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ABSTRACT
Background: Two factors, safety and stability that clinicians should consider during miniscrew implant placement. Safety is in-
volved to MD distance and stability is involved to bone thickness. No Iraqi studies had been evaluated bone thickness and me-
siodistal distance related to mini-implant placement for orthodontic anchorage at age 18 -35 years
The aim of study: This study aimed to assess the three dimensional interradicular areas and the cortical bone thickness in Iraqi pa-
tients wit h Class I skeletal pattern and to determine the safe and suitable sites for orthodontic miniscrew implant by use the CBCT.
Materials and Methods : The sample of the present study include a total of 20 Iraqi arabic patients aged 18-35 years of both sexes 
(10 males and 10 females) attending the Porceka Center at al Hilla city for CBCT scan for different  CBCT diagnostic purposes from 
the period between November 2014 to May 2015.Measurements were made from the mesial aspect of the first premolar to the 
mesial aspect of the second molar of mandible, at 2, 4, 6, 8, and 10 mm heights from the alveolar bone crest in each interradicular 
area.
Results: In males, the greatest buccal cortical thickness, buccolingual alveolar process width and mesiodistal distance were be-
tween the first and second molar at 10-mm height (3.8 ± 0.92 mm, 15.7 ± 1.33 mm and 4.7± 1.01respectively). In females, the 
greatest buccal cortical thickness, buccolingual alveolar process width and mesiodistal distance were between the first and second 
molar at 10-mm height (2.7 ± 0.16 mm, 13.8 ± 1.59 mm and 6.1± 0.91respectively). There was statistically significant sex difference 
in buccal cortical thickness, buccolingual alveolar process width and mesiodistal distance which were larger with males.
Conclusion: Cone Beam Computed Tomography is a precise tool for evaluation the interradicular area and buccal cortical bone 
thickness to select the most suitable position of orthodontic  miniscrew insertion.
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INTRODUCTION
Microscrew have many advantages, including 

effort less removal and placement, immediate 
cramming, minimize anatomical constraints due to 
their low and cost small size. Plenty reports have coped 
with various clinical cases, for example posterior 
or anterior teeth retraction, All teeth  retraction, 
distalization , up righting or protraction of molars. (1,2).

Several sites had been proposed for the 
placement of miniscrews or microscrew implants. 
Most recommended sites were the midpalatine area; 
Interradicular spaces are generally the site of choice 
for mini implant placement for their ease of access, 
simplicity of procedure, and less traumatic placement 
(3). The buccal interradicular area is commonly 
selected for miniscrew implant placement (4,5).

This area is not only easy for miniscrew 
implant placement, but also allows relatively simple 
orthodontic mechanics (3,6).

In craniofacial imaging the final advancing have 
made it possible to obtain (3D) acting with CBCT of 
the craniofacial structures. 

CBCT was first enters to dentistry in the United 
States at the University of Loma Linda in 2000. (7).

The CBCT technique lets rapid data acquirement 

more than CT. Evolved software is found for all unit, 
letting measuring and processing for image. With a 
versatile range of uses in the dental purposes, CBCT 
applications for diagnosis and treatment planning. 
Orthodontics has many advantages from CBCT. (8).

Compared with CT machines the advantages of 
CBCT are rather low cost and smaller size, 3D images 
of maxillofacial structures, easy of uses, rapid scans. 
Radiation dose levels achieved by CBCT is awarder 
to an all-mouth sequence, and less than (2 panoramic 
radiographs), adoption on the use setting. (9, 10).

The final accuracy studies include CBCT image 
have shown that 3D measurements they are close to 
reality and more accurate than 2D measurements. (11, 

12).
Varied results of the accuracy of CBCT scan has 

been restudied on many machines. No statistically 
significant differences between anatomic truth and 
CBCT images found BY Some authors. (13).

Whereas others illustrated differences that, even 
though statistically different, were not considered 
clinically significant (14, 15).

CBCT which introduce clear 3D images with low 
voxel size. In recent years, has been broadly used in 
craniofacial diagnoses, orthodontics, and for accurate 
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surgical guidance for miniscrew placement. (16, 17).
In the present study, Cone Beam Computed 

Tomography was used as an aid in selection of precise 
position for miniscrew insertion.

MATERIALS AND METHODS
Prospective study of CBCT scans for (20) Iraqi 

patients, with equal number of each gender (10males 
and 10 females), age ranged from (18-35) yrs. were 
analyzed. The sample collected from patient attending 
Porceka center in Al-Hilla City CBCT scan for 
different diagnostic purposes from November 2014 
to May 2015.
Criteria for the sample selection:

    Full eruption of permanent dentition (except 
for third molars),no history of previous orthodontic 
treatment ,no missing teeth (exclude third molars),no 
severe craniofacial disorders, no severe periodontitis 
or periapical lesion, no large metal restoration, no 
severe crowding and spacing in posterior teeth and 
Class I skeletal pattern.

  The examination was performed Cone Beam 
Computed tomography KODAK 9000C 3D machine 
(Trophy, France)

   The patients were prepared for the exposure by 
asking them to remove any spectacles, jewelry, ear 
rings, and hearing aids. 

Each patient was scanned on KODAK 9000C 3D 
machine (Trophy, France) which is in compliance with 
the requirements of the EEC (European Economic 
Community) and International Medical standards at 
70kV and 10mA for 10.8 seconds for each quadrant 
of the jaw.

The CBCT images were formatted into standard 
DICOM and reconstructed into continuous slices at 
1.0 mm thickness each. The CT image analysis for 
each image was conducted by Kodak 3D viewer, 
2.2 version software, and oblique slicing images 
with sections of 1.0mm thickness were chosen for 
measurements. 

The images were coincided in all the views 
(Cross-sectionl,Panoramic,and Axial) Figure(1).

Figure1:CBCT image (panoramic, axial,and cross-sectional)
Befor taking the linear measurment at various 

levels from the crest of alveolar bone.The cross-
sectional images were perpendicular to the axial and 
panoramic planes.These images was used to measure 
mandibular Mesiodistal distance (MD), Buccolingual 
alveolar process width (BL) and Buccal cortical bone 
thickness (B-C).
Mesiodistal distance (MD): The distance between 
parallel lines tangent to the adjacent proximal root 
surfaces in the axial image Figure(2).

Figure2: Measurement of the interradicular distances
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Buccolingual alveolar process width (BL): This 
width was measured at the center of the interradicular 
width between the tangent lines to the proximal root 
surfaces, from the outer most point on the buccal side 
to the outermost point on the lingual side Figure(3).

Figure 3: Measurement of the alveolar process width.
Buccal cortical bone thickness (B-C): The distance 
between the external and internal aspects of the 
buccal cortex midway between the tangent lines to 
the proximal root surfaces Figure(4).

Figure 4: Measurement of the buccal cortical bone thickness
Procedure to measure CBT is as follows. Buccal 

CBT measurement was done at the interradicular 
space between 1st premolar-2nd premolar(4-5) and 2nd 
premolar-1st molar(5-6) and 1st molar-2nd molar(6-7) 
at 5 different levels, that is, (2,4,6,8,10) below the 
crest of alveolar bone. Each measurement was taken 
from the buccal alveolar plate. For this measurement, 
a reference horizontal line was drawn at the crest 
of alveolar bone parallel to CEJ and 5 horizontal 
measurements were taken parallel to this line at 5 
different vertical levels.

To assess the safety of implant placement 
between these teeth, the mesiodistal interradicular 
distance and the alveolar process width (transverse 
distance from the buccal surface of the cortical bone 
to the lingual surface of the alveolar process) were 
measured. 

For initial stability evaluation, cortical bone 
thickness was measured. First, sagittal images 
between the first premolar and the second premolar 
area that passed through the middle of the two teeth 
were constructed, then a horizontal line passing at the 

crest of alveolar bone of the two teeth was drawn and 
then a horizontal lines was drawn at 5 heights from 
this transverse line 2, 4, 6 , 8 and 10mm.Figure(5).

Figure 5: Sagittal images between the first premolar and the 
second premolar Sequential axial plane images at these 5 levels 
were constructed to measure the alveolar process width, me-
siodistal distance (MD)and buccal cortical bone thickness at 
each axial plane at 2, 4, 6 ,8and 10 mm from the crest of alveolar 
bone.

For each patient, 45 measurements were 
measured and performed by one investigator.
Statistical Analysis:

Data were translated into a computerized 
database structure. An expert statistical advice was 
sought for. Statistical analyses were computer assisted 
using SPSS version 21 (Statistical Package for 
Social Sciences). Frequency distribution for selected 
variables was done first. 

The outcome measurements were normally 
distributed variables as tested by Kolmogorov-
Semirnov test. Such variables are described by mean, 
standard deviation (SD) and standard error (SE). 
The statistical significance of differences in mean of 
a normally distributed variable between males and 
females was assessed by independent samples t-test. 

The statistical significance of differences in mean 
of a normally distributed outcome variable measured 
more than once in the same subject (different vertical 
and AP positions) requires paired significance testing 
in a repeated measure general linear model analysis.

Cohen’s d is a standardized measure of effect 
size for difference between 2 means, which can be 
compared across different variables and studies, since 
it has no unit of measurement. Cohen’s d = (mean1-
mean2) / Pooled SD of the 2 groups. Cohen’s d < 0.3 
small effect, 0.3-0.7 (medium effect), while 0.8 and 
higher is a large effect.
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A multiple linear regression model was used 
to study the net and independent effect of a set of 
explanatory variable on a quantitative outcome 
(dependent) variable.
RESULTS

Summary for the effect of sex, change in vertical 
level and change in (AP) position
Buccal cortical bone thickness 

As shown in table (1), the net and independent 
effect of gender, vertical level and horizontal (AP) 
position were evaluated for their effect on buccal 
cortical bone thickness in a multiple linear regression 
model. The model was statistically significant and 
able to explain 0.74 of observed changes in the 
dependent (response or outcome) variable.

Being a male it is expected to significantly 
increase buccal cortical bone thickness by a mean 
of 0.47mm compared to female after adjusting 
(controlling) for vertical and horizontal level. For 
each 1mm increase in vertical level from the alveolar 
bon crest, the bucal cortical bone thickness is expected 
to significantly increase by a mean of  0.18mm after 
adjusting (controlling) for gender and horizontal 
level.

Compared to the most frontal position (4-5)
after adjusting (controlling) for gender and vertical 
level, at the positions (5-6) and (6-7)is expected to 
significantly increase buccal cortical bone thickness 
by a mean of(0.24,1.02mm)respectively.   

Buccolingual alveolar process width
As shown in table (2), the net and independent 

effect of gender , vertical level and horizontal (AP) 
position were evaluated for their effect on buccolingual 
alveolar process width in amultiple linear regression 
model. The model was statistically significant and 
able to explain 0.75 of observed changes in the 
dependent (response or outcome) variable.

Being a male is expected to significantly 
increase buccolingual alveolar process width by a 
mean of 2.08mm compared to female after adjusting 
(controlling) for vertical and horizontal level.

For each 1mm increase in vertical level from the 
alveolar bon crest, the buccolingual alveolar process 
width is expected to significantly increase by a mean 
of 0.48mmafter adjusting (controlling) for gender and 
horizontal level.
Compared to the most frontal position (4-5)after adjusting 
(controlling) for gender and vertical level, at the positions (5-
6) and (6-7)is expected to significantly increase buccolingual 
alveolar process width by a mean of (1.07,3.27mm) 
respectively.
Mesiodistal (inter-radicular) distance (MD)

As shown in table (3), the net and independent 
effect of sex, vertical level and horizontal (AP) 
position were evaluated for their effect on mesiodistal 
(inter-radicular) distance (MD) in a multiple linear 
regression model. The model was statistically 
significant and able to explain (0.69) of observed 
changes in the dependent (response or outcome) 
variable.

Being a male is expected to significantly decrease 
mesiodistal (inter-radicular ) distance (MD)by a mean 
of (-0.34)mm compared to female after adjusting 
(controlling) for vertical and horizontal level. 

For each 1mm increase in vertical level from the 
alveolar bone crest, the mesiodistal (inter-radicular) 
distance (MD) is expected to significantly increase by 
a mean of (0.21) mm after adjusting (controlling) for 
gender and horizontal level.

Compared to the most frontal position (4-5)after 
adjusting (controlling) for sex and vertical level, at the 
positions (5-6) is expected to significantly decrease 
mesiodistal (inter-radicular ) distance (MD)by a mean 
of (-0.41mm),and (6-7)is expected to significantly 
increase mesiodistal (inter-radicular ) distance (MD)
by a mean of  (1.25)mm.

Table 1: Effect of gender, vertical and (AP) level on buccal cortical bone thickness

Cortical thickness (mm) Partial regression 
Coefficient P Standardized Coefficients

(Constant) 0.09 0.21[NS]

male compared to femal 0.47 <0.001 0.285

(5-6)compared to(4-5) 0.24 <0.001 0.136

(6-7)compared to(4-5) 1.02 <0.001 0.584

Level(distance from crest inmm) 0.18 <0.001 0.615

R2=0.74
P (Model) <0.001
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Table 2: Effect of Sex, vertical and (AP) level on buccolingual alveolar process width

Buccolingual alveolar process 
width (mm)

Partial regression 
Coefficient P Standardized Coefficients

(Constant) 5.43 <0.001
male compared to femal 2.08 <0.001 0.411
(5-6)compared to(4-5) 1.07 <0.001 0.200
(6-7)compared to(4-5) 3.27 <0.001 0.609

Level(distance from crest in mm) 0.48 <0.001 0.538

R2=0.75
P (Model) <0.001

Table 3: Effect of sex, vertical and (AP) level on mesiodistal (inter-radicular ) distance (MD)

Mesio-distal 
(inter-radicular)distance in mm Partial regression Coefficient P Standardized Coefficients

(Constant) 2.02 <0.001
male compared tofemal -0.34 <0.001 -0.149
(5-6)compared to(4-5) -0.41 <0.001 -0.170
(6-7)compared to(4-5) 1.25 <0.001 0.521

Level
(distance from crest in mm) 0.21 <0.001 0.529

R2=0.69
P (Model) <0.001

DISCUSSION
Computed Tomography permits the dental 

professional to visualize what the conventional 
radiographs never showed. The visualization of labial/
buccal and  lingual plates was not possible due to image 
superimposition of conventional radiographs(18). 
CT gives accurate and reliable measurements of 
mandibular cortical bone thickness(19).

In the present study , CBCT was used since the 
effective dose of radiation for CBCT scans is much 
lower than for medical Computed Tomography scans 
and is restricted to maxillofacial area(20).

The interradicular spaces were the areas of 
interest in this study, since they were generally the site 
of choice for mini implant placement for their ease 
of access, simplicity of procedure, and less traumatic 
placement.

The choice of current study for the mandible  as 
the sites for measuring cross-sectional bony thickness 
was made for practical and application based issues.

In the mandible, the space between the 2nd 
premolar and 1st molar is the preferred site for 
anterior tooth retraction, and the space between the 
1st premolar and 2nd premolar is often used for 
the mesial movement of molars. In addition, the 
mandibular buccal molar areas can be used for an 
TAD to intrude the molars(21).

Therefore, determination of the cortical bone 

thickness of the mandibular molar region will be 
helpful for the selection of TAD placement sites.In 
the present study the side with full set of dentition 
was studied for measurements to exclude the effect 
of extraction on bone thickness. This was decided 
because that it was concluded that no significant 
difference existed in thickness of cortical bone 
between the sides of the mandible (19, 22).
Buccal cortical bone thickness 

According to Dalstra and Melsen(2004)(23),a 
microimplant should have enough initial stability 
if peri-implant bone tissue has more than 1mm of 
cortical bone thickness. Motoyoshi et al., (2007) (24) 
stated that the mini-implant site should have a cortical 
bone thickness of at least 1.0 mm. In present study, 
more than1mm cortical bone thickness in all locations 
except at 2 mm from the crest of alveolar bone at the 
position between first and second premolars which 
is not a suggested area for mini-implant placement. 
Therefore, if all other factors of initial stability are 
satisfied, the range of mean cortical bone thickness 
in this study should provide sufficient initial stability.
In this study a statistically significant difference between 
males and females in alveolar cortical bone thickness was 
found. The cortical bone thickness were greater in males than 
in females .These results is agreed with those found by Kang 
et al,2007, Ono et al.,2008 and Fayed et al.,2010(25,26,5)who 
observed that the cortical bone thickness is more in males 
than in females.
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The sex difference in cortical bone thickness 
recorded in the current study might be expected 
because males have larger bite forces and masticatory 
muscles than females (27, 28) .

Males have larger masticatory muscles and greater 
maximum biting forces than females (28, 29). Although 
sex differences in diet have been reported maximum 
biting forces rarely occur in daily mastication (30, 31). 
The forces required to masticate modern diets is far 
below the maximum biting force (32). The similarity 
in cortical bone thickness indicates that the strains 
associated with daily masticatory forces are more 
important in determining group differences than 
maximum bite forces or muscle mass.

On the other hand, other studies reported no 
sex differences in cortical bone thickness which 
are inconsistent with the present study. This lack 
of sex difference in cortical bone thickness has 
been previously demonstrated by Deguchi  et al., 
2006;Ono et al., 2008; Park et al., 2008; Choi et al., 
2009; Farnsworth et al., 2011)(33,26,34,35,6).

Another interesting finding was that gradual 
increase in the alveolar cortical bone thickness at 
different distances from the alveolar crest was found.

 These results is agreed with those found by 
Deguchi et al., 2006(33) and Ono et al., 2008(26).who 
observed that the cortical bone thickness tends to be 
thicker at greater heights and thinner at shallow levels.

In a study conducted by Park and Cho 2009(34), 
the thickness of mandibular cortical bone, increasing 
from the CEJ toward the apex which are consistent 
with the present study.

Moslemzade et al., 2014(35)found similar results 
in their morphometric study; they reported buccal 
cortical bone increases in thickness as the distance 
of the measurement points from the alveolar crest 
increases.

However Ono et al., 2008(26) showed that the 
greater the height, the thicker the cortical bone tended 
to be which are consistent with the present study

In the current study , it was revealed that cortical 
bone thickness increased from anterior to posterior 
on the buccal side of the mandible, these findings 
are consistent with studies by Farnsworth et al., 
(2011), Horner et al., (2012) and Moslemzade et 
al., (2014)(6,36,35).The pattern can be explained by 
masticatory force distribution within the mandible. 
The force developed during biting increases from 
anterior teeth to molars (37 ,38). Therefore, bone in the 
molar areas is subjected to the higher levels of stress 
and strains, necessitating more bony adaptation than 
in the anterior region. The thicker cortical bone in 

the posterior mandible makes it well suited for MSI 
placement.

In a study by Baumgaertel and Hans (2009) 
(4), cortical bone thickness in the buccal area for the 
placement of mini-implants was evaluated on 30 dry 
skulls using CBCT technique. The results showed a 
higher cortical bone thickness in posterior areas and 
the thickness increased by moving away from the 
bone crest, consistent with the results of the present 
study. 

These results are agreed with those found by 
Baumgartel and Hans, 2009(4) who found a buccal 
cortical bone thinnest in the anterior sextants of both 
jaws and a progressive increase toward the posterior 
region. Farnsworth et al., 2011(6) showed a cortical 
bone thickness decrease from posterior to anterior 
region. The current study suggests that the posterior 
area may contain denser and thicker cortical bone. This 
pattern might be explained by the higher functional 
demands placed on the posterior teeth (39, 40).
Buccolingual alveolar process width

Generally males are bigger than females in most 
dimensions(41),they have thicker alveolar ridge than 
females due to greater medullary bone in addition 
to larger teeth males have in comparison to females 
in all dimensions(42). The difference in tooth size and 
body size may explain the differences in alveolar 
ridge width. Swasty et al., 2011(43) reported that 
males have thicker ridges than females only in the 
premolar and canine regions of the upper third of 
the mandible which are inconsistent with the present 
study. However, their study was based on a wide age-
range (10-65 years old) and the number of males and 
females were not indicated.

The results of current study showed a consistent 
increase in the buccolingual thickness in most of the 
studied sites in the mandible when moving apically 
and posteriorly, Fayed et al., (2010) is in agreement 
with the results revealed by the present study.
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