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Abstract: Introduction: Infrazygomatic crest (IZC) miniscrews are widely used for skele-
tal anchorage in orthodontics. Despite their growing popularity, the optimal insertion
parameters—such as height, angulation, and anatomical position—remain controversial,
with existing studies offering inconsistent and fragmented data. Aim: To determine the op-
timal insertion position, height, and angulation of infrazygomatic miniscrews to maximize
bone insertion using cone-beam computed tomography (CBCT) analysis and to investigate
the influence of facial skeletal patterns on IZC bone morphology. Methods: This review was
conducted according to the PRISMA 2020 guidelines. A comprehensive electronic search
was performed across six databases: PubMed, Scopus, Web of Science, Cochrane, EBSCO,
and Google Scholar. Studies reporting CBCT-based IZC bone thickness were included.
A meta-analysis was conducted using a random-effects model, and meta-regression was
applied to assess the relationship between insertion height, angulation, and bone thickness.
The STROBE checklist was used to assess the quality of the included observational studies.
Results: Seventeen studies comprising a total of 1840 CBCT-based measurements were
included. The meta-regression revealed a significant inverse relationship between insertion
height and bone thickness (3 = —0.53; p < 0.001) and a positive correlation with angulation
(B =0.09; p <0.001). The U67 region refers to the anatomical area between the maxillary first
and second molars, adjacent to the infrazygomatic crest and zygomatic buttress, which with
an insertion height of 9.9 mm and 80° angulation, demonstrated the highest mean cortical
bone thickness (3.52 mm). There was no evidence of a significant association between
facial pattern and bone thickness (p = 0.878). Conclusions: This review presents the first
predictive model for IZC miniscrew placement based on meta-regression. The findings
support the U67 site at 9.9 mm height and 80° angulation as the optimal insertion protocol.
These data-driven guidelines provide clinicians with practical, evidence-based direction
for improving miniscrew stability and minimizing complications.

Keywords: bone thickness; CBCT; facial pattern; infrazygomatic miniscrews; insertion
angle; insertion height; zygomatic crest

J. Clin. Med. 2025, 14, 4005

https://doi.org/10.3390 /jcm14114005


https://doi.org/10.3390/jcm14114005
https://doi.org/10.3390/jcm14114005
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0009-0004-6436-5073
https://orcid.org/0009-0009-1615-9757
https://orcid.org/0000-0001-9184-621X
https://doi.org/10.3390/jcm14114005
https://www.mdpi.com/article/10.3390/jcm14114005?type=check_update&version=2

J. Clin. Med. 2025, 14, 4005

2 0f 47

1. Introduction

The basic principle behind orthodontic tooth movement relies on Newton’s third law,
which states that every force will produce an equal reaction. The fundamental principle of
orthodontics requires anchorage management to stop unwanted movements from occurring
in reactive units. The current anchorage control techniques, such as transpalatal arches
and Nance buttons, together with headgear and other intraoral and extraoral appliances,
have produced varied results, but their effectiveness remains limited by patient compliance
and anatomical restrictions [1]. Temporary anchorage devices (TADs) have transformed
clinical orthodontics through skeletal anchorage, which provides a dependable alternative
to anchorage that does not rely on patient compliance [2,3]. Miniscrews represent one of
the TAD types that have become prominent because they provide easy placement and
cost-effective absolute anchorage without requiring osseointegration [2].

The infrazygomatic crest (IZC) stands out as the best placement location for maxillary
miniscrews. The IZC position between the maxillary alveolar crest and the zygomatic
process offers a non-dentoalveolar area with high bone density and sufficient cortical
thickness while minimizing root interference, thus making it suitable for extra-alveolar TAD
placement [4—6]. IZC miniscrews receive benefits from their location in dense cortical bone,
which produces better primary stability together with a wider insertion zone compared
to inter-radicular miniscrews that face restrictions from root proximity and thin alveolar
bone [7,8]. The recommended position for infrazygomatic crest (IZC) miniscrew insertion
is in the buccal cortical bone located between the maxillary first and second molars, in
the region of the zygomatic buttress. The vertical height is generally described as being
between 12 and 18 mm above the occlusal plane, with insertion angles typically ranging
from 55° to 70° relative to the occlusal or horizontal plane. These values aim to optimize
cortical bone engagement while avoiding root proximity and sinus penetration. However,
variations exist across the literature, and recent studies—including those analyzed in
this review—have reported slightly lower vertical heights and steeper insertion angles,
reflecting the evolving clinical practice. (Figure 1) provides a schematic representation of
the anatomical site and commonly recommended parameters [9,10].
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Figure 1. A schematic representation of the anatomical site and recommended infrazygomatic crest
(IZC) miniscrew parameters.
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Liou et al. pointed out that some reference lines and points were set on chosen coronal
slices to quantify the lateral wall thickness of the maxillary sinus and the thickness of the
infrazygomatic (IZ) crest. The first reference line was the maxillary occlusal plane, which
was defined as the plane passing through the mesiobuccal cusps of both maxillary first
molars. The second reference line was a tangent line to the buccal surface of the mesiobuccal
root of the maxillary first molar. The point where this tangent line crossed the floor of the
maxillary sinus was called the sinus point (S point) and was used as a significant landmark
for the measurements. From point S, additional reference lines were drawn at 5° intervals
to the maxillary occlusal plane. These lines also indicated the angles at which miniscrews
were to be placed. The points at which these reference lines crossed the lateral surface of
the 1Z crest were selected (Figure 2) [11]. When anatomical reference lines were specified,
we adopted the mesiobuccal (MB) root of the maxillary first molar as the standard reference
point, for consistency and comparability with the most cited anatomical models.

S
’
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Maxillary occlusal plane 80° 40°

Figure 2. Diagram illustrating reference lines and points in relation to the maxillary first molar and
Zygomatic Buttress (U67).

Medical practitioners utilize IZC miniscrews to perform different complicated or-
thodontic interventions, including anterior en masse retraction and maxillary arch dis-
talization and posterior intrusion and full-arch intrusion for Class II malocclusions with
vertical maxillary excess and skeletal asymmetries [7,12,13]. The placement of these anchors
enables unblocked tooth movement in multiple directions, which produces results that
traditional anchorage systems cannot achieve. Research evidence shows IZC anchorage
helps decrease vertical dimensional changes and control occlusal plane rotation during
distalization mechanics [14].

Miniscrews placed in the IZC area create mechanical interlocking that does not require
osseointegration because precise planning is essential to achieve primary stability while
preventing complications such as sinus perforation or screw mobility [2,15]. The success of
IZC miniscrews primarily depends on bone density and cortical thickness, and CBCT-based
studies confirm that the IZC’s bone quality exceeds that of other intraoral locations [1,6,16].
The success stability of implants and their failure risks depend on the patient’s age and
vertical skeletal pattern and the screw dimensions, as well as the insertion angle [4,17,18].
Patients with elevated mandibular plane angles show thinner cortical bone, which might
reduce miniscrew success, but research in this field shows conflicting results [3,4,7].

The high success rate of IZC miniscrews reaches 90% to 95%, but surgical complica-
tions still happen. These include gingival overgrowth, mucosal irritation, and the rare
occurrences of miniscrew loosening or sinus involvement, which tend to happen when
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screws are inserted too deeply or at improper angles [15,19,20]. A small sinus perforation
of 2 mm or less is considered clinically acceptable and it does not affect success rates,
especially when using stainless steel screws with a 2 mm diameter [18]. The essential use of
CBCT imaging techniques remains critical for both preoperative bone volume assessment
and accident prevention [21].

The versatility of IZC miniscrews in clinical practice, combined with their biome-
chanical benefits, makes them the preferred option for complex orthodontic anchorage
needs. Research shows that experts fail to agree on the most effective insertion parameters,
including height and orientation, along with anterior—posterior placement for maximizing
stability and decreasing failure incidence. Anatomical, patient-specific differences in cranio-
facial structure, together with skeletal characteristics, affect IZC bone density and thickness,
which complicates the development of standardized placement protocols [1,3,5,7]. While
prior studies have explored bone thickness at various IZC locations, this meta-analysis is
the first to quantify the combined impact of insertion height, angulation, and position using
meta-regression modeling, synthesizing findings from CBCT-based studies and clinical tri-
als in order to provide evidence-based guidelines to clinicians for the optimal placement of
IZC miniscrews to minimize the likelihood of complications and improve the predictability
and efficiency of orthodontic treatment outcomes.

2. Hypothesis

The research depends on the idea that insertion height together with angulation
and mesio-distal positioning serve as quantifiable factors for determining IZC miniscrew
placement bone availability.

HO. Null hypothesis: The placement position and height and angle of infrazygomatic miniscrews
do not produce substantial effects on the maximum insertion bone area. The null hypothesis also
establishes that facial skeletal patterns do not correlate with bone thickness measurements.

H1. Alternative hypothesis: Establishes two distinct claims: the position, height, and angle of
placement of the infrazygomatic miniscrews have significant effects on the maximum amount of
bone insertion, and the facial growth pattern significantly affects the anatomical characteristics of
the IZC area.

3. Objectives

This research aims to analyze the effects of insertion location and height and angle
on bone thickness throughout the infrazygomatic crest area using CBCT study data. The
research uses a meta-analysis to identify the optimal anatomical placement parameters for
IZC miniscrews to maximize cortical engagement and lead to better clinical results.

More specifically, this review seeks to identify if infrazygomatic bone thickness differs
between people with unique facial skeletal patterns and how these differences affect
miniscrew placement success rates in separate subgroups.

4. Materials and Methods
4.1. Study Design

This research followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to perform a systematic review and meta-analysis
while using a predetermined protocol for methodological transparency and reproducibil-
ity [22], and it does not need registration. The review assessed how bone thickness in
the infrazygomatic crest (IZC) region relates to insertion parameters, including height,
angulation, and mesio-distal positioning, through the analysis of CBCT imaging data from
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observational studies. The assessment of the influence of facial skeletal patterns on bone
thickness occurred when relevant data were present. The following structure was used to
formulate the PICO question for the review:

P (Population): Patients receiving infrazygomatic miniscrew treatment.

I (Intervention): The measurement of bone thickness in various IZC regions.

C (Comparison): Different insertion heights, angles, and positions.

O (Outcome): Maximum bone thickness available for miniscrew insertion.

S (Statistical Analysis): Meta-regression to explore associations between parameters
and bone thickness.

Thus, the PICO question was as follows: “Do different insertion positions, heights and
angulations contribute in the measurement of bone thickness in different infrazygomatic
crest areas in order to obtain the maximum bone thickness for the best possible miniscrew
insertion in patients intending to receive infrazygomatic miniscrew treatments?”.

4.2. Eligibility Criteria
The eligibility criteria for the studies included adherence to the following conditions,
stated below in (Tables 1 and 2).

Table 1. Inclusion criteria.

Category Inclusion Criteria

Quantitative, cross-sectional, observational studies and retrospective studies
Type of Study utilizing Cone Beam Computed Tomography (CBCT) imaging, published in any
language between January 2000 and January 2025.

Patients had to have all permanent teeth visible radiographically (excluding third
Type of Patients molars) and healthy periodontal conditions and no maxillary sinus problems
when imaging occurred.

Bone thickness in different infrazygomatic crest (IZC) regions at various insertion

Type of Intervention heights and angles and mesio-distal positions.

Studies reporting quantitative data about IZC bone thickness that could be
Type of Outcome Variables statistically analyzed through means and standard deviations and insertion
parameters.

Table 2. Exclusion criteria.

Category Exclusion Criteria
Case reports, in vitro or finite element studies, literature reviews,
Type of Study cephalometric-only analyses, and studies lacking CBCT-based anatomical
measurements.

Individuals with mixed or deciduous dentition and those who had existing
implants or prostheses in the posterior maxilla (that may lead to artifacts in
imaging), medications that can affect bone health, or systemic conditions that
affect bone metabolism.

Type of Patient

Interventions that did not address IZC specific screw insertion or those that
Type of Intervention focused on other anchorage sites, such as the mandibular buccal shelf or
zygomatic plates.

Articles lacking detailed measurements of bone thickness or presenting insufficient

Type of Outcome Variables statistical data.

4.3. Search Strategy and Study Selection

The research included a complete electronic literature search of six databases, includ-
ing PubMed, EBSCOhost, Scopus, Web of Science, Cochrane Library, and Google Scholar.
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Researchers used Boolean operators and MeSH terms, which included “infrazygomatic” to-
gether with “zygomatic crest” and “miniscrew” and “insertion angle” and “bone thickness”
and “CBCT”. Additionally, the Boolean operators “AND” or “OR” were used alongside
the formulated PICO question. The initial search took place in January 2025, followed by a
repeat search in February 2025 to retrieve newly added articles (Table 3).

Table 3. Summary of keywords and Boolean operators used in each database.

DATABASE KEYWORDS
“Infrazygomatic” OR “zygomatic crest” AND
EBSCO “miniscrew” AND “design or size” OR

“insertion angle” AND “CBCT”

(((((infrazygomatic) OR (zygomatic crest))
PUBMED AND (miniscrew)) AND (design or size)) OR
(insertion angle)) AND (cbct)

“Infrazygomatic” OR “zygomatic” AND “crest”
SCOPUS AND “miniscrew” AND “design” OR “size”
OR “insertion” AND “angle” AND “CBCT”

“Infrazygomatic” OR “Zygomatic crest” AND
“miniscrew” AND “CBCT”

“infrazygomatic”,”CBCT”, “Miniscrew”, “size”,

v

“design”, “insertion”

COCHRANE

GOOGLE SCHOLAR

“Infrazygomatic” OR “zygomatic crest” AND
WEB OF SCIENCE “miniscrew” AND “design or size” OR
“insertion angle” AND “CBCT”

The search outcomes were transferred to a citation management tool to remove du-
plicate entries. Three stages comprised the selection process, which started with a title
screening followed by an abstract review and ended with a full-text assessment. The review-
ers settled their disagreements through group discussion until they reached an agreement.
To calculate the inter-examiner agreement, the Cohen’s Kappa value was calculated, thus
obtaining a k-value = 0.841; this falls in the range of 0.82 < k < 1.00, consequently classifying
the agreement between the examiners as “almost perfect”.

4.4. Data Extraction

A systematic data extraction process started after the completion of article selection.
The relevant information from each study was documented in a master table, which
contained the article title, author(s), year of publication, total sample size, study design,
and facial skeletal pattern classification information, when available. Each study received
an evaluation to determine whether it included mean bone thickness measurements at
different insertion locations, together with insertion height and angle and mesio-distal
position information (Tables 4 and 5).

Numerical data, including standard deviations and p-values, along with insertion
height ranges, were extracted from available studies for use in the meta-regression analysis.
The standardization process was applied to relative insertion height measurements by
using anatomical reference points (e.g., 7.5 mm from CE]J to occlusal plane) that were
derived from anatomical studies [23].
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Table 4. Information and data extracted from articles for meta-analysis.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
UeM 2.5 2.55 2.13 p <0.001 0-3.9
Quantitative 12 mm 70° UsD 371 276 3.53 g 66]32 1.53-5.23
Evaluati f th
I‘r’:}r‘;;;grgaﬁce U67 6.03 2.64 5.94 UsM 4.25-7.65
Crest Thickness in ;lbasi; 2023 U6M 2.54 2.42 2.36 p<0001  0-4.02
. Lo ane
Polgh Sugled& A otal 14 mm 70° U6D 3.11 235 3.29 g 66]:7)>> 0.86-4.64
one-Beam
Computed U67 4.74 217 4.84 U6M 3.04-6.17
Tomography Study U6M 242 2.16 2.16 0-3.95
16 mm 70° U6D 2.59 2.08 2.29 p=0453 1-3.65
U67 3.46 1.93 3.54 1.83-4.7
Assessment of Bone 17.71 £ 0.61 mm 40° 4.39 0.25 0.531
E}i;k;;f; i‘; if: 17.04 + 0.53 mm 45° 491 0.45 0.982
Crest Region for 16.28 + 0.56 mm 50° 5.34 0.40 0.763
Various Orthodontic 16.10 + 0.52 mm 55° 5.60 0.40 0.960
Miniscrew Implant aran 2024 Ue6D
(OMSI) Insertion etal. 15.54 £ 0.71 mm 60° 6.06 0.41 0.806
Angles: A 15.03 £+ 0.71 mm 65° 6.60 0.41 0.159
%‘;ﬁpﬁiﬁ‘ 14.37 + 0.62 mm 70° 7.82 0.33 0.880
Tomographic Study 13.69 £+ 0.75 mm 75° 9.03 0.45 0.577
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
17.07 + 1.90 mm 40° 3.44 0.75
Comparison of Bone
Thickness in 16.71 = 1.94 mm 45° 3.54 0.80
Infrazygomatic 16.27 £ 1.99 mm 50° 3.80 0.93
Crest Area at S
Various Miniscrew Dangal 2022 16.05 + 3.47 mm 55 UsD 4.10 1.17
Insertion Ang]es; A etal. 15.16 &+ 2.72 mm 60° 4.54 1.42
Cone-beam 14.28 £ 2.72 mm 65° 5.35 1.66
Computed
Tomographic Study 12.99 £ 2.89 mm 70° 6.72 1.80
11.26 &= 2.65 mm 75° 8.20 2.26
17.1 £ 3.7 mm 40° 52 1.1
A computed °
tomographic image 16.8 £ 3.7 mm 45 5.4 1.1
study on the 16.6 = 3.4 mm 50° 5.6 1.2
thickness of the . o
16.1 £ 3.5 mm 55 6.0 14
infrazygomatic crest LIOT 2007 UeM *p <0.001
of the maxilla and its €2t 15.4 + 3.5 mm 60° 6.3 15
clinical implications 14.7 + 3.6 mm 65° 7.0 1.7
P .t
Oiggﬁg;‘ew 13.8 + 3.8 mm 70° 7.7 1.9
12.8 £ 4.2 mm 75° 8.8 2.3
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
14.26 + 1.47 mm 40° 5.06 1.44
13.79 &= 1.54 mm 45° 5.89 1.62
13.37 = 1.38 mm 50° 6.86 1.59
12.89 + 1.44 mm 55° 7.78 1.78
UeM 0.001
12.24 4+ 1.39 mm 60° 8.72 1.94
Optimal Placement 11.56 + 1.66 mm 65° 9.76 1.89
Site and Angulation 10.87 + 1.86 mm 70° 10.85 211
for Infrazygomatic =~ Hariharno
Screw’s etal. 2024 10.17 + 1.82 mm 75° 11.73 221
Insertion—A CBCT 14.08 & 1.50 mm 40° 4.39 2.08
Study
13.58 + 1.6 mm 45° 5.04 2.19
13.01 + 1.4 mm 50° 5.76 2.18
12.41 + 1.77 mm 55° 6.53 2.19
UeM 0.05
11.82 = 1.83 mm 60° 7.48 2.06
11.07 &+ 1.88 mm 65° 8.37 1.99
10.38 + 2.19 mm 70° 9.33 1.7
9.9 £ 2.07 mm 75° 10.16 1.62
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. ioh Thick i Mesio- Thickness at a
Insertion Height Gingival . 1¢ I:eSS on Distal Specified
) (£ Standard . Insertion ato for . . . istal (If
Article Author Year . Inclini- . . Inclina- p Quartiles  Mesio-Distal (I
Deviation (If cation Region Mesio- Mean tion (25th Used) -
Present) Dls.t al Bo‘ne to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness centile)
15° 30°
Assesment of . 74
infrazygomatic bone 18.40 4+ 2.99 55 3.07 0.94 0.
thickness for safe Uial 17.86 =+ 3.05 60° 343 1.00 0.61
placement of jala 2022 U6D
infrazygomatic Saif et al. 17.37 £ 3.13 65° 3.79 1.10 0.88
implant in pakistani 16.79 £ 3.29 70° 4.24 1.24 0.62
opulation; a CBCT
POP study. 16.02 + 3.59 75° 491 1.56 0.58
5.01
13 mm 5.29 1.61 (4.30-6.27) <0.001
An evaluation of . 3.44
infrazygomatic crest 15 mm 60 UeM 3.70 1.53 (2.55-4.58) 0.007
bone thickness in L9
adolescents at PAN 17 mm 2.44 1.51 132350 0.779
different eruption Ying- 2024 (1.32-3.50)
stages of the dan et al. 5.00
maxillary second 13 mm 5.31 1.12 (4.24-5 48) 0.001
molar detected by 335
cone beam CT 15 mm 60° UueD 3.79 1.19 @ 71'_3 98) 0.110
17 mm 2.53 1.31 1.90 0.140

(1.28-2.70)
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . Inclini- . . Inclina- P Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
4.68
13 mm 4.51 0.91 (3.63-5.32) <0.001
15 mm 60° UM 321 1.26 3.23 0.007
' ' (2.20-4.16) '
17 mm 2.47 1.11 2.46 0.779
An evaluation of (1.55-3.26)
infrazygomatic crest 5.00
bone thickness in 13 mm 492 0.87 (4.24-5 48) 0.001
adolescents at PAN 335
different eruption Ying- 2024 15 mm 60° Ue6D 3.33 0.71 ' 0.110
(2.71-3.98)
stages of the dan et al.
maxillary second 1.90
17 1. .87 .14
molar detected by mm % 08 (1.28-2.70) 0.140
cone beam CT 3.15
13 mm 3.18 1.48 (1.73-4.07) <0.001
15 mm 60° UsM 2.76 1.34 2.55 0.007
(1.77-3.38)
17 mm 2.39 1.05 2.12 0.779

(1.44-3.32)
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . Inclini- . . Inclina- P Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
3.96
13 mm 4.46 1.63 (3.54-5.40) 0.001
15 mm 60° ueD 3.34 1.64 3.25 0.110
(2.11-3.96)
1.92
17 mm 2.12 1.19 (1.14-2.66) 0.140
11 mm 9.33 2.27 0.565
Miniscrew insertion 13 mm 70° UueM 7.51 2.16 0.712
sites of
. . 15 mm 5.94 2.15 0.561
infrazygomatic crest
and mandibular 11 mm 8.82 1.83 0.565
different vertical et al. 2021 mm 70 UeM ’ ' ’
craniofacial patterns: 15 mm 5.59 1.88 0.561
A cone-beam 11 mm 8.87 1.91 0.565
computed 13 o 7.11 1.95 0.712
tomography study mm 70 UeM : : :

15 mm 5.39 1.86 0.561
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
Three-dimensional 13.67 £ 2.09 UeM 2.48 0.67
Comparison of 15.27 + 1.10 70° U6D 421 0.63 0.001
Infra-zygomatic
Crest Thicknessin  Mathew 003 14.45 +1.08 U’M 3.66 0.72
Different Facial etal. 15.48 + 1.04 U6M 2.09 0.38
Patterns: A
Cross-sectional 15.35 £ 0.97 70° ue6D 2.36 0.33 0.001
Study 15.71 £ 1.07 U7M 1.85 0.38
17.31 + 1.68 mm 40° 4.51 1.92
Comparison of bone
thickness in 16.92 &+ 1.69 mm 45° 4.60 1.95
infrazygomatic crest Murugesan 16.58 + 1.65 mm 50° 4.80 1.94
area at various and 16.07 + 1.63 mm 55° 5.08 2.02
miniscrew insertion . 2020 U6D 0.001
angles in Dravidian ~ o1vaKu- 15.46 + 1.71 mm 60° 5.54 2.14
. mar
population—A cone 14.46 + 2.08 mm 65° 6.36 2.47
beam computed .
tomography study 12.83 £ 2.70 mm 70 7.89 3.12
11.43 £+ 2.74 mm 75° 9.07 3.18
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Table 4. Cont.
Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height .o Thickness tion . i
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . .. Inclini- . . Inclina- P Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) £
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . .
. Per- Deviation
tion ness .
centile)
15° 30°
(a) 60° at
4 mm and
70° at 6 mm
and 80° at5
and 6 mm
_ 60° 8.7 3.1 (p =0.004,
Tomographic p =0.005 and
assessment of p = 0.000,
infrazygomatic crest respectively).
bone depth for (b) 60° at
extra-alveolar - Tavares ), 4475 mm U7 5mm and
miniscrew insertion etal. 80° at 6 mm
in subjects with (» =0.007).
dlffere'nt vertical 70° 8.4 28 (c) 70° at 4
and sagittal skeletal mm and 70°
patterns at
6 mm and
80° at 5 and
6 mm
80° 7.4 34 (v =0.054;
: : p =0.041 and
p =0.000,

respectively).
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Maesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
. (+ Standard .. Insertion  at0 for . . . .
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) +
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . ..
. Per- Deviation
tion ness .
centile)
15° 30°
60° 7.9 3.1
5+ (7.5) mm 70° ue67 7.3 3.0
80° 6.6 34
. b 60° 7.3 3.0
omographic e
assessment of 6 + (7.5) mm 70 ue67 6.5 29
infrazygomatic crest 80° 5.8 2.7
bone depth for 60° 73 24
extra-alveolar Tavares 2022 -
miniscrew insertion et al. 4 + (7.5) mm 70° ue7 7.5 2.5
in subjects with 80° 78 3.6
different vertical =
and sagittal skeletal 60 6.6 24
patterns 5+ (7.5) mm 70° uUe67 6.8 2.7
80° 7.7 3.8
60° 5.8 24
6 + (7.5) mm 70° Ue7 6.2 2.7

80° 5.1 1.7
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height .o Thickness tion . i
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . .. Inclini- . . Inclina- P Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) £
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . .
. Per- Deviation
tion ness .
centile)
15° 30°
60° 8.8 3.7
4 + (7.5) mm 70° Ue67 8.2 3.3
80° 6.9 3.6 Significant
. difference
60 8.0 (3.6 (p < 0.05)
5+ (7.5) mm 70° ue67 6.9 3.6 between 60°
T hi ° 7 P at 4 mm and
omographic 80 5 3 80° at 5 and
assessment of 60° 76 35
inf . . . 6 mm.
infrazygomatic crest
bone depth for 6 + (7.5) mm 70° ue67 6.3 3.3
extra-alveolar Tavares 80° 5.3 25
.. . . 2022 : :
miniscrew insertion et al. 5
in subjects with 60 92 25
different vertical 4 + (7.5) mm 70° ue7 9.0 2.0
and sagittal skeletal 80° 78 32
patterns i ’
60° 8.4 2.5
5+ (7.5) mm 70° Ue67 8.0 2.2
80° 7.2 34
60° 7.5 2.4
6 + (7.5) mm 70° ue67 7.0 2.4
80° 6.7 2.7
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
5+ (7.5) mm 6.79 2.01 0.940
6 + (7.5) mm 5.86 2.07 0.127
55° U67
7 + (7.5) mm 4.99 2.04 0.161
8 + (7.5) mm 4.16 2.01 0.161
A Computed 5+ (7.5) mm 6.63 2.11 0.105
Tomographic Image 7 7 5 17
Study on Thickness 6 + (7.5) mm 60° Ue7 5.79 .06 0.170
of the Modified 7 + (7.5) mm 4.87 2.07 0.178
. Damang
Infrazygomatic ot al 2022 8 + (7.5) mm 4.10 1.97 0.333
Crest Site Between ’
Patients with Class I 5+ (7.5) mm 6.54 2.16 0.126
and Class III Skeletal 6 + (7.5) mm . 5.75 2.04 0.146
Pattern 65 ue7
7 + (7.5) mm 4.85 2.08 0.153
8 + (7.5) mm 4.26 2.15 0.644
5+ (7.5) mm 6.50 2.17 0.156
6 + (7.5) mm 5.74 2.14 0.195
70° U67
7 + (7.5) mm 5.03 2.16 0.555
8 + (7.5) mm 4.31 2.03 0.871
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
5+ (7.5) mm 7.91 2.99 0.940
6 + (7.5) mm 6.9 2.77 0.127
55° U67
7 + (7.5) mm 5.93 2.64 0.161
8 + (7.5) mm 5.00 2.49 0.161
A Computed 5+ (7.5) mm 7.60 2.73 0.105
Tomographic Image 7 4 2 64 17
Study on Thickness 6 +(7.5) mm 60° u67 6.6 6 0170
of the Modified 7 + (7.5) mm 5.76 2.58 0.178
. Damang
Infrazygomatic ot al 2022 8 + (7.5) mm 4.85 2.40 0.333
Crest Site Between ’
Patients with Class I 5+ (7.5) mm 7.43 2.69 0.126
and Class III Skeletal 6 + (7.5) mm . 6.57 2.57 0.146
Pattern 7 65 ue7
+ (7.5) mm 5.73 2.57 0.153
8 + (7.5) mm 4.60 2.33 0.644
5+ (7.5) mm 7.39 2.63 0.156
6 + (7.5) mm 6.36 2.77 0.195
70° U67
7 + (7.5) mm 5.32 2.7 0.555
8 + (7.5) mm 4.41 2.38 0.871
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Table 4. Cont.

Mean Standard
. Mean Bone
Bone Devia- Thickness at a
Insertion Height Lo Thickness tion s
Gingival . o Specified
) (£ Standard . Insertion ato for . .
Article Author Year . Inclini- . . 4 Mesio-Distal (If
Deviation (If . Region Mesio- Mean
cation . Used) &
Present) Distal Bone
. . Standard
Inclina- Thick- . L.
. Deviation
tion ness
15° 30°
5+ (7.5) mm 0.64 0.03 0.000
7 + (7.5) mm 1.56 0.37 0.000
70° UeM
9 + (7.5) mm 1.63 0.22 0.000
Evaluation Of 11+ (7.5) mm 6.27 0.14 0.000
Bone Thickness At 5+ (7.5) mm 1.52 0.29 0.000
Different
Anatomical Sites 7 + (7.5) mm 700 UeD 1.57 0.29 0.000
In Infrazygomatic 9 + (7.5) mm 1.64 0.29 0.000
Crest For Balachandran ), ,
e ot al 11 + (7.5) mm 6.33 0.16 0.000
Miniscrew ’
Insertion In 5+ (7.5) mm 11.28 0.16 0.000
Skeletal Class II 7 + (7.5) mm 700 Uer 10.34 0.13 0.000
Patients—A CBCT 9 + (7.5) mm 8.20 0.15 0.000
Study
11 + (7.5) mm 7.27 0.13 0.000
5+ (7.5) mm 2.53 0.26 0.000
7 + (7.5) mm 2.44 0.18 0.000
70° UM
9 + (7.5) mm 2.42 0.17 0.000
11 + (7.5) mm 6.37 0.13 0.000
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Table 4. Cont.

Mean Standard
. Mean Bone
Bone Devia- Thickness at a
Insertion Height Lo Thickness tion s
Gingival . o Specified
) (£ Standard . Insertion ato for . .
Article Author Year . Inclini- . . 4 Mesio-Distal (If
Deviation (If . Region Mesio- Mean
cation . Used) &
Present) Distal Bone
. . Standard
Inclina- Thick- . L.
. Deviation
tion ness
15° 30°
5+ (7.5) mm 0.65 0.04 0.000
7 + (7.5) mm 1.57 0.25 0.000
70° UeM
9 + (7.5) mm 1.57 0.25 0.000
Evaluation Of 11+ (7.5) mm 6.28 0.17 0.000
Bone Thickness At 5+ (7.5) mm 1.51 0.27 0.000
Different
Anatomical Sites 7 + (7.5) mm 700 UeD 1.58 0.28 0.000
In Infrazygomatic 9 + (7.5) mm 1.58 0.27 0.000
Crest For Balachandran ), ,
e ot al 11 + (7.5) mm 6.31 0.13 0.000
Miniscrew ’
Insertion In 5+ (7.5) mm 11.23 0.13 0.000
Skeletal Class II 7 + (7.5) mm 200 U6y 10.33 0.11 0.000
Patients—A CBCT 9 + (7.5) mm 8.23 0.14 0.000
Study
11 + (7.5) mm 7.27 0.14 0.000
5+ (7.5) mm 2.53 0.25 0.000
7 + (7.5) mm 2.37 0.13 0.000
70° UM
9 + (7.5) mm 2.39 0.16 0.000
11 + (7.5) mm 6.36 0.13 0.000
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Table 4. Cont.

Median—
Mean Bon S]t)a n‘:afd With 0° Mean Bone
. . . can bone - Cevia Mesio- Thickness at a
Insertion Height (£  Gingival Insertion Thickness  tion for Distal Specified
Article Author Year Standard Deviation Inclinica- . at 0° Mesio- Mean e . Quartiles _p .
. Region . Inclination Mesio-Distal (If
(If Present) tion Distal Bone @5th to Used) + Standard
Inclination Thick- 75th Deviation
ness Percentile)
15° 30°
5 3.96 527 + 7.07 +
60 .24 L79 " (3.15-5.20) 2.47 3.56
o 5.71 6.78 + 8.49 +
13 mm 70 590 248 (426-731) 3.04 3.62
° 7.08 797 £ 9.64 +
80 726 287 (5.42-858) 3.16 3.80
5 4.09 490 + 599 +
60 448 22 (3.11-5.25) 2.67 3.31
An evaluation of bone 4.63 5.58 + 6.57 £
depth at different 15mm 70" 519 24 365.6.16) 2.85 3.36
three-dimensional 16 + 741 +
paths in 80° 588 273 4 351'3;3 01 6'2 gz 357
infrazygomatic crest Pan et al. 2024 ue6D (4.31-7.01) ’ i
region for miniscrew mean =
insertion: A cone beam 417 +
computed tomography 2.59. -
study MINIMUM
BONE
o 3.44 DEPTH  4.59 +
60 4.17 2.46 (2.74-4.68) (median 2.87
(25th to
17 mm 75th) =
3.40
(2.62—

4.83))
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Table 4. Cont.

Median—
1]\;[;2: %Zr‘l:;rd With 0° Mean Bone
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
(£ Standard Gingival Insertion at0° for Distal Specified
Article Author Year . . Inclini- . . Inclina- p Quartiles Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone to 75th Standard
Inclina- Thick- Per- Deviation
tion ness centile)
15° 30°
o 3.77 436+ 498 +
70 4.34 2.36 (2.80-5.13) 2.54 3.11
o 4.07 469+ 543+
80 4.64 2.48 (2.96-5.49) 2.67 3.28
An evaluation of 6.44 7.63 + 7.67 +
bone depth at 60° 7.00 287 (5.25-8.19) 312 269
different _
three-dimensional 13 70° 7.33 2.63 6.78 820+  9.50+
. mm ’ ’ (5.58-8.49) 2.79 3.56
paths in Panetal. 2024 —
infrazygomatic crest o etal 80° 8.20 279 7.29 8.89 £ 10.80 &
region for miniscrew ) ) (6.05-9.06) 3.11 3.89
insertion: A cone ue67
beam computed 60° 4.48 2.25 4 1%?573) 6'2138i 658;
tomography study o | 5 29. 6 34 + 7 éz +
15 mm 70 519 244 (432-7.00) 2.78 3.59
80° 588 273 5.81 6.84 £ 845+

(4.60-7.48) 2.96 3.83
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Table 4. Cont.

Mean Standard Me.d 1ano—
. With 0
Bone Devia- Mesio- Mean Bone
Insertion Height .. Thickness tion . Thickness at a
Gingival . o Distal i
. (& Standard . . Insertion at0 for . . Specified
Article Author Year . . Inclini- . . Inclina- Quartiles . .
Deviation (If cation Region Mesio- Mean tion (25th Mesio-Distal (If
Present) Distal Bone Used) + Standard
. . to 75th . L.
Inclina- Thick- Per- Deviation
tion ness .
centile)
15° 30°
o 3.90 451 +
60 417 2.46 (2.91-5.11) 2 64 5.09 + 3.03
17 mm 70° 4.34 236 4 0‘;)951 39) 4'26?[ 551 + 3.32
o 4.31 5.06 &
80 4.64 2.48 (3.23-5.68) 268 6.03 + 3.38
An evaluation of 60° 6.71 2.09 6.51 777 + 8.08 +3.51
bone depth at (5.34-7.75) 2.71
different o 7.65 914 £ 10.18 +
three-dimensional 70 794 249 (624-9.37) 2.76 413
paths in B
infrazygomatic crest Pan et al. 2024 Mean =
. .. 11.69 +
region for miniscrew 395
insertion: A cone 13 mm UM )
MAXI
beam computed
tomography study MUM
80° 8.58 265 8.15 (6.80- 10.01 £+ BONE
’ ) 10.15) 3.20 DEPTH
(median
(25th to
75th) =
10.72 (8.89—

14.05))
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Table 4. Cont.

Median—
1]\3/[e::n %ar‘l;la-rd With 0° Mean Bone
. . oone evia Maesio- Thickness at a
Insertion Height .o Thickness tion . e
(& Standard Gingival Insertion  atOQ° for Distal Specified
Article Author Year . .. Inclini- . . Inclina- Quartiles Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) +
Present) Distal Bone to 75th Standard
Inclina- Thick- Per- Deviation
tion ness centile)
15° 30°
o 5.63 680+ 781+
60 6.24 2.60 (4.55-7.16) 3.76 3.62
6.23 737+ 884+
An evaluation of bone 15 mm 70° 6.66 2.50 (4.89-8.21) 283 379
depth at different — g '
three-dimensional paths 80° 7.08 262 6.72 8.04 £ 984+
in infrazygomatic crest P 1 2024 (5.21-8.68) 3.08 3.94
region for miniscrew an et al. . 4.55 520+ 632+
insertion: A cone beam 60 4.92 2.29 (3.36-6.17) 2.50 3.56
computed t(c)lmography 163 552+ 690 L
¢ o . . .
study 17 mm 70 510 224 (353-6.42) 267 378
o 5.16 6.04+ 758+
80 545 2:40 (3.74-6.78) 2.87 3.84
Bone depth and
thickness of different 50° 8.00 4.54 G 166_73 47) 7§§5i 821 ?Oi
infrazygomatic crest B ' '
miniscrew insertion
paths between the first o 6.56 7194+ 745+
and second maxillary ~ Duetal 2021 13 mm 60 ue7 7.16 261 (509_8.04) 256 2.6
molars for distal tooth
movement: A
o 6.81 7.31 + 7.40 +
3-dimensional 70 7.33 2.44 (5.56-8.34) 239 5 40

assessment
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
Gingival . o Distal Specified
. (+ Standard .. Insertion  at0 for . . S
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) +
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- ..
. Per- Deviation
tion ness .
centile)
15° 30°
o 5.01 576 £ 634+
50 572 2.92 (3.60-6.57) 2.96 3.64
o 5.02 554+ 575+
15 mm 60 552 238 (382-6.39) 234 241
Bone depth and _—
thickness of different 70° 5.73 2.28 5.23 572+ 580+
infrazygomatic crest (4.02-6.74) 224 227
miniscrew insertion o ue7 3.49 411+ 438+
paths between the 50 404 2.32 (2.41-4.94) 2.31 2.45
first and second —
. 3.53 405+ 420+
Du et al. 2021 °
max111.ary molars for ueta 17 mm 60 4.02 2.12 (2.53-4.77) 207 216
distal tooth -
movement: A 3.75 426+ 432+
70° 424 2.
3-dimensional 0 08 (2.67-5.07) 2.09 2.10
assessment
o 6.70 782+ 842+
50 8.00 454 (516-847) 3.85 4.10
o 6.56 719+ 745+
13 mm 60 ue67 7.16 261 (500824 2.56 2.62
70° 733 544 6.81 731+ 740+

(5.56-8.34) 2.39 2.40
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Table 4. Cont.

Mean Standard hxi‘:llf(r)l: Mean Bone
Bone Devia- Mesio- Thickn t
Insertion Height Gineival Thickness tion Diessta(i Sc ec?fsizg a
. (& Standard BIVal  Insertion  at0° for . . pect
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) +
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- ..
. Per- Deviation
tion ness .
centile)
15° 30°
o 5.01 576 £ 634+
50 5.72 2.92 (3.60-6.57) 2.96 3.64
o 5.02 554+ 575+
15 mm 60 552 238 (382-6.39) 2.34 241
o 5.23 5724+ 580 =%
70 Ue7 573 2.28 (4.02-6.74) 2.24 227
6
50° 404 930 3.49 411+ 438+
’ ’ (2.41-4.94) 2.31 2.45
o 3.53 405+ 420+
17 mm 60 402 212 9532477 207 216
o 3.75 426+ 432+
70 4.24 2.08 (2.67-5.07) 2.09 2.10
5+ (8.01) mm 0.68 0.86
7 +(8.01) mm R 0.57 1.05
5+ 8.0 (50-70) UeM 088 129 <0.001
+(8.01) mm . .
11 + (8.01) mm 1.53 1.7
5+ (8.01) mm 1.61 1.02
7 + (8.01) mm R 1.47 1.57
5+ 601 (50-70) U6D 6o 13 0.002
+ (8.01) mm . .
11 + (8.01) mm 2.7 2.65
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Table 4. Cont.

Mean Standard hxi‘illf(r)l: Mean Bone
Bone Devia- Mesio- Thickn t
Insertion Height Gineival Thickness tion Diessta(i Sc ec?fsizg a
. (£ Standard BIVa  Insertion  at0° for . . pect!
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If cation Region Mesio- Mean tion (25th Used) -
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- .
. Per- Deviation
tion ness centile)
15° 30°
5+ (8.01) mm 1.99 1
7 +(8.01) mm R 21 1.11
(50-70) ue7 <0.001
9 +(8.01) mm 2.45 1.61
11 + (8.01) mm 3.25 1.94
5+ (8.01) mm 2.16 0.99
7 + (8.01) mm 2.57 1.49
(8.01) (50-70)° UM <0.001
9 +(8.01) mm 2.94 2.05
11 + (8.01) mm 3.76 2.04
5+ (8.01) mm 0.72 0.88
7 +(8.01) mm R 0.49 0.71
5+ 8.01) (50-70) UeM 067 09 0.002
+(8.01) mm . .
11 + (8.01) mm 1.47 1.55
5+ (8.01) mm 14 0.76
7 +(8.01) mm R 1.23 0.91
(50-70) ueD 0.001
9 +(8.01) mm 1.24 1.18

11 + (8.01) mm 221 1.69
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Table 4. Cont.

Median—
Mean Standard . o
Bone Devia- ‘lt]/llthio_ TII:/iI eliﬁ Bonf
Insertion Height ineival Thickness tion s (; ¢ fefsis ata
(£ Standard Gingiva Insertion at0° for Dista Specified
Article Author Year Deviation (If Inclini- Reeion Mesio- Mean Inclina- P Quartiles  Mesio-Distal (If
cation 8 . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
tion ness Per- Deviation
centile)
15° 30°
5+ (8.01) mm 2.04 0.57
7 + (8.01) mm R 2.07 0.68
(50-70) Ue67 <0.001
9 + (8.01) mm 2.33 1.05
11 + (8.01) mm 3.15 1.54
5+ (8.01) mm 2.05 0.75
7 +(8.01 2.3 0.88
@O)mm o 70 urM <0.001
9 + (8.01) mm 2.68 1.24
11 + (8.01) mm 3.56 1.68
5+ (8.01) mm 0.37 0.45
7 + (8.01) mm R 0.19 0.36
5+ 8.01) (50-70) UeM 038 069 <0.001
+ (8.01) mm . .
11 + (8.01) mm 1.34 1.45
5+ (8.01) mm 1.42 0.91
7 + (8.01) mm R 1.17 0.89
(50-70) U6D 0.001
9 + (8.01) mm 1.3 1.21

11 + (8.01) mm 2.37 1.86
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Table 4. Cont.

Mean Standard hxi‘illf(r)l: Mean Bone
Bone Devia- Mesio- Thickn t
Insertion Height . Thickness tion 810 cenessata
Gingival . o Distal Specified
) (£ Standard . Insertion ato for . . . .
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If cation Region Mesio- Mean tion (25th Used) -
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness centile)
15° 30°
5+ (8.01) mm 1.83 0.59
7 + (8.01) mm 1.74 0.67
( ) (50-70)° Ue67 <0.001
9 + (8.01) mm 2.06 0.88
11 + (8.01) mm 3.12 1.45
5+ (8.01) mm 2.07 0.84
7 + (8.01 2.32 1.15
@ODmm oy g0 urm <0.001
9 + (8.01) mm 2.64 1.3
11 + (8.01) mm 3.64 2.01
5+ (8.01) mm 0.35 0.52
7 + (8.01) mm 0.08 0.27
(50-70)° UeM <0.001
9 + (8.01) mm 0.31 0.64
11 + (8.01) mm 0.97 1.21
5+ (8.01) mm 1.33 1.06
7 + (8.01) mm R 1.14 1.04
(50-70) Uu6D 0.020
9 + (8.01) mm 1.01 1.28

11 + (8.01) mm 1.88 2.06
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Table 4. Cont.

Mean Standard hxi‘illf(r)l: Mean Bone
Bone Devia- Mesio- Thickn t
Insertion Height Gineival Thickness tion Diessta(i Sc ec?fsizg a
. (£ Standard BIVa  Insertion  at0° for . . pect!
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If cation Region Mesio- Mean tion (25th Used) -
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- .
. Per- Deviation
tion ness centile)
15° 30°
5+ (8.01) mm 1.86 0.9
7 +(8.01) mm 1.8 0.85
5 ES 01; (50-70)° ue7 1 1 <0.001
+(8.01) mm . .
11 + (8.01) mm 291 1.53
5+ (8.01) mm 1.75 0.77
7 + (8.01) mm 1.93 0.98
(8.01) (50-70)° UM <0.001
9 +(8.01) mm 2.47 1.23
11 + (8.01) mm 3.01 1.63
5+ (8.01) mm 0.68 0.78
7 +(8.01) mm R 0.55 0.83
(50-70) UeM 0.008
9 +(8.01) mm 0.39 1.03
11 + (8.01) mm 1.39 1.98
5+ (8.01) mm 1.32 0.97
7 +(8.01) mm R 0.94 1.06
(50-70) ueD 0.006
9 + (8.01)mm 1 1.35

11 + (8.01)mm 2.18 2.32
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Table 4. Cont.

Median—
Mean Standard . o
Bone Devia- ‘lt]/llthio_ TII:/iI eliﬁ Bonf
Insertion Height . Thickness tion 810 cenessata
(£ Standard Gingival Insertion at0° for Distal Specified
Article Author Year Deviation (If Inclini- Reeion Mesio- Mean Inclina- P Quartiles  Mesio-Distal (If
cation 8 . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
tion ness Per- Deviation
centile)
15° 30°
5+ (8.01)mm 2.08 0.94
7 + (8.01) mm R 2.13 0.91
9.+ (8.01) (07007 67 245 1.26 0.002
+ (8.01) mm . .
11 + (8.01) mm 3.27 1.99
5+ (8.01) mm 2.26 0.78
7 + (8.01) mm 2.59 0.91
5 28 01; (50-70)° U’M 311 09 <0.001
+ (8.01) mm . .
11 + (8.01) mm 3.69 1.8
5+ (8.01) mm 0.52 0.81
7 + (8.01) mm 0.46 0.74
5+ 8.01) (50-70)° UeM 071 129 0.001
+ (8.01) mm . .
11 + (8.01) mm 1.58 1.98
5+ (8.01) mm 1.23 1.09
7 + (8.01) mm R 1.06 1.3
(50-70) U6D <0.001
9 + (8.01) mm 1.32 1.95

11 + (8.01) mm 2.66 245
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Table 4. Cont.

Median—
Mean Stanflard With 0° Mean Bone
Bone Devia- . .
. . . . Mesio- Thickness at a
Insertion Height Lo Thickness tion . g
(£ Standard Gingival Insertion at0° for Distal Specified
Article Author Year . . Inclini- . . Inclina- 2 Quartiles  Mesio-Distal (If
Deviation (If . Region Mesio- Mean .
cation . tion (25th Used) &
Present) Distal Bone
. . to 75th Standard
Inclina- Thick- . L.
. Per- Deviation
tion ness .
centile)
15° 30°
5+ (8.01) mm 1.89 1.25
7 + (8.01) mm 2.1 1.58
(50-70)° Ue67 <0.001
9 + (8.01) mm 2.71 191
11 + (8.01) mm 3.71 2.1
5+ (8.01) mm 2.1 1.58
7 +(8.01 2.36 1.67
@O)mm o 70 urM <0.001
9 + (8.01) mm 3.02 1.97
11 + (8.01) mm 3.87 2.08
60° UeM 5.98 2.38 566 <0.001
Optimal sites for ) ’ (4.00-7.58) p <
mini-implant
insertion into the 5.86
infrazygomatic crest 60° Ue6D 5.84 1.80 4 50’_7 01) p <0.001
according to b R
different craniofacial Sanc lls 2024
morphologies: A etal.
cross-sectional o 6.40 6.00
60 UeM 2.53 <0.001
cone-beam (451-820) P
computed
tomography stud
&raphy f 60° U6D 6.33 1.99 6.34 p <0.001

(4.80-7.68)
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Table 5. Keywords of information and data extracted from articles for the meta-analysis.

KEYWORDS

U6M: Mesiobuccal root of the first maxillary molar.
U6D: Distobuccal root of the first maxillary molar.
U67: Between the maxillary first and the maxillary second molar.
U7M: Mesiobuccal root of the maxillary second molar.

In cases where the insertion height was measured from the alveolar crest between the
mesial and distal alveolar bone crest of the maxillary first molars, the value 8.01 mm was
also used as a reference [24]. This value offers precise anatomical data that can be used
for standardization and proper integration into meta-analytical models while maintaining
data consistency throughout the sample set. This structured approach helped in ensuring
that only systematic and thorough data relevant to the review was collected.

4.5. Data Synthesis

Researchers have conducted an exhaustive systematic review of the literature, turning
out a final selection of 17 articles [1,5,10,11,25-37] reporting information about the bone
thickness measured for different combinations of height, angulation, and positions on
CBCT images.

e  Heights ranged from 9.9 to 19.01 mm.

e Angles ranged from 40 up to 80° (steps of 5°).

e  Antero-posterior positions comprised 4 options: U6M (the mesiobuccal root of upper
first molar), U6D (the distobuccal root of upper first molar), U67 (between the upper
first and second molars), and U7M (the mesiobuccal root of upper second molar).

Simple mixed-effects models (meta-regression) for each moderator variable height,
angle, and position were estimated to explain the primary outcome (bone thickness). Non-
adjusted beta coefficients were estimated with corresponding Z statistics, 95% confidence
intervals, and p-values for nullity tests.

A restricted maximume-likelihood estimator was used in the model. The 12 index was
also calculated, representing the amount of between-studies variability compared to the
total variability. The R2 was reported as an indicator of the amount of between-studies
heterogeneity explained by each predictor. Then, a multiple model was estimated including
all the relevant parameters, obtaining adjusted beta coefficients. The effect of the facial
pattern was assessed in the subsample of articles providing this information. The level of
significance used in the analysis was 5% (alfa = 0.05). The software used was R 4.3.1 (R Core
Team (2018). R: a language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria (http://www.R-project.org/). Where possible, facial
pattern subgroups (brachyfacial, mesofacial, dolichofacial) were analyzed, and multivariate
models were generated to control for potential covariate effects.

4.6. Quality and Risk of Bias Assessment

Two instruments were used to assess the studies’ quality and minimize any selection
bias: the STROBE checklist was applied to cross-sectional, observational studies to assess
the reporting of sample selection, methodology, and statistical procedures [38]. The PRISMA
checklist was used to ensure that the systematic review and meta-analysis components
were reported in detail. Each included study was independently rated and classified
according to its methodological robustness. Any discrepancies in scoring were resolved by
a consensus [38]. (both tables added in Supplementary Files).
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5. Results
5.1. Selection of Studies: PRISMA Flowchart

After searching through the databases, a total of 1173 articles were found, as follows:
EBSCO (n = 402), Google Scholar (1 = 324), Web of Science (n = 173), SCOPUS (n = 124),
Pubmed (1 = 122), and Cochrane (1 = 28). Secondly, 744 records were removed from the
list before screening, and thereafter, 429 articles were left for review. Upon examining the
titles and abstracts of these articles, 231 of them were excluded as they were unrelated to
our research focus. Next, 198 reports were sought for retrieval, of which, 110 could not be
retrieved. An exhaustive evaluation of eligibility was carried out on the 88 articles that
remained. During the assessment of the study materials, 63 articles were found not to
meet the inclusion criteria for several reasons. These reasons included twelve case reports;
six finite element or laboratory studies; eight articles centered on cephalometric analyses
or displacement patterns; fourteen articles with a lack of information on miniscrews;
seven literature reviews and general discussions; and sixteen studies focusing on different
anchorage sites, like the mandibular buccal shelf, zygoma plates, and cervical vertebrae.
After selecting studies through a process of evaluation and scrutiny, 17 studies that met our
specific criteria were identified [1,5,10,11,25-37] and were included in the comprehensive
meta-analysis. This process is outlined below (Figure 3).

5.2. Effect of Height

The first meta-regression analysis was performed to evaluate the effect of height on
bone thickness in the infra zygomatic crest region without controlling for other variables.
The results showed a statistically significant negative correlation between height and
bone thickness ( = —0.53, p < 0.001), meaning that for every 1 mm increase in height,
bone thickness decreased by an average of 0.53 mm. The intercept of the model was also
significant ( = 12.3, p < 0.001), indicating that the baseline thickness was not equal to zero.
Although height alone explained 19.2% of the variance in bone thickness (R? = 19.2%), a
large proportion of heterogeneity (80.8%) remained unexplained, with the test for residual
heterogeneity also being significant (p < 0.001). These findings indicate that although height
is an important predictor, other unmeasured factors are likely to contribute to the variability
in bone thickness. Clinically, this inverse relationship means that higher insertion points,
which are typically found in taller individuals, may have thinner bone, which may affect
the placement and stability of orthodontic miniscrews. Further studies that include other
covariates, such as age, sex, and craniofacial morphology, are suggested to improve the
understanding of the factors that affect bone thickness in this region (Table 6) (Figure 4).

Table 6. Results of meta-regression of bone thickness by height: beta coefficient, standard error (SE),
95% confidence interval, z test (p-value), and R2.

Beta SE 95% CI z p -Value R?
intercept 12.3 0.89 10.6 x 14.1 13.8 <0.001 ***
HEIGHT —0.53 0.06 —0.64 x —0.41 —8.91 <0.007 *** 19.2%

% < 0.001.
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Identification of studies via databases and registers

Identification

Records identified from™:
Databases (Total n® = 1173)

EBSCO n° = 402

Web of Science n° =173
SCOPUS n® =124
Pubmedn® = 122
Google Scholar n® = 324
Cochrane n° = 28

Records removed before
screening:
Duplicate records removed
manually (n® = 744)

Records screened
(n° = 429)

Records excluded**
(n® =231)

Reports sought for retrieval
(n® =198)

Screening

Reports not retrieved
(n® =110)

Reports assessed for eligibility
(n° = 88)

Reports excluded: 63.
- Casereports (n° =12)

- Finite element/ in vitro studies

(n®=6)
- Cephalometric

analyses/displacement studies

(n®=8)

- Lack of specific infrazygomatic

miniscrew data (n° = 14)

- Literature reviews/general
discussions
(n°=7)

- Alternative anchorage focus
(n® =16)

Studies included in the
systematic review and meta-
analysis

(n°=17)

Figure 3. Prisma flow chart demonstrating the scheme that was followed in the selection of articles.

*p <0.05;

“*p < 0.01.
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Figure 4. Effect of height.

5.3. Effect of Angulation

Angulation was significantly correlated with bone thickness (p < 0.001). For each
additional 1° of angle, bone thickness increased on average by +0.09 mm (Table 7) (Figure 5).

Table 7. Results of meta-regression of bone thickness by angulation: beta coefficient, standard error
(SE), 95% confidence interval, z test (p-value), and R?.

Beta SE 95% CI z p-Value R?
. —3.45 x
intercept —1.28 1.10 0.88 —-1.16 0.246
0.06 x
ANGULATIONO0.09 0.02 0.13 5.27 <0.007 **=* 7.54%

¥ < 0.001.

The overall heterogeneity between studies was very high (1% = 99.9%), but (R? =) 7.54%
of this heterogeneity could be explained by angle. Notice that it is a smaller amount than
the one obtained for height, although it is significant too. The residual heterogeneity was
estimated at 92.5% (p < 0.001).

5.4. Effect of Position

A meta-regression analysis was performed to assess the effect of miniscrew insertion
position on bone thickness, with U6M as the reference group. The results indicated that
position was significantly associated with bone thickness (p < 0.001), and the U67 posi-
tion had a statistically significant increase in bone thickness compared to U6M (3 = 1.51,
p < 0.001), meaning an average increase of 1.51 mm. U6D ( = —0.36, p = 0.337) and
U7M (B = —0.46, p = 0.319) did not differ significantly from U6M. When the reference
group was changed in complementary models, U67 was always found to have a greater
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bone thickness than all the other positions. The model explained 10.4% of the total hetero-
geneity (R? = 10.4%), and a large portion of it (89.6%) remained as residual heterogeneity
(p < 0.001), indicating the presence of other unmeasured variables. Forest plots showing
all 331 subgroups showed that U67 positions were always located to the right, meaning
higher bone thickness. A subsequent analysis that averaged the subgroups by position
within each study also confirmed U67 as a distinct group with a higher bone thickness and
narrower confidence intervals, which supports the robustness of this finding (Table 8).
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Figure 5. Effect of angulation.

Table 8. Results of meta-regression of bone thickness by position: beta coefficient, standard error (SE),
95% confidence interval, z test (p-value) and R2.

Beta SE 95% CI z p -Value R?
intercept 4.09 0.27 3.57 x 4.62 15.2 <0.0071 *** 10.4%
u6eD —0.36 0.38 —1.09 x 0.38 —0.96 0.337
ue7 1.51 0.35 0.83 x 2.20 4.33 <0.007 ***
UM —0.46 0.46 —1.35 x 0.44 —0.99 0.319

¥ < 0.001.

Provided that there are 331 subgroups to be plotted, this graph (Figure 6) is poorly
intuitive. However, it is interesting to see the relative location of the estimation of the bone
thickness for each position (grey surfaces).
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Figure 6. Overall Forest plot [1,5,10,11,25-37].

When averaging all the subgroups for the same position within each article, a better

approach was found, in which only the differences in position are shown (Figure 7).

It must be taken into account that this last meta-analysis is an approximation to the
one estimated in (Figure 6), but the overall measure effect (4.57) is now only 1.7% higher
than the previous one. It can be noticed how group U67 is present as a differentiated group
from the other three groups (these are very similar). Additionally, confidence intervals are
now narrower because the number of images/miniscrews has been added.
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Author Mean [95%Cl]
Gibas-Stanek et al. 2023 - Us7 - 4.740 [4.435, 4.995)
Tavares et al. 2022 - UST HH 7.230 [7.055, 7.405)
Damang et al. 2022 - U7 HH 5770 [5.621,5919]
Balachandran et al. 2024 - UST L] 9.270[9.250, 9.2580]
Pan et al. 2024 - UBT HH 5,680 [5.558, 5.822)
Du et al. 2021 - U8T HH 5.750 [5.607, 5.853)
Lima et al. 2022 - UST ] 2380 [2.288, 2.472)
Gibas-5tanek et al. 2023 - USD - 3.140 [2.888, 3.412]
Sharan et al. 2024 - USD [ ] §.220 [6.193, 6.247]
Dangal et al. 2022 - USD L] 4.950 [4.850, 5.080]
Ujala Saif et al. 2022 - USD n 3.890 [3.795, 3.985)
PAN Ying-dan et al 2024 - USD L 3.530 [3.404, 3.856)
Mathew et al. 2023 - USD L] 3.290 [3.194, 3.386)
Murugesan and Sivakumar 2020 - USD — 5.980 [5.617, 5.343]
Balachandran et al. 2024 - UBD n 2780 [2.724, 2.7598)
Pan et al. 2024 - UBD HH 5.120 [4.994, 5.248]
Lima et al. 2022 - UD L 1.540 [1.432, 1.6848]
Sanchis etal 2024 - USD HH 6.080 [5.904, 6.276)
Gibas-Stanek et al. 2023 - USM - 2.480[2.221, 2.758)
Liou et al. 2007 - USM HH 6.500 [6.313, 6.687]
Hariharne et al. 2024 - UBM - 7.730 [7.559, 7.901]
PAN Ying-dan et al 2024 - USM HH 3.330[3.1889, 3.471]
Matias et al. 2021 - UM . 7.300 [7.063, 7.537]
Mathew et al. 2023 - USM n 2.280 [2.184, 2.356)
Balachandran et al. 2024 - UBM [ ] 2,520 [2.494, 2.548]
Lima et al. 2022 - USM n 0.720 [0.645, 0.755]
Sanchis et al 2024 - UGN e 6.180 [5.950, 6.430]
Mathew et al. 2023 - UTM L 2.780 [2.650, 2.870]
Balachandran et al. 2024 - UTM u 3.430 [2.404, 3.456]
Pan et al. 2024 - UTM HE 6.520 [6.394, 6.646)
Lima et al. 2022 - UTM - 2700 [2.598, 2.802)
RE MODEL -~ 4574 [3.844, 5.305]
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Figure 7. Average of all the subgroups of the same position [1,5,10,11,25-37].

5.5. Multivariate Model for Height, Angle, and Position

A multivariate meta-regression analysis was used to assess the combined effects of
height, angulation, and miniscrew position on bone thickness. The overall model explained
27.8% of the variance in bone thickness (R? = 27.8%) and yielded results consistent with
previous univariate models. The height was a strong and significant predictor ( = —0.42,
p < 0.001), which means that for every 1 mm increase in insertion height, the bone thickness
decreased by 0.42 mm, controlling for angulation and position. Angulation also showed a
significant positive association with bone thickness (3 = 0.05, p = 0.001), meaning each 1°
increase in insertion angle was associated with a 0.05 mm increase in thickness. Concerning
position, only the U67 location showed a statistically significant increase in bone thickness
compared to the reference U6M (3 = 1.37, p < 0.001). No significant differences were found
for U6D (p = 0.921) or UM (p = 0.876). Comparisons between U67 and other positions
further confirmed these results, with significantly greater bone thickness in U67 relative
to both U6D and U7M (p < 0.001 for both). These findings emphasize the multifactorial
nature of bone thickness and highlight the unique advantage of the U67 site for miniscrew
placement (Table 9).
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Table 9. Results of meta-regression of bone thickness by height, angulation and position: beta
coefficient, standard error (SE), 95% confidence interval, z test (p-value), and R2.

Beta SE 95% CI z p -Value R?
intercept 6.94 1.51 3.98 x 9.89 4.60 <0.007 *** 27.8%
HEIGHT —0.42 0.06 —0.54 x —0.31 —-7.09 <0.001 ***
ANGULATION 0.05 0.02 0.02 x 0.08 3.28 0.001 **
Uue6D 0.04 0.35 —0.65 x 0.72 0.10 0.921
ue7 1.37 0.32 0.74 x 1.99 427 <0.007 ***
Uu7M —0.07 0.42 —0.90 x 0.76 —0.16 0.876

**p <0.01; **p <0.001.

As expected, R2 increased compared to simple models, but a relevant amount of
between-studies heterogeneity remained (it should be explained by other variables not
considered in the model).

The equation of regression (based in the first, with U6M as reference) expresses as
follows:

BT = 6.94 — 0.42 Height 4 0.05 Angle 4 0.03 U6D + 1.37 U67 — 0.07 U7M

where U6D =0 or 1, U67 =0 or 1, and U7M = 0 or 1, depending on the position of the
measurement.

The equation shows that the maximum bone thickness occurs when the miniscrew is
placed in the U67 position with the observed height value of 9.9 mm and the angulation
of 80°. Under these conditions, the equation predicts the highest bone thickness, which
supports the clinical relevance of U67 as a favorable site for achieving optimal bone support
in orthodontic miniscrew placement.

5.6. Effect of Facial Pattern

A basic meta-regression model analyzed the relationship between facial patterns
(mesofacial, brachyfacial, dolicofacial) and bone thickness. The analysis showed no statisti-
cally relevant impact of facial pattern on bone thickness (overall p = 0.878) with an R? of
0.0%, indicating that facial type failed to explain any study variance. The analysis revealed
no important differences between brachyfacial (f = 0.16, p = 0.760) and dolicofacial ( =
0.27, p = 0.611) patterns when compared to the reference mesofacial group. The analysis
revealed no meaningful differences between brachyfacial and dolicofacial individuals when
the reference group was set to brachyfacial (p = 0.837). The current data indicates that
facial growth patterns do not serve as significant predictors for infrazygomatic crest bone
thickness (Table 10).

Table 10. Results of meta-regression of bone thickness by facial pattern: beta coefficient, standard
error (SE), 95% confidence interval, z test (p-value), and R2.

Beta SE 95% CI z p -Value R?

intercept 3.11 0.39 2.36 3.87 8.06 <0.0071 *** 0.0%
Brachy 0.16 0.54 —0.891.22 0.31 0.760
Dolico 0.27 0.54 —0.78 1.33 0.51 0.611

4 < 0.001.
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5.7. Multivariate Model for Height, Angle, Position, and Facial Pattern

A final multivariate meta-regression was performed, including all available predictors—
height, angulation, miniscrew position, and facial pattern—to better understand how these
factors combined to affect bone thickness. This model, which was estimated only on studies
that reported facial pattern data, was very similar to the earlier full model (Table 9), with
some expected differences. Height was still a significant negative predictor ( = —0.27,
p = 0.003), but the effect was slightly reduced. Angulation remained strongly positively
correlated with bone thickness (3 = 0.20, p < 0.001), and the U67 position again had a signifi-
cantly increased bone thickness (3 = 1.81, p < 0.001), with an even stronger effect than in the
previous model. The U7M position was approaching statistical significance (3 = 0.86, p =
0.057), suggesting a potentially meaningful trend. As with the simpler model results, facial
pattern was not significant (p > 0.05 for all groups), indicating that it does not meaningfully
contribute to explaining bone thickness variability. These findings support the dominant
role of anatomical variables, such as height, angulation, and insertion position, over the
skeletal facial type in predicting infrazygomatic crest bone thickness (Figure 8).

Model Results:

intrcp
HEIGHT
ANGLE

group.
group.
group.
group.
group.

t

U6eD
U67
U™
bra
dol

estimate se zval pval ci.lb ci.ub
-7.4154 2.4905 -2.9774 0.0029 -12.2967 -2.5340 xa
-0.2070 0.0695 -2.9775 0.0029 -0.3432 -0.0707 **
0.2044 0.02%6 6.8995 <.0001 0.14¢64 0.2625 ***
-0.1657 0.4556 -0.3637 0.7161 -1.0587 0.7273
1.8055 0.3902 4.6270 <.0001 1.0407 2.5703 ***
0.8662 0.4552 1.9027 0.0571 -0.0261 1.7584
0.1156 0.3669 0.3149 0.7528 -0.6036 0.8347
0.2171 0.3666 0.5923 0.5537 -0.5014 0.9356

Figure 8. Model results for height, angle, position, and facial pattern. ** p < 0.01; *** p < 0.001.

6. Discussion

This systematic review and meta-analysis was carried out to evaluate the bone thick-
ness at different IZC insertion heights, positions, and angulations for IZ miniscrew place-
ment. It combined a meta-analysis with descriptive data to determine the best characteris-
tics. Multiple research studies have established the best insertion height and angulation
methods to achieve maximum bone contact while minimizing clinical complications. Liou
et al. [11] found that placing the screw at 16 mm with angles above 55° produced optimal
results but warned that angles exceeding 75° might lead to root damage. Sharan et al. [10]
observed bone thicknesses of between 6 and 9 mm at vertical positions of 14.5-16 mm and
angle ranges from 55° to 75°. Du et al. [29] recommended inserting the screw at 13-15 mm
with a 60-70° gingival angulation and 30° distal angulation while advising against 17 mm
or 50° due to lower bone thickness.

Comparable findings were observed in other studies. The vertical level of Class
III patients should be between 5 and 6 mm according to Damang et al. [25], with an
angulation of between 55 and 70°, but 5 mm represents the most suitable height for
Class I patients. Pan et al. [26] and Hariharno et al. [33] supported 13 mm and 12 mm,
respectively, as optimal screw lengths for the U67 region when the angulation reaches
70°. The authors Murugesan and Sivakumar [30] recommended 12-17 mm and 65-70°
insertion for Dravidian patients because these settings minimize mucosal trauma while
strengthening screw stability. According to Dangal et al. [31], the preferred insertion of
13 mm at 70° deviated from Taiwanese and Indian standards because of different ethnic
facial structures.
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Other authors expanded this framework by introducing supplementary factors. San-
chis et al. [5] advised against using screws exceeding 12 mm length because this increased
the chance of sinus penetration, thus they recommended <11 mm as a safe length. Gibas-
Stanek et al. [34] measured bone thickness at 12 mm as 6.03 4+ 2.64 mm but observed a
significant decrease to 2.42 4= 2.16 mm at 16 mm, which underscores the need for strategic
planning during deep insertion procedures. Balachandran et al. [32] recommended placing
screws at 11 mm distance from the cemento-enamel junction between the first and second
molars with a 70° angle as the safest approach but warned against positioning them past
the second molar because of the lower bone density. Pan Ying-dan et al. [27] recorded the
highest bone thickness at a 13 mm distance from the left U6D occlusal plane.

Bone morphology in the IZC region differs between ethnic populations. According to
Matias et al. [1], Brazilian Afro-Caucasians show increased maxillary protrusion along with
more prominent soft tissue, which could influence optimal placement locations. Ujala Saif
et al. [28] showed that bone thickness in the IZ region differed between Pakistani ethnic
groups, which led to recommendations for screw size adjustments. The combination of
ethnic differences and age-related changes with anatomical variations requires CBCT-based
individualized planning to achieve optimal results.

During the present study, the meta-regression analysis found statistical relationships
between height, angulation, and position in relation to bone thickness, which can be useful
in understanding the nature of the bone. Height was negatively correlated with bone
thickness (p < 0.001), and for every 1 mm increase in height, the thickness reduced by
0.53 mm. Likewise, the angulation was positively correlated with bone thickness (p <
0.001), such that for every 1° increase in angulation, the bone thickness was increased
by +0.09 mm. Anatomical factors were also found to be important in the positioning of
miniscrews, and the U67 position had a greater bone thickness than the other positions (p <
0.001), particularly, U6M, U6D, and U7M. These results show that the height and position
of the anatomy are important and should be taken into consideration when determining
the bone thickness for clinical practice. However, there were moderate to high levels of
heterogeneity in the analyses (I = 99.9%), which suggests that there are other unexamined
factors that may account for the variation in bone thickness among individuals and studies.
A multivariate meta-regression model that incorporated height, angulation, and position
as explanatory variables explained 27.8% of the heterogeneity. Despite this enhancement,
there was still a significant amount of residual heterogeneity (72.2%), which suggests that
there are other unmeasured moderators, such as age, bone density, or material properties.
The thickest bone was found at the U67 positions with the lowest heights and the highest
angulation values (9.9 mm height, 80° angulation) (Figure 9). These results stress the
importance of making individual evaluations during clinical practice, since both intrinsic
(height, bone structure) and extrinsic (position, angulation) factors affect bone thickness.
More anatomical and biomechanical factors should be investigated in future studies in order
to enhance the prediction models and possibly explain the unexplained heterogeneity and
enhance clinical practice in regard to miniscrew placement and bone thickness assessment.
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OPTIMUM INFRAZYGOMATIC MINISCREW INSERTION PARAMETERS

Position:
ue67

Height: Angulation:
9.9 mm 80°

Figure 9. Optimum IZ miniscrew insertion parameters.

The optimal placement of IZC miniscrews depends on treatment mechanics and
individual anatomical differences, especially facial morphology [35]. Sanchis et al. reported
that normodivergent patterns displayed shorter distances from the root apex to the sinus
floor than hyperdivergent and hypodivergent groups, especially at the distobuccal root of
second molars [5]. These findings are in agreement with Husseini et al., who observed that
hyperdivergent patterns had the most variation in the height and depth at the mesiobuccal
root of the maxillary first molars. This may be because of the decreased vertical dimension
and the width of the maxillary sinus in hyperdivergent patterns, as well as a relatively
larger maxillary alveolar ridge [39]. However, these results are inconsistent with Costea
et al., who found that hypodivergent patterns had a shorter distance from the root apices
to the maxillary sinus floor than hyperdivergent patterns [40].

The research by Lima et al. revealed safe zones (>3 mm thickness) for hyperdivergent
patients at 9-11 mm from the alveolar crest between the first and second molars, with
the highest averages of 3.69 mm (right) and 3.87 mm (left). Neutral and hypodivergent
groups displayed analogous patterns, with their highest averages at 3.64 mm (neutral) and
3.76 mm/3.56 mm (hypodivergent) at the mesial root. The bone thickness grew thicker as
the measurement moved distally and apically, which indicated safer insertion points in
the IZC region more apically [35]. Matias et al. predicted that brachyfacial patients would
have larger IZC bone dimensions than dolichofacial patients, yet their research revealed no
meaningful differences between facial types [1]. Mathew et al. discovered that brachyfacial
and dolichofacial types displayed equivalent IZC thicknesses above the distal root of the
first molar (p = 0.001), with usable heights ranging from 13-15 mm at a 70° angle [36].

The authors Tavares et al. suggested that the screw depth should not surpass 7-8 mm
for safety purposes and observed that Class II and mesofacial patterns demonstrated in-
creased bone loss at steeper insertion angles. Their research suggested that additional
studies should evaluate how stature, the BMI, hormones, and ethnicity affect IZC suitabil-
ity [37].

A meta-regression analysis was conducted to examine the effect of facial patterns on
bone thickness, and no significant influence of this variable was found. The results showed
that there was no significant difference in bone thickness among the brachyfacial, mesofacial,
and dolicofacial groups (p = 0.878), and the comparisons between the brachyfacial and
mesofacial (p = 0.760) and the dolicofacial and mesofacial (p = 0.611) groups were also
non-significant. Furthermore, when the reference category was changed, the results were
still consistent, and no significant differences were found between the dolicofacial and
brachyfacial patterns (p = 0.837). These results show that facial pattern does not act as
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a key determinant of bone thickness in the IZC region, according to the results of the
included studies.

Subsequently, a multivariate meta-regression model including height, angulation,
position, and facial pattern was carried out to examine the combined impact of these
variables. Although the facial pattern was still non-significant, the estimates of the other
variables differed slightly from those of the previous models. For instance, the effect of
height was reduced to a less-negative beta, while that of angulation became more positive.
Likewise, the effect of U67 on bone thickness was also enhanced, and that of U7M was
also close to being significant (p = 0.057). However, the basic patterns of relationships
seen in the earlier models were still mostly evident, implying that height, angulation,
and position are still the main drivers of bone thickness. This suggests the anatomical
and biomechanical factors while rejecting the facial pattern as a significant contributor
to the variation in IZ bone thickness. Future work may concentrate on other factors or
relationships between the current factors to develop better models and keep on reducing
the unexplained heterogeneity.

7. Conclusions

The systematic review and meta-analysis revealed important associations between
insertion variables and bone thickness in the infrazygomatic crest (IZC) area, which will
be useful for miniscrew placement. A clear inverse relationship was found between the
vertical insertion height and bone thickness, with each 1 mm increase in height resulting
in a 0.42 mm decrease in bone thickness when angulation and position were kept con-
stant. On the other hand, angulation had a positive correlation with bone thickness, where
for every additional degree of the insertion angle, bone thickness increased by approxi-
mately 0.05 mm. Among the anatomical positions assessed, the U67 region had the best
bone support, with a significantly higher cortical thickness than U6M (+1.37 mm), U6D
(+1.33 mm), and U7M (+1.43 mm). From the meta-regression modeling, the best parameters
to use to obtain the maximum bone thickness were found to be at the position U67, the
insertion height of 9.9 mm, and the angulation of 80°. There was no significant associ-
ation found between facial growth patterns and the IZC bone thickness, which means
that skeletal divergence cannot be used as a reliable predictor for miniscrew insertion
planning in this area. These findings provide significant evidence for the improvement
of orthodontic anchorage strategies and highlight the need for further clinical research to
validate these recommendations in patient-specific scenarios. However, there are some
limitations of this study that should be taken into account. Most of the included studies
were based on cross-sectional CBCT analyses, which do not consider dynamic clinical
factors, such as patient-specific healing responses, soft tissue variability, or long-term screw
stability. Furthermore, variations in the sample ethnicity and age, as well as in the imaging
protocols used in the different studies, may have led to heterogeneity. The anatomical
benchmarks from this meta-analysis help IZC miniscrew placement, but individual patient
assessment remains essential. The use of CBCT-based planning for each patient’s unique
anatomy leads to safe and accurate insertion, which supports personalized dental care.
Further prospective clinical trials and longitudinal CBCT-based studies that incorporate
patient-specific variables with clinical outcomes and standardized measurement protocols
are required to establish the generalizability and practicality of these findings.

Supplementary Materials: The following supporting information can be downloaded at: https://
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analysis results tables and figures; tables on the search results and exclusion reasons in the process of
assessing the reports for eligibility.
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