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ABSTRACT

INTRODUCTION: In the forensic field, different races or ethnicity present various skeletal status or skull pattern,
which aid in racial identification.

OBJECTIVES: Our study evaluated the deepest lingual concavity depth in the posterior region of the mandible,
and its relation to the inferior alveolar canal using cone beam computed tomography (CBCT), and to associate
the findings to different gender, age, and race in Malaysia.

MATERIAL AND METHODS: A retrospective analysis of 384 CBCT scans was done on both left and right sides
of the mandible. Position of the deepest lingual concavity depth was evaluated in relation to the inferior alveolar
canal, and categorized into 3 groups: above the canal, at the same level as the canal, and below the canal. Analysis
was carried out for different gender, age groups, and races in Malaysia.

REsuULTS: The mean age of the study participants was 36.6 + 14.6 years, and there was no significant relationship
between the deepest lingual concavity depth and age. The mean lingual concavity depth was 2.23 + 0.76 mm in
male subjects, and 1.74 + 0.61 mm in female subjects. The mean lingual concavity depth was highest in Indian
(2.20 + 0.73 mm), followed by Malay (2.00 + 0.73 mm), and Chinese (1.80 + 0.69 mm) populations.
CoNcCLUSIONS: Due to variations in the depth and the risk of penetration, with decision made solely on lingual
concavity depth and its relation to the inferior alveolar canal, the assessment of implant fixture site is recommend-
ed to be done on a case-by-case basis during pre-operative planning for dental implant surgery.
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to become successful, proper investigation and treatment

INTRODUCTION

In recent years, dental implants have been widely con-
sidered as a viable option to replace missing teeth [1-3].
76.2% of Malaysian population is aware of dental im-
plants for management of missing teeth [4]. For implants

planning must be carried out thoroughly, especially on
a few important anatomical landmarks, such as lingual
concavity and position of inferior alveolar canal, where
the inferior alveolar nerve passes through the mandibular
foramen into the mandibular bone and exits at the men-
tal foramen [1, 2, 5]. Submandibular gland is found in
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the lingual concavity, between posterior and anterior
bellies of digastric muscle, and thus lingual concavity
inferior to the mandible is also known as submandi-
bular gland fossa [6]. The lingual concavity and inferior
alveolar canal act as a limiting structure in determining
the length of dental implant fixture [7, 8].

With lingual concavity being the risk factor, errors
made during surgical placement of dental implant can
lead to lingual plate perforation, which result in various
complications ranging from local edema to life-threat-
ening events. Lingual nerve injury resulting from per-
foration above mylohyoid muscle can cause loss of gen-
eral sensation at anterior 2"/3™ of the tongue. Injury to
inferior alveolar canal may cause irreversible neurosen-
sory disturbances, such as loss of vitality of teeth and
numbness of the chin in the affected quadrant. Hemor-
rhage and infection can also occur due to perforation
of sub-mylohyoid space, or even parapharyngeal spaces,
leading to upper airway obstruction [1, 2, 9].

There are a few methods of assessing surgical sites
of the implant, including palpation, diagnostic cast, and
osteometry [2, 3]. However, radiographic assessment is
still more reliable, as the methods mentioned above are
limited to the area above the floor of the mouth, which
failed to provide sufficient information on the anatom-
ical variation and morphology of the mandibular bone.
Although panoramic radiograph can evaluate the im-
plant length, it cannot provide information on bucco-
lingual dimensions. To minimize complications, three-
dimensional radiological techniques are recommended,
and various techniques available include computed to-
mography (CT) and cone beam computed tomography
(CBCT). Both CT and CBCT allow cross-sectional anal-

FIGURE 1. Lingual concavity depth measurement on
cross-sectional reconstructed images of cone beam
computed tomography scans and the level of depth
in relation to the level of inferior alveolar canal. Line A -
from the upper to lower bony prominences of concavity.
Line B - perpendicular to line A from the deepest lingual
concavity and distance measured. Lines C and D — supe-
rior and inferior borders of the inferior alveolar canal

ysis and three-dimensional reconstruction; however,
CBCT offers lower radiation dose and greater accuracy
compared with CT [3, 9, 10]. Furthermore, in the foren-
sic field, different races and ethnicities show different
skeletal status or skull pattern, helping racial identifica-
tion [11, 12]. Mandible is next to pelvis in determination
of gender, age, and race [13].

OBJECTIVES

In the present study, the primary objective was the
evaluation of lingual concavity depth in the posterior
region of mandible and its relation to inferior alveolar
canal as well as variations in Malaysian races, ages, and
genders using CBCT scans. Secondary objective was
to determine differences between right and left lingual
concavity depth of the posterior mandible. Our null
hypothesis was: There is no difference in the deepest lin-
gual concavity depth in the posterior mandible in rela-
tion to the inferior alveolar canal with respect to different
age group, races, and genders in Malaysian population
as well as there is no difference between the right and
left lingual concavity depth in the posterior mandible.

MATERIAL AND METHODS

A cross-sectional retrospective study was performed
on 384 CBCT scans of randomly selected patients, who
visited International Medical University, Oral Health
Centre (IMU OHC) from 2011 to 2019. CBCT scans were
selected by generating random numbers in a spreadsheet
(Excel, Microsoft Corp.). Sample size was calculated at
95% confidence interval with power of 80%, and mar-
gin of error of 0.05, which closely represented the Ma-
laysian population [14]. Radiographers at IMU OHC
anonymized patients details to avoid bias. Both sides
of the mandible in each scan was analyzed, resulting in
a total of 768 sites. Patients aged from 18 to 80 years,
either dentulous or edentulous were selected. However,
patients with congenital syndrome, history of trauma
and any pathology, exostosis, and surgical intervention
in the posterior mandibular area were excluded. Also,
CBCT scans, which were not clear and contained im-
plants or other foreign bodies that could produce an arte-
fact were not included. The Joint Committee of Research
and Ethics approved the study, with project ID: BDS
1-01/2019 (09). Prior to the research, informed consent
was acquired from all selected patients.

CBCT images were obtained with KaVo 3D eXam,
following strict and standardized exposure, and patient
positioning protocol. Exposure parameters were 120 kVp,
26.9 s, 5 mA, voxel size of 0.25 mm, and field-of-view
16 cm x 13 cm. Patients were placed in a horizontal po-
sition, and stabilized by chin supporters and custom-
made head bands to ensure stable position during scan-
ning procedure.
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FIGURE 2. Cross-sectional image showing relation of the deepest lingual concavity depth: above inferior alveolar
canal (A - blue arrow), at the level of inferior alveolar canal (B — blue arrow), and below the level of inferior alveolar
canal (C - blue arrow)

eXamVision software was used to evaluate CBCT
images, and all volumes were oriented in a standard way
before measurements. Panoramic, sagittal, axial, and
cross-sectional images were reconstructed for the man-
dible. Inferior alveolar canal was identified, and color
marked. Measurements were performed in every cross-
sectional image between the 1 premolar to 2" molar
region. The scan that portrayed the deepest lingual con-
cavity was measured in cross-sections at 1 mm interval,
with 1 mm thickness from mesial of 1% premolar to dis-
tal of 2" molar. Then, a line (line A) was drawn from
the upper to lower bony prominences of the concavity,
as shown in Figure 1. Another line (line B) was drawn
perpendicular to line A from the deepest lingual con-
cavity, and the distance was measured, while lines C
and D were drawn to mark the inferior alveolar canal
level. The deepest lingual concavity was compared with
the color-marked inferior alveolar canal to evaluate its
position: above line C (Figure 2A), between lines C and
D (Figure 2B), or below line D (Figure 2C). The analysis
was carried out for left and right sides of the mandible.

Examiners were calibrated to use only cross-sectional
images to measure the deepest lingual concavity and
its relation to the inferior alveolar canal. However, they
were allowed to freely change between the 1 mm inter-
val of cross-sectional images to measure the deepest lin-
gual concavity. All the data were repeated twice to obtain
the mean as the final measurement. The examiners were
standardized to identify the lingual concavity and its lo-
cation in relation to inferior alveolar canal on 10 CBCT
scans not included in the study using kappa analysis.
The results were compared to ensure kappa value of more
than 90% to confirm inter-examiner reliability in obtain-
ing similar depth between the two examiners.

SPSS Statistics software version 27.0 was applied for
data analysis. Descriptive statistics were done for each
variable, with mean and standard deviation calculated.

TABLE 1. Mean lingual concavity depth among different
age groups for each side of the mandible

n Age group Mean + SD (mm) p-value
RCD 176 18-29 2.04+0.74 0.086

108 30-45 1.99 £0.65

61 46-60 1.79+0.64

39 > 60 2124085
LD 176 18-29 203071 0.073

108 30-45 1.94£0.73

61 46-60 1.75+0.70

39 > 60 202091

RCD - right concavity depth, LCD - left concavity depth

For comparison between the difference in depth among
races and its relation to the inferior alveolar canal, % test
and one-way ANOVA test were performed. To compare
differences between our results and results from another
studies, one sample ¢-test was also performed.

RESULTS

The study population consisted of 154 Chinese, 115
Malay, and 115 Indian individuals. 51.3% were male and
48.7% were female participants. The population was di-
vided into the following age groups: 18-29 years (45.8%),
30-45 years (28.1%), 46-60 years (15.9%), and above
60 years (10.2%). The mean lingual concavity depth
on the right and left sides of the mandible were 1.99
+0.72 mm and 1.96 + 0.74 mm (p > 0.531), respectively.
The range of intra-examiner agreement for different vari-
ables was 0.90-0.92.

Table 1 shows the mean lingual concavity depth for
each age group, and the comparison among different age
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groups for each side of the mandible. There was no sig-
nificant difference in the lingual concavity depth among
the age groups for each side of the mandible. There was
a significant difference in the lingual concavity depth be-
tween males and females for each side of the mandible,
as shown in Table 2. The deepest lingual concavity on
both sides of the mandible were located above the ca-
nal, and no significant difference was found in the level
of inferior alveolar canal among the different age groups
for each side of the mandible. The mean lingual con-

TABLE 2. Mean lingual concavity depth in males and fe-
males for each side of the mandible

n Gender Mean £ SD (mm) p-value

RCD 186 Male 2.26+0.74 <0.01*
198 Female 1.75+0.60

LCD 186 Male 221£0.79 <0.01*
198 Female 1.73£0.61

*Statistical significance, p < 0.05
RCD - right concavity depth, LCD - left concavity depth

cavity depth for the Indian population was the highest
compared with other races in Malaysia, which was 2.20
£ 0.73 mm (Figure 3A), followed by 2.00 + 0.73 mm
in Malay (Figure 3B) and 1.80 = 0.69 mm in Chinese
individuals (Figure 3C). Table 3 shows the mean depth
of the lingual concavity for each side of the mandible ac-
cording to races in Malaysia. For both sides of the man-
dible, the mean depth of lingual concavity was found to
be significant among races (p < 0.05). Therefore, further
analysis was performed to compare two races. All com-
binations were significant, except for Malay and Indian
population on the right side of the mandible, as shown
in Table 4.

Comparing mean values from other races and na-
tionality using one sample t-test, the results demonstrat-
ed significant differences, as shown in Tables 5 and 6.
Figure 4 and Table 7 demonstrate the relation of the deep-
estlingual concavity to the location of the inferior alveolar
canal for both sides of the mandible in different races.

Most of the subjects had their deepest lingual con-
cavity located above the inferior alveolar canal. The re-
lation of the deepest lingual concavity to the location

FIGURE 3. Cross-sectional image showing the deepest lingual concavity depth for Indians (A — blue arrow), Malays
(B - blue arrow), and Chinese (C - blue arrow)

TABLE 3. Mean of lingual concavity depth in diffe-
rent races and comparison among races for each side
of the mandible (one-way ANOVA test)

TABLE 4. Mean of lingual concavity depth and its com-
parison between two races for each side of the mandi-
ble (one-way ANOVA test)

n Race Mean =+ SD (mm) p-value n Age group Mean £SD (mm) p-value

RCD 154 Chinese 1.83 +0.66 <0.01* RCD 269 | Chinese and Malay 1.90 +0.69 0.04*
15 Malay 2.00+0.72 269 | Chinese and Indian 1.20+0.72 <0.01*

15 Indian 2.20+0.75 130 Malay and Indian 2.10+0.74 0.05

LCD 154 Chinese 1.77+£0.71 <0.01* LD 269 | Chinese and Malay 1.86 +0.74 0.02*
15 Malay 2.00+0.75 269 | Chinese and Indian 1.95+0.74 <0.01*

15 Indian 2.20+0.70 130 Malay and Indian 2.09+0.73 0.03*

*Statistical significance, p < 0.05.
RCD - right concavity depth, LCD - left concavity depth

*Statistical significance, p < 0.05.
RCD - right concavity depth, LCD - left concavity depth
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TABLE 5. Comparison of mean values between Malaysian and population from other countries within the same

races (one sample t-test)

Race Mean £ SD (mm) Population from other studies Mean + SD (mm) p-value
Chinese, Malaysia 1.80 +0.69 Chinese, Taiwan (Huang et al.) 54+19 <0.01*
Indian, Malaysia 2.20+0.73 Indian, India (Vhatkar et al.) 20+2.11 <0.01*

*Statistical significance, p < 0.05

TABLE 6. Comparison of mean values in different nationalities: between Malaysian and Caucasian and African-Ame-

rican (one sample t-test)

Population Mean =+ SD (mm)

Population from other studies

Mean =+ SD (mm)

Malaysia 1.98 +0.53

(aucasian and African-American (Chan et al.)

240+1.10 <0.01*

*Statistical significance, p < 0.05
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FIGURE 4. Relation of the deepest lingual concavity to the location of inferior alveolar canal in Chinese, Malay, and

Indian population in Malaysia () test)

of inferior alveolar canal among the three races was
again found significant (p < 0.05), except for Malays and
Indians.

DISCUSSION

Lingual concavity on the posterior mandible and
the position of inferior alveolar canal are the limiting
structures for determination of the correct dental im-
plant diameter and length. A study conducted on antic-
ipation assessment for simulated implants to cause lin-
gual plate perforation, and results shown that the greater
the concavity depth, the greater the probability of lin-
gual plate perforations (p < 0.001). It was also observed
that a concavity depth of 7.0 £ 1.7 mm caused perfo-
ration, whereas a depth of 5.0 + 1.7 mm did not [15].
In this study, the maximum lingual concavity depth was
5.02 mm, so it could mean that a large part of Malaysian
population would be in the safe zone.

In the current study, it was found that there was no
relation between age and lingual concavity depth. This

TABLE 7. Statistical difference of relation of deepest lin-
gual concavity to location of inferior alveolar canal

p-value
Right Left
Chinese and Malay <0.01* <0.01*
Chinese and Indian <0.01* <0.01*

Indian and Malay 0.36 0.18

*Statistical significance, p < 0.05

indicates that the lingual concavity depth is consistent,
and there is no change according to age. Other studies
also did not observe any significant differences between
age and lingual concavity depth [2, 6, 16]. The mean
lingual concavity depth was significantly lower in fe-
male subjects than in male subjects in other studies
[2, 3, 17]. In the current study, the mean lingual concav-
ity depth was 2.23 = 0.76 mm in male subjects and 1.74
+0.61 mm in female subjects. These results indicate that
thickness and width of the bone at the deepest lingual
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concavity were less in male subjects compared with fe-
male subjects in Malaysian population. In another group
of studies, the mean lingual concavity depth was 2.4
+ 1.1 mm, 2.0 £ 2.11 mm, and 2.73 * 1.43, respectively,
showing no significant difference between gender and
lingual concavity depth [5, 6, 18]. The mean lingual
concavity depth for this study was 1.98 + 0.73 mm, and
this result was smaller than those of other studies [6, 9].
The difference in the current study could be due to different
measurement methods, imaging techniques, racial differ-
ences, and presence or absence of the teeth [2, 6, 19, 20].
Moreover, the lingual concavity depth of the posterior
mandible was significantly influenced by race (p < 0.05).
The concavity was the deepest in Indians, followed by
Malays and Chinese for both sides of the mandible. This
indicates that the width and thickness of the posterior
mandibular bone are less in Indians, followed by Ma-
lays and Chinese. It could also mean that Indians have
the biggest submandibular gland, which is in that fossa.
Different races also have different structural variations
or facial morphology, as described in previous stud-
ies [11,12,19].

In comparison with other studies, there were signifi-
cant differences within the same race between Malaysian
Chinese and Taiwanese Chinese [15], and Malaysian
Indian and India’s Indian [6]. This result could be due
to different ethnicity outcomes from globalization and
inter-marriages as well as different gender and age.

Furthermore, comparing different nationalities, there
is important variation between Malaysian and Caucasian
and African-Americans [9]. All these differences may be
due to various reasons, including differences in gender,
aging effect, and different types of imaging modalities
used, for example, utilization of CT scanning [15]. Pres-
ence or absence of the teeth in the jaw would also affect
the results, as edentulous mandible has a smaller vertical
dimension of the bone comparing with dentulous man-
dible [1].

Regarding the level of the deepest lingual concavity
depth in relation to the location of the inferior alveo-
lar canal, results from other studies are consistent with
the current study, in which the deepest lingual concavity
depth was mostly located above the canal [2]. However,
there is no significant difference between Malays and In-
dians. When dental implant is generally recommended
to be placed with at least 1.5 mm above the inferior alve-
olar canal, optimal anatomical knowledge of the region
is essential for prevention of penetration of the lingual
plate during implant placement [2, 9].

There were no significant differences observed be-
tween left and right sides of the mandible, which was
consistent with findings of other studies indicating that
right or left side of the mandible has no effects on the
discussed variables [2, 3].

Limitation of the study is that all the patients in-
cluded were healthy. In future studies, concavity mea-
surements can be performed in patients with a history

of systemic diseases, such as diabetes mellitus and osteo-
porosis to measure their impact. Additionally, difference
in concavity measurements of edentulous and dentu-
lous patients could be considered as a future point of re-
search.

CONCLUSIONS

Following conclusions were drawn according to
the results of the current study. Deepest lingual concav-
ity was located above the inferior alveolar canal on both
sides of the mandible, with no significant difference in
the level of the inferior alveolar canal among different
age groups and gender for each side of the mandible.
The deepest concavity was noticed in the second molar
area, with significant difference in degree of concavity
between the left and right first and second molars and
dimensional measurements. There was no significant
difference in the degree of concavity; however, there was
significant sex- and age- related variations in dimension-
al measurements of the mandible between left and right
sides. To prevent surgical complications in the posterior
mandible before implant placement, the lingual concav-
ity depth and inferior alveolar canal should be carefully
evaluated with CBCT.
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