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Abstract

Background: This study aimed to evaluate the buccal cortical bone thickness of the Iragi population for mini-implant
insertion using cone-beam computed tomography (CBCT). Methods: This cross-sectional study was conducted on
maxillary and mandibular CBCT scans of 40 patients (14-25 years). One examiner measured skeletal parameters at 4, 6
and 8 mm apical to the cementoenamel junction (CEJ). Results: the largest buccal cortical bone thickness in the maxilla
was between the first and second molar (1.36mm for males, 1.24mm for females) and in the mandible was between the
first and second molar (2.17mm for males, 2.37 for female). Conclusions: The buccal cortical bone thickness varies in
different individuals. In the mandible, the buccal cortical bone thickness was increased as we move from the anterior to
the posterior area. The buccal Cortical bone thickness is thicker in the mandible compared to the maxilla.

Keywords: Cone-beam computed tomography, Mini-implant, Orthodontic anchorage procedures, Buccal
cortical bone thickness.

INTRODUCTION

Orthodontic mini-implants have gained popularity in recent years that are supported by the bones!!, One
of the continuing difficulties for orthodontists is the preservation of the anchorage unit. Intra-oral or extra-
oral locations are used in traditional procedures. Extraoral methods are used to provide the best therapy
results, however, extra oral Anchorage is difficult to use and usually requires the patient's compliancel2.
Mini implants provide several advantages, including ease of placement and removal, quick loading, use in a
variety of sites, absolute anchorage, cost-effectiveness, and reduced patient cooperationl3l.

The thickness of the cortical bone is important because it is the primary predictor of a mini implant’s initial
stability. In the posterior dentition, approximately 1 mm or more of cortical bone thickness can be expected
in the alveolar process!4.

Finite element analysis suggested that the cortical bone received the majority of the force when a lateral
force was applied to the mini implant®l. The primary stability of the mini implant depends on mechanical
retention between it and bone. Cortical bone thickness is important in the success of mini implant because
insufficient cortical bone thickness often causes inadequate primary stability!sl. To achieve sufficient
primary stability, Motoyoshi et al. discovered that cortical bone thickness should be greater than 1 mm and
is deeply linked with the success rate of mini implantl7l.

Two important components define the stability of orthodontic mini-implants: Primary stability is
accomplished through mechanical attachment between the bone and the mini-implants, and secondary
stability is produced by continued bone remodeling surrounding the implant(8l. Since cortical bone has a
greater bone-implant contact area than the trabecular bone of bone marrow, dental implants performed
better when implanted in a location with higher bone density (cortical bone) rather than in a region with
less bone density (bone marrow)®!,

When a mini-implant is clinically movable at the time of placement, it is considered a primary failure. This
is related to insufficient cortical bone support in terms of thickness and density, or the closeness of a mini-
implant to a neighbouring tooth root. Secondary failure is a situation in which a mini-implant is initially
stable but subsequently becomes mobile after 1-2 months. Bone necrosis surrounding the mini-implant
threads causes delayed instability, which can be caused by thermal bone injury (during pilot drilling), high
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insertion torque, extremely close contact to a tooth root, traction
overload, or a combination of these factors!10l.

When the Cortical Bone Thickness is lowered, oblique insertion offers
proper cortical bone engagement. The cortical bone had a high-stress
distribution, while the cancellous bone had a low-stress distribution. It
was also concentrated at the apex of the threads that come in contact
with the cortical bonel!ll. To increase the contact area between the
implant and the cortical bone when the cortical bone thickness is
lowered (1 mm), 30 degrees of insertion is recommended. When the
cortical bone thickness is adequate (2 mm), a 90-degree insertion angle
is recommended, as a 30-degree insertion angle might create
microcracks and necrosis in the cortical bone, resulting in mini-implant
failurel12,

The role of the mini-implant in Class Il correction procedures is
recommended to begin after the permanent dentition has erupted, and
include En masse retraction, Fixed functional appliances, Molar
distalization and Support for retraction after extraction. Mini implant
anchorage has enhanced predictability for the correction of Class Il
malocclusions. Whether using direct anchorage retraction or indirect
anchorage retraction!3],

MATERIAL AND METHOD
Sample

The sample was obtained from records at al Noor specialized dental
centre, in Mosul, Iraq. The study included participants who were
referred for CBCT assessment in Radiology Unit for different dental
procedures. The records were collected between April and June 2022.
All of these images were taken by using the same CBCT machine and the
same technician. We informed the patient that CBCT information will
include in my research. The study protocol was approved by the ethics
committee of the college of dentistry, Mosul University and also by the
ethics committee of Nineveh health directorate, Irag. The study
involved a total of 40 individuals (19 male, 21 female) who met the
following research requirements: males and females with ages ranging
(from 14-25 years old), CBCT scans with all maxillary and mandibular
teeth, CBCT images of good quality without artefacts, Complete
eruption of second permanent molarsi®, No missing, rotated,
malformed teeth[14, No orthodontic treatment before!4, no periodontal
disease and alveolar bone loss, absence of severe skeletal discrepancy,
no congenital missing (except for third molars), absence of severe
crowding, No dental spacing, absence of developmental anomalies such
as cleft lip and palate, or syndrome!!s], no rotations and developmental
malformationsl®®l. Any patient who did not meet any of the
aforementioned criteria was ruled out.

The cone beam computed tomography apparatus used was
8100carestream (Carestream Health, Inc.) the scanning was at dual jaw
used for all patients at 90 kV, 2.5mA and exposure time 15 seconds and
voxel size 150um and software used for taking image was Acquisition
Interface that designed and developed specifically for the CS 8100. CS
3D Imaging v3.8.7 software was used to perform CBCT analyses. Using
measuring software tools millimetric ruler was provided with the
software to measure the buccal cortical bone thickness in the maxilla
and the mandiblel16],

Patients, Materials, and Methods

Image acquisition: Before radiation exposure, the patient was instructed
to remove any metal object that could interfere with imaging like
hairpins, jewelry, eyeglasses, etc. Ask the patient to wear a lead apron.
The patient then stood inside the CBCT unit and bite on the bite block
(supply with CBCT machine) with new cleared protective sheaths. The
head position is adjusted from the positioning panel so that the area of
interest is centred in the beam (patient midline will coincide with

machine midline). The head was stabilized with a headrest and chin rest
so that the Frankfort horizontal plane is parallel with the floor. The
patient's head was located between the X-ray source and the late panel
detector. Hand's patient Grip both the lower handles of the head and
chin rest. The patient was instructed to avoid any head movement, don't
open their mouth with mild breathing during the exposure time.
Scanning is started with an X-ray tube- flat penal sensor rotation 360
degrees around the patient's head. we informed the patient that the
machine will be rotated during the scan which is normal, and instructed
the patient to remain stable

Image analysis: The CBCT images were evaluated by the CS 3D Imaging
V3.8.7 software program. To reduce measurement errors caused by
nonstandard head postures, all images were oriented according to a
standardized procedure, The horizontal axis was parallel to the palatal
plane. The nasal septum was aligned parallel to the vertical axis. The
angle of slicing would be changed as a result!*7],

Detection and measurement: CBCT images were analyzed on The axial,
sagittal and coronal sections to describe the buccal cortical bone
thickness (from the second molar on one side to the second molar on
the opposite side) for both maxillary and mandibular arches at 6 inter
radicular sites for each side at 3 levels (4mm, 6mm, 8 mm respectively
from CEJ).

At sagittal view: we determine the three levels for measurements for
each tooth. The cementoenamel junction act as a referenced point
because it is more reliable to detect in the radiograph, so the levels were
at 4mm, 6mm, and 8mm from CEJ [14] as shown in figure 1.

0 oo onco |
. - 4mm from CEJ
, *un

8mm from CEJ

Figure 1: Radiophotograph shows levels for measurement

-

1.2 mm

Figure 2: Radiophotograph show the buccal cortical bone thickness between
lower premolar and molar
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After we decided on the levels we go to the axial view. At axial view, we
measured the buccal cortical bone thickness for each level. we
measured the distance between the internal and external aspects of the
buccal cortex in the middle of the inter-radicular distance between every
two adjacent teeth (171 as shown in figure 2.

Reliability of measurement

To assess measurement reliability, 10 randomly selected cases were
used to measure the buccal cortical bone thickness at randomly selected
sides and levels.

Intra-examiner reliability was tested by repeating the measurements
after 2 weeks intervals. Statistical comparison of the measurements
obtained in these 2 periods using paired t-test showed no significance.

RESULTS

We calculated the means and standard deviations of the buccal cortical
bone thickness. Shapiro-Wilk's test revealed a normal distribution of the
data. We used Paired Samples Test to compare between right and left
sides. One Way Analysis of Variance (ANOVA) and Duncan's multiple
range analysis tests were used to compare 3 levels of the buccal cortical
bone thickness. All statistical analyses were carried out by the SPSS
software program (version 20; SPSS Inc., Chicago, IL, USA). The
Comparison between the right and left side was no significant
differences either in maxilla or mandible, so we deal with it as one side
in statistic and display the date, one for the maxilla and one for the
mandible.

Buccal cortical bone thickness in maxilla for males:

Buccal cortical bone thickness showed an increased value on moving
from 4 mm level to 8 mm level in all sites and the degree of differences
was small between levels, so this increase was not significant at p-value<
0.05 except there were significant differences at the site (1-2), (2-3)
between level 4mm from CEJ and level 8mm from CEJ as shown in table
1.

Table 1: Comparison between buccal cortical bone thickness for maxilla
in male

Maxilla measurement for male
Site | Levels | Mean | F-value | P-value | Duncan grouping
4mm 0.85 A
1-2 | 6mm 1.00 3.744 0.029 AB
8mm 1.05
4mm 0.85 A
2-3 | emm | 0.95 2.958 0.059 AB
8mm 0.85 B
4mm 1.08 A
3-4 | emm | 1.09 0.623 0.539 A
8mm 1.18 A
4mm | 1.04 A
4-5 | emm | 1.06 0.432 0.651 A
8mm 1.13 A
4mm 1.06 A
5-6 | emm | 1.07 0.007 0.993 A
8mm 1.07 A
4mm 1.27 A
6-7 | emm | 1.28 0.248 0.781 A
8mm 1.36 A

Buccal cortical bone thickness in maxilla for females:

Buccal cortical bone thickness showed an increased value on moving
from 4 mm level to 8 mm level in all sites and the degree of differences
was small between levels, so this increase was not significant at p-value<
0.05 except there were significant differences at the site (1-2), (2-3)
between level 4mm,6mm from CEJ and 8mm from CEJ and site (3-4)
between level 4mm from CEJ and level 6mm, 8mm from CEJ as shown in
table 2.

Table 2: Comparison between buccal cortical bone thickness for maxilla
in female

Maxilla measurement for female
Site | Levels | Mean | F-value | P-value | Duncan grouping
1-2 | 4mm 0.83 7.781 0.001 A
6mm 0.90 A
8mm 1.03 B
2-3 [ 4mm | 0.87 8.061 0.001 A
6mm 0.93 A
8mm 1.07 B
34 | 4mm | 1.13 3.281 0.041 A
6mm 1.26 B
8mm 1.27 B
4-5 | 4mm 1.03 1.127 0.327 A
6mm 1.10 A
8mm 1.25 A
5-6 | 4mm 1.06 0.027 0.973 A
6mm 1.06 A
8mm 1.07 A
6-7 | 4mm | 1.16 0.584 0.559 A
6mm 1.17 A
8mm 1.24 A

Buccal cortical bone thickness in the mandible for males:

Buccal cortical bone thickness showed an increased value on moving
from 4 mm level to 8 mm level in all sites and the degree of differences
was small between levels, so this increase was not significant at P-value
< 0.05 for most sites except in males there was significant differences at
the site (1-2) between level 4mm from CEJ and level 8mm from CEJ and
also the site (4-5) between 4mm,6mm from CEJ and level 8mm as shown
in the table 3.

Buccal cortical bone thickness in the mandible for female

Buccal cortical bone thickness showed an increased value on moving
from 4 mm level to 8 mm level in all sites, and there were significant
differences at all sites except in sites (1-2) and (6-7) for all levels as
shown in table 4.

DISCUSSION

From the biomechanical consideration, the range of buccal cortical bone
thickness values between 1.0 to 2.0 mm will be appropriate for mini
implant therapy.

For mini-implant stability, the cortical bone thickness of at least 1 mm is
required. Sawada et al. proposed that There was a tendency for the
superior part of the alveolar process to be thicker than the inferior part
of the maxilla when assessed cortical bone thickness. Therefore,
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insertion in the region above the alveolar process is recommended
whenever it is possible. However, the nasal cavity, maxillary sinus, and
transitions from the attached gingiva to the alveolar mucosa must all be
considered. In order to ensure safe insertion(18l,

Table 3: Comparison between buccal cortical bone thickness for
mandible in male

Mandible measurement for male
Site | Levels | Mean | F-value | P-value | Duncan Group
4mm 0.79 A
1-2 | 6mm 0.91 6.331 0.003 AB
8mm 1.03 B
4mm 1.00 A
2-3 | 6mm 1.04 0.175 0.840 A
8mm 1.12 A
4mm 1.24 A
3-4 | 6mm 1.33 2.099 0.130 A
8mm 1.49 A
4mm 1.37 A
4-5 6mm 1.44 3.604 0.032 A
8mm 1.72 B
4mm 1.47 A
5-6 | 6mm 1.52 2.069 0.134 A
8mm 1.79 A
4mm 191 A
6-7 | 6mm 1.97 1.000 0.373 A
8mm 2.17 A

Table 4: Comparison between buccal cortical bone thickness for
mandible in female

Mandible measurement for female
Site | Levels | Mean | F-value | P-value | Duncans group
4mm 0.94 A
1-2 | 6mm | 1.01 0.489 0.615 A
8mm 1.07 A
4mm 0.91 A
2-3 6mm 1.04 8.722 0.000 B
8mm 1.17 C
4mm 1.23 A
3-4 | emm | 1.31 6.876 0.001 A
8mm 1.47 B
4mm 1.36 A
4-5 | 6mm | 1.48 8.516 0.000 A
8mm 1.65 B
4mm 1.46 A
5-6 | emm | 1.68 6.296 0.002 B
8mm 1.79 B
4mm | 2.18 A
6-7 | emm | 2.25 1.410 0.248 A
8mm 2.37 A

In our study, the buccal cortical bone thickness was more than 1mm in
most sites except (1-2) sites has less than 1mm.

there is a linear increase of cortical bone thickness from level 4mm to
level 8mm from CEJ, This agrees with Alrbata et al., 2014 19 put
disagrees with Baumgaertel et al. who found that cortical bone thickness
values were at the minimum in the middle and at the greatest in apical
and coronal regions from CEJi20. 211 this may be the difference in the
methodology used and sample selected and included in studies.
Baumgaertel and Hans measured 30 dry skulls whereas Kim et al.
measured cortical bone thickness on 23 Korean cadavers. there is a
linear increase in cortical bone thickness from anterior to posterior
regions in both arches. In some sites and levels, the increase was not in
an organised pattern, this may be due to occlusion force distribution,
the thickness of cortical bone increase under functional occlusion
because of the increase in the mechanical strain, which causes to
increase in the response of alveolar bone, An experimental animal study
stated that bone formation will happen in areas subjected to high strain
and changing at fast rates(?2,

The buccal cortical bone thickness in the mandible was greatest in the
posterior region between the first and second molar (2.17 in males, 2.37
in females) and decreased progressively toward the anterior region
between the central-lateral site that was (1.03 in males, 1.07 in female)
this result consistent with Al Amri et al. 2land also reported with
Fayeda et al. 2010117],

The highest buccal cortical bone thickness in the maxilla was(1.36 mm
in males and 1.28 in females) at an 8 mm level from CEJ between the
first and second molars. Generally, The buccal cortical bone thickness in
this study increase when we move from (level 4mm from CEJ) to (level
8mm from CEJ) toward the apical area, this result agrees with Fayeda et
al. 2010071,

In our study, the cortical buccal bone thickness was higher in the
mandible than maxilla in most sites this agrees with (Baumgaertel, 2007)
who measured the cortical bone thickness at 2, 4, and 6 mm from the
alveolar crest and said that Buccal cortical bone thickness was greater in
the mandible than in the maxillal20l,

CONCLUSION

A previous investigation is needed before mini-implant insertion. Buccal
cortical bone thickness showed an increase in value on moving from
coronal to the apical area in all sites and the degree of differences was
small between levels, so this increase was not significant statistically. In
mandible, the buccal cortical bone thickness was increased as we move
from the anterior to the posterior area. The buccal Cortical bone
thickness is thicker in the mandible compared to the maxilla.
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