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ABSTRACT:
Purpose: The aim of this in vitro study was to exam-

ine the distinct types of isthmuses using a light microscope
and cone-beam computed tomography (CBCT).

Material/Methods: Fifty-five extracted human mo-
lars were used for this study. CBCT was used to conduct the
study. After the CBCT analysis, all teeth were inspected
under a light microscope, and the results were compared
with those of the CBCT examination.

Results: The results from the CBCT at the coronary
third of the root canals were as follows: Types I, II, III, IV,
and V isthmuses were found in 50.9%, 16.4%, 1.8%, 7.3%,
and 23.6% of all samples, respectively. For the middle third,
we found Types I, II, III, IV, and V isthmuses in 40.0%, 23.6%,
1.8%, 16.4%, and 18.2% of the samples, respectively. For
the apical third, we identified Types I, II, III, IV, and V isth-
muses in 60.0%, 29.1%, 5.5%, 1.8%, and 3.6% of all sam-
ples, respectively. The results obtained from the microscopic
examination were similar to those from the CBCÒ study.
There is no confirmed statistically significant difference
between the examination methods (p = 0.07).

Conclusion: Three-dimensional examinations have
a significant role among the methods for diagnosing and
detecting an isthmus in the complex root canal system, es-
pecially in the apical part.

Keywords: apical zone, canal configuration, cone-
beam computed tomography, isthmus, three-dimensional,

INTRODUCTION :
Knowledge of the anatomical and morphological fea-

tures of the endodontic space is essential for achieving pre-
cise root canal treatment. Therefore, an essential stage in
diagnosing and managing endodontic problems is examin-
ing the imaging (whether two- or three-dimensional). In ad-
dition, microscopic-assisted endodontic treatment is increas-
ingly required in routine endodontic treatment, especially
of multirooted teeth [1, 2].

The root canal isthmus is a narrow, ribbon-shaped
corridor between two root canals containing pulp tissue [3,
4]. The low success rate in endodontic treatment could be
attributed to the limited accessibility of the hard-to-reach
parts in the root canal, particularly with the presence of an
isthmus, which can function as a reservoir for necrotic tis-
sue and bacterial growth [5, 6].

The most used imaging method in endodontics is the
periapical radiograph due to its ability to image at high
resolution with a low radiation dose [7, 8]. The limitations
of conventional radiography are well established. The diag-
nostic field of two-dimensional images is impaired by the
fact that the three-dimensional anatomy of the area being
radiographed is compressed onto a two-dimensional sur-
face [9, 10]. The geometric distortion and the anatomical
superimposition also reduce the diagnostic value of the
image [11, 12].

Recently, cone-beam computed tomography (CBCT)
has become the three-dimensional method of choice to di-
agnose tooth roots and the morphology of the canal, in par-
ticular, accessory root canals, lateral canals, and isthmuses.
A CBCT examination ensures higher resolution than tradi-
tional computed tomography (CT) at lower radiation [13,
14]. CBCT is a modification of the CT concept, involving
the single rotation of an X-ray source around the dental
subject. The data are analyzed and reconstructed using a
CT-based algorithm to create a volume of data that can be
viewed in three conventional planes (axial, sagittal, and
coronal) [7].

The aim of this in vitro study was to examine the
distinct types of isthmuses using light microscopic and
CBCT examination.
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MATERIALS AND METHODS:
Extracted mandibular and maxillary molars (n = 55)

were used for this in vitro study. After extraction, all teeth
were placed in a 10% formalin solution for 24 hours and
then stored in saline with thymol at 4°C. All roots were
examined with a Leica DM 500 light microscope (Leica
Microsystem GmbH, Germany) at a magnification of ×10
for the presence of cracks and fractures. Such teeth were
not included in the examination. For the light microscopic
study, a C-silicone putty (SPEEDEX, Coltène / Whaledent
AG, Switzerland) was used to fix the teeth in a plastic tray
after the initial examination. All teeth were positioned with
the crown turned up to the silicone as the occlusal surface
touched the stand bottom. A CBCT 3D scanner (Planmeca
ProMax 3D) was used to complete the CBCT study. The
following parameters were used: resolution 150 µm, expo-
sure time 12.149 s, dose area product (DAP) 819.6 mGy·cm2,
electric current 10 mA, and voltage 90 kV. After the CBCT
examination, all the teeth (n = 55) were cut transversely
through the cervical part of the MB and M roots (maxil-
lary and mandibular teeth, respectively) with a diamond
burr under water cooling. All roots were also cut trans-
versely in the middle and the apical part, 3–4 mm from the
apex. The samples obtained in this way - in the coronary,
middle and apical areas - were examined with the Leica
DM 500 microscope. Afterwards, the results were compared

with those of the CBCT examination. Fisher’s exact test
method was used for the statistical analysis. We confirm
that we have read the Helsinki Declaration and have fol-
lowed the guidelines in this investigation.

RESULTS:
CBCT examination
The CBCT observation presented the following re-

sults at the coronary third of the root canals: Types I, II, III,
IV, and V (Fig.1A) isthmuses in 50.9%, 16.4%, 1.8%, 7.3%,
and 23.6% of all samples, respectively. For the middle third
of the root canals, the data are as follows: Types I (Fig. 1B),
II, III (Fig. 1C), IV (Fig. 1D), and V isthmuses in 40.0%,
23.6%, 1.8%, 16.4%, and 18.2% of the samples, respec-
tively. The following data were found for the apical third
of the root canals: Types I, II (Fig. 1E), III, IV, and V isth-
muses in 60.0%, 29.1%, 5.5%, 1.8%, and 3.6% of all sam-
ples, respectively (Table 1). The data from the analyzed
extracted teeth show that in the CBCT examination, the
highest incidence of an isthmus in all parts of the root
canal is in Type I (50.3%) and the lowest in Type III (3.0%).
The percentage of both types of such isthmuses is most
often found in the apical third of the root canal: 60% for
Type I and 5.5% for Type III (Table 1). A statistically sig-
nificant percentage difference between all types of isth-
muses (p = 0.04) was found.

Fig. 1. Axial and transverse slices of the scan made on different teeth representing all types of isthmuses: a) Type V
in the coronal part, b) Type I in the middle part, c) Type III in the middle part, d) Type IV in the middle part and e) Type II
in the apical part of the root canal.
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Fig. 2. Light microscopic examination (magnification ×40) on transversal slices of teeth representing all types of
isthmuses: a) Type II in the coronal part, b) Type I in the middle part, c) Type IV in the middle part, d) Type V in the
middle part and e) Type III in the apical part of the root canal.

Table 1. Relative part in percent of all types of isthmuses at the coronal, middle, and apical third of the root canal
(CBCT and light microscopy observation).

% Coronal 1/3 Medium 1/3  Apical 1/3 Total

Type of N CBCT LM N CBCT LM N CBCT LM N CBCT LM

isthmus % % %  % %  % %  %

I 28 50.9 51 22 40 41 33 60 59 83 50.3 50.3

II 9 16.4 16.4 13 23.6 23.7 16 29.1 29.2 38 23 23

III 1 1.8 1.7 1 1.8 1.8 3 5.5 5.5 5 3 3

IV 4 7.3 7.4 9 16.4 16.3 1 1.8 2.8 14 8.5 8.5

V 13 23.6 23.5 10 18.2 17.2 2 3.6 3.5 25 15.2 15.2

Total 55 100 100 55 100 100 55 100 100 165 100 100

N — number of teeth; % — relative share (%); Statistical analysis — Fisher’s Exact Test; LM — light microscopic
examination

Light microscopic examination
The results obtained by the light microscopic exami-

nation for the coronary third of the root canals are repre-
sented in Table 1: 51.0% Type I isthmus, 16.4% Type II
isthmus (Fig. 2A), 1.7% Type III isthmus, 7.4% Type IV isth-
mus and 23.5% Type V isthmus. For the middle third of the
root canals the data are 41.0% Type I isthmus (Fig. 2B),
23.7% Type II isthmus, 1.8% Type III isthmus, 16.3% Type
IV isthmus (Fig. 2C) and 17.2% Type V isthmus (Fig. 2D).
The following data for the apical third of the root canals are:

59.0% Type I isthmus, 29.2% Type II isthmus, 5.5% Type III
isthmus (Fig. 2E), 2.8% Type IV isthmus and 3.5% Type V
isthmus. A statistically significant percentage difference
between all results obtained by light microscopic examina-
tion (p = 0.004) was found. Fig. 2C is of a Type IV isthmus
with extensions starting at the main root canals and narrow-
ing to the isthmus area. Fig. 2D shows a sample of two root
canals with a real communication (a corridor) between them
— a Type V isthmus according to Kim et al. [15]. Fig. 2E
shows a Type III isthmus with a C-shaped configuration.
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Comparison of the methods of imaging examina-
tion

When comparing the CBCT and light microscopy
results, no statistically significant difference was found
between the methods (p = 0.07). The results are presented
in detail as percentages for the coronary, middle, and api-
cal parts of the root canals (Table 1). The results show that
at all levels of the root canals, the most common isthmus is
Type I, and the least common is Type III. A Type III (C-
shaped) isthmus is most common in the apical part of the
root canal and least common in the coronary one-third.
There is a slight percentage difference between the meth-
ods of examination.

DISCUSSION:
CBCT can be a valuable tool to presenting the mor-

phology of the roots and their canals, especially in cases
of doubt [2, 16]. The presence of an isthmus in the mesial
roots of the lower molars and the mesiobuccal roots of the
upper molars was confirmed by CBCT at a resolution of
150 microns. Distinct types of isthmuses have been con-
firmed in the coronal, middle, and apical parts of the root
canal [15]. The analysis of the isthmus in the root canals
assists the clinician, allowing more precise endodontic
treatment of the complex root canal space. In contempo-
rary endodontic practice, using a dental operating micro-
scope to examine the root canal system is becoming essen-
tial [17]. A clinician needs both good equipment and knowl-
edge about the anatomy of the endodontic space to ensure
a good prognosis when proceeding with treatment. Digital
two-dimensional X-ray diagnostics do not show three-di-
mensional endodontic anatomy in detail. Furthermore,
reading radiographs depends on additional factors, such
as the skill of the observer and the quality of the image.
Continuous deposition of dentin by odontoblasts through-
out the life of the tooth results in small areas that contain
pulp tissue. In this way, different types of isthmuses are
formed, from Type V to Type II (which are hard-to-reach
areas for rotary instrumentation) [15].

This study confirms the high percentage of isthmuses
in the mesial roots of the lower molars and the mesiobuc-
cal roots of the upper molars, as the presence of a true type
of isthmus Type V (Fig. 2D) is most common in the coro-
nary and middle third of the root canal (23.6% and 18.2%
in the CBCT examination and 23.5% and 17.2% in the
light microscopic examination, respectively) (Table 1). It
has been described in the literature that the incidence of
an isthmus (without specifying the type of isthmus) in-
creases on approach to the root apex [15], which differs
from the data from our study. Our results indicate that in
the apical direction, the root canals are, in most cases, joined
into one (59–60%) (Table 1).

The rotary instrumentation is most difficult for a
Type III isthmus due to its specific configuration (Fig. 2E)
[18, 19]. Our results confirm that Type III isthmuses in-
crease in frequency from the coronary to the apical direc-
tion (Table 1), as the percentages for the coronary, middle,
and apical parts are 1.8%, 1.8%, and 5.5%, respectively,
for CBCT results and 1.7%, 1.8%, and 5.5%, respectively,

from the microscopic examination. In contrast, Types IV
and V isthmuses have the lowest frequency in the apical
part of the root canal (8.5% and 15.2%, respectively, in
both imaging methods).

There is no statistically significant difference be-
tween the examination methods (p = 0.07) to prove the
importance of using the CBCT for diagnostic purposes. In
the last decade, the use of three-dimensional imaging with
the help of CBCT has become increasingly established in
contemporary endodontics. A significant disadvantage of
conventional radiographs is the representation of three-
dimensional data as two-dimensional images. Thus, ana-
tomical structures and tissue changes can remain undiag-
nosed [7]. In this study, the resolution used in the CBCT
study was 150 µm. The size of the CBCT resolution is
essential because, at too low a resolution, not all isthmuses
and details of the root canal system will be identified, and
at too high a resolution, the study will not have sufficient
informative value, and the radiation exposure of the pa-
tient will be higher. Because of technological develop-
ments in recent years, three-dimensional examinations now
play a significant role among the methods for diagnosing
and detecting isthmuses in complex root canal systems,
especially in the apical parts [17, 20].

In the limitation of this study, we performed the ob-
servation on extracted teeth (n=55) in the laboratory con-
ditions, where the influence on the imaging methods of
the clinical environment is not taken into account, espe-
cially true for CBCT investigations. The quality of the
final images is heavily influenced by the specific clinical
situation (density of the adjacent tissue, the presence of
artifact-generating structures, etc.). Therefore, we believe
that subsequent clinical studies in this direction are rec-
ommended and necessary to clarify the adequacy of
imaging methods in describing the anatomical and mor-
phological features of the endodontic space.

CONCLUSION:
Recent technological developments have led to

three-dimensional examinations playing a significant role
in diagnosing and detecting isthmuses in complex root
canal systems, especially in the apical parts. Isthmuses are
parts of the root canal that usually remain untouched by
conventional endodontic instruments. These days, clini-
cians rely on contemporary irrigation methods in clinical
practice for cleaning and disinfecting these hard-to-reach
areas.
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