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Abstract

Purpose: The mandibular foramen (MF) is the beginning of the mandibular canal located on the internal surface of
the ramus mandible. The authors aimed to determine the three-dimensional position of MF to guide clinician for inferior
alveolar nerve block and surgical procedures.

Methods: CBCT images of 571 mandibular foramens from 286 patients (146 female, 140 male) aged between 8-69
years were evaluated. Up to the age of 18 were considered as growth group, and the others as adult group. Distances
from midpoint of the MF to anatomic landmarks measured. Mann-Whitney U test, univariate varience of analysis and
Spearman’s correlation were performed for the statistical comparisons.

Results: MF is positioned nearly 1.58 mm behind the midpoint of the ramus horizontally 4.27 mm above the midpoint
vertically. There were a significant difference for location of MF among gender, and for width, height and distance to
occlusal plane between growth and adult groups. Measured distances were significantly correlated with age only in

growth group.

Clinical Significance

and safe treatment procedures with reduced complications.

Taking into consideration the anatomy and age of the patient may help better locate the MF for promoting successful
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Introduction

Various anatomical landmarks are being used for surgical marks
for some surgical procedures [1]. These anatomical landmarks that are
related with mandible are significant and can be damaged during oral
and maxillofacial surgical procedures like mandibular osteotomies,
orthognathic surgeries, mandibular trauma managements, surgeries
of benign and malignant lesions, implant surgeries, preprosthetic
surgeries and also nerve damage is possible during inferior mandibular
nerve block [2]. Mandibular Foramen (MF) is located on the medial
aspect of the ramus which is important for being related directly to
inferior alveolar nerve [1].

Inferior Alveolar Nerve Block Anesthesia (IANBA) is the most
frequently used nerve block technique in dental practice [3] IANBA is
a fundamental for achieving local anesthesia for mandibular restorative
and surgical procedures [4].

Several reasons are nested in failure of anesthetic failure like
operator application and technique, patient related factors like
anatomical, psychological and/or pathological, and also anesthetics
can be added with their content [5]. So the appropriate setting of the
needle by the operator to the possible accurate location of MF is very
important in success of anesthesia [6].

CBCT provides high resolution images in three dimensions
with low radiation dose. Accuracy of the studies evaluates anatomic
structures of the maxillofacial region progress with the development of
CBCT systems [7,8].

The aim of this study is to clarify the landmarks that navigate
operators for the most reliable and accurate approach while eliminating
disrupting anatomical variations.

Materials and Methods

This retrospective study is conducted on CBCT scans of patients
who visited Dicle University, Department of Oral and Maxillofacial
Radiology between 2009 and 2012. The CBCT images were performed
with the use of I-CAT Vision TM (Imaging Science International,
Hatfield, USA, 2008) 8-9 seconds at 120 kVp and 18.54 mA with
resolution of 536 x 536 and 0.3 mm-thick slices. An experienced
radiologist acquired the images according to the manufacturer’s
instructions. CBCT images of patients with edentulous mandibles,
missing most of the teeth, a pathologic lesion causing asymmetry and
deviation of the mandible were excluded from the study. CBCT images
of 571 mandibular foramens gathered from patients with the age of
8-69 years. All patients had already undergone eruption of incisors and
mandibular first molar and late 18 years of age were considered to have
completed their physical growth. Therefore a growth group between
the ages of 8 and 18 and an adult group between the ages of 19 and 69
were constituted.

The location of the MF was investigated from cross-sectional slices
of CBCT images (Figure 1). The shortest distance from the midportion
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of MF to anterior border of the ramus (A), posterior border of the
ramus (P), inferior point of the mandibular incisura -superior border
of the ramus- (S), mandibular base-inferior border of the ramus-(I)
and straight line of the cusps of the mandibular permanent molars (O)
were measured in millimeters (Figure 2). Also the height (H) and the
width (W) of MF were recorded.

Descriptive statistical analysis was conducted for the data for both
groups. Homogeneity of the data was tested by Kolmogrov-Simirnov
test. Univariate variance of analysis was performed for the statistical
comparison between age groups, genders and sides. Differences
between age groups and genders were tested by Mann-Whitney U test.
Spearman correlation analysis was used to evaluate the relationship
between the measurements. Statistical significance was estimated as
p<0.05.

Results

The mean age and gender differences are given in the Table 1. The
mean age of growth group was 12. 96 + 3.22 and the adult group was
40.95 + 13.88. Table 2 gives the values for each measurement of the
distance between MF and the specific points. The mean distance from
MF to anterior border of mandibula was 15.29 + 2.60 mm and to the
posterior border was 11.13 + 2.44 mm, where the mean distance to the
superior border was 16.70 + 3.75 mm and to the inferior border was
24.75 + 4.62 mm. The mean value for the MF height and MF width was
6.8 + 1.8 mm and 5.9 + 1.4 mm respectively. The lowest position of the
occlusal plane was 4.80 mm below from the midpoint of MF, and the
uppermost position was 19.80 mm above from the midpoint (Table 1
and 2)

There was a significant difference between males and females for

Figure 1: Cross-sectional CBCT images of MF.

Figure 2: Evaluated MF measurements.

anterior, posterior, superior, inferior and occlusal plane distances, while
MF height and width were same statistically. Between age groups only
height, width and occlusal plane distances are found to be significantly
different. There was a significant positive correlation between age and
measurements only in growth group (Table 3).

Discussion

The knowledge of the MF position is of a cardinal importance
for surgical procedures in dentistry and enables a more effective
anesthesia that provides easier patient conditions [6]. Researchers
have been studied to investigate the position of MF using dry
mandibles and radiographic techniques such as panoramic, lateral
oblique, cephalometric radiography and CT [1,3,9,10] Thanks to
recent developments in CBCT technology, MF position investigation
by using a 3-dimentional plane and measurement points has become
easier [4]. CBCT provides an image produced has minimal unequal
magnification and distortion and produces more reliable and accurate
data with low radiation dose [2]. In the present study, the position of
MF in 3-dimensions was measured relative to the structural landmarks
in the oral cavity which can easily be referred for surgical procedures.

The authors found that the distance to anterior border was 15.29
mm, to the posterior border was 12.13 mm, to the superior border was
16.20 mm and to the inferior border was 24.75mm. This result clearly
showed that MF is positioned nearly 1.58 mm behind the midpoint
of the ramus horizontally 4.27 mm above the midpoint vertically.
Thangaveu et al. [6] and Findik et al. [2] mentioned similar position
for MF.

According to Lipski et al. [11] while the base and the alveolar part
of the mandible are of same height, the MF moves cranially during
growth. Among vertical measurements superior distance increase from
16.05 mm to 16.35 mm while inferior measurements increase from
23.61 mm to 26.38 mm between growth and adult groups. This means
that MF moved cranially as Lipski et al. mentioned. Since mandibula
grows in all directions, the size of ramus mandibula increases bodily.
In the study a positive correlation between age and measurements was
found in growth group while there were no correlations in adult group.
Because by the end of growth, an increase in size is not expected. There
were stronger correlations for some measurements. Posterior distance
correlation is stronger than anterior one, and inferior is bigger to
superior. This shows that the MF moves superiorly and inferiorly, and
take position below and above the midpoint of the ramus.

The angle between the ramus and corpus of the mandible becomes
more perpendicular; and the MF positions itself in the midpoint of the
ramus [12]. During growth pattern mandibular angle decreases at the
same time, and so distance to the occlusal plane increases up to senile
ages. In our study distance to the occlusal plane is 3.47 mm in growth
group while it is 7.28 mm in adult group. Due to the loss of teeth in
senile ages, the size of mandible decreases and the mandibular ramus
leans posteriorly, thus the mandibular angle increases [13,14]. In our
study the mean distance from MF to the occlusal plane less than 7 mm
after the age of 60.

The beginning of mandibular canal is wider than the other parts
of the canal [15]. In the present study, while there were no significant
differences among gender, width and height of the MF was different
between adult and growth groups significantly. Besides this MF width
and height are significantly correlated with age only in growth group.
Thus MF widens until the end of growth, and does not change after
that.
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Group Gender n Age (Mean * SS)
Male 146 12.52 + 3.45
gr_‘z‘g’;h Female 189 13.29 £ 3.00
total 335 12.96 + 3.22
Male 134 40.45 + 13.01
G%Lfletg) Female 102 41.61+14.98
total 236 40.95 +13.88
Male 280 25.89 + 16.80
Total Female 291 23.22+16.34
total 571 24.53 £ 16.61

Table 1: Age and gender distribution of the sample.

Measurement Group |Male Female p Total P
) Growth | 15.22+227 | 14.16+247 * 1462+243
Anterior
Adulth 1550+2.85 | 1491+233 * 1581+275
. Growth 11.90+2.36 | 11.09+2.40 * 11441242
Posterior
Adulth 13.50+2.44 | 1260+1.86 * 12.88+240
) Growth 17.20+3.36 | 16.37+3.18 * 16.05+3.32
Superior
Adulth 1764 +429 | 16.62+3.63 * 16.34+4.28
Inferi Growth | 2345+461 | 2296+3.22 * 23.61+3.95
nferior
! Adulth 2453+435 | 2356+4.38 * 26.38+5.00
) Growth | 5.16 + 1.04 5.34+1.24 5.93+1.45
MF Width A
Adulth 7.02+1.29 6.92 +1.28 8.23+1.37
) Growth | 5.66 +1.20 6.14 £ 1.59 5.26 +1.16
MF Height A
Adulth  18.27 £ 1.36 8.18 £ 1.39 6.98 +1.28
D to Occlusal Growth | 3.53 +3.62 341+£371 * 3471438 X
Plane Adulth  7.46 +3.44 7.19+3.31 * 17.28+3.40

* (among gender) and A (among groups) shows statistical significance at p<0.05
Table 2: Distance from MF to specific points.

Growth Adulth Total

Measurement r p r P r P
Anterior -0.103  0.061 -0.099 0.130 -0.183 | 0.000*
Posterior 0.133 0.015* -0.087 0.183 -0.137 1 0.001*
Superior 0.188 0.001* -0.071 0.280 -0.077 | 0.066
Inferior 0.536 0.000* -0.189 0.004* 0.221 0.000*
MF Width 0.278 0.000* -0.062 0.342 0.523 0.000*
MF Height 0.212 0.000* -0.055 0.400 0.512 0.000*

D to Occlusal Plane | 0.405 0.000* 0.038 0.557 0.479 0.000*

* shows statistical significance at p<0.05
Table 3: Spearman’s correlations between age and measurements.

Conclusion

The present study represents that CBCT provides reliable
information about the anatomy of mandibular and MF. Dimensions
and position differences of MF were evaluated among gender and age
groups. MF located just anterio-superior of the midpoint of the ramus
and below the occlusal plane. As a limitation of the study, the anatomic
measurements were not analyzed by race or ethnicity. Taking into
consideration the anatomy and age of the patient may help better locate
the MF for promoting successful and safe treatment procedures with
reduced complications. In future more research conducted on CBCT
technologies and wide patient groups are needed.
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