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EVALUATION OF LINGUAL CONCAVITIES IN THE POSTERIOR
MANDIBULAR AREA USING CONE BEAM COMPUTED
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CROSS-SECTIONAL STUDY
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ABSTRACT

Objective: The objective of this study was to evaluate the prevalence and measure the depth of
the mandibular lingual concavities, using Cone-Beam Computed Tomography (CBCT) scans. This
was done in an attempt to avoid perforation of the lingual cortex during dental implant insertion.

Methodology: CBCT scans of 174 patients requiring dental implants were used in this study.
The scans included 86 females and 88 males, with an age range of 20-60 years. On each scan, the
depth of the mandibular lingual concavity was measured at the first and second molar areas. These
measurements were then tabulated and statistically analyzed to compare the prevalence and depth
of the lingual concavity at the first and second molar areas, on the right and left sides, in males and
females, and in dentate and edentulous cases.

Results: There was a statistically significant difference between the mean depth of the
mandibular lingual concavity in males and females, as it was higher in males (4.85mm) than
females (4.09mm). The mean depth of the concavity was greater at the second molar than at the
first molar in both males and females. The concavities were also found to be deeper on the left side
of the mandible in both genders. Meanwhile, there was no statistically significant difference in
concavity depth in dentulous and edentulous cases at the same areas, but the depths in the dentulous
cases were greater.

Conclusion: In the examined Egyptian population, the concavity depth was greater in males
than in females, and greater at the second molar area, on the left side of the mandible. Therefore,
CBCT imaging is advised to provide accurate preoperative examination in dental implant cases to
avoid complications as lingual perforations.
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INTRODUCTION

For the past decade, endosseous dental im-
plants have been an integral part of the treatment
and replacement of missing teeth.” Implant place-
ment is generally considered a minimally invasive
procedure, given the thorough and comprehensive
planning done beforehand.® This is to avoid any
complications that may occur during or after the
procedure. @ Possible complications include dam-
age of neighboring teeth, implant displacement,
nerve damage and hemorrhage.“~ In the mandible,
hemorrhage occurs more often at the inter-forami-
nal region and in the posterior area because of the
presence of lingual concavities in the bone.® The
compressive force caused by the submandibular
salivary gland, as it grows, is the main cause of the
posterior lingual concavity in the mandible.” When
those concavities are deep, the risk of lingual perfo-
ration is increased during implant insertion. This is
because the implant may extrude outside the lingual
bone and cause complications such as infection and
inflammation. ©

Radiographs are essential during implant plan-
ning, to assess the quality and quantity of bone at
the implant site and the proximity to vital structures.
® Panoramic and periapical radiographs can be used
but the information provided by them is not enough
since they are two-dimensional techniques. ©® These
two-dimensional images do not help in the assess-
ment of the mandibular lingual concavities of the
mandible. ' Computed tomography (CT) provides
3-dimensional images and cross-sectional analysis
of the maxillofacial facial structures. ™V CT scans
are expensive and expose the patients to a very high
radiation dose. ® This is not recommended, espe-
cially for younger patients because of the risk of can-
cer development and tissue damage. ¥ Cone beam
computed tomography (CBCT), on the other hand,
is the most cross-sectional modality used in the den-
tal field. ¥ It provides images of the maxillofacial
area with greater accuracy and reduced patient ra-
diation exposure, when compared to conventional
computed tomography. > Cone beam computed to-
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mography (CBCT) produces three-dimensional im-
ages which are multiplanar (sagittal, coronal, axial,
and cross-sectional) reconstructions. These images
provide accurate measurements in any plane.® The
American Academy of Oral and Maxillofacial Ra-
diology encourage the use of CBCT for the preop-
erative implant planning. “” CBCT images provide
accurate information about the bone morphology
and surrounding structures and allow for interactive
treatment planning. "® CBCT guided virtual implant
planning enables the clinician to plan and visualize
the final outcome before starting treatment. !

CBCT images help in the accurate visualization
of the degree of the mandibular lingual concavities,
which is crucial to avoid lingual perforation during
implant placement. ®® This is achieved by the cross-
sectional analysis provided by the CBCT software,
which assesses the lingual undercuts in terms of
linear and angular measurements. @

The aim of the current study was to evaluate lin-
gual concavities in the posterior area of the mandi-
ble, in an Egyptian population, to avoid perforation
of the lingual cortex during dental implant insertion.
CBCT scans were used to assess the prevalence, and
measure the depth, of those concavities in males and
females, at the sites of the first and second molars,
on the right and left sides of the mandible and in dif-
ferent dentate statuses.

MATERIALS AND METHODS

This is a retrospective study that included a total
of 174 CBCT scans of Egyptian patients requiring
dental implants. The scans were taken from the
database at the Oral and Maxillofacial Radiology
department at the Faculty of Dentistry, Cairo
university. Theses CBCT scans included 88 males
and 86 females, with an age range of 20-60 years
(an average age of 40 years). The exclusion criteria
were CBCT scans with any of the following; artifacts
or low resolution, pathologic lesions, fractures or
alveolar grafts in the posterior mandible. All the
scans were taken using the CBCT scanner Planmeca
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Promax® 3D Mid (Planmeca, Helsinki - Finland),
and the exposure parameters were set to 90 kVp
and 8 mA, with an exposure time of 13.5s and an
isotropic voxel size of 0.4mm3.

The areas examined on each CBCT scan were
the sites of the first and second molars, on the right
and left sides of the mandible. For each CBCT scan,
the following steps were carried out on the CBCT

software to measure the lingual concavity.

* On the sagittal view, the lines of orientation
were adjusted so that their intersection lies at
the furcation area of the molar (in the dentulous
cases) (figure 1) or just below the alveolar ridge
in the center of the edentulous span of the miss-

ing molar (in the edentulous cases) (figure 2).

*  On the axial view, the sagittal line of orientation
was adjusted in the center of and parallel to
the body of the mandible at the area of interest
(figures 3 & 4).

e The previous two steps ensured that the resulting
coronal view would be a true cross-sectional

view of the area of interest.
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e On the coronal view, the lines of orientation
were used to aid in the lingual concavity depth
measurement. The vertical line was oriented
just adjacent to the most prominent lingual
bony part, above the inferior alveolar canal. The
horizontal line was oriented above the superior

boundary of the inferior alveolar canal.

e The distance measured was along the horizontal
line, between the vertical line and the outer
surface of the mandibular lingual cortex. This
was the measurement of the lingual mandibular
concavity at that area (figures 5 & 6).

The above-mentioned steps were carried out to
measure the mandibular lingual concavity at the
areas of the first and second mandibular molars,
on the right and left sides of the mandible for each
CBCT scan, in the dentulous and edentulous cases.
These measurements were taken by one Oral and
Maxillofacial radiologist with 17 years of experience
in the oral and maxillofacial radiology field. To
assess intra-observer agreement, the measurements
were taken twice with an interval of two weeks in-
between.

Fig. (1): The sagittal view of the CBCT scan, the lines of
orientation oriented so that their intersection lies at the

furcation area of the molar at the area of interest. This
was done in all the dentulous cases.

Fig. (2): The sagittal view of the CBCT scan, the lines of
orientation oriented so that their intersection lies just
below the alveolar ridge in the center of the edentulous
span of the missing molar. This was done in all the
edentulous cases.
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Fig. (3): The axial view, where the red sagittal plane is adjusted
to be in the center of and parallel to the body of the
mandible at the area of interest, in a dentulous case.

Coronal(Y)

Fig. (5): The coronal view, where the depth of the concavity
was measured was along the horizontal line, between
the vertical line and the outer surface of the mandibular
lingual cortex, in a dentulous case.

Statistical analysis

The measured depths of the mandibular lingual
concavities at the areas of the first and second
mandibular molars, on the right and left sides of the
mandible, for females and males, and dentulous and
edentulous cases were tabulated and statistically
analyzed. The mean and standard deviation values
were calculated for each group in each test. Data
were explored for normality using Kolmogorov-
Smirnov and Shapiro-Wilk tests, data showed
parametric (normal) distribution

Independent sample t-test was used to compare
between two groups in non-related samples for
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Fig. (4): The axial view, where the red sagittal plane is adjusted
to be in the center of and parallel to the body of the
mandible at the area of interest, in an edentulous case.

Coronal(Y)

HU -1000

Fig. (6): The coronal view, where the depth of the concavity
was measured was along the horizontal line, between
the vertical line and the outer surface of the mandibular
lingual cortex, in an edentulous case.

quantitative data. Paired sample t-test was used to
compare between two groups in related samples for
quantitative data. The significance level was set at
P < 0.05. Statistical analysis was performed with
IBM® SPSS® Statistics Version 20 for Windows.

RESULTS

The current study included 174 CBCT scans
of patients, 88 were males (50.6%) and 86 were
females (49.4%). The mandibular molars areas
evaluated were 336 (50 %) first molars and 336
(50 %) second molars, yielding a total of 672

examined cross-sectional CBCT cuts. The molar
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sites were as follows: 536 (79.8 %) dentulous and
136 (20.2 %) edentulous. 346 (51.5 %) of the molars
were on the right side of the mandible and 326 (48.5
%) were on the left.

There was a statistically significant difference
between the mean depth of the mandibular lingual
concavity in males and females, in the area of the
first and second molars, as it was higher in males
(4.85mm) than females (4.09mm). (Table 1 &
Figure 7)

TABLE (1) The mean, standard deviation (SD)
values of depth of concavity of different
groups: males and females.

Depth of concavity
Variables

Mean SD
Males 4.85 2.25
Females 4.09 1.68

p-value 0.001*

*; significant (p<0.05)
e N

Depth of concavity

Males Females
- J

Fig. (7): Bar charts representing depth of concavity in males
and females.

The mean depth of the concavity was greater
at the second molar than at the first molar in both
males and females. (Table 2 & Figure 8)
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TABLE (2) The mean, standard deviation (SD)
values of depth of concavity of different
groups: first and second molars in males
and females.

Depth of concavity
Variables Male Females
p-value
Mean SD Mean SD
First
3.79 1.72 3.13 1.24 0.015%
molar
Second
572 227 4.82 1.62 0.004*
molar
p-value <0.001* <0.001*
*; significant (p<0.05)
e N
Depth of concavity
7
6
5
gt
Ej
2
1
0
First molar (6) Second molar (7)
L B Male © Females )

Fig. (8): Bar charts representing depth of concavity in the first
and second molar areas, in males and females.

The concavities were also found to be deeper
on the left side of the mandible, when compared to
the right side, in both genders. (Table 3 & Figure 9)

Meanwhile, there was no statistically significant
difference in concavity depth in dentulous and eden-
tulous cases at the same areas, but the depths in the
dentulous cases were greater. (Table 4 & Figure 10)
Also, there was an excellent intra-observer agree-
ment regarding the measurements of the mandibular
concavity depths.
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TABLE (3) The mean, standard deviation (SD)
values of depth of concavity of different
groups: right and left sides in males and

females.
Depth of concavity
Variab-
Male Females p-value
les
Mean SD Mean SD
Right 442 2.27 3.87 147 0.045*
Left 5.52 2.26 445 1.82 0.003*
p-value 0.006* 0.033*
*; significant (p<0.05)
s N
Depth of concavity
6
5
4
E
2
1
0
Right Left
B Male © Females
N J

Fig. (9): Bar charts representing depth of concavity on the right
and left sides in males and females.

TABLE (4): The mean, standard deviation (SD)
values of depth of concavity of different

groups: dentulous and edentulous cases

Depth of concavity
Variables
Mean SD
Dentulous 4.57 2.07
Edentulous 4.09 1.82
p-value 0.107ns
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s N
Depth of concavity
5
45
4
35
3
Eas
2
15
1
05
0
Dentulous Edentulous
N\ J

ns; non-significant (p>0.05)

Fig. (10): Bar charts representing depth of concavity in
dentulous and edentulous cases

DISCUSSION

Over the past decade, conventional radiographic
imaging has shifted towards 3D imaging using
CBCT.®» CBCT is preferred in the dental field,
over conventional computed tomography (CT),
because of many advantages including the lower
radiation dose to the patient, lower cost and superior
resolution.!'» CBCT is now recognized, by
maxillofacial societies worldwide, as an important
part of the preoperative examinations for dental
implants. ®® Implant guided surgery helps in virtual
planning preoperatively to avoid complications
during implant insertion in areas with deep undercuts
in the mandibular molar area.®-2%

Improper implant placement may cause
neurological complications, which are very common
in the posterior mandibular area. *>-2 It has been
reported that mandibular lingual concavities are
great risk factors for lingual perforation. ™ These
posterior concavities result from the forces caused
by the adjacent submandibular salivary gland, lying

in the submandibular gland fossa. "

Accordingly, accurate evaluation of these
concavities is crucial before implant placement.
(9 The presence of deep lingual concavities (more
than 2mm), in different populations, supports the
necessity of thorough examination of the potential

implant site in the posterior mandibular area.*”
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For that reason, this study has been carried out
to evaluate lingual concavities in the posterior
mandibular area, in an Egyptian population. This
was done in an attempt to help dentists anticipate
those concavities in different areas in the mandible,
different genders and different dentate states, before
dental implant placement.

174 patient CBCT scans were included in this
study, 88 males and 86 females. The areas studied
included 336 mandibular first molars and 336
mandibular second molars, yielding a total of 672
examined cross-sectional CBCT cuts. Some of the
areas were dentulous areas (536) and the others
were edentulous (536). The molar sites were 346
on the right side of the mandible and 326 were
on the left. The depth of the mandibular lingual
concavities was measured by means of the digital
software on the CBCT scanner Planmeca Promax®
3D Mid. Cross-sectional cuts on the CBCT scans
were used to measure the depth of those concavities
in each specific site. This method of concavity depth
measurement was in accordance to the method used
by Salemi et al and Chan et al. 27

The current study revealed that the mean depth
of the mandibular lingual concavity in males was
4.85mm and 4.09mm in females. These findings
were similar to those in a study by Nickenig et al.,
where the mean depth of the lingual concavities was
3.7 mm.® This was also in agreement with studies
carried out by Salemi et al, Quirynen et al, Parnia
et al and Chan et al who reported a mean lingual
concavity depth of over 2 mm. -8 112D

In this study, there was a statistically significant
difference between the mean depth of the mandibular
lingual concavity in males and females, where it
was greater in males. This was in contrast to studies
carried out by Yoon et al. and Parnia et al, who
concluded that there was no significant difference
in the depth between both genders. -* On the
other hand, the results of the current study were in
agreement with the studies carried out by Tan et al
and Rajput et al, who also reported deeper lingual
concavities in males than in females.®%-*"
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Furthermore, the results of the present study
revealed that the mean depth of the concavity was
greater at the second molar than at the first molar
in both males and females. These results were not
in line with those obtained by Kamburoglu et al,
which included that the highest prevalence of the
mandibular concavity was at the first molar. ¢?
However, this study’s results were comparable to
those reported by Rajput et al and Froum at al, who
stated that the depth of the submandibular gland
fossa was greater at the site of the second molar,
than at the first molar ©°-3» These results were also
confirmed by Tan et al, Lin et al and Nickenig et
al.®8:31.39 Additionally, Huang et al, stated in their
study that there was a significantly higher frequency
of mandibular lingual concavity in the second molar
area (62.7%) than at the first molar area (56.2%).
This consequently puts the area of the second
molar at a greater risk of lingual perforation during
implant placement. " Moreover, Yu et al reported
that in their study, the concavity was greater at the
second molar in more than 90% of the cases.®”
Didem To6ziim et al stated that, due to the greater
concavity at the site of the second molar, replacing
that tooth by a dental implant is more complicated
when compared to the first molar and that bone
grafting would probably be essential before implant
placement. %

In the present study, the concavities were found
to be deeper on the left side of the mandible, when
compared to the right side, in both males and
females. Tan et al suggested that this difference may
be related to the different sizes of the submandibular
glands on both sides of the mandible.®"

From the obtained results of the current study,
there was no statistically significant difference in
mandibular lingual concavity depth in dentulous
and edentulous cases at the first and second molar
areas, but the depths in the dentulous cases were
greater. This was contrary to studies by Didem
Toziim et al and Nilsun et al who reported that the
concavity depth was greater in edentulous second
molar areas.¢:37
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The different ethnicity of populations, the
different points of reference in measurements, the
dentate status and the pattern of bone are possible
factors contributing to the differences in mean
depths of the mandibular concavities in different
studies. ®-2®

LIMITATIONS

This is a retrospective study where the CBCT
scans used were retrieved from a database.
Consequently, there was some missing information
that may have affected the conclusions and
correlations of this study. This includes information
like the time that had passed since extraction/loss
of a tooth and factors affecting bone quality like

metabolic disorders.

CONCLUSION

Accurate evaluation of the mandibular lingual
concavity using cone beam computed tomography,
prior to implant placement, is essential to avoid
lingual cortex perforation at the sites of the
mandibular first and second molars. In the examined
Egyptian population, the concavity depth was
greater in males than in females, and greater at the
second molar area, on the left side of the mandible.
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