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A B S T R A C T

Recently, Dental implants have taken the dental rehabilitation to another level. Dental implants are highly
preferred over other rehabilitation techniques, as they have a more conservative approach with minimal
damage to other adjacent structures. The aim of the study was to evaluate the prevalence of anatomical
variations in maxilla and mandible on CBCT images of patients referred for dental implants. In our study,
a total of 102 CBCT images comprising of 60 males & and 42 females with mean age of 50 years &
45 years were analysed. We found that in approximately 50% of the cases, the anterior loop of mental
nerve was seen and lingual foramen was identified in the anterior part of the mandible in about 20%
cases. Two-dimensional radiographs have been used for a long time as the only diagnostic tool in implant
dentistry. However, radiographs may seem to be adequate for patients with wide residual ridges but CBCT
effectively brings together prosthetic and surgical considerations which are important for beauty, restoration
and prosthetic indices.

© 2020 Published by Innovative Publication. This is an open access article under the CC BY-NC license
(https://creativecommons.org/licenses/by-nc/4.0/)

1. Introduction

Recently, Dental implants have taken the dental treatments
ablaze especially amongst the urban areas. With the advent
of the phenomenon of “Osseo-integration” dental implants
has integrated itself as a part of dental rehabilitation.
Rehabilitation by dental implants is highly preferred
over other rehabilitation techniques as they have a more
conservative approach with minimal damage to other
adjacent structures which has been the need of the hour
since a long time.1

Implant placement requires the assessment of many
parameters, all of which directly or indirectly affects the
treatment outcome and its prognosis. A well planned
pre-surgical treatment planning and meticulous execution
of the same is the way to achieve the best possible results.
Restorative requirements, adequate surgical training,
experience in selecting implant system and visualization of
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the desired end result of the treatment.1

Surgery and Prosthodontic replacement forms the 2
important segments of dental implants. However, the
expertise of a maxillofacial radiologist would be necessary
for proper interpretation of anatomical structures and or /
pathosis in or outside the primary area of interest, which
remains the hidden/unrecognized segment of the triangle
whose impact is felt at each and every stage of the implant
placement.

Even though conventional radiographs (periapical and
panoramic radiography) provide adequate information
about the vital structures, there are many hidden surprises
when assessed through advanced imaging such as CBCT.

The limitations of these traditional diagnostic
radiographic modalities include non-uniform magnification,
diagnostic restrictions in anterior zone, missing cross-
sectional information of the residual alveolar ridge,
obscuring bucco-lingual width, angulation and undercuts of
the planned implant osteotomy site.2
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The arrival of Cone Beam Computed Tomography
(CBCT) in the field of dentistry has been supported by a
wealth of scientific reports, after which it gained widespread
importance & acceptance in the field of dentistry for a
variety of applications.

CBCT in comparison with standard radiographic
techniques for the evaluation of implant sites have reported
improved clinical efficacy of cross-sectional imaging and,
more recently published studies have confirmed CBCT
as ideal positioning of dental implants. In comparison to
CT scans, CBCT allows 3D visualization of Cranio-facial
complex, high spatial resolution, less radiation exposure and
more cost effective.3,4

Dental implant surgery is considered a safe and
minimally invasive procedure. However the significance
of proper treatment planning cannot be over-emphasized.
Critical anatomical landmarks like maxillary sinus,
mandibular canal, anterior loop of the mental foramen,
adjacent teeth have to be accurately assessed to avoid post-
operative complications such as neurosensory disturbances,
hemorrhage and perforation of sinus membrane. Also
available bone width, height and angulation should be
analyzed properly prior to placement of the implant.5

Thus the aim of this study was to evaluate the prevalence
of anatomical variations in maxilla and mandible on CBCT
images of patients referred for dental implants. This paper
is a compilation of all cases which looked usual in
conventional radiographs but not so when analyzed using
CBCT technology, thereby highlight the role of CBCT as
a third arm in implant treatment planning, execution and
success.

2. Materials and Methods

We conducted a retrospective study of patients who had
undergone CBCT scan for Implant treatment in the duration
of June to July 2017 and reviewed the same for any unusual
findings (within and outside the area of interest).

In our study, a total of 102 CBCT images comprising of
60 males & and 42 females with mean age of 50 years &
45 years were analysed. CBCT images were taken by CS
9300 with a standardised FOV 17 x 13.5 cm, 60-90 KV, tube
Current of 2-15 mA across all patients

The primary findings in the CBCT scans were limited
to the presence of anterior loop of mental nerve, maxillary
sinus pneumatization both unilateral and bi-lateral, presence
of maxillary sinus polyps, sinus septae and presence
of tortuous canals within the sinus cavity. Further, the
thickness of the labial cortical plate in the esthetic zone and
the bucco-lingual width was also assessed in these images.

In addition to the assessment of the above findings, we
also had assessed the patients with pre-surgical radiographic
stent, post-surgical grafting and post-surgical implant site.

Based on all the findings, a detailed report was prepared
and summarized to reach a conclusive diagnosis.

3. Results

In approximately 50% of the cases, the anterior loop
of mental nerve was seen and the lingual foramen was
identified in the anterior part of the mandible in about 20%
cases.

Unilateral sinus pneumatization was found to be
unilateral and bilateral in about 30% & 20% cases
respectively. The maxillary sinus polyps were present within
the sinus cavity in about 22% of the cases, out of which 28%
demonstrated tortuous sinus canals, however sinus septae
was observed in only about 3% of the scans (Figure 1 )

Fig. 1:

A bucco-lingual width deficiency in the planned implant
osteotomy site was observed in 32% cases and inadequate
labial cortical plate thickness in esthetic zone in 15% scans.

Only 2% of the total scans analyzed were sent with
radiographic stent for implant treatment planning. Patients
were referred back for CBCT post grafting and after
placement of dental implant in 2% and 10% respectively.

4. Discussion

Teeth not only have a functional role but also play a
very important role in esthetics. Irrespective of the age,
socioeconomic status it is imperative for the patient to look
for its replacement at its earliest.

The type of replacement depends on many factors like the
age, anatomy, functional capacity and the amount of esthetic
appeal the person requires. Even though the conventional
methods of tooth replacement have been successful, their
shortcomings cannot be ignored so easily. Therefore, the
advent of implants is on a high ride in today’s world
as they are more conservative in preserving the adjacent
tooth structures and is a standalone structure in the area of
replacement.

Implants also have increased chewing efficiency, better
proprioception, enhanced esthetics which shout out loud
to switch over to place implants over the conventional
replacement methods, which is done over the years.
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Successful implant placement depends on efficient
planning and execution of the same. The most
common/primary parameters of evaluation includes
the height, width, morphology and density of the residual
alveolar ridge height, also the proximity to critical
anatomical structures is a must to avoid post-operative
complications.6

A three - dimensional (3D) information of bone volume
and topography prior to implant placement increases the
overall success of implant therapy with possible reduction
in surgical and postoperative implant complications which
means a better prognosis.7

CBCT has been recommended as best option for implant
imaging by the American Academy of Oral & Maxillofacial
radiology (AAOMR) board, recently.8

Our study has assessed the anatomical structures in 102
CBCT images retrospectively prior to implant placement
and the importance of a well-designed report by the oral
and maxillofacial radiologist which has facilitated in the
outcome of a successful implant treatment planning and its
execution.

The mental nerve is a terminal branch of inferior alveolar
Nerve. Anterior loop (AL) of mental nerve is an extension of
inferior alveolar nerve which has been shown with anatomic
on cadavers and radiologic images in several studies.9,10

In our study, AL was identified in 50% of the images,
with no gender differences. These results are in accordance
to studies by Chun-I Lu et al. 2015 where prevalence ranged
from 22-88%, Apostolakis D et al. 2012 in which loop was
seen in 48.8% of the scans.11,12

Careful assessment of the mental nerve and its Anterior
Loop is vital particularly while preparing implants for the
inter-foraminal region to elude any neurosensory snags. The
risk ranges from 1-7% depending on implant proximity with
the nerve. Thus a 2 mm of safety zone is advisable between
an implant and the coronal aspect of the nerve.13

As a precautionary measure, when the location of the AL
of the mental nerve cannot be determined, then placement
of the implant at a distance of about 6 mm to the most
anterior point of the mental foramen is desirable to elude
any neurological complication.14

Anterior mandible is a common elective area for
placement of dental implant due to its favorable anatomy.
However, after tooth loss the resorption pattern of mandible
results has a lingual angulated trajectory, which makes
implant placement unfavorable. Hence, if the width is not
assessed erstwhile by CBCT imaging then it can lead to the
perforation of the lingual cortical plate.15

Another important anatomical landmark to be
acknowledged is the presence of lingual foramen and
canals. According to a study by Romanos GE et al. 2012,
panoramic radiograph can detect only 2.7% of lingual
foramen.16 However, incidence reported on CBCT ranges
from approximately 85-100% according to studies by

Makris N et al., Kusum CK et al., Denny CE et al.17–19

In the present study a low incidence of 45% was
observed. One possible interpretation for this disagreement
could be the imaging technique used. The thickness cut was
set to 0.5 mm in the current study with an interval of 0.5
mm between the cuts unlike the 1 mm thickness used which
masks smaller bony structures. Also differences could be
attributed to racial and ethnic origin.

Any misdirection of the osteotomy drill can lead to
damage to lingual and sub-mental artery leading to fatal
upper airway obstruction due to hemorrhage. One of the
major uses of CBCT is pre-surgical implant planning.
Two dimensional radiographs cannot provide information
of the residual ridge height and width. This is an important
parameter in implant treatment planning as the existing
ridge governs the diameter of the implant selected.

32% of CBCT studied had inadequate ridge width
and 15% with insufficient labial cortical plate thickness.
Unaccounted data prior to surgery, can lead to the most
common complication such as fracture of the cortical plates
with subsequent exposure of the implant threads ultimately
leading to implant failure.

Labial cortical plate can cause esthetics problems,
especially in the anterior zone. Hence, it is necessary to
include hard and soft tissue grafting procedures in the
treatment plan to avoid any future complications. Therefore,
Cross-sectional images are very valuable in the design phase
before surgery.20,21

Out of the 102 CBCT images scanned, 2% were referred
for implant treatment planning with a radiographic stent.
Radiographic markers can be slot in at the time of the
scan, thus providing important radiographic landmarks that
can be used to correlate the proposed clinical location and
angulation of implants with the available alveolar bone.

CBCT scans have DICOM (Digital Imaging and
Communications in Medicine) compatibility. With the
help of DICOM data, computer generated surgical guides
(stereolithographic models) can be fabricated which helps
the surgeon place implants in their optimal and exact
position.22

Periodontal regeneration has become an integral part
of implant therapy. 2% of the scans were for evaluation
of the bone post grafting. Thus CBCT provides us with
information of the grafted site without making the patient
go through surgical re-entry.

Also post-implant assessment, CBCT is more valuable
than routine radiological techniques. Approximately 10%
cases were referred for second CBCT after implant
placement.

5. Conclusion

Two-dimensional radiographs have been used for a long
time as the only diagnostic tool in implant dentistry. Though
traditional radiographs may seem to be adequate for patients
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with wide residual ridges that exhibit sufficient residual
bone anatomical variations can surprise us and lead a visibly
simpler case to failure.

CBCT, has the capability to reconstruct a three
dimensional model of the maxilla and mandible which helps
identify critical anatomic structures accurately for precise
placement of dental implants with minimal complications.
The high-quality diagnostic images provided by CBCT
follow the ALARA (As Low As Reasonably Achievable)
principle. CBCT effectively brings together prosthetic and
surgical considerations which are important for beauty,
restoration and prosthetic indices.

Also the report from Oral and Maxillofacial Radiologist
may be very crucial before entering into the no see zone and
is an Imperative arm in Implant Planning.
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