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Abstract

Objective: The methods used for insertion of miniscrews to aid in orthodontic mechanics
dependson cortical bone morphology. The aim of this study was to test whethersexand/or
facial type (dolichofacial, mesofacial, and brachyfacial) affected mandibular buccal shelf
morphology with respect to cortical bone width and thickness.

Materials and Methods: This retrospective study analyzed the cone beam computed
tomographic (CBCT) images of 70 individuals (37 males, 33 females). The analysis focused on i)
mandibularbuccal shelf width at 4mm and 8mm from the CEJ, and ii) cortical bone thickness
parallel to the long axis of the distal root of the first molar and the mesial and distal root of the
second molar. Frankfort-Mandibular Plane Angle was used to assign femalesand malesto
brachyfacial (MPA <18.8°), mesofacial (MPA 18.8°-25.1°), and dolichofacial (MPA >25.1°)
groups. Independentvariables were i) sex (F,M), ii) facial type (D,M,B), iii) location (6D,7M,7D),
and iv) distance from the CEJ (4 mm, 8 mm). Analysis of variance was used to test for
independentvariable effects the two dependentvariables of i) buccal shelf width, and ii)
cortical bone thickness.

Results: Neithersex or facial type was significant with respect to mandibular buccal shelf
morphology. For women and men of all facial types and locations, bone width increased with
distance from CEJ (all p<0.05). Similarly, both women and men of all facial types showed
significantly increased bone width with progression distally from the first to the second molar
(all p<0.05). Allbone thickness measurements exceeded 2 mm.

Conclusions: The variables of sex and facial phenotype did not have a significant effectonthe
dependentvariables of buccal shelf bone width or thickness. Given that all thickness
measurements exceeded 2 mm, a pilotholeis a requirementforminiscrewinsertioninto the

mandibularbuccal shelf.
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Introduction

Obtainingand controllinganchorage in orthodontictreatment is a principle concern for
orthodontists. Although anchorage has been defined inseveral ways, a commonly accepted
definitionis “resistance to unwanted tooth movement” 1.2, The most basic form of orthodontic
anchorage isthe pitting of the dental units that are desired to move against dental anchorage
units of greater total root surface area, this may be furtheraided viathe use of ankylosed teeth
as points of anchorage when they are present. Adjunctive techniques have beenintroduced
that offera means of gaininggreater anchorage than is available through differential root
surface area by displacing the force of orthodontic tooth movementonto the skeleton through
the application of headgearand/or tooth-borne appliances such as transpalatal arches, the
lingual holdingarch, and the Nance button. Though these innovations offerimprovements to
orthodontic anchorage, they are not able to provide absolute anchorage. Absolute anchorage is
defined as the lack of movement of the anchorage unit teeth as a consequence of the reaction
forces appliedto move teeth3 . Absolute or near-absolute anchorage may be obtained by
utilizingankylosed teeth, osseointegrative implants, bone plates, or miniscrews as anchorage
units. Having the advantages of a lessinvasive technique of placementand removal, lower cost,
while providing the same rigid anchorage?*; miniscrews have become a powerful adjunctive tool
of obtaininganchorage inthe modern orthodontic practice.

Miniscrews are typically made from titanium alloys, are biocompatible, and non-
osseointegrative3. There is some ambiguity as to what their exact dimensions are withinthe

literature, but ingeneral theirdiameters have been described as being between 1.2mm and



2.3mm, and their lengths as being between 4mm and 20mm 3. They can be manufactured with
a wide variety of head and thread designs and with self-tappingand self-drilling features. Some
of the possible sites of placement of miniscrewsinclude the alveolarprocesses, the paramedian
portion of the hard palate, the retromolar pad, and the mandibular buccal shelf>. They may be
utilized as direct anchorage whenthey directly receive the reactive forces of tooth movement
or as indirectanchorage whenthey are tied to the anchor teeth via bars or wires3.

The method in which a miniscrew is placed has considerable influence inthe success or
failure of the miniscrew. Miniscrews may be placed by first elevatingaflap prior to insertion, or
through a flapless procedure where they are inserted through the gingiva. Studies have shown
that the flapless procedure resultsin less pain and swelling while providing comparable levels
of success therefore resultingin greater patient acceptance4®. Miniscrews may be placed with
(self-tapping) or without the drilling of a pilot hole (self-drilling) priorto insertion?. Typically, if
the miniscrew isself-drillinga pilotholeis unnecessary, but with cortical bone thicknesses
greater than 2mm a pilothole may be required to avoid over-torqueing’. Insertion torques
between5N-cm and 10 N-cm have been shown to provide improved success rates when
compared to miniscrews with insertion torques outside of that range?8. A study by Motoyoshi et
al, reported findings where miniscrews placed with less than 5 N-cm of torque had a 72.7%
success rate, those placed with more than 10 N-cm had a 60.9% success rate, while those
placed withinthe range of 5-10 N-cm had a success rate of 96.2%. It is believed that miniscrews
placed withtorques below the 5 N-cm may lack the mechanical retention necessary to remain
stable under load, while miniscrews placed with torques above 10 N-cm will have adequate

initial stability but then may lose stability due to osteonecrosis secondary to ischemiarelated to
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the increased outward pressure imparted on the bone by the miniscrew?®2°. A study from 2006
reportedthat the onlysites where miniscrews could be inserted with insertion torques within
the 5-10 N-cm range were sites where the cortical bone thickness was between 0.5mm and
1mm, theythen discussed that when an insertion site with dense and thick cortical bone s
selectedinsertion torque can be controlled by creating a pilot hole10. It is recommended that a
pilotholeis made 0.3mm smallerin diameterthan the diameterof the miniscrew and no
greater than 2-3mm indepth to preventinsufficienttorque3, othersources recommendthat
the diameter of the pilot hole be 85% of the diameter of the miniscrew!l, If the miniscrew is not
the self-drilling type, itis recommended that the pilothole be made to the full depth of
insertion10,

Insertion site selection dictates several of the clinical factors whichimpact the likelihood
of inflammation around the site of the miniscrew. The likelihood of failure with miniscrew
insertionis closely associated to the presence of inflammation at and around the miniscrew,
therefore clinical factors contributingto inflammation can be said to contribute to miniscrew
failure. For example, miniscrews placed in mobile mucosa are associated with increased levels
of inflammation and a 30% increase inthe rate of failurel when compared to miniscrews
placed in attached gingiva. When compared to miniscrews placed in attached gingivawhich
have been shownto have an approximately 90% success rate!2, those placed in mobile mucosa
have a lowerrate of success. Further contributing to inflammation, the site selected can
influence the ability of the patientto keep the miniscrew clean, poor oral hygiene at the siteis
associated withincreased levels of inflammation and reduced success rates. Studies have even

shown higherfailure rates on the right side of the jaw in some patients!314, thisfinding
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correlates to the individual patients’ dominantright hand beingless effective at cleansing the
implantsite on the patients’ right side. Dependingon the site selected, itis possible for
masticatory forces to be applied to the miniscrew. The application of masticatory force to the
miniscrew can resultin minortrauma creating micro-fracturing of the cortical bone surrounding
the insertionsite resultingininflammation all the way to gross trauma of the bone and
miniscrew itself®.

Cone beam computed tomography as an additionto orthodontic diagnosis has provided
the orthodontist with a powerful tool in the treatment planning of complicated cases and those
which would utilize miniscrews. CBCT allows the providerto selectan insertion site that will
provide adequate cortical bone thickness and density while avoiding anatomical structures,
with the added benefit of allowingvisualization and planning of the projected path of insertion
in three-dimensional space?>. Priorknowledge of the characteristics of bone thicknessand
density allows the provider to selecttheirinsertion protocol for the highest chance of success.
Visualization of tooth root position within the bone via CBCT imaging, prior to miniscrew
insertion, isvaluable inavoidingthe intraoperative complication of root contact. In a study by
Min etal., from 2012 theyfound that of 172 studied miniscrew insertions, proximity to roots
had the highest correlation with failure, and if the miniscrew contacted a root the chance of
failure was 68.8% 16. Using CBCT, Vargas et al showed that patients with shorter facial types
tendedto have thicker bone in the mandibularbuccal shelf than their counterparts with longer
facial types, also concluding that the best site for mandibular buccal shelf miniscrew insertion

was buccal to the distobuccal cusp of the second molar!’. From CBCT data, not only can the
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appropriate insertion site be selected, butthe insertion path can also be determined, and a
template can be constructed to aid the insertion processif desired.

To date, studies that have investigated the mandibularbuccal shelf as a site for
miniscrew insertion have focused primarily on race/ethnicity as a factor in bone quantity and
quality. Though that data is valuable in describing the mandibularbuccal shelfinthose racial or
ethnicgroups, many orthodonticproviders practice in regions where patient demographics are
lesshomogenousthan the populations representedin the available literature, their practices
consisting patients of many differentracial and ethnicbackgrounds. Factors such as sexand
facial type, across racial and ethnic groups, may be relevantwith respect to quantity and quality
of mandibularbuccal shelf bone that is available for placement of temporary anchorage
devices. This project tested the working hypothesis that both sex and facial type (dolichofacial,
mesofacial, and brachyfacial) affect both the quantity and the quality of the cortical bone of the
mandibularbuccal shelf. The outcomes of this project may have clinical implication for the use

of miniscrews withinthe mandibularbuccal shelf.

Materials and Methods

Description of sample
The study is retrospective, utilizing de-identified case records of individuals who

participatedin an earlierstudy. According to institutional review board oversight, all individuals
consentedto allow theirrecords to be utilized forresearch. Patients were of 18 years or older
and had cone beam computed tomography (CBCT) imaging of the maxillaand mandible.
Exclusion criteria from participationincluded evidence of craniofacial deformity or previous

mandibular osteotomies. Data collection was comprised of CBCT image files, age at time of
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imaging, and sex. All CBCT files were de-identified and assigned a case number. Using Dolphin
imaging software, the de-identified files were processed to produce a software generated
lateral cephalogram from which a cephalometricanalysis was performed. The analysisincluded
the Mandibular Plane to Frankfort Horizontal angle (MPA) to determine facial types of
brachyfacial, mesofacial, and dolichofacial. All cephalometricimages were traced by the same
individual. Subjects were divided into three groups based on MPA. The brachyfacial group had
MPA of <18.8°. Mesofacial subjects had MPA whichranged from 18.8° to 25.1°. The

Dolichofacial group had MPA >25.1°.

Landmarks and measurements
The cephalometriclandmarks of importance to this study are porion, orbitale, gonion,

and menton. The intersection of the linesformed by the two sets of points porion and orbitale
(FH), and gonion and menton (MP) form the mandibular plane to Frankfort horizontal angle
(°)(MP-FH).

The measurements of importance to this study include cortical bone thicknessand
buccal shelf bone width. These measurements were assessed at 3 siteson each side of the
mandible: (i) buccal to the distobuccal cusp of the mandibularfirst molar, (ii) buccal to the
mesiobuccal, and (iii) distobuccal cusps of the mandibular second molar. Cortical thickness of
buccal shelf bone was defined as the dimension of the cortical bone measured from the
midpoint of the osseous ledge buccal to the mandibularfirst and second molars, parallel to the
contour of the buccal root surfaces of the first or second molar. Buccal shelf bone width was

defined as the total amount of bone available inthe buccolingual direction from the most
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buccal point of the alveolarbone to the root of the mandibular molars at 4 and 8mm from the
CEJ, parallel to the occlusal plane. Intra-rater reliability of the bone width and cortical bone
thickness measurements was performed by orientingand measuringa randomly selected file
ten times by the primary investigator.

The de-identified CBCTimages were uploadedinto the Invivo6imaging software by
Anatomage (™Anatomage U.S., Santa Clara, CA) and oriented priorto measurement.
Orientation of the CBCT file images for measurement was performed by followinga protocol
described by Vargas, et al which allowsfor reliable and repeatable assessment of the
mandibular buccal shelf at the three sites of measurementdescribed earlier?’. First, the sagittal
plane established by passing a line through the furcations of the mandibular molars on the right
side (Figure 1). Then, the coronal plane was established by passinga line through the length of
the distal root of the first molar whenvisualized in a sagittal section (Figure 2). This process was
repeated for the measurements taken at the mesial and distal roots of the second molar. Next,
the axial plane was established by passing a line through the length of the distal root of the first
molar whenvisualized in a coronal section (Figure 3). This process was repeated for each
measurementsite. From these oriented files, the measurements of cortical bone thickness and
buccal shelf width were taken at the distobuccal cusp of the first molar, and the mesiobuccal
cusp and the distobuccal cusp of the second molar. Buccal shelf bone with was measured to the
nearest tenth of a millimeterat the most buccal point of the alveolarbone to the root, at both
4mm and 8mm from CEJ, parallel to the occlusal plane. Cortical bone thickness measurements
were made to the nearest tenth of a millimeterfromthe midpoint of the osseusledge, buccal

to the first and second molar, parallel to the contours of the buccal of the root surface.



From the three-dimensional image file, aderived lateral cephalogram was created using
the Dolphinimaging software (Dolphin, Registered TM) which was processed to provide the

measurement of the MP-FH angle previously mentioned.

Figure 1 Axial View of mandibular buccal shelf.

Axial view of the right side of the
mandible, with guidelinesto
orientthe sagittal plane through
the furcations of the first and
second molars and to orient the
coronal plane through the long
axis of the distal root of the first
molar.
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Figure 2 Sagittal View of mandible.

Sagittal view of the right side of the mandible, with
guidelinestoorientthe coronal plane on the long axis of
the distal root of the first molar.

Figure 3 Coronal View of mandibular
buccal shelf.

Coronal view of the leftside of
the mandible, with guide lines
orientingthe sagittal plane
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through the long axis of the
distal root of the first molar.

Figure 4 Mandibular buccal shelf measurement protocol example.

Coronal view of the leftside of the mandible, with
measurements of buccal shelf bone width at 4mm (A)
and 8mm from CEJ and cortical bone thickness
measuredin parallel to the root long axis (C).

Study Design and Statistical Analysis
Descriptive statistics of means and standard deviations of the cortical bone thickness

and buccal shelf width at each of the sites of measurements were calculated for each of the
three facial typesas well forthe two sexes. An analysis of variance test was performedto
compare within group for sex differences and between groups for phenotype effectsfor the
same sex. Cases were divided into three groups, dolichofacial (#males, #females), mesofacial
(#males, #females), and brachyfacial (#males, #females). Each group was also subdividedinto
three subgroupings based on the location of measurement, distobuccal cusp of the first molar,

mesiobuccal cusp of the second molar, and distobuccal cusp of the second molar. For analysis
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of the buccal shelf width, each subgrouping was then further divided intotwo further
subgroups, 4mm and 8mm from the cementoenamel junction. Analysis of variance was used to
test for independentvariable effects ontwo dependentvariables of (i) buccal shelf width, and
(ii) cortical bone thickness. The independentvariables were sex (Female, Male), facial type
(Brachyfacial, Mesofacial, Dolichofacial), location (6D, 7M, 7D), and distance from the CEJ
(4mm, 8mm). Significant differences were defined as havinga p-value <0.05 and a [3 value of >

0.08.

Table 1. Study Design

Study design required 10 subjects for each grouping of sex and facial typefor a total of 60
subjects, allowing for 10 data entries for each sub-grouping of sex, facial type, and distance
from CEJ.

Diagnostic Group Sex/CEJ distance Site #1 Site #2 Site #3
Female 4 mm N=10 N=10 N=10
Female 8 mm N=10 N=10 N=10

Dolichofacial
Male 4 mm N=10 N=10 N=10
Male 8 mm N=10 N=10 N=10
Female4 mm N=10 N=10 N=10
Female 8 mm N=10 N=10 N=10

Mesofacial
Male 4 mm N=10 N=10 N=10
Male 8 mm N=10 N=10 N=10
Female4 mm N=10 N=10 N=10

Brachyfacial
Female 8 mm N=10 N=10 N=10
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Male 4 mm N=10 N=10 N=10

Male 8 mm N=10 N=10 N=10

Results

1.0 Description of sample

Of the 89 CBCT image filesavailable inthe JGB study group, a total of 70 image files
representing 37 malesand 33 females, metthe inclusion criteria. Reasons for exclusion were
relatedto limited field of view of the image file orfirst or second molars were excluded from
the images. Included image files were divided into three diagnostic facial type groups,
brachyfacial (14 males, 5 females), mesofacial (11 males, 12 females), and dolichofacial (12
males, 16 females). Mean Frankfort mandibular plane angle of brachyfacial individuals as a
group was 14.8° £ 2.4°, males had a mean FMA of 14.5° + 2.7°, and females had a mean FMA of
15.7° £ 0.9°. Mean FMA of mesofacial individualsasa group was 21.8° + 1.9°, males had a
mean FMA of 22° + 1.9°, and females had a mean FMA of 21.6° + 1.8°. Mean FMA of
dolichofacial individuals as a group was 29.5° + 3.3°, males had a mean FMA of 29.4° + 3.5°,
and females had a mean FMA of 29.6° + 3°. Estimated standard error of repeated
measurements of bone width at 4 and 8 mm from the CEJ were +0.06 mm, indicating

confidence in measurementaccuracy to 0.2 mm.

2.0 Location differencesin bone width in women
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Within diagnostic groups, statistical analysis found site differencesinwomen dependingon

depth.

There was a general trend at 4 and 8 mm from the CEJ for increasing bone width with
progressionfrom 6D to 7D.

At 4 mm from the CEJ, the thinnestbone amongst all facial groups was located at 6D,
where widths were consistently under2 mm. Location differencesin bone width were
significantly differentin mesofacial and dolichofacial women. Mesofacial women had
significantly thickerbone width at 7D (p<0.05: 4.9mm % 2.9mm: Figure 5). Dolichofacial women
had significantly different bone width (all p<0.05) for all 3 locations. The thinnestbone width
was found at 6D (1.4mm + 0.7mm), followed by 7M (2.9mm + 1.6mm). The thickest bone was
at 7D (4.9mm * 2.1mm).

Progressingto 8 mm from the CEJ (Figure 6), thinnestbone widths amongst all facial
groups was at location 6D, and were consistently less than 4 mm. Location differencesinbone
width were significantly different forall three facial type groups. Brachyfacial women had
significantly different bone widths at sites 6D and 7D. The thinnest bone width was found at 6D
(p<0.05: 3.2mm *1.1mm). The thickestbone width was found at 7D (p<0.05: 6.7mm *
1.7mm). Mesofacial women had significantly thinnerbone at site 6D (p<0.05: 3mm * 1.8mm).
Dolichofacial women had significantly different bone width (all p<0.05) for all 3 locations.
Thinnest bone width was found at 6D (2.8mm = 1.6mm), followed by 7M (4.5mm + 1.7mm).

Again, the thickestbone was at 7D (6.6mm £ 1.3mm).
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Bone width within sex, facial type, 4mm from CEJ, by
measurement site.
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Figure 5 Female bone width at 4mm from CEJ by facial type and measurement site.

Bone width within sex, facial type, 8mm from CEJ, by
measurement site.
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Figure 6 Female bone width at 8mm from CEJ by facial type and measurement site.

3.0 Location differencesinbone width in men

Statistical analysesfound site differencesin bone width depending on depth and tooth site.



22

As notedin females, againthere was a general trend at 4 and 8 mm from the CEJ for
increasing bone width with progression from 6D to 7D.

At 4 mm from the CEJ, the thinnestbone amongst all facial groups was located at 6D,
where widths were consistently under2 mm. Location differencesin bone width were
significantly thickerat site 7D in all three facial types of men (p<0.05 in all). Brachyfacial men
had significantly thickerbone width at 7D (4.8mm + 2.5mm: Figure 7), as did mesofacial men
(3.3mm + 2.2mm: Figure 7), and dolichofacial men (4.8mm + 2.5mm: Figure 7).

Progressingto 8 mm from the CEJ (Figure 8), thinnestbone widths amongst all facial
groups was at location 6D, and were consistently less than 4 mm. Location differencesinbone
width were significantly different forall three facial type groups. Brachyfacial men had
significantly thicker bone at site 7D (p<0.05: 7.5mm *4.8mm). Mesofacial men had
significantly different bone width in all three sites (p< 0.05 inall), with the thinnest bone at site
6D (2mm % 1.2mm), followed by 7M (4.5mm + 2mm). Thickest bone was found at site 7D
(6.3mm £ 1.9mm). Dolichofacial men had significantly thinnerbone at site 6D (p <0.05: 2.8mm

+1.9mm).
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Bone width within sex, facial type, 4mm from CEJ, by
measurement site.
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Figure 7 Male bone width at 4mm from CEJ by facial type and measurement site.

Bone width within sex, facial type, 8mm from CEJ, by
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Figure 8 Male bone width at 8mm from CEJ by facial type and measurement site.

4.0 Depth effectson bone width within diagnosticgroups of women from the same site

There were significant differencesin bone width depending on depth, for the same tooth

position.

In femalesthere was a general trend of increasing bone width progressing from site 6D to

7D in all facial groups at both 4mm and 8mm from the CEJ, with correlating widths being



24

greater at 8mm from CEJ than at 4mm from CEJ at all measurementsitesand in all facial
groups.

In brachyfacial females (Figure 9) statistically thicker bone was seen at 8mm from CEJ at
sites 6D (p<0.05; @4mm: 1.4mm * 0.5mm, @8mm: 3.2 +1.1) and 7M (p<0.05; @4mm: 2.2mm
+ 0.8mm, @8mm: 5.4mm * 1.7mm). In mesofacial females (Figure 10) statistically thicker bone
was seenat 8mm from CEJ at all three sites, at 6D (p<0.05; @4mm: 1.5mm +1.1mm, @8mm:
3.0mm * 1.8mm), at 7M (p<0.05; @4mm: 2.2mm + 1.8mm, @8mm: 5.7mm * 2.5mm), and at
7D (p<0.05; @4mm: 4.9mm * 2.9mm, @8mm: 7.3mm % 1.8mm). In dolichofacial females
(Figure 11) statistically thickerbone was found at 8mm from CEJ only at site 7D (p<0.05;

@4mm: 4.9mm  2.1mm, @8mm: 6.6mm * 1.3mm).

Bone width within sex, facial type and
measurement site, by depth from CEJ.
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Figure 9 Brachyfacial female bone width within measurement sites, by depth from CEJ.
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Bone width within sex, facial type and
measurement site, by depth from CEJ.
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Figure 10 Mesofacial female bone width within measurement sites, by depth from CEJ.
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Figure 11 Dolichofacial female bone width within measurement sites, by depth from CEJ.

5.0 Depth effects on bone width within men from the same diagnosticgroup and site

There were significant differencesin bone width depending on depth, for the same tooth

position.
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In males there was a general trend of increasing bone width progressing from site 6D to 7D
in all facial groups at both 4mm and 8mm from the CEJ, with correlating widths being greater at
8mm from CEJ than at 4mm from CEJ at all measurementsitesand in all facial groups.

In brachyfacial males (Figure 12), statistically thicker bone width was found at 8mm from
CEJ at all three sites, at 6D (p<0.05; @4mm: 1.9mm * 0.8mm, @8mm: 3.6mm  1.8mm), at 7M
(p<0.05; @4mm: 2.4mm *1.2mm, @8mm: 5.4mm * 2.3mm), and at 7D (p<0.05; @4mm:
4.8mm * 2.5mm, @8mm: 7.5mm * 2.7mm). In mesofacial males (Figure 13) statistically thicker
bone was found at 8mm from CEJ at sites 6D (p<0.05; @4mm: 1.0mm * 0.8mm, @8mm: 2.0mm
+ 1.2mm) and 7D (p<0.05; @4mm: 3.3mm + 2.1mm, @8mm: 6.3mm * 1.9mm). In dolichofacial
males (Figure 14), no statistically significant differences were found between bone widths at

4dmm or 8mm from CEJ at any site.

Bone width within sex, facial type and
measurement site, by depth from CEJ.
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Figure 12 Brachyfacial male bone width within measurement sites, by depth from CEJ.
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Bone width within sex, facial type and
measurement site, by depth from CEJ.
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Figure 13 Mesofacial male bone width within measurement sites, by depth from CEJ.
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Figure 14 Dolichofacial male bone width within measurement sites, by depth from CEJ.

6.0 Location differencesin cortical bone thicknessin men and women

Statistical analysesfound a single statistically significantsite difference in cortical bone

thickness depending onfacial type and tooth site.
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In both malesand females, ageneral trend of progressively decreasing cortical bone

thickness from 6D to 7D in all facial types was seen (Figure 15, Figure 16)

When comparing tooth sites within sex and facial type, data showed a general trend of
progressively decreasing cortical bone thickness as progressing from sites 6D to 7D. This was
common to all facial types for both sexes. Statistical analysis found only site 6D (p<0.05: 8.0mm
+ 2.1mm) of brachyfacial males (Figure 16) which was statistically differentfrom other tooth
sites (7M: 6.2mm * 2.1mm, and 7D: 5.8mm % 2.0mm).

In terms of cortical bone thickness, comparisons of tooth sites by facial type, no discernable
pattern could be described nor did any facial type exhibitastatistically significant difference
from its counterparts within measurementsite and sex, for neither males nor females (Figure

17, Figure 18).

Cortical bone thickness of different facial types
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Figure 15 Female cortical bone thickness within facial types by measurement site.
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Cortical bone thickness of different facial types

by toothsite
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Figure 16 Male cortical bone thickness within facial types by measurement site.
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Figure 17 Female cortical bone thickness within measurement site by facial type.
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Cortical bone thickness at different tooth sites by

facial type.
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Figure 18 Male cortical bone thickness within measurement site by facial type.

7.0 Sex effects on bone thickness within facial types and location.

A general trend of decreasing bone thickness with progression from 6D to 7D was noted
among both males and females. At each site, males had thicker bone than females. At each site,
brachyfacial subjects had the greatest measured thickness, followed by mesofacial, while
dolichofacial subjects had the least measured thickness (Figure 19, Figure 20, Figure 21). The
thickest bone for each sex was found at site 6D for all three facial types, while the thinnest was
found at site 7D. No statistically significant differences were noted between the sexes when

looking at bone thickness by facial type and measurementsite.
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Bone thickness within facial type and
measurement site, by sex.
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Figure 19 Brachyfacial bone thickness by sex.
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Figure 20 Mesofacial bone thickness by sex.
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Bone thickness within facial type and
measurment site, by sex.
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Figure 21 Dolichofacial bone thickness by sex.

8.0 Sex effects on bone width within facial types, depth from CEJ, and location.

A general trend of increasingbone width with progression from 6D to 7D was noted
among both males and females at both depths of 4mm and 8mm from CEJ. Bone width was
typically greater at 8mm from CEJ than at 4mm from CEJ for both males and females at all
locations (Figures 22-27). For each facial type, the greatest bone width was found at site 7D and
the leastbone width was found at site 6D, with the measurements at 8mm from CEJ being
greater than those at 4mm from CEJ. No statistically significant differences were noted

betweenthe sexes whenlooking at bone width by facial type and measurementsite.
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Bone width within facial type and depth from CEJ,

by sex.
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Figure 22 Brachyfacial bone width at 4mm from CEJ by sex.

Bone width within facial type and depth from CEJ,
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Figure 23 Mesofacial bone width at 4mm from CEJ by sex.
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Bone width within facial type and depth from

CEJ, by sex.
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Figure 24 Dolichofacial bone widthat 4mm from CEJ by sex.
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Figure 25 Brachyfacial bone width at 8mm from CEJ by sex.
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Bone width within facial type and depth from CEJ,
by sex.
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Figure 26 Mesofacial bone width at 8mm from CEJ by sex.
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Figure 27 Dolichofacial bone widthat 8mm from CEJ by sex.

Discussion

This study investigated the impact of sex and facial type on mandibular buccal shelf

bone width and cortical thickness. The results showed a trend of increasing buccal shelf bone
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width with progression from sites 6D to 7D. This trend holds true for both malesand females,
diagnosticfacial types, and when measured at 4mm or 8mm from CEJ.

Buccal shelf bone width values measured at 8mm from the CEJ were always greater
than corresponding measurements at 4mm from CEJ. This trend holds true for both malesand
females, all measurementsites, and in all diagnosticfacial types. The findings are consistent
withthe typical remodeling/growth pattern of the mandible where bone is resorbed from the
internal surfaces of the cortex and deposited on the external surfacesresultingin a wider
inferioraspect than the narrower superioraspect. If the measurements are made parallel to
the occlusal plane, and if the molars are relatively upright, it should be expected to see larger
width values as withincreasing distance from the CEJ.

Cortical bone thickness measurements showed a trend of progressively decreasing
magnitude with progression distally fromssite 6D to site 7D. When comparing the values
between malesand females, the values were similarat all measurement ssites within diagnostic
facial type groupings. This would indicate little if any impact of sex on cortical bone thickness
values within diagnosticfacial types. All cortical bone thickness measurements were above the
recommended limitof 2 mm for miniscrew insertion withouta pilot hole beingdrilled’. Also of
note, all the cortical bone thickness measurements were well above the averages reported by
Park et al. (2.48mm at the first molar and 3.17mm at the second molar). This is likely due to the
current study protocol of measurements being made parallel to the buccal surface of the molar
root. Park reported an insertion method of 10-20 degrees from the longaxis of the respective

molaris,
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In 2020, Vargas et. al, reported findings from their study which investigated facial
heightsimpact on mandibular buccal shelf and infrazygomatic crest bone thickness. Vargas’
study described similarfindings as was found in this investigation, a progression of increasing
mandibularbuccal shelf width and thickness with progression distally from the first to second
molar regions!’. Unlike the results of this study, Vargas reported a correlation between
brachyfacial facial type and increased mandibular buccal shelf width and thickness. However,
the reported Spearman correlation coefficients ranged from -0.437 to 0.119 indicatinga weak
correlation at best?’.

A 2021 article published by Aleluiaetal. investigated the effects of facial types
(hypodivergent, normodivergent, hyperdivergent) on mandibular buccal shelf thickness and
bone height. Theirstudy incorporated an investigation of the effect of sex and right vs leftsided
differencesinfluence on MBS thickness and bone height. Theirresults reported no significant
differencesin mean MBS bone thickness or height were found based on sex or right vs left
difference®®. Like the data presentedin the current study, Aleluiaalsoreportedincreasingbone
width with distal and inferior progression from the first molar®. However, similarto Vargas,
they alsofound a correlation between individuals with a short face height or hypodivergent
facial type and increased MBS bone width when compared to theirnormodivergent
(mesofacial) and hyperdivergent (dolichofacial) counterparts?®.

One limitation of the study was the lack of information concerning subject’s prior
history. It isunknown if any of the subjects had received orthodontics prior to imaging. This
would impact the orientation and placement within the bone of the mandibular molars

therefore possibly impacting the amount of buccal shelf bone width. Another limitationisthat,
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unlike Aleluiaetal., no comparison of the difference inrightvs leftsided measurements was
made.

Future work should focus on investigating the impact of the angulation of insertion on
the relative thickness of cortical bone. The findings of this study suggest that all sites required
predrilling priorto miniscrew insertion parallel to the long axis of the root. It would be
beneficial to compare the impact of changing the insertionangle.

Itis possible that a combination of insertion site, distance from CEJ, and angle to root
long axis, would produce sufficient cortical bone width withoutthe need for predrilling. It
would be worthwhile toinvestigate the impact of both sex and facial type on the needfor
predrilling underthe various combinations of site, distance from CEJ, and miniscrew insertion

angle relative to tooth root longaxis.

Conclusions
This project tested the working hypothesis that both sex and facial type (dolichofacial,

mesofacial, and brachyfacial) affect the width and thickness of bone of the mandibular buccal
shelf. The findings of this study can be summarized as follows:
1. Neithersexnor facial type had a significantimpact on mandibular buccal shelf
morphology.
2. Allmeasuredsitesshowed cortical bone thickness valuesthat indicate the

requirement of a pilothole beingdrilled priorto miniscrew insertion.
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3. Mandibular buccal shelf bone width progressivelyincreases when progressing
distally with respect to positioninthe mandible or inferiorly with respectto distance

from the CEJ.

Table 2 Female CBT within facial type by measurement site.

Female cortical bone thickness by facial type, measured the distobuccal cusp of the first
molar, the mesiobuccal and distobuccal cusp of the second molar.

Females
Facial Type Meatsgitczmen Cortical B(;?SDT:\i/():I;::s (Meanz P Value B Value

6D 7.6+2.2

Brachyfacial ™M 5.4+1.0 0.051 0.58
7D 5.310.9
6D 6.4+1.9

Mesofacial ™ 55+1.7 0.36 0.215
7D 5.1+3.0
6D 6.0+2.0

Dolichofacial ™ 57122 0.35 0.227
7D 5.0+1.8
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Table 3 Male CBT within facial type by measurement site.

Male cortical bone thickness by facial type, measured the distobuccal cusp of the first molar,
the mesiobuccal and distobuccal cusp of the second molar.

Males
Facial Type Measstjiizment Cortical B(;:SD'I':\iljkmn:s (Meant P Value 8 Value
6D 8.012.1
Brachyfacial ™M 6.2+1.6 0.01 0.801
7D 5.8+2.0
6D 7.6+1.6
Mesofacial ™ 6.5+1.9 0.063 0.545
7D 5.8+1.8
6D 6.4+3.0
Dolichofacial ™ 57112 0.568 0.136
7D 5.5%1.5
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Table 4 Female bone width within facial types and 4mm from CEJ by measurement site.

Female buccal shelf bone width within facial type measured 4mm from the CEJ at the
distobuccal cusp of the first molar, the mesiobuccal cusp and the distobuccal cusp of the

second molar.

Females
4mm from CEJ

Facial Type Site V\gtc(ljtge(\l/\;lfr?n:i Significance p Value B Value
6D 1.4+0.5

Brachyfacial ™ 2.2+0.8 0.073 0.512
7D 4.02.7
6D 1.5+1.1

Mesofacial ™ 22+1.8 0.001 0.96
7D 4929 *
6D 1.4+0.7 *

Dolichofacial ™ 2916 * <0.001 1
7D 4921 *
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Table 5 Male bone width within facial types and 4mm from CEJ by measurement site.

Male buccal shelf bone width by facial type measured 4mm from the CEJ at the distobuccal
cusp of the first molar, the mesiobuccal cusp and the distobuccal cusp of the second molar.

Males
4mm from CEJ

Facial Type Site V\gic;e(\ll\)/l?r:i Significance p Value B Value
6D 1.9+0.8

Brachyfacial ™M 24+1.2 <0.001 0.992
7D 4.8+2.5 *
6D 1.0+0.8

Mesofacial ™ 1.9+1.1 0.003 0.906
7D 3.3+2.1 *
6D 1.1+0.5

Dolichofacial ™ 29+3.1 <0.001 0.979
7D 55+2.6 *




43

Table 6 Female bone width within facial type and 8mm from CEJ by measurement site.

Female buccal shelf bone width by facial type measured 8mm from the CEJ at the distobuccal
cusp of the first molar, the mesiobuccal cusp and the distobuccal cusp of the second molar.

Females
8mm from CEJ

Facial Type Site V\éﬁ;ge(\'/\;lfr:i Significance p Value B Value
6D 3.2+1.1 *

Brachyfacial ™M 5.4+1.7 0.011 0.828
7D 6.7+1.7 *
6D 3.0+1.8 *

Mesofacial ™ 5.7+25 <0.001 0.996
7D 7.3+1.8
6D 2.8+1.6 *

Dolichofacial ™ 45+1.7 * <0.001 1
7D 6.6+1.3 *




Table 7 Male bone width within facial type and 8mm from CEJ by measurement site.

Male buccal shelf bone width by facial type measured 8mm from the CEJ at the distobuccal
cusp of the first molar, the mesiobuccal cusp and the distobuccal cusp of the second molar.

Males
8mm from CEJ

Facial Type Site \Aéﬁge(\ll\;]:n:i Significance p Value B Value
6D 3.6+1.8

Brachyfacial 7™M 5.4+2.3 <0.001 0.971
7D 7.5+2.7 *
6D 2.0+£1.2 *

Mesofacial ™ 4.5+2.0 * <0.001 0.999
7D 6.3+1.9 *
6D 2.8+1.9 *

Dolichofacial ™ 5.2+33 0.001 0.971
7D 7.6+2.7

Table 8 Bone thickness within facial type and site by sex.

Bone thickness within facial type, site measured at the distobuccal cusp of the first molar, the
mesiobuccal cusp and the distobuccal cusp of the second molar, by sex.

Measurement

Cortical Bone Thickness (Mean

Facial Type Site + StdDev) mm Significance | P value
Male Female

6D 8+21 7.6+22 0.9
Brachyfacial ™M 6.2116 5411 0.5
7D 58+2 53+0.9 0.09
6D 7.6+1.6 6.4+19 0.8
Mesofacial ™ 6.5+1.9 55+1.7 0.5
7D 58+1.8 51+3 0.2
6D 6.4+3 6t 0.2
Dolichofacial ™M 57+1.2 57122 0.2
7D 55+1.5 5+1.8 0.6
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Table 9 Bone width within facial type, site, and 4mm from CEJ, by sex.

Bone width by facial type measured 4mm from the CEJ at the distobuccal cusp of the first

molar, the mesiobuccal cusp and the distobuccal cusp of the second molar, by sex.

Amm from CEJ

Width (Mean * StdDev)

Facial Type Measurement Site mm Significance VaF;ue
Male Female

6D 1.9+0.8 1.4 +£0.5 0.2
Brachyfacial ™M 24+1.2 22+0.8 0.2
7D 4.8+25 4+27 1
6D 1+0.8 15+1.1 0.4
Mesofacial ™ 19+1.1 22+1.8 0.2
7D 33+21 49+29 0.2
6D 1.1+0.5 1.4+0.7 0.8

Dolichofacial ™ 2931 29116 * 0.02
7D 55126 49+2.1 0.4

Table 10 Bone width within facial type, site, and 8mm from CEJ, by sex.

Bone width by facial type measured 8mm from the CEJ at the distobuccal cusp of the first
molar, the mesiobuccal cusp and the distobuccal cusp of the second molar, by sex.

8mm from CEJ

Width (Mean # StdDev)

Facial type Measurement Site mm Significance VaIIDue
Male Female

6D 3.6+1.8 32+1.1 0.4
Brachyfacial ™ 54+23 54+17 0.5
7D 7.5+2.7 6.7+1.7 0.4
6D 2112 3+1.8 0.2
Mesofacial ™ 5 57+ 25 0.7
7D 6.3+1.9 7.3+1.8 0.8
6D 28+1.9 28+1.6 0.4

Dolichofacial ™ 52+33 45+17 * 0.03
7D 7.6+27 6.6+13 0.3
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