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ABSTRACT

Introduction: In implantology, in the area of the mandible, during the implantation and the collection of
autogenous bone structures of the lateral part of the mandible, it is necessary to pay attention to the
position of the mandibular canal, nervus alveolaris inferior and foramen mentale. The best radiographic
technique of imaging during various analyses is cone beam computed tomography (CBCT) providing the
exact identification of anatomic structures and having the capability to provide accurate measurement
and enlargement, high resolution without artefacts. The aim of the study was to evaluate the vestibular
bone thickness of the mandible in relation to the mandibular canal and to determine is there dental status-
related difference.

Methods: Out of 700 examined CBCT images, 217 CBCT images that satisfied inclusion criteria of the
study were analyzed. The measurement was conducted by Sidexis program on the cross section of the
CBCT image. The measurement of vestibular bone thickness was performed by measuring the distance
from the lateral wall of the mandibular canal to the buccal surface of the mandibular compact bone
coveringtheregion of the second premolar, the firstand the second molar.

Results: T-test revealed a statistically significant difference in vestibular bone thickness on the left side (p
=(0.028) between dentate and partially edentulous patients in the area of distal root region of the second
molar, where dentate patients (5.825) had, on average, larger vestibular bone thickness compared to
partially edentulous patients (5.326).
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Introduction

Surgical interventions in the area of the mandible
demand certain precaution measures considering
the anatomic structure of the mandible, as well as its
vascularization and innervation. In implantology, in
the area of the mandible, during the implantation and
the collection of autogenous bone structures of the
lateral part of the mandible, it is necessary to pay
attention to the position of the mandibular canal,
nervus alveolaris inferior and foramen mentale, as
well as arteries and veins going through the
mandibular canal so that, during the intervention,
iatrogenic injury of these structures would not occur.
(1-7) During surgical placement of implants, if the
size of the bone is not sufficient for the implantation,
numerous surgical interventions are conducted in
order to compensate the bone for the placement of
implant. One of the ways of bone compensation is
compensation with the help of autogenous bone graft
which can be harvested intraorally and extraorally.
(8) Other ways of compensation of the volume of
bone are guided bone regeneration as well as
osteogenesis of alveolar distraction. (9)

The extraoral autogenous bone graft harvesting
implies getting bones the most frequently from the
area of iliac crest and it entails numerous
disadvantages such as: higher costs, greater time
consumption, hospitalization of patients, general
anaesthesia, walking difficulties, pain, scars in the
bone removal area. (8,10) The extraoral bone
harvesting may involve taking of bone graft from
other parts of the body such as the calvary, tibia or
ribs. The intraoral bone harvesting offers more
advantages in relation to the extraoral bone
harvesting. The advantages are: better surgical
approach, shorter time of surgery, general anesthesia
not needed, elimination of the need of
hospitalization, no scars, more comfortable for a
patient. Also, bone harvesting from the area of
maxillofacial region provides better biological
benefits for augmentation. (8) This implies bone
harvesting, most frequently from the area of the
ramus of the mandible, but also the corpus, the
mandibular symphysis, the residual ridge of the
mandible and the process of the coronoideus. (8,11-
14) Disadvantages of intraoral bone grafts are mainly
temporary,among which the following are described:

short-term disorder of the sensibility of lips, mucosa,
skin or teeth, limited opening of the mouth, pain,
changes in facial contours. Complications differ
depending on the mandible area from which the bone
graftisharvested. (15-20)

Considering the benefits of intraoral bone grafts,
this manner of bone formation is increasingly used.
However, by inadequate recognition of vital
structures such as the lower alveolar nerve and
mental opening, an injury of these structures can
occur entailing certain consequences such as
neurosensory changes of chin, lower lip, pain,
stiffness, changes in senses; during the harvesting of
bone grafts from the mandible or with osteotomy, as
the alveolar nerve is closer to the buccal cortex of the
mandible, the quality of the bone is smaller, the
neurosensory disorders are more expressed, and
women are especially more susceptible to the
occurrence of these disorders. (7,21-23) In order not
to cause an injury of nerves, arteries and veins by
intraoral bone harvesting, implantations and
numerous other surgical interventions in the
mandible area, a doctor of dental medicine must be
familiar with the anatomic characteristics of the
mandible as well as with pathological conditions and
traumatic sequelae creating unfavorable conditions
for the implantation that can lead to compromised
physiological relations of the anatomic structures of
the mandible. Prior to any surgical technique
planned to be performed in the area of the mandible,
with the aim of identification of the exact location of
the anatomic structures, it is necessary to make
appropriate radiographicimaging. (24, 25)

The best radiographic technique of imaging in
implantology during various analyses is cone beam
computed tomography (CBCT) providing the exact
identification of anatomic structures, having the
capability to provide accurate measurement and
enlargement, high resolution without artefacts. The
radiation dose is lower compared to the usual CT
scans, while the conventional radiography interprets
a two-dimensional representation of the mandibular
canal, with shortcomings of the third dimension by
limited enlargement, reproducibility of details and
distortion. (26-29) The accuracy of CBCT imaging has
been confirmed by the use of different CBCT
scanners. (30-34)

The aim of the study was to evaluate the
vestibular bone thickness of the mandible in relation

Stomatoloski vjesnik 2023; 12 (2)



DM. Ajanovic, A. Kamber, A. Dervisevic, S. Tosum, E. RedZovic¢

to the mandibular canal and to determine whether
thereis dental status-related difference.

Materials and methods

It was accessed the database of CBCT images
taken at the School of Dental Medicine at the
University of Sarajevo in the period from 2017 to
April 2020, taken for various dental purposes. Out of
700 examined CBCT images, 217 CBCT images from
110 females and 107 males were analyzed satisfying
inclusion criteria of the study.

Inclusion criteriaincluded the following:
1.acceptableimage quality
2.representation of the entire mandible

3. clearly detectable and represented nervus
alveolarisinferior

The exclusion included the following:

1. irregular volume of the bone and
presence of pathological changes in the
measurement region such as cysts, tumors,
periapical lesions

2. presence of the mandible fracture

3. disturbed course and continuity of
nervus alveolaris inferior

4. Impacted and semi-impacted teeth in the
measurement region

5. Patients younger than 14 years

Patients were divided in two groups: fully dentate
patients and partially edentulous patients.

CBCT images were taken by usingan ORTHOPHOS
SLX imaging unit. The nominal power output of this
device is 2kW at 90 kV / 16mA, nominal frequency
50Hz / 60Hz. The tube voltage is 60-90kV (for 90kV
max.12mA) and the power in tube is 3-16mA (for
16mA max.69kV). The frequency of generation of
creating a high voltage is 40-120kHz. The time of
exposure to image is a maximum 14.9 s. Entire
filtration of X-ray tube is > 2.5 mm Al / 90 IEC 60522
0.3 mm Cu. The size of the focal point towards IEC
60336, measured in the central X-ray, is 0.5 mm.

The measurement was conducted by Sidexis
program on the cross section of the CBCT image. The
measurement procedure involved previous mapping
of the nervus alveolaris inferior, and subsequently in
the region of the second premolar, of the first and
second molar with the help of ruler and protractors
on the cross-sectional intersection, following the
tooth axis and / or roots axis, the vestibular bone
thickness was measured (spongiosis + cortical plate),
by measuring the distance from the lateral wall of the
mandibular canal to the buccal surface of the
mandibular compact bone. The measuring points
along the alveolar nerve of interest were: the center
of the second premolar (35 and 45) as well as the
centers of the first and second molars, but also the
areas of the mesial and distal roots of the first (36M,
46M, 36D and 46 D) and second molars on both sides
of the mandible (37D and 47D). With partially
edentulous patients in areas where teeth were
missing, measurements were conducted only at
measuring points that marked the “center of the
tooth” and they were determined by reconstruction
methods used in implantology. The smallest
vestibular thickness of the mandible was recorded as
the shortest possible value between the two
mentioned distances, that is, the measurement was
carried outunder the angle of 90 degrees.

The statistic software IBM SPSS Statistics 23 was
used to conduct the statistic tests, as well as for the
calculation of descriptive statistics. Excel 2013 was
used to create graphs in descriptive statistics.
Considering different variables, comparisons and
size of samples of certain groups and sub-groups, test
used within the study included: t-test for
independentvariables, post-hoc (Bonferroni).

Results

A total of 217 examinees participated in research,
out of which 93 examinees were fully dentate and
124 examinees were partially edentulous. The
average age of dentate patients was 26.31 years
(minimum 14 and maximum 67 years), partially
edentulous 44.36 years (minimum 19 and maximum
72years).

Graph 1 shows the number of patients divided
according to sexand dental status.
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Graph 1.
Number of patients divided
according to sex and dental status

Tables 1 shows the mean values of vestibular bone
thickness in dentate and partially edentulous
patients.

As shown in Table 2., the vestibular bone
thickness did not differ between dentate and

Vestibular thickness |Vestibular thickness
) on the right side on the left side
Patients
Measuring points Mean Std. dev | Mean | Std.dev
tooth center 45 | 4.2653 1.13226 | 4.3161 | 1.03599
mesial root 46 5.6805 1.14493 | 5.7149 | 1.12388
tooth center 46 | 6.0142 1.12357 | 5.9941 | 1.23003
Dentate distal root46 | 6.2126 | 1.20777 | 6.1988 | 1.26778
mesial root47 | 6.0444 | 1.45977 | 6.1900 | 1.34601
tooth center 47 | 6.1232 1.50903 | 6.1612 | 1.40054
distal root 47 5.6895 1.47323 | 5.8251 | 1.42357
tooth center 45 | 4.5950 1.48346 | 4.1355 | 1.27427
mesial root 46 5.7928 1.26833 | 5.6535 | 1.48611
. tooth center 46 | 6.2094 1.25022 | 5.8090 | 1.34210
Partially
edentulous | ytalroot 46 | 61056 | 1.36646 | 5.9695 | 1.34263
mesial root 47 5.4611 1.49810 | 5.7525 | 1.57368
tooth center 47 | 5.5911 1.29879 | 5.8610 | 1.58062
distal root 47 47989 | 1.35929 | 5.4540 | 1.49830
Table 1.

Mean values of vestibular thickness of the mandible
on the both side according to dental status

Measuring points t - statistics p - value
right - tooth center 45 -1.145 0.254
left - tooth center 35 -0.709 0.479
right - mesial root 46M -0.307 0.759
left - mesial root 36M 0.062 0.951
right - distal root 46D 0.509 0.612
left - distal root 36D 0.900 0.370
right - mesial root 47M 0.557 0.578

left - mesial root 37M 1.750 0.082

right - distal root 47D 1.456 0.147

left - distal root 37D 2223 0.028*
Table 2.

Results of t — test (differences between vestibular bone
thickness between dentate and partially edentulous patients);
* Statistical significance at the level of 5 %

partially edentulous patients for following
measuring points: second premolar (35 and 45),
mesial root of the first molar (36M and 46M), the
distal root of the first molar (36D and 46 D), and the
mesial root of the second molar (47M and 37M).

T-test (Table 2) revealed a statistically significant
difference in vestibular bone thickness on the left
side (p = 0.028) between dentate and partially
edentulous patients in the area of distal root region of
the left second molar, where dentate patients (5.825)
had larger vestibular bone thickness compared to
partially edentulous patients (5.326).

Based on results of the post hoc test shown in
Table 3, a statistically significant difference
(p<0.0001) exists in the values of vestibular bone
thickness, in dentate patients, except for groups of
teeth: 46M-47C, 46C-46D, 46D-47D, 36M-36C, 36 M-
37M,36M-37Cand 36C-36D.

In partially edentulous patients, the vestibular
bone thickness differs (p<0.0001) between the area
of second premolar and mesial root of the first molar
and between the area second premolar and center of
the first molar, on both sides of mandible. Also, there
is statistically significant difference for vestibular
bone thickness between measuring points: second
premolar and distal root of the first molar on the left
side.
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Table 3.

Results of post hoc tests: differences between vestibular
bone thickness between different measuring points for

dentate patients

Groups of teeth - Dentate p - value Groups of teeth - Partially edentulous p - value
45 46M <0.0001 45-46M <0.001
45-46C <0.0001
45-46C <0.0001
45-46D 0.002
45-46D <0.0001 47M-47D 0.007
45 4TM <0.0001 47C-47D 0.004
35-36M <0.0001
45-47C <0.0001
35-36C <0.0001
45-47D <0.0001 35-36D <0.0001
46M-46C <0.0001 35-37M 009
35-37C 0.006
46M-46D <0.0001
35-37D 0.071
46M-47C 0.023 37C-37D 0.002
46C-46D 0.014 Table 4.
Results of post hoc tests: differences between vestibular
46D-47D 0.001 bone thickness between different measuring points for
partially edentulous patients
47M-47D <0.0001
47C-47D <0.0001
35-36M <0.0001
35-36C <0.0001 DlSCUSSlon
35-36D <0.0001 .. . L
The position of the mandibular canal within the
35.37M <0.0001 mandible is highly variable and a clear consensus
regarding its position does not exist. Different
35-37€ <0.0001 authors have observed its course considering
35.37D €0.0001 different reference points, different age, sex, dental
status (6, 35,36)
36M-36C 0.006 This research, by measuring the value of
vestibular bone thickness as distance from the lateral
36M-36D <0.0001 wall of the mandibular canal to the buccal
36M-3TM 0.005 mandibular compact bone, indicates to us the course
of the mandibular canal. The higher the values of
36M-37C 0.021 vestibular bone thickness at a certain measuring
point are, the more distant is the mandibular canal
36C-36D 0.004 . .
from the outer (vestibular) surface of the mandible.
37M-37D <0.0001 The value of vestibular bone thickness is the highest
in the area of the first molar, and the thinnest in the
37C-37D <0.0001 area of the second premolar. This finding is in

agreement to some extent with those of Sghaireen et
al. who also found the lowest values of vestibular
bone thickness in the area of the second premolar,
but the highest ones in the area of the second molar.
These authors measured the distance from the buccal
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and lingual surface of the mandibular compact bone
to the nervus alveolaris inferior, and the distance
from the top of the alveolar ridge to the nerve. They
found that the mean values of vestibular bone
thickness in the area of the second premolar in
partially edentulous totalled 2.08 mm on the right
side and 1.70 mm on the left side, and in dentate
patients 2.14 mm on the rightand 1.74 mm on the left
side.(37)

The highest thickness of the vestibular bone in
dentate patients considering the right side is in the
area of the distal root of the first molar (6.21 mm),
being the same on the left side (6.19 mm). In partially
edentulous patients, the highest value of vestibular
bone thickness is also in the area of the second molar;
specifically on the right side in the area of the tooth
center (6.20 mm) and on the left side in the area of the
distal root (5.96 mm). The values of vestibular bone
thickness are increasing going distally then falling
down from the distal root of the second molar.
Regardless of dentate or partially edentulous
patients, the alveolar nerve is at the distal root of the
first molar slightly more distant from the outer
surface of the bone of the mandible in relation to
other areas. The research conducted by Koivisto et al
shows that vestibular bone thickness is also the
highest in the area of the second molar. The highest
mean vestibular bone thickness totalled 5.4 mm in
the area of the mesial root of the second molar, being
the smallest at the position of the second premolar
with a value of 2.6 mm. (37) The maximum mean
value in this study is higher compared to the results of
the maximum mean value in the research by Koivisto
et al. These differences of mean values at the same
positions of the measuring points among different
researchers may be a consequence of racial
differences, age and other differences as well. (38) Al-
Siweedi concluded that ethnic affiliation impacts all
measurements in his study, inclucing the
buccolingual position of the mandibular canal, and
Levine etal. drew the same conclusion (39,6)

Safaee et al measured the distance of the
mandibular canal from the outer cortex of the lingual
and vestibular sides of the mandible. They have
concluded that the canal approaches the lingual side
by going posteriorly and that the highest vestibular
bone thickness is in the area of the second molar. (40)

In their research, Valdec et al found that the mean
value of bone thickness between the mandibular
canal and the buccal surface of the mandibular

cortical plate was approximately 4 mm directly
posterior to the mental foramen. That distance
increased up to the value of about 6 mm in the first 30
mm distally from the mental foramen and then
decreased to about 3 mm at the most posterior
measurement at the level of the mandibular foramen.
According to those results, it is clearly seen that the
mandibular canal is moving away from the buccal
cortex by going from the mental foramen and then
probably at the position of the first or second molar
(as it is the case in this study) it reaches maximum
values of distance from the buccal mandibular cortex
and then it approaches the buccal cortex in lateral
segments. (41)

Dentate patients have the highest mean values of
vestibular bone thickness, and slightly lower values
were found in partially edentulous patients.
However, we have detected a statistically significant
difference between dentate and partially edentulous
patients only for vestibular bone thickness measured
in the distal root of the second right and left molar.
Kilic et al investigated different positions of the
mandibular canal in relation to different reference
points as well as the position in the buccolingual
direction in different groups of patients according to
dental status. They obtained results showing that the
canal for dentate, partially edentulous and
edentulous patients, varied considering different
measuring points, and in some segments, there was a
difference between the position of the canal in
different patients. In some segments that difference
did not exist, and no precise conclusion has been
made regarding the exact position of the canal in the
buccolingual direction and the thickness of the
buccal wall of the mandible at the place of passing of
the mandibular canal in three different groups of
patients. (42)

Conclusion

"The safe zone" of surgical intervention does not
existbecause each patientis anindividual for himself,
but the area of the distal root of the first molar is a
point of orientation in clinical conditions, whereby
chances of iatrogenic injury of the nervus alveolaris
inferior are smaller. Whenever possible before any
mandible surgery, it would be desirable to do
perform CBCT scan.
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