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ABSTRACT:

Background: The final size of the apical root canal
preparation has been a contraversion issue for a long time.
The enlargement of the apical portion of the root canal may
severely affect endodontic prognosis. Preparation of the
apical zone to a larger file size may negatively affect the
ability to control the filling material during root canal ob-
turation. An excessively expanded apical zone increases the
risk of overfilling, which has been shown to be associated
with a reduced success rate. This article aims to review re-
search papers on the anatomical natural diameter of the api-
cal root canal constriction, which is the endpoint of the
endodontic preparation and should determine the appro-
priate size of the apical and root canal preparation.

Review Results: In the review, we have included
various scientific articles from recent years that comment
on the size and shape of the apical constriction in differ-
ent groups of teeth. We have summarized the results in
graphs that give a visual idea of fthe differences in the
sizes of the different apical constrictions.

Conclusion: The root apex is morphologically a
challenging zone. The endodontist should have detailed
knowledge of anatomic variation and mechanics challenges
involved in treating apical third to manage endodontic
therapy effectively. More research is needed to elucidate
the influence of the size of the apical constriction on the
apical stop preparation.

Keywords: apical constriction, tooth anatomy, api-
cal zone, root canal constriction,
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BACKGROUND:

Root canal preparation is a crucial stage of endo-
dontic treatment. It includes the removal of vital or
necrotic pulp tissue from the root canal system, parallel
to this removal of infected dentin from the root canal
walls, and in cases of retreatment - the removal of vari-
ous types of root canal filling materials. Preparation of
the root canals facilitates the entry of irrigants and medi-
cations intended for disinfection of the endodontic space.
It determines the level and quality of the subsequent ob-
turation of the root canal system.

Knowledge of the anatomical dimensions and form
of root canals is mandatory to achieve good results in en-
dodontic treatment. The apical constriction and apical
foramen are the main reference points for defining the api-
cal border for instrumentation and root canal filling. Api-
cal constriction is the apical part of the root canal with
the narrowest diameter short of the apical foramen. It lies
within dentin, just before the first layers of cementum. [1]
From the apical constriction or minor diameter, the canal
widens as it approaches the apical foramen or major di-
ameter. [2] The shape of the space between the major and
minor diameters has variously been described as funnel-
shaped, hyperbolic or ‘morning glory’. The mean distance
between the major and minor diameters has been deter-
mined to be 0.5mm in a young person and 0.67mm in an
older individual. Minor diameter is the most suitable place
for creating an apical stop-terminus location of root ca-
nal therapy. [3] During treatment and obturation of the
root canals, the passage of the apical constriction is un-
desirable. It can cause inflammation and postoperative
pain, as well as delay periapical healing. [4] On the other
hand, when endodontic preparation is shorter than the api-
cal constriction level, it increases the risk of failure. [5]
The patient may feel pain and discomfort, and the tooth
may act on the general health of the body as an active
field of disturbance. [6]

As early as the 1930s, it was known that the apical con-
striction was located at the dentin-cementum junction in the
apical region [7, 8]. However, several decades later, the
anatomy of root canals is not fully understood, including the
extent of apical constriction in different types of teeth. [1]
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All canals with completed root development and
without resorptive processes in the apical area have an
apical constriction. [9] Its type, as well as the distance
from apical constriction to the root apex, can be differ-
ent. A major factor in its size and location is the patient’s
age. In young patients, it is wider, and with age, the di-
ameter decreases, and the distance of apical foramen in-
creases. [10] Obliteration of the apical constriction can
also be observed in various pathological processes. [11]

Clinical determination of apical constriction size
Clinically, the area of the apical constriction can

be found tactilely with endodontic instruments. The ini-
tial Gle that explores canal anatomy and binds in the ca-
nal is usually used to measure apical constriction diam-
eter. Attempting to gauge the size of oval-shaped apical
root canals, Wu et al. demonstrated that in 75% of the
cases, the initial Gle contacted only one side of the api-
cal canal wall; in the remaining 25%, the instrument
failed to contact any wall. [12] In 90% of the canals, the
diameter of the initial instrument was smaller than the
short diameter of the canal. Consequently, using the {rst
Gile to bind for gauging the diameter of the apical con-
striction as guidance for apical enlargement is unreliable.
This problem was recognized, and researchers determined
that it could be solved by removing the interferences in
the root canal morphology existing in the coronal and
middle thirds of the root canal. Early flaring of the root
canal before canal exploration removed interferences and
increased the initial Gle size snug at the apex (almost two
Gle sizes greater). Early flaring gives the dentist a better
sense of apical canal size. [13, 14, 15]

Scientific studies of different groups of teeth and the
use of modern measurement techniques give information
about the diameter of the apical constriction in general
cases. In the clinical work, the individual characteristics
of the patient (especially his age) must be taken into ac-
count, as well as the diagnosis and the course of the patho-
logical process that led to the need for root canal treatment.

Apical constriction studies

The shape of the apical constriction: The most
common shape is oval. Round and irregularly shaped ca-
nals are less common (50% of upper molar canals and 59%
of lower molar canals are oval shaped. [16] Dummer et al.
described several shapes of apical constriction: Parallel
35%, Single 18%, Tapering (Classic) 15%, Flaring 18%,
Delta 12% [17]. The authors also confirmed that it is im-
possible, with complete certainty, to establish the posi-
tion of the apical canal constriction during root canal
therapy.
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Some of the authors examine the mean size of the
apical constriction, while others detail its narrowest and
largest diameters. (fig. 1.)

Fig. 1. The smallest (in red) and largest (in blue) di-
ameters are measured and presented in the results in most
studies to represent the apical constriction, which is usu-
ally oval. The closer the shape is to a circle, the smaller
the difference between two diameters—the more elongated
the oval, the more significant.

Various methods were used to determine the size
of the apical constriction. Some studies have been done
with K-files. [18] with different tip diameters. Depending
on the file that first tightens at the level of apical con-
striction (starter file in clinical preparation), the diameter
of the constriction is determined. [10, 18] These studies
resemble the clinical capabilities of determining the size
of the apical constriction. The method determines the nar-
rowest diameter of the apical constriction. It is fast, easy
and cheap. However, it does not give information about
the shape of the apical constriction and its maximum di-
ameter in cases of oval and irregularly shaped apical con-
strictions.

Another method of investigation of apical constric-
tion is micro-computed tomography, where a different reso-
lution can be applied. A voxel is the smallest spatial vol-
ume that counts and is analogous to a pixel in digital im-
ages. The difference is that the former is a three-dimen-
sional object, while the latter is two-dimensional. Differ-
ent research teams use different resolutions: 30 um [19];
22.9um [20]; 20 um [21, 22]; 26.7 wm [23]; 27 um [24].

Marroquin et al. use a computerized stereomicro-
scope for their research. [25]

Abarca J, et al. use sections on which they take mi-
croscopic photographs with a magnification of x40 and
then draw lines on them and determine their length with
specialized software. A similar method was used by Behera
et al. and Ponce EH, et al. (fig. 2.) [16, 26,27, 28]. Biirgel
MO, et al. used scanning electron microscopy. [29]
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Fig. 2. Shape of the apical constriction : A) round,

B and E) oval, C and D) irregular) [28]
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Observing various sources, we detected the most sig-

nificant interest in investigating apical constriction of
lower incisors and molars. This fact is probably due to
the anatomical features of these teeth, which is also the
reason for the difficulties during their treatment. The size
of the apical constriction is most often measured in mm,
but in some cases also in im. In this article, all dimen-
sions are presented in mm.

REVIEW RESULTS:

Upper incisors and canines

The study by Ponce EH, et al. includes preparation
of histological specimens and optical microscopy. Results
showed a mean diameter of 0.298 mm (n=83) for central
incisors, 0.292 mm (n=89) for lateral incisors, and 0.353
mm (n=97) for canines. [26]

Mizutani T, et al. found a diameter of 0.425 mm
(n=30) for central incisors, 0.369 (n=30) for lateral incisors,
and 0.375 (n=30) for canines. [30]

Kfir and Kohl, who use K-files to determine the di-
ameter of the apical taper, give the following data: 0.28
mm for central incisors, 0.20 mm for lateral incisors, and
0.27 mm for canines (fig. 3.) [18]
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Fig. 3. Diameter of apical constriction in upper frontal teeth
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Olson et al. studied the apical constriction of up-
per incisors. However, unlike the previous studies, in the
results, they divided the teeth depending on the size of
the apical constriction into six groups. Each group in-
cludes a range of 0.05 mm (50 im). [31]

None of the authors considered the apical constric-
tion an oval with different diameters. In Ponce, Mizutani,
and Kfir, it is narrowest at the lateral incisors, but the data
for the three differ significantly. In Ponce, there is a simi-
larity between the size of central incisors and lateral in-
cisors, while in canines it is more extensive. The oppo-
site is indicated by Mizutani’s data, where the similarity
is between the size of canines and lateral incisors, while
that of central incisors is greater. In the Kfir, there is a simi-
larity in the size of the canines and central incisors, while
in the laterals, it is significantly smaller. Olson concludes
that in upper incisors, the most common apical constric-
tion is more than 0.20 mm (in more than 40% of cases),
which confirms the results of the other authors. Their av-
erage values are over 0.20 mm for each of the incisor
types. An exception is the size of the lateral incisors in
the Kfir study.

Lower incisors and canines

Micro-computed tomography of lower incisors
shows that the narrowest part of the canal depends on the
type of canal (single, fused, divided). In a study by Chen
et al., they included 208 mandibular incisors from patients
from China. The results show that the size of the apical
constriction varies with endodontic anatomy. In single
canals, 0.26/0.37 mm (n=171); in two fused canals, 0.20/
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0.28 mm (n=54); in two divided canals, 0.16/0.23 mm (n=
32). Taking into account the frequency of the different
configurations gives an average result of 0.235/0.334 mm.
[19]

In a study by Leoni et al., the diameter of lower
incisors is measured in various areas of the apical third
of the root canal, including 1 mm from the anatomical
apex, where the apical constriction is usually located.
Data for central incisors show that the diameter averages
0.22 + 80 mm at its narrowest part and 0.44 £ 190 mm at
its widest part. On the other hand, for lateral lower inci-
sors, the values were 0.21 =50 mm and 0.45 +£190 mm,
respectively. [20] From these results, it can be assumed
that there are no significant differences between the di-
ameter of the apical constriction in central and lateral
mandibular incisors.

Wolf measured apical constriction in 146 mandibu-
lar incisors with microcomputer tomography. The patients
are from Germany. The data show that the mean size is
0.23+80 mm for their narrow diameter and 0.24 +100 mm
for their broad diameter. In this study, the results show that
the apical constriction is circular rather than oval. In the
article’s conclusion, the authors recommend that the area
of anatomical constriction be processed to instruments
with numbers 30 or 35, taking into account the individual
characteristics of each tooth. [21]

Kfir et al. determined the size of the apical constric-
tion in lower incisors without distinguishing them into
central and lateral: 0.17 mm. In dogs, the measured size
averaged 0.28 mm (fig. 4.) [18]
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Fig. 4. Diameter of apical constriction in lower incisors
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In apical constriction of mandibular incisors, there
are differences in the data from different studies, both for
the shape and the large diameter of the apical constric-
tion in mandibular incisors. According to Wolf, the shape
is oval, and the two values for minimum and maximum
diameter are close. In the other authors, the shape is oval,
and in Leoni, the size of the large diameter exceeds twice
that of the small diameter. In Chen, there is a difference
between the large and small diameters, but the difference
is not significant. The size found by Kfir is much smaller
(more than 0.05 mm) than the data of other researchers.

There is little data on apical constriction in lower
canines.

Premolars

Abarka J, et al. studied the apical constriction of
upper premolars in 125 teeth, with about half being first
premolars and the rest second. Their shape is oval in 72%,
irregular in 19% and round in 9% of cases. The irregular
shape is most common in single-canal second premolars,
while the oval shape is most common in the palatal canal
of the first premolar. The average diameter is 0.27/0.41
mm. [16]

For lower premolars, Biirgel MO, et al. analyzed 45
teeth (25 first premolars and 20 second premolars). The
mean apical foramen size was 0.149/0.915, but the inves-
tigators did not measure apical constriction. [29]

Kfir A, et al. determine the average size of the api-
cal constriction in premolars as follows [18]:

Upper premolars with one apical foramen: 0.30 mm.
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Canine premolars with two apical foramina: 0.14

Lower premolars with one apical opening: 0.23mm.

Lower premolars with two apical openings:
0.18mm.

There is little data on apical constriction in
premolars. The results show that the configuration of the
root canals and the number of apical openings is essen-
tial. According to Abarka’s data, both with one apical
opening and two, the apical constriction of the upper sec-
ond premolars is wider than that of the first. Moreover,
the apical constriction with two apical openings is always
narrower than in cases with only one opening. Kfir’s re-
sults confirm that with two apical foramina, the apical nar-
rowing is always less than when there is only one. How-
ever, in his study, the differences in size are significantly
larger, reaching 0.16 mm for upper premolars and 0.05 mm
for lower.

Upper molars
Of greatest interest are the dimensions of the first

and second molars. Wisdom teeth have a more complex
and varied anatomy and are less likely to undergo endo-
dontic treatment. Kfir studies with a K-file gave mean val-
ues for the vestibular canals of 0.16/0.27mm and the pala-
tal canals of 0.26/0.35mm. [18]

Meder-Cowherd L, et al. examined only the pala-
tal canal of maxillary first molars. They found mean val-
ues of 0.53 mm for the smallest diameter and 0.59 mm for
the largest diameter of the apical constriction (fig.5.) [32]
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Fig. 5. Diameter of apical constriction in the upper first molar
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diameters are reported, there is a difference between their
values. Only with Chang is the difference between the two
diameters much smaller. Kfir’s data also confirm that the
size of the apical constriction in the palatal canal is greater
than that of the vestibular. Meder-Cowherd’s data, which
refer only to the palatal canal, have much higher values
than other researchers. (fig. 6.)

Fig. 6. Diameter of apical constriction in the upper second molar
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In the upper second molar, the differences between
the apical constriction of the different mediovestibular ca-
nals are not as pronounced as in the first molar. The differ-
ences are not significant between the mediovestibular chan-
nels and the distovestibular. Only the palatal canal has a
more significant apical constriction than the others. Only
in ElAyouti’s research is its average size equal to the size
of the MB, as is the case with the first molar. In Wolf’s study,
the apical constriction is more elongated in cross-section.
At the same time, in the other authors, the difference be-
tween the major and minor diameters is more negligible
(the shape is closer to a circle). In Chang’s study, the ca-
nals are nearly circular. In Marroquin’s study, a high simi-
larity was observed between data for the upper first and up-
per second molars. The data for upper third molars show a
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slightly smaller size of the apical constrictions; only in
MBI is the size larger.

Lower mollars

Kfir studies with a K-file show that in one root ca-
nal in the medial root, the diameter of the apical constric-
tion is 0.16/0.28 mm, and for the distal 0.25/0.36 [18]

The results show that in lower molars with one ca-
nal in a root, the apical constriction is wider than in cases
with two separate canals in the same type of root. Only in
Wolf’s study, in the medial canals, were the apical constric-
tions almost the same whether the canals were one or two.
The results of Wolf, Marroquin, and Abarca were nearly
identical in the cases of a single root in the medial canal,
while when analyzing the distal canal, Wolf’s data showed
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a wider apical constriction. In the presence of two canals
in the same root, Wolf and Marroquin showed that apical
constrictions were almost identical. However, ElAyouti
measured that buccal root canals had a wider apical con-

striction than lingual root canals. Wolf reports a more sig-
nificant difference in the diameters of the apical constric-
tions - the shape of constriction here is more elliptical than
in upper molars (fig.7.).

Fig. 7. Diameter of apical constriction in the lower first molar
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In contrast, in Marroquina, the difference between
major and minor diameters of apical constriction is less
(they are rounder). However, none of the variants observed
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equality between the major and minor diameters (circular
shape of the apical constriction). Kfir’s results are similar
to those of the other authors (fig.8.)

Fig. 8. Diameter of apical constriction in the lower second molar
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In both first and second molars, the presence of
two root canals in one root implies a narrower size of
the apical constriction. Again, the exception is the me-
dial canal in Wolf’s study, where the minor diameter in
one medial canal matched the minor diameter in two me-
dial canals. There is also a match in ElAyouti’s study be-
tween the apical constriction in one medial canal and
that in the mesiobuccal in the case of two medial canals.
Like in the study of the first lower molar, the presence
of two canals suggests that the apical constriction of the
buccal will be greater than that of the lingual. Such are
the results of Marroquine’s study. A significant differ-
ence between the minor and major diameters of the api-
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cal constriction was observed in the Wolf and
Marroquine studies, which were more pronounced in the
Wolf study.

Apical size of preparation

The clinical concept of apical preparation aims at
complete circumferential removal of dentine. The tradi-
tional rule is to prepare the root canal at the level of api-
cal constriction at three sizes beyond the first file that
bends at that region (working length).

Weiger R, et al., in a laboratory study, calculated
that enlargement to initial diameter plus 0.4mm in mo-
lar palatal and distal root canals and 0.3mm in mesio-
buccal, mesio-lingual and disto-buccal root canals of

J of IMAB. 2024 Oct-Dec;30(4)



molars would be necessary to achieve complete prepa-
ration of the canal circumference in 78% and 72% of the
canals, respectively. Preparation to initial diameter plus
0.6mm would result in 95% of the cases being prepared
completely but included a high risk of perforations. [33]

Even though the use of nickel-titanium (Ni-Ti) ro-
tary preparation techniques allows curved canals to be
enlarged to sizes 45-80, the effect of such preparation
on tooth structure should be studied. The increased flex-
ibility of Ni-Ti files reduces the deviation of the canal
curvature from the original shape. [34] It also seems that
apart from the clinicians’ skill, there are many procedural
risks related to the enlargement of the apical part of the
canal. [35]

CONCLUSION:

The root apex is a morphologically challenging
zone. To manage endodontic therapy effectively, the en-
dodontist should have detailed knowledge of the anatomic
variation and mechanics particularity involved in treating
the apical third. This study included data collected from
human teeth of people of different ages and regions, which
likely affected root anatomy and the size of the apical con-
striction. In addition, the data analyzed were obtained us-
ing various methods. These facts present limitations for
drawing definitive conclusions. More research with clearly
defined parameters and research methods is needed to
clarify the influence of the size of the apical constriction
on the preparation of the apical stop and to clarify whether
it is mandatory to include the entire perimeter of the physi-
ological constriction in the preparation or whether it is

more important to preserve the root thickness in this area.
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