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Abstract
Objectives The morphology of the maxillary and mandibular
alveolar cortex plays an important role in the planning of
orthodontic treatment. Cone-beam computed tomography
(CBCT) provides a precise demonstration of anatomical struc-
tures. Therefore, the aim of this paper was to evaluate what
influence the position of incisors and canines have on the
dimensions of the cortical and spongious bone of the anterior
mandibular alveolar process.
Materials and methods The material consisted of 100 CBCT
volumes (61 females and 39 males, aged 18–71 years) obtain-
ed by means of a Gendex GXCB-500 machine and analysed
using i-CAT Vision and CorelDRAW 9 software. Several lin-
ear and angular measurements were taken of cortical and
spongious mandibular, vestibular and lingual alveolar bone.
Results The thickness of the vestibular spongious bone in-
creased around lateral incisors and canines together with den-
tal axis inclination, as did the thickness of the lingual
spongious bone around central incisors and canines with
greater angles of vestibular cortex curvature. In all teeth, the
thickness of lingual cancellous bone decreased along with
increase of the angle of tooth inclination. In the case of almost
all groups of teeth, the thickness of lingual cancellous bone

around teeth declined as the angle of curvature of the cortical
bone decreased. The rotation of mandibular incisors and ca-
nines did not affect the thickness of the surrounding bone.
Conclusions The position of teeth has little influence on ves-
tibular bone thickness and is only significant around central
incisors. In the case of almost all groups of teeth, the thickness
of lingual spongious bone around teeth declined as the angle
of curvature of the cortical bone decreased.
Clinical relevance CBCT is a diagnostic tool that provides
detailed information on the dimensions of the anterior dentate
mandibular alveolar process.

Keywords Cone-beam computed tomography . Imaging,
three-dimensional . Mandible . Alveolar process

Introduction

Due to its specific anatomy, the anterior mandible is an area
that poses considerable diagnostic and therapeutic problems.
This is due to the relatively small dimensions of teeth as well
as the small distances between them, and these difficulties
may be further intensified by frequent dental crowding
[1–3]. The vestibular cortical bone of the mandibular alveolar
process is of utmost importance as its dimensions influence
the aesthetics of the patient’s smile. This structure is prone to
resorption, e.g. during the course of periodontal bone disease
as well as during orthodontic or implantological treatment.
Moreover, the profile of the periodontal bone, mainly the ves-
tibular cortical bone, affects the healing of post-extraction
wounds. Bone remodelling occurs after any dental extraction
that leads to atrophy, mainly in the transsectal plane, and
which is more advanced on the vestibular side of the jaw.
This hampers or even makes it impossible to manufacture
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fixed prosthetic appliances, either conventional devices or
those based on dental implants [4, 5].

Provided the anatomy of the recipient site is thoroughly
assessed by the dentist, the latter is able to choose a suitable
implant with the desired shape and dimensions, plan its final
position and decide whether further augmentation is neces-
sary. Correct preoperative diagnostics also make it possible
to predict potential bone resorption. Immediate implant place-
ment combined with simultaneous bone augmentation is be-
coming increasingly common. The status and thickness of the
vestibular mandibular cortex is of key importance when
choosing the correct treatment options [6].

The morphology of the maxillary and mandibular alveolar
cortex plays an important role in the planning of orthodontic
treatment, especially in cases where there is a considerable
discrepancy between the volume of teeth and the amount of
space available in the dental arches. The movement and incli-
nation of teeth towards the oral vestibule often results in re-
duced thickness of the external cortex or in its discontinuity in
the form of fenestrations and/or dehiscences. Orthodontic
forces applied during this kind of treatment increase tissue
strain and result in reduced keratinized gingiva thickness. As
a result, it may become too thin for the progenitor cells re-
sponsible for bone formation. Gingival recessions may devel-
op, and this complication is more common aroundmandibular
incisors [7].

When the maxillary and mandibular alveolar cortex is thin,
periodontal surgery is recommended so as to increase its thick-
ness before embarking on any orthodontic expansion of the
dental arch. Such surgery is based on transplanting the hard
palate mucosa or subepithelial connective tissue [8–10].

The recent development of radiological imaging in the
form of cone-beam computed tomography (CBCT) provides
a more precise demonstration of anatomical structures and the
detection of pathological lesions. CBCT has proved extremely
useful in dentistry due to its relatively low exposure dose
(when compared with medical CT) and high resolution [6].
CBCT scanning is frequently used in the planning of
implantological and orthodontic treatment. We thus assumed
that application of CBCT may supply crucial information on
the relationships between the morphology of the dentate ante-
rior mandible and the position of teeth. Therefore, the aim of
this paper is to evaluate what influence the position of inferior
incisors and canines have on the dimensions of the cortical
and spongious bone of the anterior mandibular alveolar
process.

Material and methods

The material consisted of cone-beam computed tomography
volumes obtained from the Radiological Lab of the Jomadent
Health Center in Dąbrowa Górnicza (Poland) from 2010 to

2012. The study was approved by the local bioethical com-
mittee (KNW/0022/KB/190/13). All the CBCT examinations
were performed due to clinical indications and not for the
purpose of this study. The selection criteria for patients were
as follows: age over 18 years and all upper and lower incisors,
canines, premolars and at least the first molars present in the
dental arches. The exclusion criteria were as follows: ortho-
dontic treatment (current or previous), prosthetic crowns on
mandibular incisors and canines, the presence of any lesion
(e.g. a tumour, cyst, periapical lesion, supernumerary tooth),
foreign bodies in the anterior mandible, previous surgery on
the anterior mandible as well as CBCT volumes of inferior
quality (artefacts, incomplete coverage of the anterior mandi-
ble, patient movement, incorrect exposure settings, low reso-
lution) and medication intake affecting bone metabolism
(such as bisphosfonates, calcium).

Eventually, 100 CBCT volumes from 61 females and 39
males aged from 18 to 71 years (mean age 41.34 years,
43.95 years in males and 39.67 years in females) qualified
for the retrospective analysis. Statistical analysis was per-
formed in two age groups—between 18 and 49 years of age
(70 CBCT volumes taken in 45 women and 25 men) and
between 50 and 71 years of age (the remaining 30 volumes
including 16 women and 14 men). All the CBCTs were ob-
tained with a Gendex GXCB-500 machine, and the following
exposure parameters were applied: 120 kV, 5 mA, exposure
time between 6 and 8 s and voxel size 0.3 mm. The region of
interest included upper and lower dental arches within a cy-
lindrical field of view of 8 × 8 cm. The slices obtained in this
way were analysed using specially designed i-CAT Vision
software, which was unable to perform all the planned linear
and angular measurements. Therefore, the authors developed
their own method so as to transfer selected slices from i-CAT
Vision software to CorelDRAW 9 software (serial number
DX9XR—6840J50620) by means of IrfanView software (by
Irfan Skiljan).

Image analysis consisted of measurements taken in the
mandible in the area of teeth 43, 42, 41, 31, 32 and 33. In
the first step, an axial slice at the cervix level of the mandibular
anterior teeth was formed with i-CAT Vision software. Then,
lines were drawn at each tooth and these lines crossed at two
points: the first was located at the maximum convexity of the
vestibular outline of the tooth and the second similarly at
maximum lingual tooth convexity. The line was always drawn
in the middle of the cross section of the root canal (Fig. 1).
These cross-sectional images were then exported to
CorelDRAW 9. To maintain measurement accuracy, two cal-
ibrating lines of known length, perpendicular one to another,
were drawn using IrfanView software (Fig. 1). Before pro-
ceeding with further measurements in CorelDRAW 9, the cor-
rect size of the exported image was set using the
abovementioned calibration lines so as to ensure a highly ac-
curate linear and angular measurement.
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The following parameters were measured on cross-
sectional slices of six anterior mandibular teeth:

1. The thickness of the vestibular and lingual cortex at four
levels

2. The thickness of the vestibular and lingual spongious
bone at four levels

3. The angulation of the cortical bone
4. The angulation of long axes of teeth in relationship to the

mandibular base
5. The angulation of rotation of teeth in relationship to the

midline

The secondary points and lines were determined for mea-
surements of cortical and spongious bone thickness, such as
the tooth axis running through the incisal edge or cusp and
root apex. The image was then rotated so that the dental axis
was parallel to the Yaxis. Next, a line was established perpen-
dicular to the dental axis passing through the cemento-enamel
junction (CEJ), and then four lines were drawn:

1. Halfway between the CEJ and the radiological tooth
apex

2. At 6 mm above the root apex perpendicular to the tooth
axis running 6 mm above the radiological root apex

3. At 3 mm above the root apex
4. At the root apex

These lines determined the areas where measurements
were taken of the vestibular and lingual cortex as well as the
spongious bone (Fig. 2).

To evaluate the curvature of the vestibular alveolar bone
and the mandibular body, the following points were
determined:

– Point Q, located at the deepest (most lingual) point on the
curvature of the vestibular cortex

– Point P, located at the most labial point on the cortical
bone of the mandibular body

– Point R, located at the top of the vestibular cortical bone
(Fig. 3)

Fig.1 A drawing of the line determining the plane of a cross-sectional slice in the area of the examined tooth as well as a drawing of the calibration lines

Fig. 2 Measurements of the
thickness of cortical and
spongious bones along
determined accessory lines
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We also estimated the angulation of each examined tooth in
relationship to the mandibular bony on the lingual side be-
tween two lines. The first line intersected the points located
at the most anterior and posterior points on the inferior margin
of the cross-sectional slice of the mandibular body, while the
second line connected the incisal edge and apex of the given
tooth (Fig. 4).

Tooth rotation in relation to the midline was estimat-
ed on calibrated axial slices using CorelDRAW 9
(Fig. 5).

Every linear and angular measurement was taken three
times on three consecutive days by the same observer
(ASW), and the mean value was calculated.

The statistical analysis was performed using Statistica for
Windows software version 10 (demo version). Apart from
descriptive statistics methods, Student’s t test, ANOVA and
Pearson’s correlation coefficient were also used. The signifi-
cance level was α = 0.05.

Results

The mean thickness of the vestibular cortex was
0.97mm± 0.24mm. The vestibular spongious bonemeasured

on average 0.84 mm ± 0.49 mm. The cortical and spongious
bone was least thick in the middle of roots, but increased in
thickness which increased towards the apices. The lowest
values at this level were found for the vestibular spongious
bone, which was sometimes non-existent (Fig. 6).

The mean thickness of the lingual alveolar cortex was
1.51 mm ± 0.35 mm, while the mean thickness of the
spongious bone was 0.59 mm ± 0.31 mm. Again, the cortical
and spongious bone was thinnest in the middle of the roots
and increased in thickness towards the apices (Fig. 6). No
statistically significant differences were observed between
males and females with regard to the thickness of the vestib-
ular spongious bone or the lingual cortical and spongious
bone.

The mean angulation of the vestibular cortex was
142.74° ± 7.00°, and there was a statistically significant dif-
ference between this angle around lateral incisors and canines
(p = 0.021). The angulation of the long axis of a tooth in
relation to the mandibular body equalled on average
94.29° ± 9.30°. The values of this angle were statistically
lower around canines than around lateral incisors (p = 0.029)

Fig. 3 Measurements of the
curvature of the vestibular
alveolar bone of the mandible

Fig. 4 Measurements of the angulation of a tooth in relationship to the
mandibular body line Fig. 5 Measurements of tooth rotation in an axial slice
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(Table 1). However, no differences between genders were
found.

No relationship was observed between cortical bone thick-
ness (on either the vestibular or lingual side) and the angula-
tion of the long axis of the tooth towards the mandibular body,
the angulation of the cortical plate and tooth rotation. The only
exception was the central incisors, where a decrease in tooth
angulation in relation to the mandibular body correlated with
an increase in lingual cortex thickness (Fig. 7).

Spongious bone thickness was greater around the lateral
incisors and canines when the angulation of the tooth axis
increased (Fig. 8). A positive correlation existed between lin-
gual spongious bone thickness in all dental groups on the one
hand and increasing angulation of teeth in relation to mandib-
ular line on the other. The greater the angulation of the buccal
cortex, the greater the thickness of the lingual spongious bone
(Fig. 9).

Regarding the influence of gender on the measured param-
eters, the mean thickness of the buccal cortex was bigger in
males than in females, and this difference was statistically
significant (p = 0.01) (Fig. 10). There were no statistically
significant relationships between females and males regarding
the width of the lingual cortex as well as the buccal and lingual
cancellous bone.

When the age of the patients was taken under account,
there were no significant differences in mean buccal cortex
width below and over 50 years of age, both in males and
females (Table 2). Lingual cortex thickness was significantly
higher in females aged over 50 years (p < 0.05) (Table 3).
There was no such relationship in age groups of males
(Table 3). Age did not influence the width of the buccal can-
cellous bone in females and males (Table 4), while the lingual
cancellous bone was significantly thicker in females aged over

Fig. 6 Themean thickness of vestibular as well as lingual cortical and spongious bones in the region ofmandibular incisors and canines according to the
distance from the root apex

Table 1 Mean values of examined angles regarding type of tooth

Angle Angle of curvature
of vestibular
alveolar bone
(p = 0.021*)

Angle of inclination of
long axis of tooth in
relationship to
mandibular body line
(p = 0.029 **)

Angle of tooth
rotationType of

tooth

Central
incisor

142.15° ± 8.23° 96.40° ± 12.92° ** 6.91° ± 3.58°

Lateral
incisor

141.72° ± 7.03° * 93.65° ± 10.65° 18.39° ± 6.37°

Canine 144.36° ± 8.93° * 92.82° ± 9.85° ** 43.29° ± 9.86°

Single asterisks in the 2nd column and double asterisks in the 3rd column
indicate the pair of results (out of 3) that are different and they are statis-
tically significant with p value showed in the 1st line
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50 years (p = 0.008) than in the younger subjects (Table 5).
Again, no such relationships were determined in the males
(Table 5). The values of angulation of the vestibular cortex
and of tooth angulation in relation to the base of the mandible
did not significantly differ neither in males and females nor in
age groups (Tables 6 and 7).

Discussion

One of the advantages of CBCT is the absence of any image
distortion or image magnification. The mean error of linear
measurement is 0.1–0.20 mm, while panoramic image distor-
tion may reach 20%. It should be emphasised that the

Fig. 8 The relationship between
the mean width of the vestibular
spongious bone around the lateral
incisors and canines and the angle
of curvature of the cortical bone,
the angle of tooth inclination and
the angle of tooth rotation

Fig. 7 The relationship between
the mean width of the lingual
cortical bone around the central
incisors and the angle of curvature
of the cortical bone, the angle of
tooth inclination and the angle of
tooth rotation
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precision of linear measurements is highest in the middle of
the volume and increases towards the edges of the field of
view [11–15]. The sensitivity and specificity of CBCT in de-
tecting fenestrations was estimated at 90% and in the case of
dehiscence specificity reached 95%, while sensitivity
was only 40% [16, 17].

Many studies have compared linear measurements in both
CBCTand the real dimensions of skulls. The conclusion to be
drawn from them is that the method was reliable, but measure-
ment precision was limited by voxel size. According to
Kobayashi et al. [18], precision is 0.22 mm ± 0.5 mm when
the voxel size is 0.125 mm, while Mischkowski et al. [19]

Fig. 9 The relationship between
the mean width of the lingual
spongious bone around the
incisors and the canines and the
angle of curvature of the cortical
bone, the angle of tooth
inclination and the angle of tooth
rotation
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report a figure of 0.26 mm ± 0.18 mm. Timock et al. [20]
estimated precision at 0.30 mm ± 0.27 mm, and Leung et al.
[16] at 0.6 mm ± 0.8 mm when the voxel size was 0.38 mm.
The voxel size in our own study was 0.3 mm.

Correctly determining reference points is crucial for ensur-
ing measurement precision, and it is easiest to use the inter-
faces of structures characterised by different densities e.g.
enamel and cementum. In such cases, determining the refer-
ence point with precision depends on the voxel size. When a
reference point is located on tissue with a similar density to
that on the alveolar ridge, it is muchmore difficult to select the
right area.

Leung et al. [16] determined the accuracy of determin-
ing the cemento-enamel junction at 0.4 mm ± 0.3 mm,
and the vestibular cortex ridge at 0.6 mm ± 0.8 mm. This
difference is due to the limitations imposed by the spatial
image resolution, defined as the smallest distance allowing
for separate imaging of two parallel lines or two points.
When accuracy equals 0.6 mm, all bony areas thinner than
this will be visualised as areas with no bone at all, and it
is the minimum bone thickness that is measurable. In
practice, this leads to errors in image interpretation and
to the overdiagnosis of missing bone when it is actually
present, but thinner than spatial image resolution [12, 16].
The authors took this into account when determining cor-
tical and spongious bone thickness, while the alveolar
lamina dura was included in measurements of spongious

bone or cortical bone when the spongiosa was too narrow
to be measured on its own.

The available literature mostly deals with CBCT analyses
of the maxillary vestibular cortex. On the other hand, few
papers have focused on the morphology of the mandibular
vestibular bone. To the best of our knowledge, there are few
publications reporting on the thickness of both vestibular and
lingual mandibular bone that also provide an analysis of the
position of anterior teeth.

The authors’ own results were similar to those obtained by
Zekry et al. [21]. The latter demonstrated that mean cortical
bone thickness at 3 mm below the alveolar ridge was
0.89 ± 0.3 mm and increased from the incisors towards distal
teeth. Baysal et al. [22] analysed the vestibular and lingual
cortices at the apices of the central incisors in CBCT and
found that the vestibular cortex measured between
1.41 mm ± 0.45 mm and 1.98 mm ± 0.46 mm depending on
the type of malocclusion, while on the lingual side it ranged
from 1.79 mm ± 0.45 mm up to 2.17 ± 0.44 mm.

Swasty et al. [23] estimated cortical bone thickness on the
vestibular and lingual sides of interdental spaces in the man-
dible on the basis of CBCT. They observed that the buccal
cortex was thinner around anterior teeth and equalled 1.8 mm,
while its thickness increased towards the distal sides to reach
3.2 mm. These values are higher than those obtained in our
own study because the quoted authors used different reference
points located at interdental spaces containing more bone tis-
sue than the vestibular and lingual surfaces of teeth.

Rossell et al. [5] elaborated their own method for measuring
the vestibular cortex around inferior central incisors on the basis
of two-dimensional X-rays. They determined that the mean
cortical thickness at 3 mm below the alveolar ridge equalled
0.66mm± 0.27mm [5]. In our own study, such thickness in the
middle of the root length was 0.34 mm ± 0.34 mm for central
incisors.

A CBCTstudy by Lee et al. [24] focused on the morphology
of the maxillary alveolar processes around incisors and canines.
They discovered that the mean thickness of the vestibular cor-
tex in the middle of root length was 2.36 mm ± 0.6 mm for
central incisors, 1.83 mm ± 0.96 mm for lateral incisors and
2.95 mm ± 1.63 mm for canines [24]. These values differ

Table 2 Mean thickness of the
buccal cortex taking under
account gender and age groups

Males and females Females Males

Total < 50 ≥ 50 Total < 50 ≥ 50 Total < 50 ≥ 50

Mean 0.97 0.96 0.99 0.92 0.91 0.94 1.05 1.05 1.05

Standard error 0.02 0.03 0.05 0.03 0.03 0.06 0.04 0.05 0.08

Standard deviation 0.24 0.23 0.27 0.21 0.20 0.24 0.27 0.26 0.30

Confidence interval (95.0%) 0.05 0.06 0.10 0.05 0.06 0.13 0.09 0.10 0.16

p = 0.572 p = 0.646 p = 0.995

Fig. 10 The mean thickness of the vestibular cortex, according to gender
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significantly from the authors’ own results for the anterior man-
dible, where no dimensions exceeded 0.5 mm. According to
other authors, the thickness of the maxillary cortex at one half
of the root length falls between 0.5 and 1.05 mm. Hence, again
these values are higher than in the present study and other
papers dealing with mandibular morphology [25–30].

This tendency has been confirmed using other methods.
Ghassemian et al. [4] analysed 66 spiral computed tomogra-
phy studies on the thickness of the anterior maxillary cortex at
3 mm from the alveolar ridge. The thickness determined by
this method ranged from 1.41 to 1.73 mm, depending on the
examined tooth. Huynh-Ba et al. [31] examined 93 patients
qualifying for tooth extraction and immediate implant place-
ment in the maxilla. They measured the thickness of the buc-
cal and lingual bone at 1 mm from the alveolar ridge in vivo
directly after tooth extraction. The mean buccal thickness at
this level equalled 1 and 1.2 mm on the lingual side.

Our own study showed that the lingual cortex was thicker
than the vestibular cortex. Moreover, it was wider around the
canines than the incisors. As far as spongious bone is concerned,
it is very thin or even non-existent in the middle of the root
length on the vestibular side of the mandible, and in this study,
such a situation was observed in 94.3% of cases. Therefore, in
many papers the entire bone covering the vestibular root surface
is called cortical and the rudimentary spongious bone is
neglected. According to our own results, the thickness of the
vestibular spongious bone increases apically and is similar
around canines and incisors. On the lingual side, its dimensions
also increase towards the root apex but they are largest around
canines and smallest around the central incisors. Gracco et al.
[32] investigated the width of the entire alveolar ridge at the

incisal region of the mandible in various facial types by means
of CBCTas well as the width of the spongious bone at the apex
of the roots depending on the vertical pattern of facial growth.
They concluded that at the vestibular side the thickness ranged
between 2.33 and 3.73mm,while that at the lingual side is 1.14–
1.98 mm. These values were close to our own results—2.38–
2.53mm at the buccal side and 1.09–1.10mm at the lingual side
of lower incisors. As for the most part, the total thickness of the
cortical and spongious bone does not exceed 1mm and does not
reach the recommended 2 mm; treatment planning should in-
clude more lingual implant placement than the original tooth
position. The cortical bone is wider on this side, and more bone
is left to cover the implant from the buccal side.

It seems that age and gender may influence the quantity of
bone surrounding anterior teeth. It was confirmed by Januário
et al. [25], Nowzari et al. [30] and Wang et al. [27] who
studied anterior maxillary morphology, while Ozdemir et al.
[33] took both the maxilla and mandible under consideration.
They all noted lower bone thickness in females comparedwith
males and a tendency for thickness to decrease with age. On
the other hand, while Braut et al. [28] did not register any
gender differences they did note that cortical bone thickness
decreased with age. In the authors’ own study, it was proved
that only the buccal cortex was significantly thicker in males
than in females. However, there were statistically significant
higher values of lingual cortex and spongious bone in females
aged over 50 years in comparison with younger females.
Jonasson et al. [34, 35] carried out a 5-year prospective study
on perimenopausal women and observed that the bucco-
lingual dimension of the alveolar process of the dentate man-
dible decreased with age, mainly in the lateral areas. On the

Table 3 Mean thickness of the
lingual cortex taking under
account gender and age groups

Males and females Females Males

Total < 50 ≥ 50 Total < 50 ≥ 50 Total < 50 ≥ 50

Mean 1.51 1.48 1.56 1.55 1.50 1.68 1.45 1.45 1.43

Standard error 0.03 0.04 0.06 0.04 0.05 0.07 0.06 0.09 0.09

Standard deviation 0.35 0.36 0.33 0.31 0.32 0.27 0.40 0.42 0.35

Confidence interval (95.0%) 0.07 0.09 0.12 0.08 0.10 0.14 0.13 0.18 0.20

p = 0.283 p = 0.048* p = 0.887

Table 4 Mean thickness of
buccal cancellous bone taking
under account gender and age
groups

Males and females Females Males

Total < 50 ≥ 50 Total < 50 ≥ 50 Total < 50 ≥ 50

Mean 0.84 0.83 0.87 0.78 0.79 0.74 0.95 0.91 1.01

Standard error 0.05 0.05 0.10 0.05 0.06 0.09 0.10 0.12 0.19

Standard deviation 0.49 0.46 0.55 0.36 0.37 0.34 0.63 0.59 0.71

Confidence interval (95.0%) 0.10 0.11 0.21 0.09 0.11 0.18 0.20 0.24 0.41

p = 0.712 p = 0.626 p = 0.690
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other hand, Swasty et al. [23] did not observe any difference
between the genders regarding the thickness of the cortex of
the whole mandible, but they found an increase in thickness
with age with peak width in the age group 40–49 years.

The morphology of the anterior mandible is also influenced
by the facial patterns of individual patients, especially when
disproportions between anterior and posterior height are ob-
served because the mandibular bone is affected by muscle at-
tachments. It is believed that patients with hyperdivergence, a
long face, have thinner bone both on the buccal and the oral
sides compared with individuals with a short face type
(hypodivergence) [17, 36, 37]. This was confirmed by Gracco
et al. as well. [32]. Moreover, Baysal et al. [22] analysed a
group of patients with class I and II malocclusions and came
to the conclusion that the vestibular cortex was thinner in class
II patients than in their class I counterparts while individuals
with a high SN-GoGn angle were characterised by a narrower
cortex than class II patients with an average SN-GoGn angle. In
our own study, we did not investigate malocclusions.

In orthodontics, the angulation of anterior teeth is estimated
using lateral cephalometric radiographs and cephalometric
analysis. The Schwarz system evaluates the angle formed by
a cross section of the long axis of a tooth with the mandibular
base plane (MP) determined by the Gn point and the point
located in the antegonial notch. In adults, this angle should
measure 90° ± 5° [38]. Steiner, using an approach modified
by Kaminek, assessed the LI/ML angle running between the
long axis of the lower incisor LI and the ML line which is

tangential to the inferior mandibular margin. The LI/ML equals
on average 94° ± 7° [39]. Suchmeasurements can be carried out
in a large FoV CBCT with specially designed cephalometric
software. However, an analysis of three-dimensional recon-
structions may involve considerable measurement errors [40,
41]. In our own study, FoV was not large enough to allow us
to determine the ML and MP lines and we did not use a
cephalostat. Therefore, dental angulation was estimated using
our own modified approach based on cross-sectional slices
called the mandibular base line. The angulation was similar to
the reference values found in cephalometric analysis systems
and statistically significantly higher for canines than for inci-
sors. It should be pointed out that values derived from cepha-
lometric analyses concern only inferior central incisors, which
according to our own study are more inclined than canines [38,
39]. On the other hand, it is important to note that the genial
tuberosity located in the region of the inferior incisors may
influence the measurement results as the line of the mandibular
body is determined on the basis of the most anterior point. If the
tuberosity is large, it may affect the values of this angle. In our
own study, some correlations were found between bone thick-
ness and dental inclination on the lingual side of the bone, while
the vestibular cortex did not depend on this angle.

In the present study, the angulation of the cortical plate was
determined to evaluate the inclination of the vestibular alveolar
surface and the mandibular body. This angle is diminished
when teeth are inclined and/or when the anterior dimension of
the mandible is increased due to prominent genial tuberosity.

Table 6 Mean angulation of the
buccal cortex taking under
account gender and age groups

Males and females Females Males

Total < 50 ≥ 50 Total < 50 ≥ 50 Total < 50 ≥ 50

Mean 142.74 142.44 143.45 143.52 143.72 142.97 141.52 140.13 144.01

Standard error 0.66 0.80 1.18 0.74 0.87 1.44 1.22 1.52 1.96

Standard
deviation

7.00 6.68 6.46 5.77 5.82 5.76 7.64 7.59 7.35

Confidence
interval
(95.0%)

1.31 1.59 2.41 1.48 1.75 3.07 2.48 3.13 4.24

p = 0.483 p = 0.657 p = 0.130

Table 5 Mean thickness of
lingual cancellous bone taking
under account gender and age
groups

Males and females Females Males

Total < 50 ≥ 50 Total < 50 ≥ 50 Total < 50 ≥ 50

Mean 0.59 0.53 0.73 0.57 0.52 0.73 0.63 0.55 0.75

Standard error 0.03 0.04 0.05 0.03 0.04 0.05 0.06 0.08 0.08

Standard deviation 0.31 0.32 0.26 0.27 0.27 0.22 0.37 0.39 0.30

Confidence interval (95.0%) 0.06 0.08 0.10 0.07 0.08 0.12 0.12 0.16 0.17

p = 0.002* p = 0.008* p = 0.102

* indicates statistically significant differences
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The presence of this tuberosity is the reason why angulation of
the cortex assessed around canines is significantly higher than
in incisors. Therefore, this angle cannot be used to evaluate
inclination or tilting of the mandibular anterior teeth, but may
be employed in implant planning. When the most lingually
positioned implant is desired, there is a risk of the vestibular
cortex bone being iatrogenically perforated by the implant apex
and this risk is higher in the case of immediate implant place-
ments when the longest possible implants are chosen in order to
achieve primary stability. The risk also increases when the PQR
angle is higher [1–3, 31]. In our own study, we found a corre-
lation between higher PQR angle values and greater spongious
bone thickness around the incisors and canines, while it did not
influence cortical bone on both sides of the jaw.

Tooth rotation in relation to the midline increases for each
successive tooth in the dental arch. The values of this angle are
negative when teeth are rotated towards the midline and often
differed from the mean value in our own material due to fre-
quent dental crowding in the anterior mandible. However, our
statistical analysis did not show any correlation between tooth
rotation and bone thickness.

One of the limitations of the present study concerns the
specially designed i-CAT Vision software used, which did
not provide all the functionalities required to carry out planned
measurements. Therefore, the images had to be exported to
other software, which may limit the applicability of this meth-
od in everyday practice and increase potential measurement
errors. Our evaluation was a one-time retrospective, and it
would be advantageous to observe the dynamics of changes
in bone volume in the anterior mandible during orthodontic
treatment in terms of the location of teeth and the potential risk
to periodontal status. We examined generally healthy patients.
The results would probably have been different in patients
with systemic diseases or in chronic drug use, which has an
impact on the bone, e.g. hormone therapy.

Conclusions

If CBCT is present during orthodontic treatment (or is taken
for other reasons by the patient), it can be used to assess the

presence of bone. The latter is surely needed in adults, and the
effect of orthodontics should be further investigated on larger
samples and prospectively during treatment.
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