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Variation of Mandibular Morphology Assessed Using Cone Beam Computed Tomography
Before Implant Placement
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ABSTRACT
Aim: The accurate placement of implants in mandible requires
consideration for angulations of the bone along with the vertical
dimensions. The aim of this present study was to assess the
variation of mandibular anatomy using computed tomography
(CT) radiography and to evaluate the effect of presence and
absence of teeth on the mandibular anatomy before planning
an implant surgery.
Material and methods: The present population-based retrospective study was conducted using 167 digital CT scan images
those selected from departmental archives. The samples were
sub-divided two groups: group 1included digital CT of edentulous mandible while group 2 included digital CT of edentulous
mandible. The axial height, vertical height, and angulations
were recorded separately for each group.
Results: The results of the present study showed a gradual
increase in mandibular angle in both the groups with a statistically significant difference only in the canine-premolar area.
The axial height showed a significant difference at canine
and first premolar area and a second premolar and the first
molar area. However, available height showed a significant
difference in canine and first premolar area and distal to the
second molar area. When both the sides were compared,
no statistically significant difference was observed between
right and left sides.
Conclusion: It was concluded that due to the variability of
the mandibular anatomy and because of the effects of various
imperative factors, 3D imaging like CT scans should be recommended for safer and secure presurgical planning.
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Clinical significance: In surgical osteotomies and implant
placement especially in post-extraction sockets, two-dimensional (2D) image of panoramic radiographs should not be considered that reliable as these three-dimensional (3D) imaging
radiographs. Therefore CT scans of various angulations and
sections must be considered by the clinicians to rationally
study the mandibular anatomy and their risk associated areas.
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INTRODUCTION
With the invention of dental implants, the oral field
rehabilitation of missing teeth has been revolutionized.
Dental implants and 3D imaging techniques have
revolutionized the field oral rehabilitation of missing teeth.
A successful dental implants therapy largely depends on
the thorough evaluation of the jaw bones related to its
quantity as well as quality.1,2 For the best placements of
implants without any surgical complication, complete
knowledge of the bone topography including the defects
must be considered. Therefore, the role of radiography
becomes imperative here. In earlier times, conventional
techniques like panoramic radiographs became popular
and were considered as the most commonly used imaging
modality for implant planning.3,4 However with the
advent of sectional imaging techniques like CT scans, the
world of diagnosis and radiography was revolutionized
for rehabilitation procedures.5 The American Academy of
Oral and Maxillofacial Radiology (AAOMR) has recently
recommended CBCT as the best option in the diagnostic
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field.6 It is well known that mandibular teeth naturally
have a slight lingual inclination to both the mandibular
body and maxillary arch.7 Thus, placement of implants
in mandible requires consideration for angulation of
the bone along with the vertical dimensions. Also, it’s
been reported in the literature that the anatomy of the
mandible in presence and absence of teeth vary because
of the bone remodeling. This variation causes decreased
available vertical height of the alveolar ridge, its width,
and even the angle which may further complicate the
implant placement.8 Literature has also well evidenced
by the location of anatomical structures, and the amount
of residual alveolar bone available for osteotomy vary
among different populations.9,10 Thus, the aim of this
present study was to assess the variation of mandibular
anatomy using CT radiography in institutionalized
population and to evaluate the effect of presence and
absence of teeth on the mandibular anatomy before
planning an implant surgery.

MATERIAL AND METHODS
The present population-based retrospective study
was conducted in the Department of Prosthodontics
Institute of Dental Studies and Technology, Modinagar.
Ethical clearance for the present study was taken from
the institutional ethical committee. All patients had
provided us signed informed consent as an agreement
to participate in the study. A total of 167 digital CT scan
images were selected from departmental archives of last
3 years. The ages of the selected sample ranged from
20 to 65 years with 98 males and 69 females belonging
to the local population of the surrounding area of
the institute. According to the inclusion criteria both
dentulous as well as edentulous good quality digital
CT images without any artifacts of the mandible were
included in the study. We had divided the study sample
into two major groups: group 1: included digital CT of
edentulous mandible and group 2: included digital CT of
edentulous mandible. The CT scans with pathologies of
the mandible, trauma cases or with severe atrophy of the
alveolar ridges in edentulous cases were excluded from
the study. Once the desired sample size is obtained after
the inclusion and exclusion criteria, all the digital CTs
were prepared with a 0° gantry tilt using the automated
calibrated software. All the observations were performed
by a single experienced implantologist to minimize
observer bias. Reference points in the study were similar
to those taken by Sammartino et al. in their study.10 Group
1 samples included dentate mandibles wherein following
three reference areas were recorded: (1) area between
two mandibular central incisors (symphysis), (2) area
between canine and first premolar of both right and left
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side, (3) areas between the second premolar and the first
molar on the right and left and area distal to 2nd molar
on both right and left side. Similarly, for group 2 (which
included edentulous mandibular samples), the following
areas were recorded; a slice between the apophysis genii
which was considered as a median reference point and
rest all the measurements were calculated as a mean
distance from this median reference in the CT. Thus,
for all the above reference points mentioned in both the
groups; axial height, vertical height and angulations were
recorded separately. Also, specifically in inter mental
foramen area; the axial height and the available distance
to place the implant were compared (Figs 1 to 3).

STATISTICAL ANALYSIS AND RESULTS
All obtained observations were tabulated and sent for
statistical analysis. Statistical analysis was completed
using the statistical software ‘Statistical Package for
the Social Sciences’ version 21 (IBM Inc., Armonk, New
York, USA). To obtain the p values t-test was applied. A
p-value < 0.005 were considered as statistically significant.
The present study comprised of a total sample size of
167 mandibular digital computed tomographies of the
patients. The characteristics of the sample are tabulated
in Table 1. The results of the present study shows that
both in group1 and group 2 subjects; gradual increase in
mandibular angle both anteroposterior and buccolingual
direction with mandibular central incisor area showing
8.85 ± 2.4 in group 1, 10.02 ± 5.4 in group 2 and 14.98 ±
1.13 and 15.27 ± 3.24 in 2nd molar area in groups 1 and
2 respectively (Table 2). Though we observed increased
angulation values in group 2 in comparison to group 1, this
difference was statistically significant only in the caninepremolar area (p < 0.005). The mean values of axial heights
and available height for implant placement observed
in both the groups are tabulated in Table 3. In relation
to axial height, a significant difference was observed
between both the groups at canine and first premolar
area and a second premolar and the first molar area. On
further comparison of mean values of available height, a
significant difference was observed between the groups at
canine and first premolar area and distal to the 2nd molar
area. When both the sides were compared no statistically
significant difference was observed between right and
left sides.

DISCUSSION
In this era of advancements in dentistry, it has become
more challenging to replace a missing tooth then
extracting and restoring the same. Implants have thus
become the treatment of choice by most of the practitioners
as well as patients themselves. Thus, considering this,
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Figs 1A to C: Sample estimation of suitable implant length on CBCT slices at different region of dentulous jaw (A) The distance between
the mid crestal point of the ridge and the lowest point along the axis of the crest (at symphysial region); (B) the distance from the mid
crestal point to the mental foramen opening; (C) the distance from the mid crestal point to the mental foramen opening (estimated at
the course of Inferior alveolar canal)

A

B

Figs 2A and B: (A) The distance between the mid crestal point of the ridge and mental foramen along the axis of bony crest;
(B) The approximate available space for placement of the implant (1.5 mm short to the mental foramen)
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A

Figs 3A to and B: (A) The distance from the centre of the dentulous ridge to the base through inferior alveolar nerve; (B) The approximate
distance available for implant placement

supportive aids like appropriate diagnostic tools like
radiography, proper treatment planning and choice of
implants according to the bone availability have become
Table 1: Shows study sample characteristics
Study characteristics
Sample size
Total
Group 1
Group 2
Gender
Males
Females
Age

Mean values
167
85
82
98
69
42.85 years

an important and challenging step in the success of an
implant in clinical practice.11,12 Radiographic examination
during diagnosis and treatment is a foremost and major
step, as it not only provides us with the information about
the location of anatomical structures but also helps in the
estimation of the amount of bone available for placement
of the implant and identifying any intrabony pathologies
which may affect the prognosis of the treatment. CT
scans are three-dimensional radiographs which have
been evolved as a great help in diagnosis and treatment
planning in clinical dentistry. Currently available nextgeneration CT scanners can produce self-formatted
images with a slice width of 0.25 mm pixel size and an

Table 2: Shows mean values of angulation recorded from different reference points in both the study groups
Reference Areas
Between mandibular central incisor
Between Canine and first premolar
Between second premolar and the first molar
Distal to 2nd molar
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Group1
8.85 ± 2.4
7.36 ± 0.45
10.14 ± 1.52
14.98 ± 1.13

Group 2
10.02 ± 5.4
10.98 ± 0.25
11.58± 3.62
15.27 ± 3.24

JCDP
Variation of Mandibular Morphology Assessed Using Cone Beam Computed Tomography Before Implant Placement
Table 3: Shows mean axial height and available height for implant placement. At all the reference points in both the groups

Between mandibular central incisor
Between Canine and first premolar
Between second premolar and the
first molar (above mandibular canal)

Group 1
29.42 ± 2.5
26.25 ± 2.4
17.38 ± 3.2

Axial height
Group 2
27.48 ± 3.6
22.23 ± 4.50
12.51 ± 4.6

in-plane resolution of one pixel by the scan spacing 0.5 to
1.5 mm. These programming ad calibrations produce a
geometric resolution that similar to planar imaging. Thus,
this technique allows sectional imaging of the jaws, as per
requirement and interest of the observer which can be
either a whole view or a restricted specific area view.13 It
has been said that CT scan should be performed routinely
before planning an implant, especially in the infra-orbital
region because of its good image quality and better
reproducibility, and less radiation exposure. Therefore,
in our study, we used digital CT scans to outline the
mandibular morphology and estimate the associated risk
areas for placing implants. Following strict and specific
inclusion and exclusion criteria, we used digital CT scans
of the selected subjects from departmental archives. Being
a population-based study, we focused on the north Indian
population. As already shown that available amount of
bone is not just influenced by the anatomic structures,
but also factors such as gender and race, therefore we
tried to include a wide age range and considered gender
status as well in our study.14 It was observed that age
and bone height showed an inverse relation, i.e., greater
the age, lesser was the available bone height for implant
placement. Gender difference did not prove to be much
related to available bone height in our study. In their
review, Lingam et al. also mentioned a similar pattern
which was in accordance with our study.15 Considering
the importance of mandibular teeth inclination with the
mandibular base and with a base of the skull, we focused
on calculating the mean values of angulations mandible
in both the presence and absence of teeth.
From our results, we showed a gradual increase in
mandibular angle both anteroposterior and buccolingual
in both the study groups. It was also observed that the
mean angulation of the mandible in group 2, which had
edentulous mandibles showed greater angulation when
compared with group 1 which included dentate group, but
the difference was statistically significant only in canine
premolar (p < 0.005). Gender and age did not show any
significant relation to angulation in this population. In
accordance with our study similar results were reported
by Sammartino et al.,10 who also reported the statistically
significant difference in the second premolar-first molar
area. They reported that these results set a restriction on
the implant positioning according to an ideal prosthetic

Available height for implant placement
Group 1
Group 2
25.84 ± 4.7
24.32 ± 4.6
22.21 ± 3.4
17.46 ± 4.3
14.12 ± 2.6
11.02 ± 21

axis thus limiting the use of angled abutments which in
turn increases stress and strain on the bone. On contrary,
Sethi et al. reported that angles did not significantly
influence the overall implant survival rate.16 Considering
the axial height and available bone height it was observed
that edentulous cases have decreased axial height in
comparison with dentulous cases. This difference was
most significant in both canines-first premolar area and
second premolar-first molar areas. These results thus
focus on the fact that, middle areas of the mandible are
more prone to such height changes in comparison to
anterior and posterior areas.17,18 Our results are supported
by the work of other authors as well who documented
that marked height differences are seen in the presence
and absence of teeth.8,9 Further on a comparison of
mean values of available height for implant placement, a
significant difference was noticed at canine-first premolar
area and distal to the second molar region. However, no
statistically significant difference was noticed between
right and left sides. This study design has its limitations
like lesser sample size to generalize the results of a
particular population. Secondly, comparisons with other
commonly used radiographic techniques should be done
to lay more emphasis on the usage of CT scans for implant
placement by the clinicians.19 The clinical significance
of this study lies on the advantage and importance of
considering mandibular angulation during treatment
planning along with the axial height of the available
bone. Literature shows the failure of implants due to
high risk of lingual plate perforations even in cases with
adequate alveolar height.20-23 Thus, we stress on the
fact that during implant placement especially in postextraction sockets, 2D image of panoramic radiographs
should not be considered that reliable as these 3D imaging
radiographs. Thus, to achieve best results, CT scans
should be considered as best choice by the clinicians to
study the mandibular anatomy and their risk associated
areas.

CONCLUSION
With the advancements in implant imaging techniques,
conventional radiography has been obsolete. Some
panoramic radiography is still in use only because of their
low costs. However, it is merely difficult to precisely locate
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the vital structures by using them. With the introduction
of computed tomographies, qualitative and quantitative
bony assessments with 3D reconstructions have become
possible. Our study results showed that due to the
variability of the mandibular anatomy and because of other
factors, 3D imaging like CT scans should be recommended
for safer pre-surgical planning. This helps in preventing
the unwanted complications like perforations, especially
due to angulation of teeth in mandible during implant
placement surgical procedures. Our study results can be
treated as suggestive for formulating accurate treatment
planning particularly for length and diameter of the
implant. However, we foresee other large-scale studies to
be conducted that could further establish certain authentic
guidelines in this prospect.

CLINICAL SIGNIFICANCE
Three-dimensional imaging offers rapid data compilation
with minimum radiation exposure compared to those with
panoramic ones. We stress on the fact that during implant
placement especially in post-extraction sockets, 2D image
of panoramic radiographs should not be considered that
reliable as these 3D imaging radiographs. Thus, to achieve
the most excellent results, CT scans should be considered
as best choice by the clinicians to study the mandibular
anatomy and their risk associated areas.
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