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Abstract

The aim of the study was to analyze the thickness of the facial bone wall at teeth in the anterior maxilla based
on cone beam computed tomography (CBCT) images, since this anatomical structure is important for the
selection of an appropriate treatment approach in patients undergoing post extraction implant placement.
Three dimensional (3D) images were reconstructed using cone-beam computed tomography (CBCT) scans
from 45 Indian subjects of age group ranging between20-55 years, with a sample size of 90 teeth using On
Demand 3D software. The thickness of the facial bone wall in the respective sagittal scan was measured
perpendicular to the long axis of the tooth at two locations: at the crest level and at the middle of the root.
Mean thickness of buccal plate 3 mm below CEJ was 0.59 +0.27mm at central incisor, 0.69 £0.54 mm at
lateral incisor, and 1.05 +0.75mm at canine. Mean thickness of palatal plate 3 mm below CEJ was 1.23
+0.45mm of central incisor, 1.04 £0.59mm of lateral incisor, 1.49 +0.61 mm of canine. Mesio-distal diameter
3 mm below CEJ was 4.66£0.39mm of central incisor, 4.09+0.45mm of lateral incisor, and 5.27+0.52 mm of
canine. Buccal bony curvature angle below root apex was 114 +16.5at central incisor, 144.0 £12.9at lateral
incisor, 145.0 £8.9at canine. Distance between root apex and the deepest point of buccal bony curvature of
central incisor was 3.49 £1.17mm at central incisor, 3.49 £1.17mm at lateral incisor, and 5.51 £1.66mm at
canine.

Conclusion for the study was that, there was a statistically significant increase in facial bone wall thickness
from the central incisors to the canine. The facial bone wall in the crestal area of teeth in the anterior maxilla
was either missing or thin in roughly all of patients.

Keywords: anterior maxilla, facial bone thickness, implant placement, cone beam computed tomography.
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Introduction

The long-term stability of osseo-integration is not
equivalent to successful implantation at the
maxillary anterior region. Apart from the
traditional criteria, an optimal esthetic outcome
has become another challenge for clinicians
operating at this region. From the perspective of
dental implant esthetics, the incidence and
severity of soft tissue recession occurring labially
and inter proximally should be a major concern
and has already been the focus of numerous
studies.!™

Conventional radiographs, such as cephalometric
and panoramic radiographs, are not appropriate
for examining buccal bone or periodontal changes
during and after implant therapy. These
techniques are based on a two-dimensional
representation of a three-dimensional (3D) object
and do not allow the operator to evaluate facial
bone widths.

Implant placement following extraction is
commonly encountered in daily practice. In the
anterior maxilla, it presents a considerable
challenge to clinicians because of the high esthetic
expectations of patients and, at the same time,
various local risk factors that can potentially
compromise the predictability of treatment
outcomes.?™® The thickness of the facial bone
wall in the anterior maxilla is of crucial
importance for the selection of the appropriate
treatment approach. Today, immediate®™® or
early”® implant placement is used mainly to
increase the attractiveness of implant therapy. In
the anterior maxilla, the facial bone wall is often
thin or lacking, a result of the facial position of
anterior teeth,8 and undergoes substantial
resorption following tooth extraction.™®™! After
implant bed preparation, the facial bone wall
should ideally measure at least 2 mm in thickness
to ensure proper soft tissue support and to avoid
resorption of the facial bone wall following
restoration.l*> 14 If this minimal requirement is not
met, bone augmentation procedures are
recommended to achieve an adequate bony
contour.™ The initial thickness of the facial bone

walls in the anterior maxilla result in additional
local bone augmentation in the majority of
implant sites in the jaw.™ However, information
regarding facial bone thickness in various regions
of the maxilla and mandible is scarce.
Preoperative diagnostic procedures and risk
assessments often include a three-dimensional
radiographic analysis of the local bone anatomy.
Today, cone beam computed tomography (CBCT)
is preferred, since this new technology is
noninvasive offers better image quality and lower
radiation exposure with financial advantage and
allows full three dimensional characterization of
alveolar bone micro millimeter accuracy for linear
measurements than  conventional computed
tomography (CT). 2

The previous hypotheses were that there would be
variability in thickness of facial bone wall at
various tooth positions in the anterior maxilla and
that age and sex would not influence the findings.
[4

The purpose of this retrospective radiographic
study was to evaluate the thickness of the facial
bone of teeth in the anterior maxilla based on
CBCT images so as to give a better judgment
regarding implant placement.

Material and Methods

The research was carried out on 90 single rooted
teeth of 45 CBCT images collected from different
imaging centers with age ranged between 20 — 55
years including 20 females and 25 males; using
the DICOM file of CBCT image which were
transferred in On Demand 3Dwmv software
(Version:1.0.10)

All the sections will be of 3-D images. The width
and length measurements will be made at different
levels with the help of the measurement tool in CS
3D software of the CBCT scan as the
measurement technique.

The sections were of 75 pum and 200um having
the exposure condition 60-90 kVp and 550 mA.
The subjects had all maxillary anterior teeth
without obvious periodontal disease. The center of
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each tooth was measured on the sagittal and
horizontal plane.

Measurements in the study showed as below.
From the 3D images, five aspects of the
measurements were recorded by using On
Demand 3D. Distance between cementoenamel
junction (CEJ) and buccal bone crest, thickness of
buccal and palatal plates, root diameter, buccal
bony curvature angle below root apex and
distance from root apex to the deepest point of
buccal bony curvature were statistically analyzed
on each maxillary anterior tooth.

The mean thickness of buccal and palatal alveolar
plate on reference lines Four reference lines were
used and all of them were perpendicular to the
axis of each tooth. Line A was drawn at 3 mm
below CEJ, line B was drawn at 4.5 mm below
CEJ, line C was drawn at the midpoint between
CEJ and root apex, and line D was drawn at root
apex. The thickness of buccal and palate alveolar
plates was measured at reference lines.

Root diameter of the maxillary central incisor,
lateral incisor and canine Mesio-distal and bucco-
lingual diameter of each root was measured at
reference line A.

Buccal bony curvature angle (2PQR) below the
root apex, three reference points was used (P, Q,
and R hereafter). Reference point P is the upper
most and anterior part of buccal plate, point R is
the one on buccal plate which meets with
reference line D, and point Q is the deepest point
on the buccal bony curvature between P and R.
The angle formed by the points was measured.
The distance between root apex and the deepest
point (Q) of buccal bony curvature the distance
from line D to point Q was vertically measured.
Statistical analysis

All the data were statistically analyzed using
simple t-test and one-way ANOVA. The
significance level was set at o= 0.05. SPSS
version 19.0and used for statistical analysis.

Results
The mean distance between CEJ and buccal bone
crest the mean distance between CEJ and buccal

bone crest was 1.99 + 0.59 mm in central incisor,
2.16 + 0.55 mm in lateral incisor and 2.51 + 0.5
mm in canine. Generally, buccal bone crest of
maxillary anterior teeth existed within 3 mm from
CEJ (Table 1).

The thickness of buccal and palatal plate of
maxillary anterior teeth The mean thickness of
buccal plate at each maxillary anterior tooth in
reference line A (3 mm below CEJ) was 0.59
+0.27mm of central incisor, 0.69 £0.54mm of
lateral incisor, and 1.05 +0.75mm of canine.
Generally, each thickness of buccal plate in
central incisor, lateral incisor and canine was very
thin in reference line A and C (Table 2).

The mean thickness of palatal plate at each
maxillary anterior tooth in reference line a (3 mm
below CEJ) was 1.23 £0.45mm of central incisor,
1.04 +0.59mm of lateral incisor, and 1.49
+0.61mm of canine. Each thickness of the palatal
plate in central incisor, lateral incisor and canine
was statistically significantly thicker than that of
the buccal plate and gradually increased from line
Ato line D (Table 3).

Root diameter of the maxillary anterior teeth At 3
mm below CEJ, the large value was showed in the
diameter of the root, in order of canine, central
incisor and lateral incisor (Table 4).

Buccal bony curvature angle (£PQR) below root
apex of maxillary anterior teeth Buccal bony
curvature angle (£PQR) below root apex was 114
+16.5®at central incisor, 144.0 +£12.9at lateral
incisor, 145.0 £8.9®at canine. The smallest value
was shown in buccal bony curvature angle of
maxillary central incisor, which means that central
incisor is most curved (Table 5).

The distance between root apex and the deepest
point (Q) of buccal bony curvature the distances
between root apex and the deepest point (Q) of
buccal bony curvature were 3.49 +1.17mm at
central incisor, 3.78 +1.45mm at lateral incisor,
and 551 +1.66mm at canine. The distance
between root apex and the deepest point (Q) of
buccal bony curvature in canine was significantly
larger than that of lateral and central incisor
(Table 6).
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Table 1 The mean distance between CEJ and buccal bone crest (unit: mm)
N Central Incisor ~ Lateral Incisor
CEJ- Buccal bone crest 90 1.99 £0.59 2.16 £ 0.55

Canine
2.51+05

Table 2. The mean thickness of buccal plate of maxillary anterior teeth (unit: mm)

Site N Central Incisor Lateral Incisor Canine
Reference line

A 90 0.59 £0.27 0.69 £0.54 1.05 £0.75
B 90 0.64 £0.23 0.69 £0.60 1.41 £0.69
C 90 0.59 £0.25 0.54 £0.76 1.16 £0.84
D 90 0.63 £0.16 0.79 £1.17 0.89 +0.45

Table 3. The mean thickness of palatal plate of maxillary anterior teeth (unit: mm)

Site N Central Incisor Lateral Incisor Canine

Reference line

A 90 1.23 £0.45 1.04 £0.59 1.49 £0.61

B 90 1.88 £0.64 1.22 +0.67 2.33 £1.07

C 90 2.55 £0.45 1.34 £0.60 2.67 £1.33

D 90 5.38 £2.33 3.72 £1.59 7.11+£2.71

Table 4.Root diameter of the maxillary anterior teeth (unit: mm)
N Central Incisor  Lateral Incisor Canine

Bucco lingual CEJ 90 6.59%0.49 6.11+0.65 6.34+0.21
Mesio distal CEJ 90 5.33+0.78 5.14+0.59 6.44+0.45
Bucco lingual 90 5.38+0.76 4.58+0.86 5.34+0.22
[3mm below CEJ]
Mesiodistal 90 4.66%0.39 4.09+0.45 5.27+0.52

[3mm below CEJ]

Table 5 Buccal bony curvature angle (£PQR) below root apex of maxillary anterior teeth (unit: °)
N Central Incisor Lateral Incisor
PQR[®] 90 114 +16.5 144.0 +12.9

Canine
145.0 +8.9

Table 6.The distance between root apex and the deepest point (Q) of buccal bony curvature.(unit: °)
N Central Incisor Lateral Incisor Canine
Root apex -Q point 90 3.49+1.17 3.78 £1.45 5.51 +1.66

Discussion

Long-term stability of implant system including
adjutant gingival margins and teeth around
implants and can be guaranteed by facial bone
with sufficient thickness and height.®¥ Generally,
buccal bony crest of maxillary anterior teeth
existed within 2-3 mm from CEJ which support
the theory that implant head should be at least 3
mm apical to an imaginary line connecting the
cement enamel junctions (CEJs) of the adjacent
teeth.l*% With respect to the reference lines A, B,
C and D, the thickness of buccal plate in central

incisor, lateral incisor and canine was all less than
1 mm, which support the theory that implant
platform should be placed more palatally because
the buccal alveolar bone plate of North Indian
adult is generally within 1 mm. It is important to
place the axis of the implant corresponding to the
incisal edges of the adjacent teeth or slightly
palatal to this landmark which leads to the
chances of perforation.[***?. Kan and Rungcharas-
saeng™ stated that primary stability of implant is
achieved by engaging the palatal wall and bone
approximately 4 mm to 5 mm beyond the apex in
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socket. This also requires more pressing the drills
against the palatal wall of the socket during the
sequential osteotomy. Bone grafting is frequently
done in case of thin facial bone to prevent collapse
and minimize resorption. The final implant
diameter was within the confines of the tooth
socket, without engaging the coronal portion of
the labial plate, which is generally thin, to prevent
perforation. A average distance of 2-3 mm
between the implant and adjacent teeth is required
to minimize marginal bone loss™! When this is
not possible, an augmentation procedure is
necessary prior to or during implant
placement.**%) The suggested diameter for
implants in the central incisor and canine areas is
approximately 5 - 6 mm, and lateral incisors is
approximately 3 - 4 mm.'%1 At 3 mm below
CEJ, the diameter of the root shows a large value
in order of canine, central incisor and lateral
incisor in size. Therefore, wide neck implants are
not recommended for the use in the anterior
maxilla. Also, the narrow neck implant which is
most often recommended in lateral incisor areas
was recommended due to the small diameter in
North Indian adults. Buser et all suggested that
the narrow neck implant with a shoulder diameter
of 3.5 mm is most often used in lateral incisor
areas with a minimal gap size of 5.5 mm. In this
study, buccal bony curvature angle (£PQR) below
root apex of maxillary central incisor was the
smallest, and it indicates that the facial bony plate
of central incisor below root apex is most curved.
Thus the long axis of the drill during surgical
drilling procedure in the central incisor should be
parallel to buccal alveolar plate to prevent
perforation of the facial plate. Also a thinner
implant is recommended. In case of immediate
implant placement following tooth extraction, the
length of implant fixture should be as long as
possible for initial stability.l®! In this study, the
mean distance between root apex and the deepest
point of buccal bony curvature was 3.49 £1.17mm
in central incisor, 3.78 £1.45 mm in lateral incisor
and 5.51 +1.66 mm in canine. The labial bone
profile is also more curved at the central incisor,

in individuals with retruded maxillae in particular,
so the apex of implant should be angulated
palatally to avoid the perforation of labial bone at
the apical region.

Conclusion

Within the limitation of this study in North Indian
adults, the thickness of maxillary anterior buccal
plate was very thin within 1.5 mm and the
thickness of palatal plate was thick. The Buccal
bony curvature below root apex of maxillary
central incisor was higher than that of lateral
incisor and canine and it seems that the buccal
bony plate below root apex of central incisor is
most curved. As this study was performed on
limited number of CBCT images, a large sample
will be required to get an exact conclusion.
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