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ABSTRACT

There is no apical morphological data being available for mandibular first or second premolars in the Turk-
ish population. The aims of the study were (I) to assess apical morphological data of mandibular first and
second premolars in a Turkish population at a young-adult age range (II) to analyze potential correlations
between the size and position of the apical foramina (AF). Extracted sound teeth were collected from an
adult volunteer population as willing to donate. Morphological data were obtained from specimens using a
stereomicroscope. The number, size, shape, and position of AF and frequency of accessory foramina were
quantified. Mann-Whitney U and Spearman's rank correlation tests were performed (a = 0.05). A total of
237 teeth were investigated. The majority of the specimens had one major AF. The frequency of major AF
was between 1-3 for both groups. The median AF size in mandibular first and second premolars were
55,180 um? and 67,483 pum?, respectively. The majority of foramina shape was irregular for the mandibular
first premolars whereas, was oval for the second premolars. The median location of AF with respect to the
anatomic apex was 664 pm in mandibular first premolars and 677 pm in mandibular second premolars. The
size and location of AF mostly overlap between the mandibular first and second premolars. The shape of
the AF might be the only relevant variation concerning the apical morphology between the mandibular first
and second premolars in young adults. The interaction between the size and location of AF in mandibular
premolars of young adults seems not significant.

Keywords: apical foramina, apical morphology, dentistry, mandibular premolars, medical image analysis.

INTRODUCTION

The success of root canal treatment requires accu-
rate projection of root canal anatomy and apical mor-
phology thus that the root canal system can not only be
negotiated but also inflamed pulp tissue can be effec-
tively removed (Vertucci, 2005). In addition, having in-
formation about apical morphology allows the appropri-
ate determination of working dimensions during the root
canal treatment practice (European Society of Endodon-
tology, 2006). Basically, accurately determining the ini-
tial working dimensions according to morphological
limits is a key factor in achieving biomechanical shaping
and hermetic sealing goals (Wu et al., 2000). In clinical
practice, the exact localization of the invisible apical fo-
ramina is sought together with X-ray imaging tech-
niques and electronic apex locator instrument signals
(European Society of Endodontology, 2006). However,
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the exact location of the invisible apical foramina is still
controversial. There are two hypotheses regarding the fi-
nal boundary of root canal treatment: (I) the largest
space of the apical opening of the main canal (Stein et
al., 1992), (I) the narrowest space of the apical opening
of the main canal (Ricucci, 1998).

Morphologically, the location of the main apical fo-
ramina does not always intersect at the anatomic apex.
In the other words, it can locate away from the anatomic
apex due to racial, developmental, or pathological rea-
sons (Dummer et al., 1984; Blaskovi¢-Subat Marroquin
et al., 2004). Especially, the apical morphology might
vary depending on the population characteristics (Ah-
med et al., 2017). Accordingly, previous studies con-
ducted on apical morphology have reported a wide range
of variations between populations, within the popula-
tion, and individually (Gulabivala et al., 2001; Sert and
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Bayirli, 2004; Peiris, 2008; Song et al., 2010; Zhang et
al., 2014).

Specifically, the root canal anatomy of permanent
mandibular premolars is highly variable (Zillich and
Dowson, 1973). Previous studies summarized in Table
1 have reported the root canal anatomy of mandibular
premolars and indicated that the apical anatomy may be
affected by racial factors (Vertucci, 1978; Trope et al.,
1986; Walker, 1988; Caliskan et al., 1995; Sert and
Bayirli, 2004; Kim et al, 2005; Lu et al., 2006;
Awawdeh and Al-Qudah, 2008; Awawdeh et al., 2019).

Moreover, variations are seen in mandibular premolars
can affect the clinical success (Orhan et al., 2017).

The location and size of apical foramina might be
affected by increasing age due to continuous cementum
production (Zillich and Dowson, 1973). However, a pre-
vious study has reported that there is no significant in-
teraction between the location or size of apical foramina
and within the age range of 18-50 in mandibular first
premolars (Awawdeh et al., 2019). To the best of the au-
thors' knowledge, there is no apical morphological data
being available for mandibular first or second premolars
in the Turkish population at a specific age range.

Table 1. Studies of apical root morphology in mandibular premolars.

Sample size Methodology
Reference Total sample Mand'/bu— Mandibu- Investiga- . AA to AF loca- Matched AF Accessory AF infor-
size (data ac- lar first lar second ) AF size . .
. tion tion shapes mation
quisition) premolar premolar
Green (1960) minima and Round, oval, Fr?quency |nfor—.
. . mation. Average di-
400 teeth 50 teeth 50 teeth Stereomi- maxima Length deter- serrated, ameter and average
(*NY, USA) croscopy lengths of mination (mm) asymmet- . g
. distance of acces-
the AF (mm) rical, funnel R
sory foramina (mm)
Zillich and .
Dowson 2331t€€th 1393 0eth 938 teeth  No0Io8” N/A N/A N/A N/A
(*Ml, USA) raphy
(1973)
Vertucci 800 teeth .
(1978) (*FL, USA) 400 teeth 400 teeth Clearing N/A N/A N/A N/A
270 teeth .
Dummer et (*Cardiff, 53 teeth Stereomi- N/A Lc.engt.h deter- N/A N/A
al., (1984) UK) croscopy mination (mm)
100 teeth .
Walker (Southern 100 teeth N/A Radiog- N/A N/A N/A N/A
(1988) . raphy
China)
Calisk y 1400 teeth Frequency;
atiskan e (izmir, Tur- 100 teeth 100 teeth Clearing N/A central or lat- N/A N/A
al., (1995)
key) eral
Sert and 2800 teeth 200 teeth 200 teeth Frequency; Frequency infor-
. (istanbul, identified identified Clearing N/A central or lat- N/A q .y
Bayirli (2004) mation
Turkey) by gender by gender eral
Awawdeh 900 teeth Frequency;
and Al-Qudah (North Jor- 500 teeth 400 teeth Clearing N/A central or lat- N/A N/A
(2008) dan) eral
Hassanien et 60 teeth Stereomi- Length deter-
al, (2008) (*Cairo, 30 teeth 30 teeth crosco N/A mination of RA N/A N/A
v Egypt) Py to CDJ (mm)
Yes; non- Yes; non- minima and Frequency infor-
Arora and 800 teeth disclosed disclosed R . mation and max.
X Stereomi- maxima Length deter- Round, oval, L
Tewari (2009) (Hayrana, sample sample L . and min. diameter
. . ) croscopy lengths of mination (mm) irregular
North India) size per size per of accessory foram-
the AF (mm) .
group group ina (mm)
101 teeth 101 teeth minima and
Awawdeh et (*Irbid, Jor- Identified N/A Stereomi- maxima Length deter- Round, oval, Frequency infor-
al., (2019) dan) by age and croscopy lengths of mination (mm) irregular mation
gender the AF (mm)
AF area
2 in-
237 teeth 124 teeth 113 teeth ) (“T“ )+ min Rc.>und, ov.al, )
- Stereomi- ima and Length deter- triangle, rib- Frequency infor-
Present study (Eskisehir, Young Young ) L .
croscopy maxima mination (um) bon, C-type, mation
Turkey) adults adults ;
lengths of irregular
the AF (um)

AF; major apical foramina, AA; anatomic apex, RA; radiographic apex, CDJ; cemento-dentinal junction, N/A; Not available. Disclosed racial infor-

mation about data acquisition is mentioned in the corresponding rows. (*) if not, the institutional district of authors is mentioned.
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With this motivation, the present study was pur-
posed to examine, in particular, apical morphology in
young adults using a stereomicroscopic technique. More
specifically, the aim of this study was (i) to assess apical
morphological data of mandibular first and second pre-
molars in a Turkish population at a young-adult age
range (ii) to analyze potential correlations between the
size and position of the foramina. For this purpose, the
apical morphology of mandibular first and second pre-
molars belongs to young adults was investigated ex vivo.

MATERIAL AND METHODS

ETHICAL STATEMENT

The study protocol was performed in accordance
with relevant guidelines and regulations. The protocol
was approved by the Human Subjects Office, Office of
Non-Invasive Research Compliance — Eskisehir Osman-
gazi University (Study no. 218, issue date: 11.12.2018
with reference #: 25403353-0.50.99-E.134832).

SPECIMEN PREPARATION AND PRO-
CESSING

A total of 278 extracted teeth with varied reasons
were collected from an adult volunteer population as
willing to donate. The mean age of volunteers was
25.4+4.6 (demographic data were not shown). Informed
consent was obtained from all teeth donors. According
to the donor records, mandibular first premolars were
mostly obtained by extraction for orthodontic purposes
whereas, second premolars were mostly obtained by sur-
gical extraction of impacted teeth.

Tissue remnants on the root surface were gently re-
moved with a scaler hand instrument. Teeth specimens
were divided into two groups as mandibular first and
second premolars. Until the microscopic examination,
the teeth specimens were kept in freshly prepared 0.1 %
thymol from the pure grade powder (> 99 % Thymol
Lot# 2019448; Carl Roth, Karlsruhe, Germany). Thy-
mol suspension was renewed each day.

To provide the color-contrasting among the hard
and soft tissues, specimens were dyed with methylene
blue, were washed and dried. Then the anatomic apex
was pointed out as a reference by marking in red ink and
a micro-brush. The crowns were embedded into silicon
impression material-filled molds.

DATA COLLECTION AND IMAGE ANALYSIS

A stereomicroscope (Stemi 508; Carl Zeiss Micros-
copy GmbH, Géttingen, Germany), a computer-assisted
binocular with 50x magnification, and a photo attach-
ment (Axiocam 105 color; Carl Zeiss Microscopy
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GmbH, Germany) were used for the image data collec-
tion.

Image data were displayed at 2,560 x 1,600 resolu-
tion (Intel Iris Plus Graphics 645 graphic card) using the
image analysis module of the Zen2Lite software (Carl
Zeiss Microscopy GmbH, Jena, Germany). The calibra-
tion of measurement was performed according to a
0.1 mm reference microscale of software. For each im-
age datum, the largest space of the apical opening of the
main canal was defined as apical foramina (AF). If any
AF area was less than 7800 um? or maximum width
<100 um, AF was defined as accessory foramina
(Awawdeh et al., 2019).

Each specimen was oriented inside its mold until the
AF was centered and parallel to the objective lens. When
orientation was precisely conducted, the image was fo-
cused and captured. If a root has more than one AF, in-
dividual image data were obtained by each AF by focus-
ing parallel to the objective lens. First, the regions of in-
terest (ROI) or the outer shape of each AF was defined
via the selection tool of the software. Subsequently, each
ROI was measured using the area measurement tool of
the software. Measured AF data represented the size,
shape, and frequency of the major apical foramina. The
indicated anatomic apex was pointed out as a reference
in the software. Then, the distance between the reference
and the ROI was measured (A-F) via the distance meas-
urement tool. Measured A-F data represented the loca-
tion of the major apical foramina. When the AF did not
intersect with the reference, the shortest distance from
the reference point to the tangent line of AF was drawn,
which was used to determine the A-F distance. If a spec-
imen had more than one AF, the largest AF was held to
consider in A-F measurements. Each size was expressed
as um’> whereas each distance was expressed as pm.
Also, the widest and narrowest diameters of each ROI
were measured using the linear measurement mode of
the software and defined as the wide and narrow diame-

ters of AF (um), respectively. Each analyzed image was
saved in the CZI format (Carl Zeiss Microscopy GmbH,
Jena, Germany). This file format allows the storage of

Fig. 1. 4 representative screenshot of image data a; re-
gion of interest determination for measuring the size of
apical foramina, b, length measurement tool (The white
dashed line corresponds to anatomic apex).
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specific annotations and saved measured values, Fig. 1.
The dataset can be found in Supplementary online
material entitled "Supplementary file S1". Also, access
to original CZI material is possible upon request to the
corresponding author or F. B.

STATISTICAL ANALYSIS

Statistical analysis was performed using software
(GraphPad Prism 9; GraphPad Software; San Diego,
CA) (= 0.05). D'Agostino & Pearson omnibus normal-
ity test revealed that data were not normally distributed
(p< 0.001). Therefore, the Mann-Whitney U test sought
to determine the difference between groups. Spearman's
rank correlation test sought to assess the correlation be-
tween the size and location of AF within the groups.

RESULTS

Root fractures, root resorptions, immature teeth, or
root canal-filled teeth detected high magnification were
excluded from the study (n =41). Consequently, a total
of 237 teeth were included in the study. Among the
teeth, 52 % (n= 124) were first premolars and 48 %
(n = 113) were second premolars. The power of the sam-
ple size was computed as >99 % (a = 0.05, B/a. = 1.097)
using software (G*Power v3.1; Diisseldorf, Germany).

Frequency of major and accessory foramina in man-
dibular premolars are summarized in Table 2. The ma-
jority of the specimens had one AF. The frequency of
AF of specimens was between 1-3 for both groups,
Fig. 2. The frequency of accessory foramina was be-
tween 0-2 for both groups.

The median areal values and quartiles (1-3) of spec-
imens’ size of foramen A-F distance are summarized in
Table 3. The median (Q1-Q3) AF size in mandibular

Fig. 2. Representative image data of different frequen-
cies of apical foramina. a, one major apical foramina
with one accessory apical foramina, b; one major apical
foramina with two accessory foramina, ¢, two major ap-
ical foramina, d, e and f; three major apical foramina.

first and second premolars were 55,180 um? (39,119-
85,639) and 67,483 pum? (43,757- 98,410), respectively
(p= 0.101). The median linear values of foramen and
quartiles (1-3) are summarized in Table 4. The maxi-
mum widths of AF in mandibular first and second pre-
molars were 272 um (51.8-786) and 298 pm (110-863),
respectively (p = 0.071). Whereas, the minimum width
in mandibular first and second premolars were 194 pm
(40.1-441) and 213 pum (74.8-515), respectively
(p =0.096).

Table 2. Frequency of major and accessory foramina in mandibular premolars

Mandibular first premolars

Number of major/acces-

Mandibular second premolars

Number of teeth
sory foramina (percentage) with

major foramina

Number of teeth
(percentage) with ac-

cessory foramina

Number of teeth
Number of major/ac- ]
) (percentage) with
cessory foramina ) )
major foramina

0 0(0.0) 108 (87.8) 0(0.0) 96 (84.2)

1 110 (89.4) 13 (10.5) 98 (85.9) 15 (13.1)

2 11 (8.9) 2 (1.6) 12 (10.5) 3(2.6)

3 2 (1.6) 0 (0.0) 4(3.5) 0(0.0)
Total 123 (100.0) 114 (100.0)
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Table 3. Frequency of major and accessory foramina in mandibular premolars

Groups n Size of foramen (um?) A-F distance (um)

Median (min-max) Q1-Q3 Median (min- QI1-Q3 P

max) rho value

Mandibular 124 55180 39119- 664.00 512.00-907.50  0.035  0.692Y%
first premo- (52 %) (8273-891992) 85639 (0.00- 2082.00)
lar
Mandibular 113 67483 43757- 677.00 515.50-1053.00  -0.042 0.651%
second pre- (48 %) (9141-353367) 98410 (0.00- 6489.00)
molar
P value 0.101* 0.371*
Total 237 QI shows the 25 % of percentile whereas, Q3 shows the 75 % of percentile, A-F; distance

from anatomic apex to foramen, rho; Spearman's rank correlation coefficient. P values are
derived from *Mann-Whitney U tests, ¥Spearman's rank correlation tests (o = 0.05).

Table 4. The median linear values and quartiles (1-3) of specimens

Max. width of AF (um) Min. width of AF (um)
Groups n
Median Median
(min-max) QI1-Q3 (min-max) Q1-Q3

124 272 (51.8-786) 220-346 194 40.1-441
Mandibular first premolar (52 %)
Mandibular second pre- 113 298 (110- 863) 244-381 213 74.8-515
molar (48 %)

P=0.071 P =0.096

Total 237

QI shows the 25 % of percentile whereas, Q3 shows the 75 % of percentile,
P shows the P values derived from Mann-Whitney U tests (o = 0.05).

Table 5. Frequency of major foramina shapes in mandibular premolar

Groups Number of  Number of  Number of  Number of = Number of = Number of Number of
teeth teeth teeth teeth teeth teeth teeth
(percentage) (percentage) (percentage) (percentage) (percentage) (percentage) (percentage)
with round with oval with trian-  with ribbon-  with C-type with
major major gle major shape major major irregular-
foramina foramina foramina foramina foramina shaped major
foramina
Mandibular
Sirst 124 (52.3) 30 (24.3) 38 (30.8) 4(3.2) 0(0.0) 0(0.0) 48 (38.2)
premolar
Mandibular
second 113 (47.7) 37 (32.7) 40 (35.3) 3(2.6) 2 (1.6) 2 (1.6) 33(29.2)
premolar
Total 237 (100.0) 67 (28.2) 78 (32.9) 7(2.9) 2(0.8) 2(0.8) 81 (34.2)
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The boxplots of major AF size of specimens are
given in Fig. 3. The shapes of AF are summarized in Ta-
ble 5. The majority of AF shape of specimens were ir-
regular (38.2 %) for the mandibular first premolars
whereas, was oval (35.3 %) for the mandibular second
premolars Figs. 4 and 5.

(mm2)

—

mandibular first premolars

AF area

mmmmmmmmmmmmm
“““““

instrument size

mandibular second premolars

Fig. 3. Apical foramen size boxplot versus instrument
size bar chart.

Fig. 4. Representative image data of different shapes of
major AF. a; round-shape, b; oval-shape, c; triangle-
shape, d; ribbon-shape, e; C-type, f; irregular-shape.
The dashed white line shows the duplicated illustration
of the AF shape. AF': apical foramina.

The median (Q1-Q3) AF location with respect to the an-
atomic apex was 664 pm (512-907 pm) in mandibular
first premolars and 677 pm (515-1053 pm) in mandibu-
lar second premolars Fig. 6 (p= 0.371). There was no
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significant correlation found between the size and loca-
tion of the apical foramina for mandibular first premolar
(rho =0.035, p=0.692) and second premolar teeth
(tho =-0.042, p=0.651).

Fig. 5. The AF shapes are duplicated illustrations in Fig.

4. The "blue line" shows the measured widest distance
across the ROIL The "dashed green line" shows the
measured narrow distance of the ROl intersected at the
center of the blue line. "X" shows the center of the blue
line. The "yellow region"” shows the narrowest region of
the ROI. a; round-shape, b, oval-shape, c, triangle-
shaped, d; ribbon-shape, e; C-type, f; irregular-
shape. AF: apical foramina, ROI: Region of interest of
major apical foramina.

DISCUSSION

The present study investigated the apical morphol-
ogy of mandibular first and second premolars of a young
adult Turkish population. The size and location of apical
foramina mostly overlap between the mandibular first
and second premolars. Moreover, the shape of the apical
foramina might be the only relevant variation concern-
ing the apical morphology between the mandibular first
and second premolars in young adults. In addition, the
interaction between the size and location of apical fo-
ramina in mandibular premolars of young adults seem
not significant. Regarding the Spearman’s rho test, spec-
imens with large AF size in mandibular first premolars
had mostly long A-F distance (rtho = 0.035). In contrast,
specimens with large AF size in mandibular second pre-
molars had mostly short A-F distance (tho = -0.042).
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Fig. 6. Representative image data of the location of ma-
jor apical foramina with respect to the anatomic apex.
a; the intersection of major apical foramina and ana-
tomic apex a specimen of the mandibular first premo-
lars, b; the far location of major apical foramina from
the anatomic apex in the mandibular first premolars, c;
the intersection of major apical foramina and anatomic
apex a specimen of the mandibular second premolars,
d; the far location of major apical foramina from the an-
atomic apex in the mandibular second premolars. The
white dashed line corresponds anatomic apex.

Recently, Awawdeh et al. (2019) have reported the
apical morphology of 101 mandibular first premolars
classified by age in a Jordan population. Of these, 31
(30.7 %) were between the ages of 19-35 (Awawdeh et
al., 2019). The only information about the apical mor-
phology in mandibular first premolars identified by age
has been published in a recent report (Awawdeh et al.,
2019). Our sample size consisted of 237 extracted teeth
of young adults. Notably, this study provides apical mor-
phological information about the mandibular premolars
in a young adult Turkish population for the first time.

International organization for standardization
n0.3630 part 1 has been created for the root canal instru-
ments (ISO 3630 part I, 2019). Accordingly, ISO# 3630
part 1 covers the dimensions of root canal instruments
adapted to root canal anatomy. Specifically, this interna-
tional standard unconditionally assumes that the cross-
sectional shape of the root canal is “round”. However,
only 28.2 % of the foramina were round-shaped in our
specimens. Concordantly, the percentage of round-
shaped apical foramina has been reported as 22.8 % in a
previous study (Awawdeh et al., 2019). The oval or ir-
regular shape of the foramen represents a limitation of
the current root canal instrumentation techniques.

Morphologically, apical foramina shape is clinically
relevant. Since the shape of the apical foramina deduc-
tively reflects a cross-sectional view of the root canal
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anatomy, apical foramina with non-round shape is pos-
sibly a part of complicated root canal anatomy
(Awawdeh et al., 2019). The majority of apical foramina
shape has been reported as oval for mandibular premo-
lars in previous studies (Marroquin et al., 2004; Arora
and Tewari, 2009; Awawdeh et al., 2019). Similarly, the
majority of specimens in mandibular second premolars
had an oval shape. Also, oval AF was observed as the
second common shape in the first premolars. Except for
the oval or round shapes, different geometries such as
triangular, kidney, or irregular have been also displayed
for AF in the previous reports (Marroquin et al., 2004;
Arora and Tewari, 2009; Awawdeh et al., 2019). In the
present study, six different shapes were displayed for AF
as round, oval, triangle, ribbon, C-type, and irregular. It
can be seen that the frequency among shapes has dif-
fered compared to previous reports. These differences
might be due to the racial characteristics of specimens.

Mandibular premolars of young adults in a Turkish
population had mostly one apical foramen. Frequency of
one major apical foramen for the first and second man-
dibular premolars was 110 (89.4 %) and 98 (85.9 %), re-
spectively. Although the majority of the results were in
agreement with the previous studies, the frequencies rec-
orded in this study were higher than in previous reports
(Awawdeh and Al-Qudah, 2008; Awawdeh et al., 2019).
In a Jordanian population, one major AF has been re-
ported as 64 % for the mandibular first premolars
(Awawdeh et al., 2019). Alike, the Awawdeh and Al-
Qudah (2008) have shown the one major apical foramen
as 58.2 % and 72 % for mandibular first and second pre-
molars, respectively. The racial characteristics infer-
ences could be made for the slight differences among the
numbers.

A stereomicroscope and software were used for im-
age data acquisition in this study. Previous reports have
utilized similar universal study designs (Arora and
Tewari, 2009; Awawdeh et al., 2019). To provide accu-
rate data acquisition from each specimen, a precise inte-
gration from the lens to the software without any loss is
important. Concordantly, the CZI image file format has
been admitted as a bio-formatted file for dimensional
analyses (https://docs.openmicroscopy.org/bio-for-
mats/6.6.0/supported-formats.html). Hence, the authors
emphasized that the materials used in the present study
can be an advantage for the methodology.

The frequency of major AF was between 1-3 for
both groups. The majority of the previous reports have
shown that the count of major apical foramina is be-
tween 0—35 for mandibular premolars (Green, 1960;
Awawdeh and Al-Qudah, 2008; Arora and Tewari,
2009; Awawdeh et al., 2019). A high frequency of AF
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has been correlated with the complex branching of the
root canal at the apical region in a previous study (Biffi
and Rodrigues, 1989). Orhan et al. (2017) have reported
the negative correlation between the complex apical
branching and the success of endodontic treatment in
mandibular premolars. This might be attributed to the
inefficient debridement of root canals related to the non-
negotiation of branching by orthograde instrumentation
alone (Biffi and Rodrigues, 1989).

Previously, the size of AF has been expressed using
the length of drawn two lines of maxima and minima
(mm) across the canal openings (Awawdeh and Al-
Qudah, 2008; Arora and Tewari, 2009; Awawdeh et al.,
2019). Authors were suggested that the traces of canal
curvatures inside the root can be misinterpreted as the
minima distance of AF, therefore, the ROI was drawn
tracing the major apical foramina in this study. Subse-
quently, the area of ROI was measured. Although these
findings cannot be comparable with the previous studies
due to unit conversion difficulties (Arora and Tewari,
2009; Awawdeh et al., 2019), comparisons could be
made with the international standards as in Fig. 2 (ISO
3630 part I, 2019). Considering the median AF sizes in
mandibular premolars, the final apical size should not be
less than ISO size 45 in the young adult population. The
discussion could be made by only the linear values of
AF. In the present study, the median (min-max) wide
and narrow diameters of AF in mandibular first premo-
lars were 0.272 mm (0.051-0.786) and 0.194 mm (0.04-
0.441), respectively. Similarly, in a young adult (19-35-
year-old) Jordanian population, the mean wide and nar-
row diameters of AF have been reported as 0.280 mm
(0.096-0.529) and 0.215 mm (0.084-0.369) in mandibu-
lar first premolars, respectively (Awawdeh et al., 2019).
Also, the median wide and narrow diameters of AF in
mandibular second premolars were 0.298 mm (0.11-
0.863) and 0.213 mm (0.074-0.515), respectively, which
were higher than the findings of Arora & Tewari (2009).
In the present study, the median maximum diameter of
the AF ranged from 0.272 to 0.298 mm and the mean
minimum diameter was in the range of 0.194—
0.213 mm. These values were in accordance with Arora
and Tewari (2009) (0.256-0.241 mm / 0.173-0.158) but
lower than those reported by Green (1960) (0.35-0.30
mm). The distinction between the average values in both
premolars could be originated from age of the cohort and
racial characteristics.

Determination of the working length with respect to
the radiographic apex is not always a suitable method
for allocating apical foramina. The variable characteris-
tics of the location of the apical foramina should be con-
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sidered during the working length determination (Has-
sanien et al., 2008). In a North Indian (Haryana) popu-
lation, the mean A-F distance has been reported for the
mandibular first and the second premolars as 796 um
and 781 pum, respectively (Arora and Tewari, 2009). In
a Jordanian population, the mean A-F distance has been
reported as 636 um (19-35-year-olds) and 650 pm (36-
50-year-olds) in the mandibular first premolars
(Awawdeh et al., 2019). In the present study, the median
A-F distance was between 664 um and 677 pm in man-
dibular premolars. These findings show the complexity
of the apical part in this Turkish population and the con-
nection with reported populations of the world (Arora
and Tewari, 2009; Awawdeh et al., 2019). In addition,
these findings emphasize the importance of the elec-
tronic apex locators in mandibular premolars of young
adults. Also, these findings of this study reinforced the
justification of the current practice of apicoectomy at 3
mm level from the anatomic apex to provide the elimi-
nation of utmost of the non-negotiated canals (Kim and
Kratchman, 2006).

Regarding analyzed image data, specimens were
oriented until the apical foramina was positioned at the
center of the primary lens to provide analysis of the ac-
curate dimensions. Then two-dimensional image data
were obtained from three-dimensional objects. Alt-
hough digital bio-formatted image data sources are more
suitable for morphologic target objects than counter-
parts, the dimensional reduction is might be a common
limitation for stereomicroscopic investigations.

The major finding of the present study was the api-
cal morphological characteristics of mandibular first
premolars presented high similarity with the second pre-
molars in the young adult population. The outcomes
were mostly attributed to racial characteristics overall.
However, these findings cannot represent the Turkish
population in younger or older age groups than the se-
lected age range. Considerably, the age of the patients
can affect the apical foramina size (Awawdeh et al.,
2019). Therefore, apical morphological impacts in dif-
ferent age ranges should be considered as another study
in the future.

CONCLUSIONS

Shape, size, and location of major apical foramina
are significant benchmarks to determine appropriate in-
itial working length and width for the root canal treat-
ment. The root canal anatomy of permanent mandibular
premolars is highly variable. Within the limitations of
this observational study, the following conclusions can
be drawn:
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- The count, size and location of apical foramina
mostly overlap between the mandibular first
and second premolars of a young adult Turkish
population.

- The shape of the apical foramina might be the
only relevant variation concerning the apical
morphology between the mandibular first and
second premolars of a young adult Turkish pop-
ulation.

- There is no interaction between the apical fo-
ramina size and location in the mandibular first
nor second premolars of a young adult Turkish
population.
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