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Objectives: This study sought to assess the thickness of buccal and lingual alveolar
bone plates according to the position of impacted mandibular third molars on cone-
beam computed tomography (CBCT) scans.

Materials and Methods: Eighty-four CBCT scans of impacted mandibular third
molars were evaluated in this retrospective study. All images had been obtained by
ProMax 3D CBCT system with the exposure settings of 78 kVp, 12 mA, 16 s time, 0.2
mm voxel size and 10 x 9 cm field of view. The impaction angle of teeth and the
thickness of buccal and lingual cortical plates were determined on images by drawing
lines in the anterior, middle, posterior, superior, central and inferior regions.
Thickness of bone plates was analyzed according to the position of impacted molars
relative to the buccal and lingual plates using the Student t-test and relative to the
second molars using one-way ANOVA and Tukey’s test.

Results: In the buccolingual direction, the buccal plate thickness was maximum in
lingual position followed by central position, and minimum in buccal position of the
teeth. The lingual plate thickness was minimum in horizontal and distoangular
positions and maximum in the mesioangular position of impacted teeth.

Conclusion: Risk of lingual plate preformation is higher in surgical removal of
impacted third molars with distoangular and horizontal positions. Thus, further
attention must be paid by the surgeons to such cases.
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INTRODUCTION

Impacted teeth are defined as teeth that
cannot erupt into their correct functional

position in the dental arch and therefore, do
not have a normal relationship with the
adjacent teeth or the soft tissue [1]. Of all teeth,
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mandibular third molars have the highest rate
of impaction ranging from 27% to 76% [1]. As
a general rule, all impacted teeth have to be
extracted except for some certain cases where
the extraction of impacted tooth is not feasible
[2]. Extraction of impacted mandibular third
molars is a routinely performed surgical
procedure, which is also associated with some
risks and possible complications. The sensory
disturbances of the inferior alveolar nerve are
among the relatively common complications
of surgical extraction of mandibular third
molars [3,4], which mainly occur due to
traumatization of the sensory nerve fibers
[5,6]. Although rare, risk of displacement of
third molars or the remaining root segment
into the sublingual space also exists in surgical
extraction of impacted mandibular third
molars. In such circumstances, patients may
complain of pain, swelling and trismus, and
the tooth or root segment pushed into the
sublingual space should be necessarily
removed, which is a complex procedure
associated with several postoperative
complications [7]. Some factors determine the
risk of complications following mandibular
third molar extraction surgery including the
position of impacted third molar, its lingual
inclination, application of uncontrollable
forces and poor preoperative clinical
evaluation.

Use of cone-beam computed tomography
(CBCT) for maxillofacial imaging yields three-
dimensional images with lower dose, lower
cost and higher resolution than computed
tomography (CT) [8]. CBCT is a suitable
modality to determine the level of difficulty of
the procedure and propose an efficient
treatment plan for surgical extraction of
complex cases of impacted mandibular third
molars. Using CBCT scans, the thickness of
alveolar bone can be determined with high
accuracy and precision [9]. Comprehensive
preoperative clinical and radiographic
examinations of the hard and soft tissue are
imperative to minimize the risk of peri-
operative incidents and postoperative
complications [9].

Removal of the alveolar bone is a critical step
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in surgical extraction of impacted mandibular
third molars.

Knowledge about the alveolar bone thickness
in different areas can aid clinicians in decision
making about the treatment plan and the most
efficient protocol for tooth extraction. Despite
the availability of several classifications for
bone thickness, none of them provide
information about the buccal and lingual bone
plate thickness at the site of impacted third
molars [9]. Therefore, this study was
undertaken aiming to determine the
correlation of angle of impaction of
mandibular third molars and buccal and
lingual bone plate thickness at the site to
estimate the risk of traumatization of lingual
hard and soft tissue during surgical extraction
of mandibular third molars.

MATERIALS AND METHODS

This retrospective study was performed on 84
CBCT scans of the impacted mandibular third
molars retrieved from the archives of the Oral
and Maxillofacial Radiology Department of
School of Dentistry, Tehran University of
Medical Sciences.

Sample size was calculated to be 84 CBCT
scans according to a study by Ge et al, [9]
assuming alpha=0.05, beta=0.1 and d=0.06.
The high-quality CBCT scans of the impacted
mandibular third molars were selected using
convenience sampling.

The exclusion criteria were presence of tumor,
fracture or cyst at the site, and presence of
dental crowns, dental implants or metal
bridges causing beam hardening and
compromising the quality of images. All CBCT
scans had been taken with Alphared 3030
CBCT system (Asahi Rontgen. Ind. Co., Ltd,,
Kyoto, Japan) with the exposure settings of 80
kVp, 4 mA, 17 s time, 10 x 10 cm field of view
and 200 p voxel size. Panoramic image
reconstruction was performed. First, the
reference section was determined. For this
purpose, the distance between the most
anterior and the most posterior parts of the
impacted third molars on reconstructed
panoramic images was divided into 4 equal
segments by 5 vertical lines (Fig. 1).
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Fig. 1. Identifying the reference sections on a reconstructed panoramic image

The three dividing lines at the middle were
considered as reference and referred to as the
anterior, middle and posterior lines. Cross-
sectional slices were made at each line, and the
respective measurements were made on these
sections (Fig. 2).

Similarly, the distance between the most
superior and the most inferior parts of the

impacted third molars on reconstructed
panoramic images was divided into four equal
segments by five horizontal lines. The three
middle lines were considered as the reference
lines and were referred to as the superior,
middle and inferior reference lines. Axial
sections were reconstructed for the respective
measurements (Fig. 3).

Fig. 3. Superior, central and inferior sections on CBCT
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Next, the midpoints were identified right in
the middle of the distance between the
inferior-superior borders of tooth on cross-
sectional slices at the middle, inferior and
posterior lines and were referred to as RA, RM
and RP, respectively (Fig. 4).

-

Fig. 4. Anterior CBCT section of impacted third molar.
The two white lines indicate the distance between the
superior and inferior points and the distance between the
two lines was measured to be 10.8 mm. This distance was
divided by 2 and the obtained value was 5.4 mm (red
line), referred to as RA.

Afterwards, the alveolar bone thickness was
measured. For this purpose, the anterior
buccal and lingual bone thicknesses were
measured on the anterior cross-sectional slice.
Horizontal line was drawn passing through
the RA point, and two variables were
measured at the location of this line: (B) the
thickness of alveolar buccal bone plate
(distance between the external border of bone
and buccal surface of tooth) and (L) the
thickness of alveolar lingual bone plate
(distance between the external border of bone
and lingual surface of tooth).

The results were reported as AB (the
thickness of anterior alveolar buccal bone)
and AL (the thickness of anterior alveolar
lingual bone) (Fig. 5).
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The same was performed in the middle
section, and the buccal bone plate in this
section was referred to as MB and the lingual
bone plate in this section was referred to as
ML. Similar measurements were made in the
posterior section as well (PB and PL) and on

Fig. 5. Measurement of the alveolar bone thickness. As
shown, a horizontal line was drawn from the point RA
(white line). Red line at the buccal indicates the buccal
bone plate (AB) and its thickness was measured to be 4.3
mm. Red line at the lingual indicates the lingual bone
plate (AL) and its thickness was measured to be 3.2 mm.

axial sections at the superior, middle and
inferior lines (RS, RC and RI).

To measure the superior buccal and lingual
bone thickness, the superior axial section was
used such that a line was drawn from RS and
the two variables were measured according to
this line: (B) buccal bone thickness (distance
between the external border of bone and
buccal surface of tooth) and (L) the thickness
of alveolar lingual bone plate (distance
between the external border of bone and
lingual surface of tooth). The same
measurements were made on the middle and
inferior axial sections for assessment of CL, CB,
IL and IB (Fig. 6). Similar measurements were
made on the middle and inferior axial sections
(IB, IL, CB and CL).
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Fig. 6. Central section showing the distance between
the anterior and posterior points (white lines). RC
was 7 mm, the buccal bone thickness (CB) was 4.4
mm and the lingual bone thickness (CL) was 2 mm.

Total buccal bone thickness (TB) = AB + MB +
PB+SB+CB+IB

Total lingual bone thickness (TL) = AL + ML +
PL + SL + CL + IL

The mean difference (MD) was calculated as
follows: MD=TB-TL /6

One oral and maxillofacial radiologist
observed the images. Alveolar bone thickness
was measured using Romexis software and
categorized as follows:

MD=1: Lingual position; -1 < MD < 1: Central
position; MD < 1: Buccal position

If two separate roots were detected on axial
sections or cross-sectional slices and the

midpoint was located at the middle of the
distance between the two separate roots, the
midpoints between the anterior and posterior
tooth borders on axial sections or midpoints
between the superior and inferior borders of
teeth on cross-sectional slices for each root
were determined separately, and separate
lines were drawn from these points for each
root. Next, the thickness of buccal and lingual
plates for each root was determined.
Eventually, the mean thickness of buccal and
lingual bone was calculated.

Data were analyzed using SPSS version 25
(SPSS Inc., IL, USA). The thickness of buccal
and lingual plates separately for central and
lingual position of impacted third molars
relative to the buccal and lingual plates was
calculated and analyzed using the Student t-
test. The thickness of buccal and lingual plates
for different positions of impacted teeth
relative to the second molars was analyzed
using one-way ANOVA. In case of presence of
significant differences, pairwise comparisons
were carried out using the Tukey’s test. P<0.05
was considered statistically significant.

RESULTS

The highest mean thickness of buccal bone
(5.04 mm) was in the superior section and the
lowest mean thickness of buccal bone (3.74
mm) was in the anterior section.

The highest mean thickness of lingual bone
(3.0 mm) was in the superior section and the
lowest mean thickness of lingual bone was in
the posterior section (1.58 mm). The total

Table 1. Central dispersion of the mean thickness (mm) of buccal and lingual bone plates on cross-sectional
and axial cone-beam computed tomography sections

Min-Max 1.4-8 1.2-7.6 0.8-9.6 1-12.6 1.2-10.6 0-8.8
Buccal

Mean(SD) 3.74(1.25) 4.01(1.45) 4.14(1.97) 5.04(1.91) 4.65(1.94) 2.13(4.29)

Min-Max 0.8-4.5 0-4.2 0-4.6 0-8.6 0-6 0-5.8
Lingual

Mean(SD) 2.13(0.76) 1.78(0.85) 1.58(1.26) 3(1.75) 2.53(1.08) 2.04(1.46)

Min-Max: Minimum-Maximum; SD: Standard Deviation
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mean thickness of lingual bone was
13.44+5.12 mm. The total mean thickness of
buccal bone was 26.14+8.81 mm and MD
(mean difference divided by 6) was 2.09+1.71
mm (Table 1). In general, the mean thickness
of buccal bone plate at the site of impacted
third molars was greater than that of the
lingual plate. According to one-way ANOVA,
significant differences were noted in the mean
buccal and lingual bone thickness in different
sections (P<0.05) and MD according to the
position of impacted third molar relative to
the second molar.

Significant differences were noted in buccal
and lingual bone thickness in different
sections based on vertical, horizontal,
mesioangular and distoangular positions of
teeth relative to the second molar (P<0.05).
Table 2 demonstrates significant values
related to central dispersion of mean
thicknesses on different sections based on the
position of the third molars relative to the
second molars, in addition to the total
thickness of lingual bone plate, due to its
clinical significance. Regarding the position of
third molars relative to the second molars,
mesioangular teeth had the highest
prevalence followed by horizontal, vertical
and distoangular positions.

Table 3 shows pairwise comparisons of buccal
and lingual bone thickness in different
positions of impacted third molars relative to
the second molars on CBCT sections.
Buccolingually, the lingual position had the
highest frequency followed by central
position. Buccal position had the lowest
frequency. Lingual plate thickness was
minimum in horizontal and distoangular and
maximum in mesioangular position of
impacted teeth. Table 4 shows the mean
thickness of buccal and lingual plates on
different sections based on the position of
third molars relative to the buccal and lingual
plates. Of 84 impacted mandibular third
molars, 2 had buccal position and since they
would decrease the power of statistical tests,
they were excluded.

The minimum mean thickness of lingual bone
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plate was in the posterior section for teeth
with lingual position while the maximum
thickness of lingual bone was in the superior
section for teeth with central position.
According to the Student’s t-test, significant
differences were noted in the thickness of
buccal and lingual plates in different sections,
total buccal and lingual thickness and MD in
teeth with central and lingual positions
relative to the buccal and lingual plates
(P<0.05, Table 4).

DISCUSSION

This study assessed the thickness of buccal
and lingual bone plates based on the position
of impacted mandibular third molars on CBCT
scans. Our results showed significant
differences in buccal and lingual bone
thickness on different sections, which calls for
the attention of surgeons to this matter prior
to surgery.

This study showed that the buccal bone
thickness at the site of impacted mandibular
third molars was generally greater than the
thickness of lingual plate (26.14 mm versus
13.44 mm). The reason is probably the
reinforcement of the buccal plate by the
external oblique ridge [10-17]. Ge et al. [9]
reported that the buccal bone plate was
thicker than the lingual bone plate at the site
of third molars (4.51 mm versus 1.69 mm),
which was in line with our findings. Regarding
the position of impacted third molars relative
to the second molars, 20.2% of impacted teeth
had horizontal, 57.1% had mesioangular,
13.1% had vertical and 9.5% had distoangular
position. Mahdey et al. [1] evaluated 20 to 44-
year-old Malaysians and reported that
mesioangular impaction was the most common
type in impacted mandibular third molars.

Xu et al. [18] reported that the majority of
impacted third molars had mesioangular and
vertical positions while horizontally-impacted
teeth had the lowest frequency. Their findings
were in agreement with our results.

In the current study, the mean buccal bone
thickness in the anterior section was
significantly different in mesioangular and

Front Dent, Vol. 16, No. 4, Jul-Aug 2019



Parhiz SA, et al.

Table 2. Central dispersion of the mean buccal and lingual bone thickness (mm) on different cone-beam
computed tomography sections according to the position of impacted third molars relative to the second molars

Anterior 4.05
Posterior 494
Buccal Superior 4.54
Central 4.39
Inferior 3.71
Posterior 2.09
Lingual
Inferior 1.42
Total thickness of i 26.89
buccal plate
'I.‘otal thickness of i 12.54
lingual plate
Mean difference - 2.35

4.05 3.39 4.71 0.01
5.06 3.44 5.33 0.001
6.42 4.76 4.49 0.008
5.64 4.23 5.5 0.04
5.86 3.63 5.75 0.001
0.53 1.73 2.2 0.001
2.38 2.25 0.94 0.04
31.49 23.29 30.81 0.002
12.94 14.06 12.09 0.63
3.03 1.55 3.05 0.004

distoangular positions, and the greatest buccal
bone thickness was recorded for distoangular
position where the roots had lingual
inclination. In mesioangular position, the
buccal bone thickness was minimal. Also, the
difference in the mean buccal bone thickness
in the posterior section in horizontal
impaction was significant compared with that
in mesioangular position. The difference in
this respect between mesioangular and
distoangular positions was significant as well.
The mean buccal bone thickness was minimal
in mesioangular position while it was greater
in horizontal and distoangular positions in this

Front Dent, Vol. 16, No. 4, Jul-Aug 2019

section. Thus, impacted third molars with
horizontal and distoangular positions have
greater lingual inclination compared with
those with other positions. The mean
thickness of lingual bone in the posterior
section was significantly different between
vertical and horizontal, horizontal and
mesioangular, and horizontal and
distoangular positions. In the posterior
section, horizontally impacted third molars
had the thinnest lingual plate and showed
lingual inclination. The mean buccal bone
thickness in the superior section was
significantly different between vertical and
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horizontal, and horizontal and mesioangular
positions. Buccal bone thickness in central
section was significantly different between
horizontal and mesioangular positions and in
both sections, teeth with horizontal impaction
had the thickest buccal bone plate. The mean

thickness of buccal bone in the inferior section
was significantly different in vertical and
horizontal, horizontal and mesioangular, and
mesioangular and distoangular positions. The
distoangular and horizontal positions had the
thickest buccal bone and showed lingual

Table 3. Pairwise comparisons of the impacted mandibular third molars with different positions relative to the
second molars based on the thickness of buccal and lingual bone plates (mm) on different sections (only

significant values are shown)

Anterior

Posterior

Superior

Buccal

Central

Inferior

Lingual Posterior

Total thickness of buccal plate -

Mean difference -

Position 1: mesioangular

0.02
Position 2: distoangular
Position 1: horizontal

0.01
Position 2: mesioangular
Position 1: mesioangular

0.04
Position 2: distoangular
Position 1: vertical

0.04
Position 2: horizontal
Position 1: horizontal

0.009
Position 2: mesioangular
Position 1: horizontal

0.05
Position 2: mesioangular
Position 1: vertical

0.02
Position 2: horizontal
Position 1: horizontal

0.001
Position 2: mesioangular
Position 1: mesioangular

0.02
Position 2: distoangular
Position 1: vertical

0.04
Position 2: horizontal
Position 1: horizontal

0.009
Position 2: mesioangular
Position 1: horizontal

0.004
Position 2: mesioangular
Position 1: horizontal

0.009

Position 2: mesioangular

inclination. In general, the overall mean
thickness of buccal bone and MD had a
significant correlation with angle of impaction
of third molars, and horizontally impacted
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teeth showed the greatest buccal bone
thickness.

The mesioangular position showed the least
thickness of buccal bone although the total
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lingual bone thickness had no significant
correlation with angle of impaction. Lingual
bone plate thickness was less in distoangular
and horizontal positions of third molars, and the
greatest lingual bone thickness was noted in
mesioangular position, which had 2 mm
difference with other positions. Thus, in general,
among different CBCT sections, horizontally

impacted third molars in 6 sections and
distoangular impacted third molars in 4 sections
had the greatest buccal bone thickness.
Assignificant correlation was also noted between
horizontal and mesioangular impaction and
buccal bone thickness such that mesioangular
teeth in 7 sections had the thinnest buccal bone
and had buccal inclination.

Table 4. Measures of central dispersion of the mean thickness of buccal and lingual bone plates on axial and
cross-sectional CBCT sections based on the position of teeth relative to the buccal-lingual plates

Central 3.06

Buccal bone thickness in the anterior section . 0.007
Lingual 3.95
Buccal bone thickness in the middle section Cfentral il 0.0001
Lingual 4.43
Lingual bone thickness in the middle section Cfentral s 0.04
Lingual 1.68
Buccal bone thickness in the posterior section C.entral LG 0.0001
Lingual 4.75
. . . . . Central 2.5
Lingual bone thickness in the posterior section Lingual 128 0.0001
Buccal bone thickness in the superior section Cfentral S0 0.001
Lingual 5.42
Buccal bone thickness in the central section C.entral S 0.0001
Lingual 5.09
Buccal bone thickness in the inferior section Cfentral 2o 0.0001
Lingual 4.85
Buccal bone thickness in the inferior section Cfentral 2l 0.01
Lingual 1.77

These results were noted in sections showing
significant correlation of bone thickness and
angle of impaction. The results revealed
minimum thickness of lingual bone in teeth
with horizontal and distoangular impaction.
Weak lingual cortex can cause lingual plate
fracture during tooth extraction. Also, risk of
lingual plate perforation, traumatization of
lingual nerve and tooth displacement
increases in such cases [19]. Our findings can
help surgeons to prevent lingual plate fracture
and its subsequent complications because
knowledge about the position of impacted
third molars relative to the second molars can
help determine the position of tooth relative to
the buccal and lingual plates.

Generally, the buccal plate thickness was
greater than the lingual plate thickness at the
site of impacted third molars. According to the
position of impacted third molars in
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buccolingual direction, bone thickness was
maximum in lingual position followed by
central position and minimum in buccal
position of teeth. The lingual bone plate
thickness was minimum in horizontal and
distoangular positions of impacted teeth and
maximum in mesioangular position of
impacted teeth.

Surgical removal of impacted third molars is a
common procedure in dental clinics. Thus,
preoperative radiographic assessment to
determine the level of difficulty of the
procedure and the position of impacted tooth
relative to the second molar and lingual and
buccal plates can help prevent complications
and promote the prognosis of surgical
procedure [9]. Using this information, the
surgeon can estimate the thickness of buccal
and lingual plates according to the angle of
impaction of mandibular third molars and
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prevent complications such as lingual plate
fracture, tooth displacement into the
sublingual space and lingual nerve damage.
Future studies on other populations and with
different CBCT systems are required to further
elucidate this topic. Also, the sensitivity and
specificity of linear measurements made on
CBCT scans should be evaluated in future
studies to ensure the accuracy of the results.

CONCLUSION

Risk of lingual plate preformation is higher in
surgical removal of impacted third molars
with distoangular and horizontal positions.
Thus, further attention must be paid by the
surgeons to such cases.
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