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Abstract
The aim of the present roentgenographic in vitro
study was to determine the initial straight length from
the cemento-enamel junction (CEJ) to the appearance
of a root canal curvature in human mandibular pre-
molars. A total number of 282 mandibular premolars
were examined. Exclusion criteria comprised root
caries, extensive restorations and endodontically treat-
ed teeth. The teeth were fixed and digitally radi-
ographed by means of a specially developed fixation
device with standardized and reproducible distances
with the parallel technique (Heliodent MD; Merlin
2.1). The distances from the CEJ to the first curvature
(> 5°) (distance I), from the first curvature to a second
curvature (distance II), and from the first or second
curvature to the radiological apex (distance III) were
recorded. The lengths of the initial straight distance
and the appearance of a curvature were statistically an-
alyzed and related to each other. In first mandibular
premolars, the mean value for distance I was 10.9mm,
for distance II 3.7mm and for distance III 3.04mm.
The mean values for the second mandibular premolars
were 1.1mm in distance I, 4.3mm in distance II and
3.1mm in distance III. No statistically significant dif-
ferences between left and right mandibular premolars
could be observed regarding the canal curvature loca-
tion and the angle values. The results of this investiga-
tion show that curvatures are increasingly observed 9
to 12 mm from the original path in mandibular pre-
molars.
Key words: Mandibular premolars, root canal curva-
ture, in vitro study

INTRODUCTION

Conventional endodontic treatment has experienced
an impressive progression over the last decades basi-
cally through a more efficient desinfection of the root
canal system supported by new irrigation and instru-
mentation methods combined with increasing infor-
mation about morphological complexities [6, 10, 15].
The success of root canal therapy is dependent on a
thorough knowledge of the root and root canal mor-
phology in order to locate the root canals and properly
clean, shape, and obturate the canal space in three di-
mensions, thus the study of root and canal anatomy
has endodontic and anthropologic significance [7, 8].

In fact it is important to be familiar with variations in
tooth anatomy because such knowledge can aid in lo-
cating canals and their subsequent management. Tech-
niques and recommendations for the restoration of
endodontically treated teeth have developed from the
use of rigid prefabricated metal posts to composite
resins and fiber reinforced composite posts [17]. The
use of fiber posts in combination with adhesive mate-
rials for definite restorations has also experienced a
progressive development. Fiber posts together with
composite cores as foundation materials for the
restoration of endodontically treated teeth are widely
accepted as a viable alternative to cast posts of 2/3 of
the determined root canal length. When considering
the anatomy of human teeth, the number of roots and
root canal incidence varies greatly in the literature.
Their morphology is quite variable and can be ex-
tremely complex [1, 2, 9, 12, 13]. However, studies
that determine the frequency and localization of root
canal curvatures in relation to the initial straight dis-
tance are extremely rare. When a post insertion be-
comes necessary the precise knowledge of the root
canal morphology is fundamental in order to avoid
root canal perforations. Hence, the aim of this clinical
study was to develop a standardised radiographic in-
vestigation technique in order to determine the root
canal morphology of mandibular premolars regarding
length and curvatures of the canals to provide infor-
mation for subsequent post insertion.

MATERIAL AND METHODS

In this study recently extracted human mandibular
premolars (n = 282) were used. The teeth were col-
lected from the department of oral surgery and private
dental center practices. There was no information
about the patients age, gender and general health con-
dition. Exclusion criteria for further detailed analysis
were the following: teeth with a non-definable cemen-
to-enamel-junction (CEJ) or apex, endodontically
treated teeth, a non-definable clinical crown and/or
root, teeth with root caries, crowns or extensive fill-
ings and type II and type IV root canal configurations
[20]. Mandibular premolars with two root canals were
also excluded. A specially developed fixation device
was employed in order to be able to reproduce the ra-
diographic parameters [21]. The teeth were digitally ra-
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diographed (Heliodent MD, Sirona Benzheim, Ger-
many/ Merlin 2.1) in a bucco-lingual plane, with an
exposure time of 0.2 sec (60 kV) and with the parallel
technique. The reliability of the x-ray beam was con-
trolled throughout the entire investigation by means of
an aluminium key (Hounsfield-scale). Radiographs
were taken horizontally and in 20° from the mesial and
distal tooth axis aspects. A horizontal line between the
mesial and distal CEJ served as the coronal reference
level. The intersection point in the middle of the root
canal was used as a reference for the straight lines and
tangents. To achieve objective results and guarantee
accuracy, the investigators were calibrated by experi-
enced operators of the endodontic and radiological
departments. All relevant distances, angles, tangents
and reference level (CEJ) were determined by an expe-
rienced endodontist. The length of the straight dis-
tance between the CEJ to the first curvature was
recorded. The corresponding angles (angle values
more than 5 degree) were determined as the angle be-
tween distance I (CEJ to the first curvature) and dis-
tance II (first curvature to the possible second curva-
ture or to the radiological apex) as well as between
distance III (second curvature to the radiological
apex).
The mean values of the measurements of ten pilot

radiographs that were made with the parallel technique
and horizontal projection were used as a reference
when importing the images (JEPG-format) into
Adobe Photoshop 7.0 (36 pixels = 1 mm and 1 pixel =
0.027 mm). The data were collected with Microsoft
Excel 2003® and after transformation of data statisti-
cal analysis was performed with statistical package
SPSS® (Version 14.0). For categorical characteristics
frequency and relative frequency and for metrical char-
acteristics mean, standard deviation and also median
were calculated. The statistical significance between
categorical item position (first vs. second; and sepa-
rately also left vs. right side) and the number of curva-
tures was determined. Statistically significant differ-
ences between position and (separately also side) con-
cerning total root canal length and median angle for
the first curvature were determined with the Wilcox-
on-Mann-Whitney test. The analyses of data was done
in an explorative manner and the outcome of a statis-
tic test with p-value < 0.05 is called significant.

RESULTS

In the present investigation a total of 282 human
mandibular premolars were examined. After consider-
ing exclusion criteria all first left premolars (n = 107)
and first right premolars (n = 100) as well as all second
left premolars (n = 32) and all second right premolars
(n = 43) showed only one root canal. The values for
the total root canal length of the first and second pre-
molars (left and right side) are demonstrated in Fig. 1.
The mean value of distance I (CEJ to the first curva-
ture) was for the first left premolar 10.9mm and for
the first right premolar 10.8 mm; for the second left
premolar there was a mean value of 12.0 mm and for
the second right premolar of 10.9 mm (Fig. 2). The
difference in mean length of distance I was significant
for the first and second premolars (p < 0.001) but not

for left and right side (p < 0.9). For the second straight
distance (first curvature to the second curvature) fol-
lowing mean values could be found: first left premolar:
3.15 mm; first right premolar: 4.19 mm; second left
premolar: 4.34 mm and second right premolar: 4.24
mm (Fig. 3). The third distance (second curvature to
the radiological apex) demonstrated mean values for
the first left premolar of 3.22 mm, for the first right
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Fig. 1. Total root canal length for the first and right mandibu-
lar premolars. The distances were recorded between the ce-
mento-enamel junction and the radiological apex.

Fig. 2. Measured length of the distance I (distance from the
CEJ to the first curvature with values > 5°) for all mandibular
premolars.
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premolar mean value of 2.69 mm, for the second left
premolar mean value of 4.32 mm and for the second
right premolar mean value of 3.41 mm (Fig. 4). The
mean angle for the first curvature was for the first left
premolar 18° and for the first right premolar 14°. For
the second left premolar mean values of 19° and in
the second right premolar values of 13° were recorded
(Fig. 5). The difference in mean angle for the first cur-
vature was significant for first and second premolar (p

< 0.001) but not for left and right side (p < 0.7). The
corresponding angle II between the second and third
straight distance showed mean values of 24.5° for the
first left premolar, for the first right premolar a value
of 20°, for the second left premolar a mean value of
12° and for the second right premolar of 21°. Second
root canal curvatures could be found in a high per-
centage. The first left premolars showed two root
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Fig. 3. Measured length of the distance II between the first
and a second curvature, if present in mandibular premolars.

Fig. 4. Measured length (distance III) between the last curva-
ture and the radiological apex.

Fig. 5. Measured angles of the first curvature of all investigat-
ed mandibular premolars.

Fig. 6. Cumulative frequency and relationship between the
length of the distance I and the appearance of a first curva-
ture for the fist mandibular premolars (left and right side to-
gether).

Length between 1st and 2nd curvatures (mm) 1st curvature degree/Maxillary premolars

Length between last curvature and radiological apex (mm) Distance I in relation to the first curvature
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canal curvatures in 24.2% of all cases, the first right
premolars in 37.2%, the second left premolars in 4.5%
and the second right premolars in 34.3%. When com-
paring the left and the right premolars (first and sec-
ond premolars), no significant differences could be
found with regard to all determined parameters; there-
fore the first premolars (left and right side) as well as
the second premolars (left and right side) were added
together. This resulted in a linear graph of the cumula-
tive frequencies of root canal curvatures. The first as
well as the second premolars showed sigmoid graphs.
In both cases slight plateaus in the initial and final
course could be observed. This evaluation demon-
strates that root canal curvatures could be found in a
high frequency from 9 to 12 mm of the initial root
length (Fig. 6 and 7).

DISCUSSION

In the present study the localisation and frequency of
root canal curvatures in mandibular premolars were
determined. According to our exclusion criteria only
premolars with one root canal were recorded. Most
commonly the mandibular premolars showed only one
root canal. In the study of Sert et al. [18] a total of
1400 extracted mandibular permanent teeth from an
indigenous Turkish population were evaluated. The
authors demonstrated that 62% of mandibular first
premolars and 71% of second premolars had a single
canal and these morphological characteristics of teeth
in this Turkish population were consistent with those
of other studies performed on different populations.
Numerous authors have dealt with the question of the
anatomy and morphology of root canals paying spe-
cial attention to the curvatures and their correspond-

ing angles [8, 19, 20, 22]. Dobo et al. [4] examined a
mathematical description of root canal forms using a
differential geometrical pattern analysis and computer
graphics. The measurements of 433 extracted human
roots were carried out on isometric radiographs taken
from a clinical view.
Several studies evaluated the configuration of root

canal systems [3, 5], the root canal path [10] morpho-
logical variations [18] as well as the angles of root
canal curvatures [6, 15, 16]. In most of these studies
including our own the method according to Schneider
[16] has been applied in order to determine root canal
curvatures. In our study the initial straight distance
(cemento-enamel-junction to the first curvature)
showed mean values from 10.8mm to 12.2 mm for the
first and second mandibular premolars, respectively.
The corresponding angles ranged from 13˚ to 19˚, re-
spectively. Saletta et al. [14] measured the root canal
curvatures taking into account the differences between
dental morphotypes and their modifications after me-
chanical instrumentation. Despite different techniques
and diverse methods of investigation the information
gained is still insufficient regarding the relevant length
and straight distances that are necessary for the suc-
cessful placement of cores for definite restorations af-
ter endodontic treatments. It is essential that the core
is placed in a central position within the root canal ac-
cess. Any deviation from the original canal path will
increase the possibility of a permanent stress in the
root; which may lead to endodontic treatment failure,
root canal fracture up to the loss of teeth. The initial
straight length and the corresponding first angles are
the landmarks of which an operator should be aware
when placing a core. It is recommended to not only
consider the total length of the root canal but also the
first straight distance up to the appearance of a first
curvature. The present data provide evidence that the
first root canal curvature appears after 9mm of the
initial straight length. This means that first curvatures
will occur in the first half of the total canal length. In
conclusion we could demonstrate that the probability
of the appearance of a root canal curvature in human
mandibular premolars has a sigmoid line. The deter-
mined line graphs prove that there is an increasing
tendency of curvatures in root canal length ranging
from 9 to 12 mm and that in mandibular premolars
great deviation from the original canal path can be ex-
pected 9 mm from the cemento-enamel-junction.
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