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A b s t r ac t
Aim: The aim of this study was to place virtual mini-implants (MIs) in implant planning software and determine bone thickness (BT) as well as
MI proximity to the root at various angulations.
Materials and methods: A total of 55 cone-beam computed tomographies (CBCTs) were superimposed with the intraoral scans of the respective
patients in the virtual implant planning software (3Shape Unite). The BT and root proximity of the virtual MIs were measured at 40°, 50°, and
70° to the tooth’s long axis. IBM SPSS Statistics Software was used for the statistical analysis. Kruskal–Wallis test was used for intergroup and
intragroup comparisons. Mann–Whitney U test was used for comparison among gender.
Results: The BT was 1.27 ± 0.3, 1.06 ± 0.3, and 1.03 ± 0.21 at 40°, 50°, and 70° angulations, respectively (p < 0.05). The root proximity of virtual
implants was 1.9 ± 1.01, 1.6 ± 0.8, and 0.5 ± 0.2 at 40°, 50°, and 70° angulations (p < 0.05). No significant differences were found among males
and females at 40°, 50°, and 70° angulation for BT. However, the distance from the root at 50° was significantly lesser for females as compared
to males (p < 0.05). Intragroup comparisons showed statistical significance for BT among all groups (p < 0.05), for root proximity of the virtual
implants among groups I and III (p < 0.05).
Conclusion: The mean cortical BT decreased, and the root proximity of virtual implant increased as the placement angulation increased from
40° to 70°. The BT did not differ significantly among males and females at all the angulations. The distance between the root and virtual implants
was significantly lesser for females than males, only at 50° angulation.
Clinical significance: Using virtual MI software will help in the accurate placement of MIs by engaging the maximum thickness of bone and
reducing the failure rates by preventing root contact.
Keywords: Bone thickness, Mini-implants, Root contact, Virtual implant planning.
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Introduction

1–3

The use of temporary anchorage devices (MIs and miniplates)
has expanded the envelope of discrepancy in orthodontics.
The complicated borderline surgical cases are being treated
orthodontically with the advent of MIs.1 MIs can be effectively
used for anchorage preparation for retraction, 2 intrusion of
teeth,3 protraction of molars,4 etc.
The success rates of MI are greater than 80%.5–7 According to
Alharbi et al.’s recent systematic review and meta-analysis, the
failure rate of MI is 13.5%. The success rate of dental implants is
greater than 95%, which is higher than the success rates of MIs.8 The
reasons for MI failure are attributed to inadvertent contact with the
dental root resulting in increased insertion torque,9 the geometry
of the implant,10 and reduced cortical BT.11 Numerous studies have
been conducted to determine the BT and root proximity of MIs
at various angulations using CBCT. These studies have correlated
success rates with BT root proximity.12,13
Optimal placement of MIs is critical for long-term stability of
self-drill MIs.14 With the advent of the advancements in digital
orthodontics, virtual implant planning software has been
introduced. These help in the accurate planning of implants
virtually on the software by the superimposition of CBCT and the
STL file of intraoral model scan for the patients. The virtual implants
can be planned and printed as three-dimensional (3D) guides
for placement intraorally.15 These softwares have been widely

used for dental implants, and studies have proven it to be more
accurate than manual placement. Implant planning software also
has the features to measure BT and density and carry out linear
and angular measurements by virtually placing an implant in the
desired position.16
Hence, the objective of this study was to place virtual MIs on
the superimposed CBCT and intraoral model scan in the implant
planning software and determine the BT as well as the proximity
of the MI to the root at different angulations.
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M at e r ia l s

and

Methods

This retrospective CBCT study was conducted on patients’ records
retrieved from the year January 2019 to May 2022 from the
Department of Orthodontics and Dentofacial Orthopaedics who had
reported for orthodontic treatment at Saveetha Dental College. After
screening 77 CBCTs, patients not adhering to the inclusion criteria
were excluded. A total of 55 patients (31 females and 24 males) who
fulfilled the inclusion criteria were selected. Sample size calculation
with an effect size of 1.2, a power of 0.90, and a significance level
of 0.05 was calculated from a previously published article.17 The
university’s ethics committee approved this study.
Patients within the age range of 18–30 years who had (1)
Pretreatment CBCT records for surgical planning, MI-assisted rapid
palatal expansion (MARPE) planning, impacted teeth diagnosis,
or extra-alveolar implants planning; (2) Records of pretreatment
intraoral scanned models, and (3) Patients with almost parallel
roots between maxillary first and second premolars were included
in the study.
Patients whose records were suggestive of any systemic
disease, any diseases interfering with normal bone metabolism,
with divergent or convergent maxillary first and second premolar
roots were excluded from the study.
Cone-beam computed tomography imaging [digital imaging
and communication in medicine (DICOM) format] was done in the
scan mode time of 14 seconds; 85 kVp, and 7 mA. The Frankfort
plane for each subject was set to horizontal. Images were obtained
keeping the following settings constant: the thickness of the axial
slice of <1 mm with a voxel size of 0.3. Intraoral scans (3Shape Trios)
for the selected patients were taken as a routine pretreatment
procedure, and virtual models were extracted.
The BT at the site of virtually placed implants at 40°, 50°, and
70° to the long axis of the teeth was calculated.17 The implant’s
proximity to the root was also calculated. The study included only
one side of the maxillary arch for each sample having almost parallel
roots of the first and second premolar. 3Shape Unite software is a
virtual implant planning software and was used in this study.

Procedure
The CBCT and the models were superimposed on the software to
proceed with the measurements (Fig. 1A). The Tomas pin MI loaded

in the library of 3Shape Unite software with a dimension of 1.6 × 8 mm
was used in our study. Two landmarks were placed at the most inferior
points on the left and right floor. A nasal floor line connecting these two
landmarks was used as the reference plane. The tooth’s long axis was
perpendicular to the reference plane. The initial implant angulation was
planned in the view where the model and CBCT were superimposed
(Fig. 1B). The implant was oriented at 40°, 50°, and 70° angles to the long
axis of the tooth (Fig. 2). Verification of the implant angulation was done
in an orthogonal view of the CBCT slices. Horizontal angulation was
adjusted to avoid root contact in the panoramic view (Fig. 3). The height
of placement was kept constant at 6 mm from the cementoenamel
junction (CEJ), which could be verified in the tangential view (Fig. 4).
After orienting the implant, the final placement was verified in the
panoramic view. Following the orientation of the virtual implant at
the standardized heights, the cortical BT engaged by the implant was
calculated in the orthogonal view at 40°, 50°, and 70°, respectively (Fig.
5). The largest distance of cortical bone engaged by the implant was
used to calculate the buccal cortical BT. The panoramic and axial slices
were oriented for the measurement of root proximity. The implant
proximity to the roots was evaluated in the axial view (Fig. 6A). The
shortest distance of the virtual implant from any adjacent root was
taken as the measurement for measurement of root proximity of the
implant.18 If the distance was 0 mm, it was termed root contact (Fig. 6B).
These measurements were repeated at 40°, 50°, and 70° angulations.

Statistical Analysis
IBM SPSS Statistics Software (version 23.0, CA, IL, USA) was used to
perform the statistics.
The intraclass coefficient was used to evaluate the repeatability
for a set of measurements obtained at two different points in
time. The Shapiro–Wilk test was used to assess the normality
of data distribution. As the data distribution was non-normal,
nonparametric tests were employed. Descriptive statistics were
carried out to calculate the mean values of BT and the proximity
of virtual implants to the adjacent roots. Intragroup comparisons
were made among the different angulations between 40° and 50°
(group I), between 50° and 70° (group II), and between 70° and
90° (group III). Intergroup and intragroup comparisons were made
using Kruskal–Wallis test. Mann–Whitney U test was carried out to
compare the BT and root proximity parameters among males and
females at every angulation (50°, 70°, and 90°).

Figs 1A and B: (A) Intraoral scanned model and CBCT superimposition in 3Shape Unite software; (B) Initial orientation of the virtual MI between
maxillary second molar and maxillary second premolar in the view where intraoral scanned models and CBCT are superimposed
S40
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R e s u lts
The intraclass coefficient was 0.85, indicating good repeatability
of the measurements (p < 0.05).

Descriptive Statistics Results
This study had an uneven distribution of males (n = 24) and females
(n = 31). The mean BT was 1.27 ± 0.3, 1.06 ± 0.3, and 1.03 ± 0.21 at
40°, 50°, and 70° angulations, respectively. The distance between
the root and virtual implants was 1.9 ± 1.01, 1.6 ± 0.8, and 0.5 ± 0.2 at
40°, 50°, and 70° angulations, respectively (Table 1).
Fig. 2: This figure depicts the nasal floor reference line, the long axis of
the tooth, and the angulation of the virtual MI in the orthogonal view

Intergroup Comparisons
On intergroup comparison, the maximum BT was recorded at 40°
angle and the least at 70° (p < 0.05). The distance between the
roots and the virtual implants was the least at 70° angulation of the
implant, and the maximum distance was recorded at 40° angulation
(p < 0.05). These results showed statistical significance (Table 1).

Intragroup Comparisons

Fig. 3: Horizontal angulation of virtual MI between maxillary first molar
and maxillary second premolar in the panoramic view

The BT reduced as the angulation increased from 40° to 70°, whereas
the proximity of the virtual implant to the root increased as the
angulation increased from 40° to 70°. Intragroup comparisons
showed statistical significance for BT among all groups (p < 0.05).
Intragroup comparisons showed statistically significant results for
root proximity to the virtual implants among groups I and III (p <
0.05) (Table 2).

Demographic Data
In comparison among genders, no significant differences were
found among males and females at 40°, 50°, and 70° angulation
for BT and 40° and 70° angulation for root proximity. However, the
distance between the root and the virtual implant at 50° angulation
was significantly lesser for females as compared to males (p < 0.05)
(Table 3).

Discussion

Fig. 4: The height of the virtual MI standardized at 6 mm above the CEJ
between maxillary first molar and maxillary second premolar in the
tangential view

Several retrospective CBCT studies have been conducted in
orthodontic patients to assess root contact and BT after MI
placement.17,19 All these studies have evaluated the BT and root
contact using CBCT after insertion into the patient’s oral cavity. There
are numerous pretreatment retrospective CBCT studies evaluating the
quality of bone at different heights and angulations.20,21 No study has
been reported on using virtual MIs to assess the bone quality or risk
of root contact in orthodontic patients. The purpose of this study was
to utilize the virtual implant software to precisely place the MI at 40°,
50°, and 70° angulation so as to engage maximum cortical bone and
avoid root contact and assess the ideal angulation for MI placement.
This study standardized the implant size to 1.6 × 8 mm (Tomas pins,
Dentaurum) and height to 6 mm above the CEJ based on the values
obtained from previously published literature. 20 The horizontal
angulation was adjusted in the MI software in the panoramic view to
avoid any root contact in the mesiodistal direction. After standardizing
all these parameters, the objective of this study was to evaluate the
BT and root proximity at different angulations.

Bone Thickness
Fig. 5: Cortical BT measured between maxillary first molar and maxillary
second premolar in the orthogonal view

A study by Deguchi et al. measured BT at 30°, 45°, and 90° angulation
and stated as the angulation increased, the BT reduced. Meira et al.
measured cortical BT at 45°, 60°, and 90° angulation and concluded
that the MI had greater cortical BT, pull-out strength, and insertion

World Journal of Dentistry, Volume 13 Special Issue 1 (September 2022)

S41

Cortical Bone Thickness and Root Proximity of Virtually Placed Mini-implants

Figs 6A and B: (A) Measurement of root proximity of virtual MI between maxillary first molar and maxillary second premolar in axial view; (B)
Root contact of the virtual MI
Table 1: Intergroup comparison of mean BT and root proximity of
the virtual implants performed using Kruskal–Wallis test (p < 0.05 =
statistically significant)

At 40°
(Mean ± SD)

Groups

Intergroup
comparison
(Kruskal–
At 50°
At 70°
Wallis,
(Mean ± SD) (Mean ± SD)
p-value)

BT

1.27 ± 0.3

1.06 ± 0.3

1.03 ± 0.21

0.00*

Root
proximity

1.9 ± 1.01

1.6 ± 0.8

0.5 ± 0.2

0.00*

*Statistically significant

Table 2: Kruskal–Wallis test was employed for intragroup comparisons
of BT and the root proximity of the virtual implants
Intragroup comparison
(Kruskal–Wallis, p-value)
At 40–50°
(Group I)

At 50–70°
(Group II)

At 70–90°
(Group III)

BT

0.00*

0.00*

0.00*

Root proximity

0.00*

1.00

0.00*

Groups

*Statistically significant

Table 3: Comparison of BT, root proximity among males and females at the different angulations was performed using Mann–Whitney U test
(p < 0.05 = statistically significant)
At 40°
(Mean ± SD)
Males
N: 20

Groups
BT (mm)
Mann–Whitney U test (p-value)
Root
proximity (mm)
Mann–Whitney U test (p-value)

1.27

At 50°
(Mean ± SD)

Females
N: 33

Males
N: 20

1.27

1.07

0.9
1.02

At 70°
(Mean ± SD)

Females
N: 33

Males
N: 20

1.06

1.02

0.9
1.00

0.8

0.8

1.04
0.8

0.6
0.003*

Females
N: 33

0.5

0.5
0.2

*Statistically significant

torque at 45° angulation.22 Lim et al. proposed placing MIs at 30° or
45° angulations due to maximum cortical BT at those angulations and
at a height of 4–6 mm from the CEJ.23 The mean BT in these studies
mentioned above was in the range of 1.2–2 mm in the premolar molar
region. In this study, the region between premolar and molar was
selected to place the virtual MI as it is the most preferred site owing
to the accessibility and large space.19 The mean BT at 40°, 50°, and 70°
angulation was 1.9 ± 1.01, 1.6 ± 0.8, and 0.5 ± 0.2, respectively. As the
angulation of the MI from the long axis of the tooth increased, the BT
decreased. It was the least at 70° and comparable at 40° and 50°. These
values showed statistical significance (p < 0.05) (Tables 1 and 2). The
results of the mean BT and their association with varied angulations
of our study were concurrent with the aforementioned studies.
The BT did not differ significantly among males and females at
different angulations (p > 0.05) (Table 3). Cassetta et al. reported
significantly increased cortical BT in males as compared to
females.24 Ono et al. also found a significantly increased thickness
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in males. Farnsworth et al.25 and Park et al. showed no statistically
significant differences in BT between sexes, which was consistent
with our findings. 26 In our study, the gender distribution was
uneven, which could contribute to the discrepancy in the results
as compared to other abovementioned studies.

Root Proximity
The average root proximity values with statistical significance
were 1.9 ± 1.01 at 40°, 1.6 ± 0.8 at 50°, and 0.5 ± 0.2 at 70° (p < 0.05)
(Table 1). The virtual MI’s root proximity was calculated as the shortest
distance between the root and the MI. According to the findings of our
study, virtual implants angulated at 70° had the shortest distance from
the root, while those angulated at 40°–50° had the greatest distance.
This suggests that vertically slanted MIs produce lesser chances of
root contact. Intragroup comparisons showed a statistically significant
correlation between group I and group III but not between group II
(Table 2). Of the 55 virtual implants that were placed, five had root
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contact (three contacted the maxillary first molar, and two contacted
the maxillary second premolar). At 40° and 70° angulation, the
proximity of the virtual implant to the root did not differ significantly
between males and females, except that female implants were
significantly closer to the roots (0.6 mm) than males (0.8 mm) (Table 3).
Shinohara et al. reported values of 0.6–1 mm of root proximity
at an angulation of 48.3–50.4°. One-fourth of their sample size
encountered root contact. They used a 1.6 × 8 mm MI size, which
was similar to our study, and claimed that this diameter had a
lower chance of root contact. Increased root contact was linked to
higher failure rates.18 Watanabe et al. also claimed that the shorter
distance between the MI and the root contributed to the high
failure rate.27 Min et al. also positively correlated the failure rates
(9.3%) of MIs to increased root proximity of the implant.19 Jung
et al. stated the higher failure rates were contributed by increased
root proximity, but he said that angulation had no effect on root
proximity disregarding the results of our study.28
There are a number of other factors that might affect the root
proximity of the virtual implant, along with vertical angulation.
Horizontal inclination, size of the implants, and mesiodistal position
of insertion point might also be factors contributing to the root
proximity.18
The size, distance from CEJ, and point of insertion were
standardized in our study. The advantage of virtual implant
placement was that the horizontal angulation of the MI could be
adjusted to avoid root contact by viewing the MI in a panoramic
view. In contrast to our study, other studies reported higher failure
rates due to root contact. The use of virtual MI planning reduces
the number of patients who have root contact.
The values for BT, as well as for root proximity obtained by
placing virtual implants, were almost similar to those reported
in other studies. Using the virtual implant software can help us
determine accurately the angle at which the maximum BT will be
engaged by the implant. It will also help us determine the ideal
horizontal angulation to avoid root contact. This can be replicated
clinically by using 3D-printed guides. The use of virtual MI planning
along with surgical guides will improve the placement precision and
stability and improve the biomechanical features.29
Three-dimensional printed guides require the support of CBCT
imaging and intraoral scanning. Watanabe et al. have recently
suggested that CBCT imaging is superior in viewing root proximity
of implants as compared to periapical views.27 Using CBCT for every
patient requiring orthodontic MIs is not justified. Therefore, virtual
MI software planning can be advocated for patients with a tendency
towards converging roots, where chances of root contact are high.
It can also be used in patients having defects in bone metabolism
affecting the bone density and, in turn, implant stability. Knowing
the angulation and position at which maximum bone can be
engaged accurately, followed by printing of surgical guides to assist
in the placement of MI clinically in the predetermined position, will
benefit such patients. It can also be used in skeletal class II or class
III camouflage adolescent patients requiring absolute anchorage.
As adolescent patients have a tendency towards inferior bone
quality,14 virtual implant placements will enhance the precision.
The other studies reporting the BT or root proximity of MIs have
either taken CBCT after placement of the implant or measured the
values on pretreatment CBCTs by constructing the angulations.
An increase in the noise of CBCT due to the presence of metals can
contribute to errors in the measurements.30 One of the advantages
of our study is that the virtual MI is well defined, and the error

component is reduced. Another advantage is that placement of
the virtual MI is done on the superimposed model and CBCT, which
enhances the accuracy and clinical predictability.
One of the limitations is the smaller sample size of 55 CBCT
patients. A more elaborate study with a large sample size can be
used to standardize the mean BT and root proximity values of a
larger population. Values should be standardized based on the
growth pattern and different malocclusions, too. Based on these
values, a standardized 3D surgical guide can be prepared. Future
studies need to be conducted to validate using virtual MI software
for planning MIs in orthodontic patients.

C o n c lu s i o n
Within the limitations of this study, we can conclude that, as the
angulation of the virtual MI increased from 40° to 70°, the mean
cortical BT decreased significantly (p < 0.05), and the distance
between the root and the virtual implant decreased significantly
(p < 0.05). The BT did not differ significantly among males and
females at all the angulations (p > 0.05). The proximity of the virtual
implant to the root was significantly lesser for females (0.6 mm) than
males (0.8 mm) only at 50° angulation.
Using virtual MI software will help in the accurate placement
of MIs by engaging the maximum thickness of bone and reducing
the failure rates by preventing root contact.
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