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Abstract: Background: To infer the optimal angulation and height level of mini-implant insertion in
the anterior nasal spine (ANS) region from alveolar bone depth (BD) and labial cortical bone thickness
(CBT) through cone-beam computed tomography (CBCT), the influences of sex, age, and growth
pattern on BD, CBT, and the starting point of the ANS were examined. Material and methods: BD and
CBT were measured on CBCT median sagittal images at specific angles (0, 15, 30, 45, and 60 degrees)
to simulate the angulation of insertion. The height level of the first axial image with obvious bone
ridge was recorded as the start of ANS. Results: The average height of ANS start was 9.42 mm from
the alveolar bone crest between the central incisors. The variations in height level and insertion
angle combined, or either of them individually, significantly influenced BD and CBT, demonstrating
overall decreasing trends (p < 0.001). BD was not influenced by sex, age, or growth pattern (p > 0.05).
However, CBT was found to be correlated with sex and growth pattern, while the height level of
ANS start was associated only with growth pattern, particularly in hypodivergent patients (p < 0.05).
Conclusion: The recommended insertion height level is 14–16 mm from the alveolar bone crest and
the recommended angulation is 30–45◦. An innovative inequity in the relationship between a certain
height level and the insertion angulation is proposed.

Keywords: orthodontics mini-implant; anterior nasal spine; cone-beam computed tomography

1. Introduction

Mini-implants have recently aroused growing attention in orthodontic therapy. They
act as temporary anchorage devices, playing crucial roles in torque control and vertical
movement during clear aligner therapy. Specifically, when placed in the anterior maxilla,
they are proven to provide valuable anchorage for clinicians in addressing excessive
gingival display via anterior teeth intrusion and severe deep bite cases that require effective
torque control [1–3]. Notably, the use of mini-implants in these situations has demonstrated
reduced anchorage loss compared to conventional approaches, such as reverse curve
archwires and other extraoral anchorage devices [3].

In the past, the inter-radicular space between the central incisors was the most common
site for mini-implant placement, enabling simultaneous proclined and intrusive effects
on maxillary anterior teeth. Nevertheless, a considerable proportion of malocclusion
patients exhibit anterior teeth crowding [4–6], resulting in a restricted inter-radicular space
between the central incisors that is insufficient to accommodate a 1.5–2 mm diameter
mini-implant. Additionally, the use of a thinner diameter mini-implant for anchorage
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may not provide adequate stability [7]. The tooth root–mini-implant contact may give
rise to detrimental consequences, such as root damage, and thus ultimately results in
the loosening and dislodgement of the mini-implant. One potential approach involves
augmenting the angulation and insertion height level of the mini-implant to attain safer
distance between roots.

The anterior nasal spine (ANS) region emerges as a recommended alternative as it
offers a comparable force application pattern and possesses adequate bone volume devoid
of root structures [8,9]. The ANS is a small protruded bone above the alveolar bone, located
in the midline of the maxilla and at the bottom of the nose and lower edge of the piriform
aperture [10]. Empirical execution of mini-implant insertion has been prevalent, but no
research has been conducted to investigate the optimal insertion height and angulation.
The failure of mini-implant insertion has been reported to be influenced by both the
anatomical conditions of the insertion site and the mechanical parameters of the mini-
implant [11]. Miyawaki et al. [12] indicated that the stability of mini-implants was affected
by the thickness of the cortical bone and the configuration of the titanium mini-implant.
The stability of mini-implant insertion is largely affected by age, sex, craniofacial skeletal
patterns, angulation to bone, insertion torque, quality and quantity of the cortical bone,
thickness and mobility of the soft tissue, the dimension and configuration of the titanium
mini-implant, and root proximity [13–19]. Motoyoshi M et al. [20] proposed that cortical
bone thickness is the key factor influencing the success rate of mini-implants. Due to the
special anatomic configuration of the ANS region, BD and CBT may vary according to
height and angulation. Therefore, our research shed lights on mapping the variations in
alveolar bone depth (BD) and labial cortical bone thickness (CBT) in the ANS region with
respect to height and angulation in the hope of establishing guidance and instruction for
clinicians regarding the optimal height and angulation.

This study employed cone-beam computed tomography (CBCT) scans to measure
various anatomical parameters, including alveolar bone depth (BD) and labial cortical
bone thickness (CBT) in the ANS region. Sex, age, and growth pattern were examined to
reveal their influences on BD and CBT. The aim of this research was to deduce the optimal
insertion angulation and height for mini-implants in the ANS region.

2. Materials and Methods
2.1. Samples

A total of 50 Chinese orthodontic patients were included in this study. The sample
size was calculated with a confidence of 95%%, (α = 0.05), a sample power of 90%, and
a moderate effect size (0.25), using GPower software version 3.1.9.4. [21]. To account for
possible exclusions, a total of 50 participants were selected.

The CBCT images were uniformly obtained and scanned by the same radiologist.
The inclusion criteria were: (1) completely erupted maxillary central incisors without
malformation; (2) no maxillary skeletal defect; and (3) no history of medical interventions
that may cause bone remodeling in the apical area of the maxillary central incisors and ANS
region. The exclusion criteria included: (1) missing maxillary anterior teeth; (2) impacted
maxillary anterior teeth; (3) maxillary skeletal defects; and (4) unclear or incomplete CBCT
images. The study cohort was stratified into distinct groups based on participant sex, age,
and growth pattern, facilitating subsequent analyses. According to the cephalometrics of
the included subjects, “GoGn-SN” was utilized to differentiate between hyperdivergent,
normodivergent, and hypodivergent (GoGn-SN: average: 32.5◦, SD: 5.2◦). Prior to the
commencement of data collection, ethical considerations were upheld and informed consent
was obtained from all participants or their legal guardians.

2.2. CBCT Examinations

The three-dimensional volume scanner adopted in this research was an MCT-1 CBCT
scanner from J Morita Mfg Corp. in Kyoto, Japan. The scanner settings were as follows:
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85 kV (anterior posterior–latero lateral), 5.0 mA (anterior posterior), and 5.0 mA (latero
lateral); exposure time 17.5 s; and slice thickness 1.0 mm.

2.3. Measurement Protocol

The measurements of alveolar bone depth and cortical bone thickness were completed
by the same orthodontist using Invivo6 software (Anatomage Inc., San Jose, CA, USA).
Before starting the measurements, the occlusal plane was determined on the transverse
plane by a line simultaneously passing the midpoint of occlusion of the bilateral first
molars in the coronal plane and the midpoint of overbite in the sagittal plane (Figure 1).
The measurements of alveolar BD and CBT were performed at the median sagittal plane.
Firstly, a vertical line incorporating a 2 mm scale was drawn from the alveolar crest to
the highest point of the ANS to represent its vertical height as well as provide a reference
for the beginning and ending points of the whole measurement. Each 2 mm increment
in vertical height would require a repeated measurement of alveolar BD and CBT at the
corresponding height level. The 2 mm interval was determined according to previous
studies [22,23]. The measurement lines originated from the labial edge of the alveolar bone
at various height levels and extended to the palatal edge of the alveolar bone or the labial
cortical bone, representing the measurements of alveolar BD and CBT, respectively. All
of the measurement lines were parallel to each other and remained horizontal, reflecting
the direction of mini-implant insertion (Figure 1). Furthermore, in order to simulate the
different angles of mini-implant insertion, the CBCT images were rotated counterclockwise
at 15◦, 30◦, 45◦, and 60◦ with respect to the occlusal plane, respectively. The adjacent lines
with an interval of 2 mm remained parallel. The measurement protocol was repeated for
each rotation angle.

Figure 1. (A) Three-dimensional reconstruction of the ANS area. (B) Illustration of the median sagittal
image showing the anatomical information.

The identification of the starting point of the ANS (ANS start) was performed on
the axial plane, and the corresponding vertical height level was documented. To assess
the measurement consistency, a subset of 20% of the samples was randomly selected
2 weeks after the initial measurements and remeasured by the same orthodontist as an
intra-examiner reliability evaluation.

2.4. Statistical Analysis

Statistical analysis was performed using Graphpad Prism, Version 9 (GraphPad Soft-
ware Inc., San Diego, CA, USA) and Statistical Package for the Social Sciences software,
Version 22.0 (SPSS Inc., Chicago, IL, USA). All data at different height levels and inser-
tion angles were assessed by two-way analysis of variance. The height of ANS start was
assessed using the t-test for independent samples. The level of significance was set at
α = 0.05. Meanwhile, linear regression analysis was carried out in order to explore whether
factors such as age, sex, and growth pattern would affect the variations in BD, CBT, and the
height level of ANS start. The consistency test was indicated by the intraclass correlation
coefficient value (ICC). If the ICC value exceeded 0.75, the consistency would be regarded
as good.
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3. Results
3.1. Patients Profile and Consistency

The study cohort consisted of CBCT images from 50 Chinese patients, ranging from 12
to 32 years old (mean age: 22 years old). Among them, 54% were female and 46% were
male. Normodivergent patients accounted for the highest proportion (42%), while the
proportion of hypodivergent patients was the second highest (34%), and hyperdivergent
patients came third (24%). The ICC value was 0.845 > 0.75, indicating a high level of
agreement of consistency (Table 1).

Table 1. Cephalometric indexes of samples with different characteristics.

Characteristics SNA SNB ANB Wits Appraisal GoGn-Sn

Age
Adult (n = 27) 82.33 ± 2.71 80.24 ± 4.08 2.09 ± 3.67 −1.44 ± 5.08 32.92 ± 7.77

Adolescent (n = 23) 81.95 ± 2.86 80.29 ± 4.48 1.90 ± 3.63 −1.54 ± 4.94 32.69 ± 7.45
Gender

Female (n = 27) 82.00 ± 2.91 79.81 ± 3.97 2.19 ± 3.49 −1.26 ± 4.90 32.98 ± 7.53
Male (n = 23) 81.95 ± 2.86 80.29 ± 4.48 1.90 ± 3.63 −1.54 ± 4.93 32.69 ± 7.45

Angle classification
Class I (n = 14) 80.98 ± 3.65 78.45 ± 2.68 2.53 ± 1.86 −1.86 ± 3.00 34.56 ± 8.45

Class II (n = 20) 82.76 ± 2.76 77.91 ± 2.84 4.85 ± 1.85 2.11 ± 2.72 33.44 ± 6.86
Class III (n = 16) 81.79 ± 2.33 83.68 ± 4.67 −1.26 ± 3.20 −4.75 ± 5.32 30.82 ± 7.40

Growth pattern
Hyperdivergent (n = 17) 82.17 ± 2.80 79.73 ± 4.03 2.44 ± 3.66 −1.23 ± 5.21 33.21 ± 7.93

Normodivergent (n = 21) 82.00 ± 2.95 79.76 ± 4.01 2.24 ± 3.52 −1.25 ± 4.97 32.12 ± 7.58
Hypodivergent (n = 12) 82.25 ± 2.72 80.58 ± 4.54 1.94 ± 3.74 −1.59 ± 5010 31.76 ± 7.73

3.2. Determine ANS Start

Based on the measurements, the average height of ANS start was 9.42 mm from the
alveolar bone crest between the central incisors. Therefore, we set the baseline at 10 mm on
the x-axis to represent the ANS start, as displayed in Figures 2 and 3.

Figure 2. The measurement method of bone depth and cortical bone thickness in different rotation
angles. (A) The measurement lines originated from the labial edge of the alveolar bone at various
height levels and extended to the palatal edge of the alveolar bone to represent alveolar BD. (B) CBCT
image rotated counterclockwise 15◦, 30◦, 45◦, and 60◦ to simulate BD measurements under different
insertion angles. (C) The measurement lines originated from the labial edge of the alveolar bone at
various height levels and extended to the edge of labial cortical bone to represent CBT. (D) CBCT
image rotated counterclockwise 15◦, 30◦, 45◦, and 60◦ to simulate CBT measurements under different
insertion angles.
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Figure 3. (A) The variation trend in cortical bone thickness at different height levels. (B) The variation
trend in bone depth at different height levels.

3.3. The Relationship between CBT and BD with Respect to Height Variations at 0◦, 15◦, 30◦, 45◦,
and 60◦ Insertion Angles

Figure 2 illustrated the trends in CBT and BD variations with respect to height. The
CBT curve in Figure 2A showed an initial increase followed by subsequent decrease, with
22 mm as its peak and 24 mm as its trough. As for the BD curve in Figure 2B, there was a
uniform BD of 8–9 mm before the 18 mm height level, followed by a sudden decrease at
20 mm, with a peak at 22 mm and minimum at 24 mm. The mixed effects analysis revealed
that the value of ANS CBT and BD were affected by either the height or insertion angle
individually or by both factors simultaneously (Table 2).

Table 2. Results of mixed effects analysis for all measured data.

Factor Bone Depth Cortical Bone Thickness

Height <0.0001 0.0036
Angle <0.0001 0.0001

Height × Angle <0.0001 <0.0001

In Figure 3A, the mixed effects analysis showed that for insertion angles of 0◦and 15◦,
BD initially demonstrated a slight increase within the height range of 10 mm to 14 mm.
However, when the height level was higher than 14 mm, BD tended to decrease. Notably,
when the insertion angle was 0◦ and the height reached 22 mm, BD showed a sharp increase.
In contrast, for insertion angles of 30◦ and 45◦, BD exhibited a consistent downward trend
during the whole course. As for an insertion angle of 60◦, BD remained lower than 5 mm
when the height exceeded 14 mm. The area under the curves (AUC) in Figure 3B exhibited
a steady decrease as the insertion angle increased and the one-way ANOVA analysis of
AUC revealed a statistically significant difference (p < 0.05).

Figure 4C illustrated the fluctuation of CBT with respect to varying height levels. The
0 and 15 degree curves mainly exhibited initial increases followed by sharp decreases, and
the rest demonstrated a consistent downward trend, similar to Figure 3A. When the height
exceeded 16 mm, all of the curves showed a downward trend, except for 0◦. Conversely,
when the height was less than 16 mm, most of the curves displayed an upward trend and
gradually flattened. However, the AUC did not exhibit significant statistical differences
across different insertion angles (Figure 4D).
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Figure 4. (A) Mixed effects analysis of bone depth in different height levels and insertion angles.
(B) The area under the curves of graph (A). (C) Mixed effects analysis of cortical bone thickness at
different height levels and insertion angles. (D) The area under the curves of graph (C). *: p < 0.05;
**: p < 0.01; ***: p < 0.001.

3.4. The Relevance between Alveolar Bone Parameters and Sex, Age, and Growth Pattern

Linear regression analysis was adopted to reveal the relevance between the alveolar
bone-related measurement results and variables such as sex, age, and growth pattern. As
Table 3 demonstrates, there was no statistically significant association between BD and
sex, age, and growth pattern (p > 0.05). However, CBT exhibited a statistically significant
correlation with sex (β = 0.336, 95% CI 0.111–1.064; p-value < 0.05) and growth pattern
(hypodivergent β = 0.301, 95% CI 0.026–1.083; p < 0.05), except for age. For the height
level of ANS start, we also found that only growth pattern was significantly correlated,
especially in the hypodivergent type (hypodivergent β = 0.0–0.370, 95% CI −2.239–−1.129;
p < 0.001), while age and sex were not statistically relevant.

Table 3. Linear regression analysis of multiple variables for bone depth, cortical bone thickness, and
ANS start at 0◦ insertion angle.

Variables Bone Depth Cortical Bone Thickness ANS Start

β (95% CI) p-value β (95% CI) p-value β (95% CI) p-value

Age
Adolescent Referent

Adult 0.056 (−0.697, 1.043) 0.69 −0.226 (−0.865, 0.073) 0.096 0.216 (−0.251, 2.137) 0.119
Gender

Female Referent
Male 0.253 (−0.100, 1.666) 0.081 0.336 (0.111, 1.064) 0.017 −0.086 (−1.587, 0.838) 0.537

Growth pattern
Hyperdivergent −0.163 (−1.688, 0.509) 0.286 0.258 (−0.065, 1.121) 0.08 −0.024 (−1.629, 1.389) 0.873

Normodivergent Referent
Hypodivergent 0.241(−0.284, 1.676) 0.159 0.301 (0.026, 1.083) 0.04 −0.413 (−3.241, −0.550) 0.007

4. Discussion

The ANS connects with the alveolar bone to form a continuum, with its starting point
being the most concave. The CBT curve in Figure 3A demonstrated first an upward trend
and then a sharp decrease at 0◦. At the 22 mm peak, most of the images were observed to



J. Clin. Med. 2024, 13, 837 7 of 13

manifest a continuous palatal plate full of cortical bone, as was indicated by 2 times the
CBT value of the 20 mm height. You et al. [24] classified the morphology of the ANS region
into four categories (double rod, single rod, triangular, and irregular) based on 1000 pieces
of transverse CT samples, which is a perfect illustration of the anatomic variations in ANS
morphology. The trend could be attributed to the anatomical variations in the ANS, such
as in an irregular phenotype in which the loss of ANS prominence may result in a dramatic
decrease at 24 mm. Figure 3B exhibited a uniform BD below 18 mm, while 20 mm showed
the most concave ANS start, and 22 and 24 mm indicated untrustworthy results due to
morphological variations in the hard palate and ANS, as explained above.

In this research, ANS start was defined as the beginning of the bone ridge, which was
easily identifiable in CBCT axial images. Linear regression analysis (Table 3) indicated
a significant association between the height of ANS start and growth pattern as well as
sex. The septal-traction model describes the development of the ANS involving the septal
cartilage, the downward and forward growth of which pulls the premaxilla to penetrate
the fibrous perichondral attachment and forms a septopremaxillary ligament (SPL) at the
site of the ANS. When the premaxillary-maxillary suture closes, SPL growth continues
and renders the ANS more prominent and larger [25]. A study of American black and
white specimens discovered that black specimens had a smaller or absent ANS, prognathic
facial profile, and patent sutures, while white specimens exhibited a prominent ANS,
orthognathic facial profile, and more fused sutures [26].

Our result is the first to reveal that the ANS start is lower and thus more occlusal in
hypodivergent patients, suggesting its size is larger. The hypothesis can be raised that
they exhibit more fused premaxillary-maxillary suture. Future study will discover the
mechanism and validate the association between ANS start and facial profile. Therefore, it
is safer for clinicians to insert mini-implant screws more occlusally around the ANS start to
avoid perforation of the palatal plate while achieving a more satisfactory CBT as retention.

Anatomical considerations should be taken into account when planning mini-implant
insertions to ensure optimal outcomes and avoid potential complications. The ANS region
is in close proximity to the delicate nasal base and may lead to nasal base perforation during
insertion. Additionally, cracks or fractures in the fragile bone ridge would compromise long-
term stability. Notably, the nasopalatine canal traversing along the palatal alveolar bone is
a potential site of injury in cases of severe maxilla atrophy and subsequent neurological
damage can result in paresthesia.

Although there were instances [27] of intentionally utilizing the nasopalatine canal
as an anatomical buttress for dental implant insertion and no presented paresthesia, mini-
implants are different for their lack of osseointegration and solely rely on mechanical
retention. Therefore, it is preferable for mini-implants to be inserted into the cortical bone
with sufficient and even maximal length [28]. Besides actively avoiding these anatomic
structures, ensuring adequate BD during insertion is of paramount importance. At a certain
height level, a negative association between BD and insertion angle was observed. But
no statistically significant correlation was found between BD and age, sex, and growth
pattern. As a result, indiscriminately increasing the insertion angle in pursuit of more
inter-radicular space may result in insufficient BD and thus pose risks of mini-implant
failure [29]. According to Shouichi Miyawaki et al. [12], if the length of an intra-bony
mini-implant was equal to or greater than 5 mm, stability was not correlated with increased
length. Taking into account the necessary bone contact and bone trimming loss (2 mm)
during insertion, it was observed that sites with a minimal 7 mm BD were suitable for
accommodating mini-implants.

Our study revealed a significant correlation between CBT and BD with respect to
height variations under different insertion angles. Increasing the insertion height and
insertion angle are two viable solutions to minimize the risk of root damage and maximize
inter-radicular space. There was an evident downward trend overall in Figure 4A. The
shape of the 0 degree BD curve reflected the buccal morphology and anatomical variations
in the alveolar–ANS complex, as elucidated above. However, at 30, 45, and 60 degrees,
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the line of insertion severed the continuum into triangle-like shapes, of which BD formed
a base that was reduced at increased height levels and was even almost diminished at
22 mm and 24 mm as it reached the very narrow peak (ANS) of the triangle. The 15 degrees
result may have demonstrated a trend more similar to the 0 degree result due to the minor
change in angulation. The large inclination of the protrusion of the alveolar ridge may
obstruct the placement of the insertion handpiece, and thus only height levels above the
concavity (ANS) could be measured to exhibit BD. On the other hand, CBT exhibited no
such morphology-related results due to it being mainly influenced by metabolism and
mechanical factors [30].

These findings indicate that precautions, like reducing the length of the mini-implant,
must be taken to avoid perforation of the palate. The deficiency in CBT can be compensated
for by variations in mini-implant angulation or perhaps implant design (cylindrical vs.
conical shank) [31].

BD is mainly influenced by the morphology of the ANS region and is not significantly
associated with age, sex, and growth pattern. However, previous research has shown
that in short face individuals, the BD of the anterior maxilla is higher than that in long or
average face individuals [32].

To date, two anatomical factors are proven to influence the success rate of mini-
implant insertion: root proximity and CBT [33]. Close root proximity poses potential
risks to root damage and undesired mechanical interference. The average height of ANS
start was measured to be 9.42 mm from the alveolar bone crest between the two central
incisors. For a normal central incisor, the average length of its root ranges from 8.89 mm to
14.99 mm [34]. Consequently, in most patients, only the apical portion of the dental roots
is present in the ANS region. Therefore, the apical inter-radicular space between these
roots is larger than that between the middle part, rendering it more likely to accommodate
mini-implants [35,36] without damaging the roots.

Previous research indicated that a minimum CBT of 1 mm was necessary to achieve pri-
mary stability [20]. Given the existence of a keen-edged bone ridge, bone trimming becomes
necessary during mini-implant placement in the ANS region. An estimated 2 mm depth
of bone removal is required to create an insertion platform and prevent implant slippage.
Consequently, CBT should exceed 3 mm for adequate stability. Figure 4C demonstrated that
when the CBT threshold was set at 3 mm, satisfactory CBT was predominantly centered
around the height level of 14 mm to 16 mm, and qualified insertion angles included 30◦, 45◦,
and 60◦. Notably, considering the required BD threshold of 7 mm in Figure 3A, our findings
revealed that insertion angles of 0◦ to 30◦ provided satisfactory BD across all height levels,
concentrating at height levels ranging between 10 mm and 16 mm. Conversely, for an
insertion angle of 60◦, BD fell below 7 mm at all height levels. Combining Figure 4A,C, the
range of suitable insertion angles was determined to be 30◦–45◦. Moreover, Letizia Perillo
et al. [37] proposed in a finite element analysis study investigating mini-implant placement
in the mandible that an insertion angle of 60◦ or 120◦ from the bone surface is susceptible
to the greatest cortical bone stress, while this study suggested an insertion angle of 30◦ to
the occlusal surface falls into this category. In absence of a finite element analysis model
suitable for the maxillary ANS region, cortical bone stress under different insertion angles
should be investigated in the future. However, if the cortical bone stress is indeed maximal
at the insertion angle of 30◦, platform creation is required to reduce condensed stress and
avoid slippage. The most qualified height level concentrated between 14 mm to 16 mm
and 22 mm or 24 mm should be avoided due to the uncertainty of ANS region morphology.
Pre-surgical CBCT or three-dimensional reconstruction should be assessed and evaluated
concerning implant site thickness to avoid any potential fracture during operation.

When it comes to different insertion angles, the AUCs in Figure 4D presented no
statistically significant difference under different insertion angles through one-way ANOVA
analysis. Sex and growth pattern were statistically significantly associated with CBT, as
established by the linear regression analysis in Table 2. A sexual dimorphic association
was observed for CBT, with males having larger biting force and masticatory muscles than
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females [38]. Our results partially align with those of Ono et al. [39] who found that the
cortical bone was thicker in males than in females at vertical levels of 5 to 9 mm apical to
the alveolar crest in the maxilla. However, in other possible mini-screw insertion sites, such
as the mandible, the same sexual dimorphic association was not observed [40]. Ozdemir
et al. [31] observed that adults with a hypodivergent facial type tend to exhibit thicker
CBT in the maxillary alveolar process. Our research is the first to reveal a thicker cortical
bone of the maxillary basal bone and ANS region in hypodivergent patients. Increased
facial divergence is associated with reduced muscle function, which plays a critical role
in the remodeling and bony adaptation of the maxilla, resulting in different CBT [41,42].
When dealing with hyperdivergent patients, clinicians can increase the diameter of the
mini-screw to prevent failure and ensure a sufficient CBT, and vigilance should be exercised
to avoid fracture.

A recent study indicated that the length of the screw did not exhibit a statistically
significant association with stability if the mini-implant was longer than 5 mm and rec-
ommended that the required diameter should be more than 1 mm [43]. Furthermore,
considering the presence of ample soft tissue coverage in the ANS region, it recommended
that the mini-implant should extend 3 mm beyond the trimmed bone surface to allow
for passage through the mucosa. Therefore, based on these dimensional considerations,
we propose utilizing a mini-implant with a diameter of 1.5 mm and length of 8 mm for
placement in the ANS region.

Nevertheless, compared to the inter-radicular area, ANS insertion demands a higher
level of surgical expertise from clinicians due to the thick soft tissue coverage, low frenum
attachment, and prominent blade-shaped bone ridge. Previous clinical studies suggested
that nonkeratinized mucosa was more susceptible to mini-implant insertion failure [44].
Additionally, the high insertion success rates observed in the attached gingiva and palatal
area indicated that selecting the keratinized mucosa area as the insertion site would be
beneficial [19]. Moreover, the blade-shaped bone ridge in the ANS would lead to slippage
during mini-implant insertion. Therefore, relevant surgeries (e.g., flapping surgery, frenec-
tomy, osteoplasty) should be performed prior to insertion in the ANS region, otherwise it
may result in failure and potential complications thereafter.

Conventionally, the width of the attached gingiva is measured from the gingival
margin to the mucogingival junction, and for maxillary incisors, this value was 3.9 mm
(SD = 1.32 mm) according to an observational study conducted by Jennes ME et al. [45].
Chun, Y et al. [46] found that the distance between the tip of the inter-radicular papillae
and the alveolar crest for maxillary anterior teeth ranged from 3.20 mm to 5.75 mm,
and thus the tip of the interdental papillae could serve as a reliable visual guide for the
positioning of mini-implants. However, the location of the interdental papillae has also
been proven to be associated with the distance from the proximal contact to the alveolar
bone crest [47]. The width of the attached gingiva is proposed to be measured from
the interdental papillae between bilateral maxillary central incisors to the mucogingival
junction, ranging from approximately 5.78 mm to 10.97 mm. The ANS start is included,
implying that although it is anatomically high and deep, the mini-implant may still be
inserted within the keratinized gingiva.

The head of the mini-implant posed challenges such as soft tissue encapsulation when
placed in the nonkeratinized gingiva in clinical observations. Normally, it is best to insert
the mini-screw inside the range of the attached gingiva to prevent any mucositis. However,
the recommended insertion height is 14 to 16 mm, and the entry point may fall out of
the height of the mucogingival junction. To address this, we proposed an innovative
concept (Figure 5) to facilitate clinicians in optimizing the insertion angle and height
parameters under given mini-implant dimensions. The theoretical foundation for which
is that the height of the head of the mini-screw (h′) is required to be less than the height
of the mucogingival junction (h). The height of the entry point (H) and insertion angle (θ)
are correlated under a given height of the mucogingival junction, the fixed length of the
mini-screw (L), and its intra-bony proportion (l). When either the insertion height level or
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angulation is limited, the other index would be pinned correspondingly. Under scenarios
such as when the ideal insertion height is compromised or not achievable, adjustments in
angulation could be made to satisfy the requirement. For example, when the ideal insertion
height is way up to the nose, but the width of the attached gingiva is limited, the angulation
should be increased to ensure the head of the mini-implant ends up in the range. With
our mapping of the relationship between angulation and CBT and BD, optimal angulation
for each specific height will be easily decided even when the insertion height is in the
nonkeratinized area, thereby achieving stability and avoiding mucositis.

h′ = H − (L − l) × Sin θ ≤ h

(H = entry point height, L = mini-implant length including the head, l = bone contact
length, h = the height of mucogingival junction, h′ = the height of mini-implant head, and
θ = insertion angle).

This study is subject to certain limitations that should be acknowledged. Firstly, a
retrospective design inherently carries limitations and potential biases. Additionally, the
limited sample size may affect the generalizability of the findings in a broader population.
Secondly, this study only explored limited influencing factors, potentially excluding others
that could have had contributed to a more comprehensive understanding, such as morphol-
ogy and phenotype classification in the ANS region, which future studies should include
and a universal classification paradigm should be established. Thirdly, the accuracy of our
results was contingent upon the precision and accuracy of the facility, specifically in regard
to the localization of bone edges, relying solely on the accuracy of CBCT. Any limitations
or inaccuracies in the CBCT imaging may have influenced the measurement of various
bone-related indices. Future studies utilizing higher accuracy CBCT machines may yield
more reliable and precise results.

Figure 5. (A) Illustration of mini-implant insertion in the ANS region. (B) Illustration of the inequity
in insertion height and angulation. H = entry point height, L = mini-implant length including the
head, l = bone contact length, h = the height of mucogingival junction, h′ = the height of mini-implant
head, and θ = insertion angle. (C) Illustration of the recommended mini-implant insertion height
and angulation.

5. Conclusions

In the ANS region, the dimensional requirements of mini-implants should be a diame-
ter of 1.5 mm and length of 8 mm, and the recommended hard tissue parameter for insertion
is a height level ranging from 14–16 mm from the alveolar bone crest to ensure a minimum
of 3 mm CBT. Additionally, the recommended angulation for mini-implant insertion is
between 30◦ and 45◦ with respect to the occlusal plane. Moreover, we proposed an inequity
to optimize the insertion angulation under a given height to achieve better stability.



J. Clin. Med. 2024, 13, 837 11 of 13

Author Contributions: Conceptualization and methodology, H.L. and D.L.; software, H.L.; Validation
and formal analysis, D.L.; Investigation and data collection, S.W., Y.Y. and X.Y.; Resources, Z.Y. and
M.Y.; writing—original draft preparation, D.L.; writing—review and editing, S.W.; supervision, H.L.;
Project administration and funding acquisition, H.L. and W.L. All authors have read and agreed to
the published version of the manuscript.

Funding: This work was supported by the National Natural Science Foundation of China (NSFC;
Nos. 82071147 and 82171000), the Sichuan Science and Technology Program (No. 2021YJ0428), the
CSA Clinical Research Fund (CSA-02020-02), and the Research and Develop Program, West China
Hospital of Stomatology, Sichuan University (No. LCYJ2020-TD-2).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of West China Hospital of Stomatology, Sichuan
University (No. WCHSIRB-CT-2023-252, 24 August 2023).

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper. Throughout data processing, identifiable information was removed and kept
strictly confidential.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Parayaruthottam, P.; Antony, V. Midline Mini-Implant-Assisted True Intrusion of Maxillary Anterior Teeth for Improved Smile

Esthetics in Gummy Smile. Contemp. Clin. Dent. 2021, 12, 332–335. [CrossRef] [PubMed]
2. Reddy, S.; Jonnalagadda, V.N.S. Mini-Implant Assisted Gummy Smile and Deep Bite Correction. Contemp. Clin. Dent. 2021, 12,

199–204. [CrossRef] [PubMed]
3. Ohnishi, H.; Yagi, T.; Yasuda, Y.; Takada, K. A mini-implant for orthodontic anchorage in a deep overbite case. Angle Orthod. 2005,

75, 444–452. [CrossRef] [PubMed]
4. Buczkowska-Radlinska, J.; Szyszka-Sommerfeld, L.; Wozniak, K. Anterior tooth crowding and prevalence of dental caries in

children in Szczecin, Poland. Community Dent. Health 2012, 29, 168–172. [PubMed]
5. Lux, C.J.; Dücker, B.; Pritsch, M.; Niekusch, U.; Komposch, G. Space conditions and prevalence of anterior spacing and crowding

among nine-year-old schoolchildren. J. Orthod. 2008, 35, 33–42. [CrossRef]
6. Lombardo, G.; Vena, F.; Negri, P.; Pagano, S.; Barilotti, C.; Paglia, L.; Colombo, S.; Orso, M.; Cianetti, S. Worldwide prevalence of

malocclusion in the different stages of dentition: A systematic review and meta-analysis. Eur. J. Paediatr. Dent. 2020, 21, 115–122.
[CrossRef]

7. Sivamurthy, G.; Sundari, S. Stress distribution patterns at mini-implant site during retraction and intrusion—A three-dimensional
finite element study. Prog. Orthod. 2016, 17, 4. [CrossRef]

8. Kanomi, R. Mini-implant for orthodontic anchorage. J. Clin. Orthod. 1997, 31, 763–767.
9. Creekmore, T. The possibility of skeletal anchorage. J. Clin. Orthod. 1983, 17, 266–269.
10. Kim, H.; Kim, Y.J.; Nam, S.H.; Choi, Y.W. Fracture of the anterior nasal spine. J. Craniofacial Surg. 2012, 23, e160–e162. [CrossRef]
11. Azeem, M.; Saleem, M.M.; Liaquat, A.; Ul Haq, A.; Ul Hamid, W.; Masood, M. Failure rates of mini-implants inserted in the

retromolar area. Int. Orthod. 2019, 17, 53–59. [CrossRef] [PubMed]
12. Miyawaki, S.; Koyama, I.; Inoue, M.; Mishima, K.; Sugahara, T.; Takano-Yamamoto, T. Factors associated with the stability of

titanium screws placed in the posterior region for orthodontic anchorage. Am. J. Orthod. Dentofacial. Orthop. 2003, 124, 373–378.
[CrossRef] [PubMed]

13. Deguchi, T.; Takano, Y.T.; Kanomi, R.; Jr, H.J.; Roberts, W.E.; Garetto, L.P. The use of small titanium screws for orthodontic
anchorage. J. Dent. Res. Off. Publ. Int. Assoc. Dent. Res. 2003, 82, 377–381. [CrossRef] [PubMed]

14. Kim, J.W.; Ahn, S.J.; Chang, Y.I. Histomorphometric and mechanical analyses of the drill-free screw as orthodontic anchorage.
Am. J. Orthod. Dentofac. Orthop. 2005, 128, 190–194. [CrossRef] [PubMed]

15. Cho, H.J. Clinical applications of mini-implants as orthodontic anchorage and the peri-implant tissue reaction upon loading. J.
Calif. Dent. Assoc. 2006, 34, 813. [CrossRef] [PubMed]

16. Kuroda, S.; Yamada, K.; Deguchi, T.; Hashimoto, T.; Kyung, H.-M.; Takano-Yamamoto, T. Root proximity is the major factor for
screw failure in orthodontic anchorage. Am. J. Orthod. Dentofac. Orthop. Off. Publ. Am. Assoc. Orthod. Its Const. Soc. Am. Board
Orthod. 2007, 131, S68–S73. [CrossRef]

17. Motoyoshi, M.; Matsuoka, M.; Shimizu, N. Application of orthodontic mini-implants in adolescents. Int. J. Oral Maxillofac. Surg.
2007, 36, 695–699. [CrossRef]

https://doi.org/10.4103/ccd.ccd_425_20
https://www.ncbi.nlm.nih.gov/pubmed/34759696
https://doi.org/10.4103/ccd.ccd_630_20
https://www.ncbi.nlm.nih.gov/pubmed/34220165
https://doi.org/10.1043/0003-3219(2005)75[444:Amfoai]2.0.Co;2
https://www.ncbi.nlm.nih.gov/pubmed/15898387
https://www.ncbi.nlm.nih.gov/pubmed/22779379
https://doi.org/10.1179/146531207225022401
https://doi.org/10.23804/ejpd.2020.21.02.05
https://doi.org/10.1186/s40510-016-0117-1
https://doi.org/10.1097/SCS.0b013e31824cdc8c
https://doi.org/10.1016/j.ortho.2019.01.006
https://www.ncbi.nlm.nih.gov/pubmed/30770333
https://doi.org/10.1016/S0889-5406(03)00565-1
https://www.ncbi.nlm.nih.gov/pubmed/14560266
https://doi.org/10.1177/154405910308200510
https://www.ncbi.nlm.nih.gov/pubmed/12709505
https://doi.org/10.1016/j.ajodo.2004.01.030
https://www.ncbi.nlm.nih.gov/pubmed/16102403
https://doi.org/10.1080/19424396.2006.12222252
https://www.ncbi.nlm.nih.gov/pubmed/17087396
https://doi.org/10.1016/j.ajodo.2006.06.017
https://doi.org/10.1016/j.ijom.2007.03.009


J. Clin. Med. 2024, 13, 837 12 of 13

18. Kuroda, S.; Sugawara, Y.; Deguchi, T.; Kyung, H.M.; Takano-Yamamoto, T. Clinical use of miniscrew implants as orthodontic
anchorage: Success rates and postoperative discomfort. Am. J. Orthod. Dentofac. Orthop. 2007, 131, 9–15. [CrossRef]

19. Park, H.S.; Jeong, S.H.; Kwon, O.W. Factors affecting the clinical success of screw implants used as orthodontic anchorage. Am. J.
Orthod. Dentofacial. Orthop. 2006, 130, 18–25. [CrossRef]

20. Motoyoshi, M.; Inaba, M.; Ono, A.; Ueno, S.; Shimizu, N. The effect of cortical bone thickness on the stability of orthodontic
mini-implants and on the stress distribution in surrounding bone. Int. J. Oral Maxillofac. Surg. 2009, 38, 13–18. [CrossRef]

21. Faul, F.; Erdfelder, E.; Lang, A.G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef] [PubMed]

22. AlAli, F.; Atieh, M.A.; Hannawi, H.; Jamal, M.; Harbi, N.A.; Alsabeeha, N.H.M.; Shah, M. Anterior Maxillary Labial Bone
Thickness on Cone Beam Computed Tomography. Int. Dent. J. 2023, 73, 219–227. [CrossRef] [PubMed]

23. Uday, N.; Prashanth, K.; Kumar, A.V. CBCT evaluation of interdental cortical bone thickness at common orthodontic miniscrew
implant placement sites. Int. J. Appl. Dent. Sci. 2017, 3, 35–41.

24. You, T.; Meng, Y.; Wang, Y.; Chen, H. CT diagnosis of the fracture of anterior nasal spine. Ear Nose Throat J. 2022, 101, NP45–NP49.
[CrossRef] [PubMed]

25. Mooney, M.P.; Siegel, M.I. Premaxillary-maxillary suture fusion and anterior nasal tubercle morphology in the chimpanzee. Am. J.
Phys. Anthropol. 1991, 85, 451–456. [CrossRef] [PubMed]

26. Siegel, M.I.; Mooney, M.P.; Kimes, K.R.; Gest, T.R. Traction, prenatal development, and the labioseptopremaxillary region. Plast.
Reconstr. Surg. 1985, 76, 25–28. [CrossRef]

27. Peñarrocha, M.; Carrillo, C.; Uribe, R.; García, B. The nasopalatine canal as an anatomic buttress for implant placement in the
severely atrophic maxilla: A pilot study. Int. J. Oral Maxillofac. Implant. 2009, 24, 936–942.

28. Pan, C.Y.; Chou, S.T.; Tseng, Y.C.; Yang, Y.H.; Wu, C.Y.; Lan, T.H.; Liu, P.H.; Chang, H.P. Influence of different implant materials
on the primary stability of orthodontic mini-implants. Kaohsiung J. Med. Sci. 2012, 28, 673–678. [CrossRef]

29. Wilmes, B.; Su, Y.Y.; Drescher, D. Insertion angle impact on primary stability of orthodontic mini-implants. Angle Orthod. 2008, 78,
1065–1070. [CrossRef]

30. Eleazer, C.D.; Jankauskas, R. Mechanical and metabolic interactions in cortical bone development. Am. J. Phys. Anthropol. 2016,
160, 317–333. [CrossRef]

31. Ozdemir, F.; Tozlu, M.; Germec Cakan, D. Quantitative evaluation of alveolar cortical bone density in adults with different vertical
facial types using cone-beam computed tomography. Korean J. Orthod. 2014, 44, 36–43. [CrossRef] [PubMed]

32. Beckmann, S.; Kuitert, R.B.; Prahl-Andersen, B.; Segner, D.; The, R.; Tuinzing, D. Alveolar and skeletal dimensions associated
with lower face height. Am. J. Orthod. Dentofac. Orthop. 1998, 113, 498–506. [CrossRef] [PubMed]

33. Sawada, K.; Nakahara, K.; Matsunaga, S.; Abe, S.; Ide, Y. Evaluation of cortical bone thickness and root proximity at maxillary
interradicular sites for mini-implant placement. Clin. Oral Implant. Res. 2013, 24 (Suppl. S100), 1–7. [CrossRef] [PubMed]

34. Lazos, J.P.; Senn, L.F.; Brunotto, M.N. Characterization of maxillary central incisor: Novel crown-root relationships. Clin. Oral
Investig. 2014, 18, 1561–1567. [CrossRef] [PubMed]

35. Golshah, A.; Salahshour, M.; Nikkerdar, N. Interradicular distance and alveolar bone thickness for miniscrew insertion: A CBCT
study of Persian adults with different sagittal skeletal patterns. BMC Oral Health 2021, 21, 534. [CrossRef]

36. Murugesan, A.; Dinesh, S.P.S.; Muthuswamy Pandian, S.; Ashwin Solanki, L.; Alshehri, A.; Awadh, W.; Alzahrani, K.J.; Alsharif,
K.F.; Alnfiai, M.M.; Mathew, R.; et al. Evaluation of Orthodontic Mini-Implant Placement in the Maxillary Anterior Alveolar
Region in 15 Patients by Cone Beam Computed Tomography at a Single Center in South India. Med. Sci. Monit. Int. Med. J. Exp.
Clin. Res. 2022, 28, e937949. [CrossRef]

37. Perillo, L.; Jamilian, A.; Shafieyoon, A.; Karimi, H.; Cozzani, M. Finite element analysis of miniscrew placement in mandibular
alveolar bone with varied angulations. Eur. J. Orthod. 2015, 37, 56–59. [CrossRef]

38. Usui, T.; Uematsu, S.; Kanegae, H.; Morimoto, T.; Kurihara, S. Change in maximum occlusal force in association with maxillofacial
growth. Orthod. Craniofacial Res. 2007, 10, 226–234. [CrossRef]

39. Ono, A.; Motoyoshi, M.; Shimizu, N. Cortical bone thickness in the buccal posterior region for orthodontic mini-implants. Int. J.
Oral Maxillofac. Surg. 2008, 37, 334–340. [CrossRef]

40. Schwartz-Dabney, C.a.; Dechow, P. Variations in cortical material properties throughout the human dentate mandible. Am. J.
Phys. Anthropol. Off. Publ. Am. Assoc. Phys. Anthropol. 2003, 120, 252–277. [CrossRef]

41. Kiliaridis, S.; Mejersjö, C.; Thilander, B. Muscle function and craniofacial morphology: A clinical study in patients with myotonic
dystrophy. Eur. J. Orthod. 1989, 11, 131–138. [CrossRef] [PubMed]

42. Ödman, C.; Kiliaridis, S. Masticatory muscle activity in myotonic dystrophy patients. J. Oral Rehabil. 1996, 23, 5–10. [CrossRef]
[PubMed]

43. Chatzigianni, A.; Keilig, L.; Reimann, S.; Eliades, T.; Bourauel, C. Effect of mini-implant length and diameter on primary stability
under loading with two force levels. Eur. J. Orthod. 2011, 33, 381–387. [CrossRef] [PubMed]

44. Cheng, S.J.; Tseng, I.Y.; Lee, J.J.; Kok, S.H. A prospective study of the risk factors associated with failure of mini-implants used for
orthodontic anchorage. Int. J. Oral Maxillofac. Implant. 2004, 19, 100–106.

45. Jennes, M.E.; Sachse, C.; Flügge, T.; Preissner, S.; Heiland, M.; Nahles, S. Gender- and age-related differences in the width of
attached gingiva and clinical crown length in anterior teeth. BMC Oral Health 2021, 21, 287. [CrossRef]

https://doi.org/10.1016/j.ajodo.2005.02.032
https://doi.org/10.1016/j.ajodo.2004.11.032
https://doi.org/10.1016/j.ijom.2008.09.006
https://doi.org/10.3758/BF03193146
https://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1016/j.identj.2022.03.007
https://www.ncbi.nlm.nih.gov/pubmed/35527034
https://doi.org/10.1177/0145561320942679
https://www.ncbi.nlm.nih.gov/pubmed/32757996
https://doi.org/10.1002/ajpa.1330850408
https://www.ncbi.nlm.nih.gov/pubmed/1928317
https://doi.org/10.1097/00006534-198507000-00004
https://doi.org/10.1016/j.kjms.2012.04.037
https://doi.org/10.2319/100707-484.1
https://doi.org/10.1002/ajpa.22967
https://doi.org/10.4041/kjod.2014.44.1.36
https://www.ncbi.nlm.nih.gov/pubmed/24511514
https://doi.org/10.1016/S0889-5406(98)70260-4
https://www.ncbi.nlm.nih.gov/pubmed/9598607
https://doi.org/10.1111/j.1600-0501.2011.02354.x
https://www.ncbi.nlm.nih.gov/pubmed/22092972
https://doi.org/10.1007/s00784-013-1142-9
https://www.ncbi.nlm.nih.gov/pubmed/24317876
https://doi.org/10.1186/s12903-021-01891-8
https://doi.org/10.12659/MSM.937949
https://doi.org/10.1093/ejo/cju006
https://doi.org/10.1111/j.1601-6343.2007.00405.x
https://doi.org/10.1016/j.ijom.2008.01.005
https://doi.org/10.1002/ajpa.10121
https://doi.org/10.1093/oxfordjournals.ejo.a035975
https://www.ncbi.nlm.nih.gov/pubmed/2767145
https://doi.org/10.1111/j.1365-2842.1996.tb00804.x
https://www.ncbi.nlm.nih.gov/pubmed/8850154
https://doi.org/10.1093/ejo/cjq088
https://www.ncbi.nlm.nih.gov/pubmed/21062964
https://doi.org/10.1186/s12903-021-01639-4


J. Clin. Med. 2024, 13, 837 13 of 13

46. Chun, Y.S.; Lee, S.K.; Wikesjö, U.M.; Lim, W.H. The interdental gingiva, a visible guide for placement of mini-implants. Orthod.
Craniofacial Res. 2009, 12, 20–24. [CrossRef]

47. Chen, M.C.; Liao, Y.F.; Chan, C.P.; Ku, Y.C.; Pan, W.L.; Tu, Y.K. Factors influencing the presence of interproximal dental papillae
between maxillary anterior teeth. J. Periodontol. 2010, 81, 318–324. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1601-6343.2008.01433.x
https://doi.org/10.1902/jop.2009.090361

	Introduction 
	Materials and Methods 
	Samples 
	CBCT Examinations 
	Measurement Protocol 
	Statistical Analysis 

	Results 
	Patients Profile and Consistency 
	Determine ANS Start 
	The Relationship between CBT and BD with Respect to Height Variations at 0, 15, 30, 45, and 60 Insertion Angles 
	The Relevance between Alveolar Bone Parameters and Sex, Age, and Growth Pattern 

	Discussion 
	Conclusions 
	References

