, the mean
values of the curvatures in
the DB, DL, and distal (D)
canals were approximately
24-25 degrees but were not
significantly different from
those of the mesial canals
(p>0.05). For three-rooted
Figure 6. A. Pie chart of the canal types of mesial roots according to the Vermandibular first molars, the
tucci classification. B. Pie chart of the canal types of distal roots according to
results were similar to the
the Vertucci classification.
two-rooted group, except the
DL canals were 28.65 ± 8.89
degrees. Also there was no significant differTable 1. Curvatures of root canals
ence between two groups.
n
Two-rooted* (°)
n
Three-rooted* (°)
MB
ML
DB
DL
D

12
12
6
6
6

33.17 ± 8.19
31.77 ± 8.69
25.08 ± 8.99
24.74 ± 10.42
24.05 ± 7.51

6
6
6
6

32.41 ± 9.52
30.99 ± 6.50
22.07 ± 4.49
28.65 ± 8.89

*, Mean ± S.D.; MB, mesiobuccal canal; ML, mesiolingual
canal; DB, distobuccal canal; DL, distolingual canal; D, distal
canal.

Table 2. Data of Point α
Point α
MB
ML
DB
DL
D

n
12
12
6
6
6

Two-rooted
Thickness α* (mm)
1.08 ± 0.22
1.05 ± 0.21
1.12 ± 0.30
1.04 ± 0.24
0.83 ± 0.15

n
6
6
6
6

Three-rooted
Thickness α* (mm)
0.96 ± 0.12
0.95 ± 0.11
1.22 ± 0.25
1.12 ± 0.20

*, Mean ± S.D.; MB, mesiobuccal canal; ML, mesiolingual
canal; DB, distobuccal canal; DL, distolingual canal; D, distal
canal.

of the canals in the mesial root was highly variable, while the one of the canals in the distal
root was more consistent (Figure 6). Type 1
anatomy was observed in 50% of the teeth. The
distribution of root canal types in this study
was similar to that of previous studies [16].
Root curvatures
For two-rooted mandibular first molars, the
mean values of the curvatures measured by
7696

Radicular dentin thickness
The minimal radicular dentin thicknesses in the
bending slice and the thinnest slice were
showed in Tables 2 and 3. The bending thicknesses were about 1 mm in all canals and had
no significant difference between one another (p>0.05). However, the thinnest thicknesses
in both roots of two-rooted mandibular first
molars were less than 1 mm and showed no
significant differences (p>0.05). Meanwhile, for
three-rooted mandibular first molars, the mesial roots were significantly thinner than the distal roots (p<0.05), and the thicknesses of distal
two roots were more than 1 mm.
Discussion
Root curvatures
The Schneider method has been used for evaluating root curvatures in many studies for
decades. Although with limitations, it is still
considered to be the most efficient and accurate method to measure root curvatures [17].
However, the method was invented to measure
the root curvatures displayed on X-ray images
with a file [18] or reamer [19] in the canal. As
the 2-D images could only show a certain component of the actual root curvature, the result
came out of 2-D images might be smaller than
the actual curvature. According to previous
studies, curvature degrees were observed in
clinical view (CV) or in proximal view (PV). These
Int J Clin Exp Med 2018;11(8):7692-7700
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Table 3. Data of Point β
Point β
M
D/DB
DL

Two-rooted
Three-rooted
*
n Thickness β (mm) p value n Thickness β* (mm) p value
12
0.74 ± 0.14
0.114 6
0.75 ± 0.15
0.002a
12
0.85 ± 0.18
6
1.20 ± 0.24
6
1.12 ± 0.13

*, Mean ± S.D.; a, p<0.05; MB, mesiobuccal canal; ML, mesiolingual canal; DB,
distobuccal canal; DL, distolingual canal; D, distal canal.

Figure 7. A, B. Position of point α in canals of two-rooted and three rooted
mandibular first molars. C, D. Position of point β in canals of two-rooted and
three rooted mandibular first molars. MFMs: mandibular first molars, MB =
mesiobuccal canal, ML = mesiolingual canal, DB = distobuccal canal, DL =
distolingual canal, M = mesial root, D = distal root, IN = in the furcation area,
OUT = out of the furcation area, IN (B) = in the buccal side of furcation area,
IN (M) = in the middle of furcation area, IN (L) = in the lingual side of furcation area.

two views were perpendicular to each other,
and CV was the most commonly used view in
clinical practice, and they were both one of the
components of the actual curvature. For the
mesial roots, in CV, The average angles of curvatures in the MB and ML canals reported by
Schäfer [20] were 25 degrees and 22 degrees.
These values were also close to the former
researches [18, 19, 21]. In PV, the means were
smaller than those in CV, which were 18, 17.1,
19.5 degrees for the MB canals and 16, 14.4,
17.0 degrees for the ML canals reported by
Schafer [20], Kartal [19], and Gu [21]. For the
distal roots, because the type 1 anatomy distal
root and three-rooted mandibular first molars
existed, the measurements of the curvatures
were usually integrated together. According to
former studies, Schafer [20] reported a range
of 0-11 degrees in both CV and PV. Gu [21]
reported a mean of 12.5 degrees for DB+D
canal, 8.4 degrees for DL canal in CV, 7.6
degrees for DB canal, and 18.5 degrees for DL
canal in PV. These values were also close to
those of three-rooted mandibular first molars,
7697

except a mean of 32.06
degrees for DL reported by
Gu [21], which was much
greater than other canals.
In this study, through 3-D
modelling software, root canal systems could be displayed and the actual root
curvatures could be measured. The values of this
study were 5-10 degrees
larger than the CV results in
above studies (Table 1). This
deviation should be taken
into account because most
of the practitioners could
only obtain information of
root curvatures from 2-D
images. Underestimation of
the curvatures may mislead
clinicians to take inadequate preparation plans, lending to root perforations or
instrument separations. Moreover, for the distal roots
in three-rooted mandibular
first molars, this study also
showed a greater curvature
of 28.65 ± 8.89 degrees
(Table 1).

Radicular dentin thickness
In this study, a new method has been used to
detect the thinnest thickness of the radicular
dentin. The erode tool can subtract the pixels
of dentin contour from all the slices and all
aspects concurrently. Compared with the traditional method which restricted the analysis
to the limited number of available slices and
aspects [8, 12], the erode method locates
the point more efficiently and can avoid inertia
and bias, which are caused by fatigue due
to the continuous measurement. Furthermore,
because the positions of the thinnest points
have been detected, it is possible to analyse
the traits and relationships with other anatomical structures. The method used in this study could improve the deficiency of the tradition one and might proposed new perspectives to study the micro-anatomical structures of
root canals. Since the scanning axis was along
the axis of the tooth, it could be argued that
there was a ‘bevel effect’ in the measurement.
Int J Clin Exp Med 2018;11(8):7692-7700
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in the recent studies [10, 22,
24]. It suggested that the
‘danger zone’ was one of the
thinnest areas in the coronal
2/3 of the roots. As a result,
the risks of root canal perforations in this area should be
taken into account in the
preparation.
Among the results in this
study, in the two-rooted group,
the thicknesses of the mesial
roots were not significantly
thinner than those of the distal roots (p>0.05) (Table 3),
however, in the three-rooted
group, mesial roots appeared
thinner than the distal roots
significantly (p<0.05) (Table
Figure 8. A, B. Proximity degree of point α and point β in canals of two-root3). The reason might be that
ed and three-rooted mandibular first molars calculated in sample number.
MFMs = mandibular first molars, MB = mesiobuccal canal, ML = mesiolinthe distobuccal roots and disgual canal, DB = distobuccal canal, DL = distolingual canal, M = mesial root,
tolingual roots of three-rooted
D = distal root.
mandibular first molars are
one-canalled roots. Therefore,
However, the scanning level was small in the
the transverse cross-section shapes of those
experiment (15 μm), so the bias should be
roots were round, not kidney-shaped. As a
limited.
result, there was no invagination in those roots.
Furthermore, the high incidence of isthmuses
According to Berutti [8], the thinnest area of
[25] found between the two canals in the mesidentin in the coronal aspect of the mesial root
al roots also jeopardized the dentin walls.
was located on the distal surface of the mesial
root and 1.5 mm below the furcation and the
The position of point α and β
averages were 1.2-1.3 mm in thickness. TaIn addition to the curvatures and the dentin
brizizadeh [22] reported a similar result: 1.2
thicknesses, the positions of point α and point
mm in the mesial roots and 1.3 mm in the disβ were also recorded and calculated as a pertal roots. However, Garcia Filho [23] reported
centage (Figure 7). All point α and point β of the
a thinner thickness of 0.789 mm. Harris [10]
mesial roots in both types of mandibular first
measured the μCT data of 22 mandibular first
molars lay in the furcation area. The reason
molars and suggested that the dentin may be
might be that the distal concavity in the mesial
thinner. Additionally, he suggested that the furroot weaken the wall thickness, and it might
cal surface of distal roots may also be an area
also lead to the formation of ‘danger zone’.
of risk for strip perforations. Recently, Lee [24]
Although half of the two-rooted mandibular first
measured 37 mesial roots of mandibular first
molars in this study were type 1 anatomy, most
molars with Kappa2 software. The results were
of the point α and point β in those roots still lay
as follows: coronal 1/3: 1.05 mm, middle 1/3:
in the furcation side. It suggested that there
0.91 mm. apical 1/3: 0.67 mm. The present
was a similar ‘danger zone’ in the distal roots of
study measured the thinnest thickness of the
the two-rooted mandibular first molars. On the
dentin 4 mm above apical foramen, and mean
other hand, the probability was greatly reduced
values of the mesial and distal roots was 0.74
in the distal roots of three-root mandibular first
mm/0.85 mm (M/D) in the two-rooted group
molars. When the roots were separated and
and 0.75 mm/1.20 mm/1.12 mm (M/DB/DL)
the concavity disappeared, the ‘danger zone’
in the three-rooted group. The results were
might not exist.
close to the ‘danger zone’ thicknesses reported
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Previous research studies usually claimed that
the lingual dentin thickness in the ‘danger zone’
was thinner than the buccal [8, 24]. If so, the
point β located in this study should be more
on the lingual side. However, the tendency was
not obvious in this study (Figure 7), and the
reason may be that previous studies restricted
the analysis to the limited number of available
slices and aspects such as buccal, lingual,
mesial, distal, or distal-lingual [10, 22, 24], thus
ignoring the weak areas between the two
canals. In the current study, the thinnest point
was selected by the erupt tool from all slices and all aspects. As a result, the selected
point was not pre-set and its deviation was
smaller.
Relationships between point α and β
According to the results above, the bending
point and the thinnest point of the roots in
mesial roots of mandibular first molars are
located in the same area. Therefore, it can be
hypothesized that there might be a more profound significance of ‘danger zone’ in human
teeth, where the ‘danger zone’ is not only one of
the thinnest area of the radicular dentin, but
canals in this part also began to curve (Figure
5). The dentin moved in this kind of point during
preparation could easily cause root perforations due to the thin thickness and canal transportation [26, 27]. To prove that, the surface
distances on the root surfaces between point α
and β were measured, and if the distance was
less than 1 mm, the two points were considered coincident. The number of teeth was
recorded and shown in the Figure 8. The probability was not high and the example number of
this study was limited, but considering the serious complications caused by canal perforations, those canals need a conservative preparation plan and should be considered to avoid
post placement.

trast, when post space preparation is mandatory, DB root or one-canalled distal root may be
more suitable for preparation.
Acknowledgements
Supported by Program for Young Excellent
Talents in Tongji University (1504219040).
Disclosure of conflict of interest
None.
Address correspondence to: Jianping Ge and
Jianxiang Tao, Shanghai Engineering Research
Center of Tooth Restoration and Regeneration,
School and Hospital of Stomatology, Tongji University, 399 Yan Chang Road, Shanghai 20072,
China. Tel: +86-13764277903; E-mail: gejianping@
tongji.edu.cn (JPG); Tel: +86-13482290880; E-mail:
taojxtohoku@hotmail.com (JXT)

References
[1]
[2]

[3]

[4]

[5]

[6]

Conclusion
This study suggests that real curvatures of the
root may be 5-10 degrees larger than those
measured on the clinical radiographs. Furthermore, considering the curvatures and the
thinnest radicular dentin thicknesses, ML
canals of both two types of mandibular first
molars and the distal-lingual canal of threerooted mandibular first molars require a more
conservative plan during preparation. In con7699

[7]

[8]

Peters OA. Current challenges and concepts in
the preparation of root canal systems: a review. J Endod 2004; 30: 559-567.
Bahareh D, Nahid MA, Mehdi V, Hojat AY and
Ladan BM. Technical quality of root canal treatment performed by undergraduate dental students. Iran Endod J 2008; 3: 73-78.
Dean JW, Lenox RA, Lucas FL, Culley WL and
Himel VT. Evaluation of a combined surgical
repair and guided tissue regeneration technique to treat recent root canal perforations. J
Endod 1997; 23: 525-532.
Alhadainy HA and Himel VT. Evaluation of the
sealing ability of amalgam, cavit, and glass
ionomer cement in the repair of furcation perforations. Oral Surg Oral Med Oral Pathol
1993; 75: 362-366.
Markvart M, Darvann TA, Larsen P, Dalstra M,
Kreiborg S and Bjørndal L. Micro-CT analyses
of apical enlargement and molar root canal
complexity. Int Endod J 2012; 45: 273-281.
Hartmann MS, Barletta FB, Camargo Fontanella VR and Vanni JR. Canal transportation
after root canal instrumentation: a comparative study with computed tomography. J Endod
2007; 33: 962-965.
Katz A, Wasensteinkohn S, Tamse A and Zuckerman O. Residual dentin thickness in bifurcated maxillary premolars after root canal and
dowel space preparation. J Endod 2006; 32:
202-205.
Berutti E and Fedon G. Thickness of cementum/dentin in mesial roots of mandibular first
molars. J Endod 1992; 18: 545-548.

Int J Clin Exp Med 2018;11(8):7692-7700

Concurrent measurements of danger zone anatomy in the mandibular first molars
[9]

[10]

[11]

[12]

[13]

[14]
[15]
[16]

[17]

[18]

Garcia Filho PF, Letra A, Menezes R and Carmo
AM. Danger zone in mandibular molars before
instrumentation: an in vitro study. J Appl Oral
Sci 2003; 11: 324-326.
Harris SP, Bowles WR, Fok A and Mcclanahan
SB. An anatomic investigation of the mandibular first molar using micro-computed tomography. J Endod 2013; 39: 1374-1378.
Trabert KC, Caput AA and Abou-Rass M. Tooth
fracture--a comparison of endodontic and restorative treatments. J Endod 1978; 4: 341345.
Kessler JR, Peters DD and Lorton L. Comparison of the relative risk of molar root perforations using various endodontic instrumentation techniques. J Endod 1983; 9: 439-447.
Moore J, Fitz-Walter P and Parashos P. A microcomputed tomographic evaluation of apical
root canal preparation using three instrumentation techniques. Int Endod J 2009; 42: 10571064.
Schneider SW. A comparison of canal preparations in straight and curved root canals. Oral
Surg Oral Med Oral Pathol 1971; 32: 271-275.
Vertucci FJ. Root canal anatomy of the human
permanent teeth. Oral Surg Oral Med Oral
Pathol 1984; 58: 589-599.
de Pablo ÓV, Estevez R, Péix Sánchez M, Heilborn C and Cohenca N. Root anatomy and canal configuration of the permanent mandibular first molar: a systematic review. J Endod
2010; 36: 1919-1931.
Günday M, Sazak H and Garip Y. A comparative
study of three different root canal curvature
measurement techniques and measuring the
canal access angle in curved canals. J Endod
2005; 31: 796-798.
Cunningham CJ and Senia ES. A three-dimensional study of canal curvatures in the mesial
roots of mandibular molars. J Endod 1992; 18:
294-300.

7700

[19] Kartal N and Cimilli H. The degrees and configurations of mesial canal curvatures of mandibular first molars. J Endod 1997; 23: 358362.
[20] Schäfer E, Diez C, Hoppe W and Tepel J. Roentgenographic investigation of frequency and
degree of canal curvatures in human permanent teeth. J Endod 2002; 28: 211-216.
[21] Gu Y, Lu Q, Wang P and Ni L. Root canal morphology of permanent three-rooted mandibular first molars: part II--measurement of root
canal curvatures. J Endod 2010; 36: 13411346.
[22] Tabrizizadeh M, Reuben J, Khalesi M, Mousavinasab M and Ezabadi MG. Evaluation of radicular dentin thickness of danger zone in mandibular first molars. J Dent (Tehran) 2010; 7:
196-199.
[23] Garcia Filho PF, Letra A, Menezes R and Carmo
AM. Danger zone in mandibular molars before
instrumentation: an in vitro study. J Appl Oral
Sci 2003; 11: 324-326.
[24] Lee JK, Yoo YJ, Perinpanayagam H, Ha BH, Lim
SM, Oh SR, Gu Y, Chang SW, Zhu Q and Kum
KY. Three-dimensional modelling and concurrent measurements of root anatomy in mandibular first molar mesial roots using microcomputed tomography. Int Endod J 2015; 48:
380-389.
[25] Fan B, Pan Y, Gao Y, Fang F, Wu Q and Gutmann JL. Three-dimensional morphologic analysis of isthmuses in the mesial roots of mandibular molars. J Endod 2010; 36: 1866-1869.
[26] El Batouty KM and Elmallah WE. Comparison
of canal transportation and changes in canal
curvature of two nickel-titanium rotary instruments. J Endod 2011; 37: 1290-1292.
[27] Lim SS and Stock CJ. The risk of perforation in
the curved canal: anticurvature filing compared with the stepback technique. Int Endod J
1987; 20: 33-39

Int J Clin Exp Med 2018;11(8):7692-7700

