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ABSTRACT

Evaluation of soft tissue and cortical bone
thickness at orthodontic implant sites
using computed tomography

B. R. Arun Kumar, M. B. Raghuraj, Kenneth F. H. Tan', Rabindra S. Nayak?, Azam Pasha?,
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Objectives: The aim of this study is to investigate advantageous to the clinician and patient to carry on a computed tomography
(CT) investigation in order to have a successful outcome for using orthodontic implants. Materials and Methods: This study
was carried out on a sample of 10 patients (5 male and 5 female patients) aged ranges between 16 and 25 years who reported
to the Department of Orthodontics, M.R. Ambedkar Dental College, for the treatment of malocclusion. Using CT, the bucco-
palatal thickness of the soft-tissue and cortical bone at the posterior region of the maxilla between 1% PM and 2™ PM (Group
I), 2" PM and 1** M (Group II) and 1% M and 2™ M (Group III) were measured at four different levels, at points a, b, ¢, d,
(soft-tissue) and A, B, C, D (cortical bone) and on the palatal side at points e, f, g, h (soft-tissue) and E, F, G, H (cortical bone)
at an interval of 2 mm each. Results: All groups showed soft-tissue thickness was greater on the palatal side than on buccal
side and the palatal cortical bone thickness was greater in Group I and IIT except in Group II where buccal cortical bone was
greater. Conclusion: CT has been a reliable tool to assess implant placement sites. It will also help in assessing and avoiding
the sinus perforation, root injury, soft-tissue complication, and utilizing appropriate cortical bone thickness.
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Introduction

Anchorage control is one of the most important aspects of
orthodontic treatment. The law of Nature that underlies
orthodontic tooth movement is Newton’s third law of
motion- “for every action there is an opposite and equal
reaction.” In most cases, anchorage is produced within
the orthodontic appliance with the strategy to dissipate
the reaction forces over as many teeth as possible and
thereby control anchorage. Conventional methods of
reinforcing anchorage such as lingual arches, Nance
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buttons, elastics, and headgear have their own limitations
and disadvantages.l'4

Modern technologies have elevated implants as the method
for absolute orthodontic anchorage, which is a critical
consideration when planning treatment for patients with
dental and skeletal malocclusions. Critical factors include
the quantity (bone volume) and quality (bone density)
of alveolar bone for the stability of implants. Common
investigation methods, such as clinical examination,
orthopantomogram, lateral cephalogram, occlusal and
peri-apical radiographs do not provide precise information
about the available bone and soft-tissue thickness and also
have certain disadvantages like two-dimensional in nature,
radiation exposure, overlaps, leading to poor visualization
of individual structures and errors due to projection. Thus
would be advantageous to the clinician and patient to carry
on a computed tomography (CT) investigation in order to
have a successful outcome.
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In this study, we aimed to evaluate the advantageous to the
clinician and patient to carry on a CT investigation in order
to have successful outcome for using orthodontic implants.

Materials and Methods

This study was carried out on a sample of 10 patients (5 male
and 5 female patients) aged between 16 and 25 years who
reported to the Department of Orthodontics, M.R. Ambedkar
Dental College, for the treatment of malocclusion. This
group of patients showed a definite indication that they
would be benefited by placing an orthodontic mini-implant
as a part of the treatment procedure.?!

Method of Collection of Data

The patients selected had severe bimaxillary protrusion
and anterior crowding, requiring maximum anchorage or
absolute anchorage with 75-100% of space closure with
anterior retraction. All routine diagnostic investigation had
been carried out as part of treatment protocol.

A specialized noninvasive diagnostic tool, dental CT (Siemens,
Somatom Emotion 6) scan of posterior region of the maxilla
between the two premolars (Group 1), second premolar and
first molar (Group II), first molar and second molar (Group
1), in coronal section (cross section) was obtained. The CT
scan was performed with puffed cheek technique! [Figure 1].

A line drawn through the long axis of the tooth and to
this line two more lines were drawn at an angulation of
45° and named as XY and XY' on the buccal and palatal
sides, respectively (Point X is taken approximately at the
cemento-enamel junction). Parallel to these two lines
(XY and XY?") soft-tissue and cortical bone thickness were
measured in bucco-palatal direction about 2-3 mm away
from the alveolar crest on buccal side at points a, b, ¢, d,
(soft-tissue) and A, B, C, D (cortical bone) and on palatal

Figure 1: Puffed cheek technique

side at points e, f, g, h (soft-tissue) and E, F, G, H (cortical
bone) at an interval of 2 mm each respectively [Figure 2].

Statistical Analysis

All the statistical analyses were performed using software
namely Statistical Product and Service Solutions (SPSS)
15.0, Stata 8.0, MedCalc 9.0.1 and Systat 11.0 were used
for the analysis of the data.

Descriptive statistical analysis has been carried out in the
present study. Results on continuous measurements are
presented on mean standard deviation (Min-Max) and results
on categorical measurements are presented in number (%).
Significance is assessed at 5% level of significance. Analysis
of variance has been used to find the significance of study
parameters between three or more groups of patients, post-hoc
Tukey test has been used to find the pair wise significance.

Results

The bucco-palatal soft-tissue and cortical bone thickness
in all the three groups were measured and a total of 48
measurements (24 measurements on buccal and 24
measurements on palatal) were obtained on the computer
display monitor with Digital Imaging and Communications in
Medicine measuring software tool (in cm) [Figures 3 and 4].

Group |

The buccal soft-tissue and cortical bone thickness in bucco-
palatal direction showed a gradual increase from coronal region
(near alveolar crest) towards the apex (mean value at a-0.11
cm to d-0.19 cm and A-0.14 cm to D-0.18 cm). The greatest
thickness was recorded at the apex than at the coronal region
for both soft-tissue and cortical bone (mean value at d-0.19
cm and D-0.18 cm).The palatal soft-tissue thickness showed

SINUS

PALATAL
SIDE

1
LONG A0S OF THE TOOTH

Figure 2: Schematic representation-coronal section view of structures
related during mini-implant placement in maxilla, points marked at
different levels
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similar pattern as seen in buccal side from e to g and thereafter
showed a constant value (mean value from e-0.28 cm to g-0.35
cm, at h-0.35 cm).Similarly, the palatal cortical bone thickness
increases from E to G and thereafter showed a slight decrease
at H (mean value from E-0.17 cm to G-0.19 ¢cm, at H-0.18 cm).

Group Il

The buccal soft-tissue and cortical bone thickness in bucco-
palatal direction showed a similar pattern as seen in Group
|, i.e., gradual increase from coronal region (near alveolar
crest) toward the apex (mean value at a-0.09 cm to d-0.15
cm and A-0.14 cm to D-0.17 c¢cm).The palatal soft-tissue
showed a similar pattern as seen on buccal side, i.e., gradual
increase from e to g and thereafter slightly decreasing at h
(mean value from e-0.22 cm to g-0.34 cm, ath-0.33 cm).The
palatal cortical bone thickness showed a constant value at E
and F (mean value 0.16 cm) and thereafter slight decreasing
and a constant value from G to H (mean value 0.15 cm).

Group 1l

The buccal soft-tissue thickness in bucco-palatal direction
showed a gradual increase from coronal region (near alveolar

Figure 3: Coronal section view in computed tomography with buccal
and palatal points marked at different levels for soft-tissue thickness

crest) toward the apex (mean value at a-0.09 cm to d-0.16
cm). The cortical bone thickness showed a similar pattern as
seen for soft-tissue from A to C (mean value at A-0.13 cm to
C-0.15 cm) and thereafter no changes (mean value at D-0.15
cm). The greatest thickness was recorded at the apex than
at the coronal region for both soft-tissue and cortical bone
(mean value at d-0.16 cm and D-0.15 cm). The palatal soft-
tissue thickness showed similar pattern as seen on buccal
side from e to h, i.e., gradual increase from coronal region
to apex (mean value from e-0.21 cm to h-0.47 cm). The
palatal cortical bone thickness showed a gradual increase
from E and F (mean value from E-0.15 cm to F-0.16 cm) and
thereafter constant value from G to H (mean value 0.16 cm).

In all groups, soft-tissue thickness was greater on the palatal
side than on buccal side and the palatal cortical bone thickness
was greater in Group | and lll except in Group Il where buccal
cortical bone was greater [Tables 1, 2 and Graphs 1-8].

Discussion

It was a turning point in the field of orthodontics with the
introduction of extra dental intraoral anchorage device

Figure 4: Coronal section view in computed tomography with buccal
and palatal points marked at different levels for cortical bone thickness

Table 1: Comparison of measurements in (cm) on buccal side

Measurements Group | Group Il Group lll Significance

in buccal side Mean SD Mean SD Mean SD 1 versus Il 1 versus Il Il versus I
a 0.11 0.02 0.09 0.02 0.09 0.01 0.103 0.014* 0.637

b 0.11 0.02 0.10 0.01 0.10 0.02 0.874 0.741 0.967

c 0.12 0.02 0.11 0.02 0.12 0.05 0.873 0.837 0.837

d 0.19 0.04 0.15 0.03 0.16 0.04 0.049* 0.212 0.732

A 0.14 0.01 0.14 0.03 0.13 0.02 0.737 0.220 0.606

B 0.15 0.01 0.15 0.03 0.14 0.03 0.956 0.956 0.837

C 0.16 0.02 0.15 0.03 0.15 0.03 0.770 0.862 0.984

D 0.18 0.02 0.17 0.03 0.15 0.03 0.818 0.089* 0.266

SD: Standard deviation
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Table 2: Comparison of measurements in (cm) on palatal side

Measurements Group | Group Il Group llI Significance
in palatal side Mean SD Mean SD Mean SD 1 versus Il 1 versus Il Il versus llI
e 0.28 0.05 0.22 0.04 0.21 0.04 0.029* 0.006** 0.790
f 0.31 0.06 0.31 0.07 0.26 0.07 0.790 0.215 0.269
g 0.35 0.08 0.34 0.06 0.34 0.09 0.948 0.905 0.993
h 0.35 0.10 0.33 0.06 0.47 0.10 0.893 0.008™* 0.003**
E 0.17 0.03 0.16 0.04 0.15 0.03 0.819 0.349 0.702
F 0.17 0.03 0.16 0.04 0.16 0.03 0.428 0.509 0.989
G 0.19 0.04 0.15 0.04 0.16 0.02 0.115 0.203 0.947
H 0.18 0.02 0.15 0.04 0.16 0.02 0.070* 0.097* 0.986
SD: Standard deviation
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Graph 1: Measurements on buccal side in Group | (between 1%t
premolar and 2™ premolar)
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Graph 3: Measurements on buccal side in Group Il (between 2™
premolar and 15 molar)

(mini-implants). It has tried to achieve skeletal or absolute
anchorage, which made the treatment more efficient, and
less costly than conventional implants.

Insertion of the mini-implant at an oblique angle allows
for the use of more space, reduces the possibility of root
injury and increases the surface area in contact with

Graph 2: Measurements on palatal side in Group | (between 1%
premolar and 2" premolar)
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Graph 4: Measurements on palatal side in Group Il (between 2
premolar and 15 molar)

cortical bone. However, the problem with this was that
screws placed in unattached gingiva can lead to soft-tissue
complications because of the difficulties in maintaining
proper oral hygiene. Placement in the attached or on the
border between attached and unattached gingiva with
thinner soft-tissue is therefore preferable. The main criterion
for stability of an implant is the quality and quantity of
cortical bone and thin soft-tissue.
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Graph 7: Comparison of measurements on buccal side between the
groups

In Group |, Il and 1ll, the soft-tissue was seen thicker on
the palatal side than on buccal side (mean value-0.21-0.47
cm) and in Group | and I, the cortical bone on buccal
side was thicker at point D (mean value-0.18 and 0.17 cm
respectively toward the apical region) and the cortical bone
on palatal side was thicker in Group | at G (mean value-0.19
cm from between middle and apical region) and in Group
Il at E to F (mean value-0.16 cm from coronal to middle
region on palatal side). In Group IlIl, buccal cortical bone
was thicker at C and D (mean value-0.15 cm from middle to
apical region) and at F to H (mean value-0.16 cm from the
middle to apical region). In this study, it was found that in
Group I, 11, and Ill the soft-tissue and cortical bone thickness
on buccal side gradually increased from the alveolar crest
to the apex (a to d and A to D). Therefore on the buccal
side the appropriate place for an implant would be at the
attached or on the border between attached and unattached
gingiva (between c and d and C and D), thereby avoiding
sinus perforation and root injury. On the palatal side, it
would be beneficial if the implant is placed obliquely and
more toward coronal region as the soft-tissue thickness is
less compared with the apical region. Although attached

Graph 6: Measurements on palatal side in Group Il (between 1¢t
molar and 2" molar)
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Graph 8: Comparison of measurements on palatal side between the
groups

gingiva is considered as an important, it is wise to select a
location where the attached gingival thickness is less and
cortical bone thickness is more. Therefore, the results show
that an average thickness of the cortical bone on the buccal
side (0.14-0.15 cm) and on palatal side (0.16-0.17 cm) is
available for mini-implant placement [Figure 5].

For the soft-tissue component, the risk of failure of mini-
implant in the non-keratinized mucosa has been reported
to be higher than that for mini-implant surrounded by
keratinized mucosa. Therefore, in the buccal side of
the alveolus, the mini-implant is usually placed in the
interdental areas of the attached gingiva just adjacent
to the mucogingival junction. In the palate, the whole
area of the palatal masticatory mucosa is made up of the
keratinized tissue in which the mini-implant can be reliably
inserted. However, the palatal masticatory mucosa is
known to be 2-3 times thicker than the attached gingiva on
the buccal side, and different areas of the buccal attached
gingiva have different soft-tissue thicknesses. Therefore, the
soft-tissue in the areas for mini-implant insertion might be
one of the important factors for successful implantation.
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Figure 5: Schematic representation-coronal section view of appropriate
mini-implant placement site located in buccal and palatal region

In previous studies done on cadavers using CT scan showed
that best available location for a miniscrew is mesial or distal
to the first molar and the best angulation is 30-60° from the
long axis of the tooth.”! Further studies are necessary to
compare the accuracy of the measurements achieved in this
study with a larger sample size. The use of other advanced
imaging tools like magnetic resonance imaging etc., may
be necessary for evaluating the soft-tissue structures, as
these are not seen very clearly using CT. Furthermore,
clinical studies to evaluate the quality of bone surrounding
miniscrews may be necessary as only the bone quantity
was assessed. Furthermore, mesiodistal measurements are
essential for safe placement and stability of the miniscrew.

The challenge is for the clinician to decide on a particular
imaging modality as a function of the information/diagnostic
yield versus patient risk and cost benefit analysis.!''!

Conclusion

Computed tomography has been a reliable tool to assess
implant placement sites. It will also help in assessing and
avoiding the sinus perforation, root injury, soft-tissue
complication and utilizing appropriate cortical bone
thickness. The overall goal of an orthodontist is to strive for
improvements in the quality and efficiency in patient care.
Hence in future, there will always be an overwhelming need
to implement accurate and effective imaging modalities to
improve the standard of diagnosis and treatment modalities.
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