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Abstract

AIM: The aim of the study is to assess the failure rate after mini-screw insertion using digital three-dimensional
printed guide versus free hand placement technique through a well-designed split-mouth randomized clinical trial.

METHODS: Forty-two patients with mean age (22.56 + 3.47 years) indicated for upper first premolars’ extraction
(Bimaxillary protrusion and Class Il division 1) were included in the study. Their maxillary quadrants were randomized
to receive mini-screws as means of anchorage. Pre-operative maxillary cone-beam computed tomography scan
with ultra-low-dose protocol was imaged and the maxillary arch was scanned using intra-oral scanner to obtain
stereo-lithographic format file for the maxillary arch. Using in vivo and Rapidform Geomagic Studio® Softwares the
mini-screws were planned to be inserted in the buccal inter-radicular space between the upper second premolar and
first molar in both right and left sides. For the intervention sides; digital three-dimensional guides were designed and
printed for mini-screw insertion. Failure of the mini-screws was assessed till 3 months of loading.

RESULTS: There was no statistical significant difference in failure rate of mini-screws in both intervention (7.14%)
and control sides (16.6%), with weak and moderate correlation between the root proximity and the mini-screws
failure in intervention and control groups respectively.

CONCLUSIONS: Using a digital three-dimensional printed guide for mini-screw insertion had no effect on the failure
rate of the inserted mini-screws.

REGISTRATION: ClinicalTrials.gov Identifier: NCT03653078.

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Temporary anchorage devices (TADs) had
been widely used in recent orthodontics [1]. They
could be considered important tools during orthodontic
treatment. They have the advantage of providing efficient
anchorage even if patient's compliance is an issue. In
addition, TADs could facilitate appropriate biomechanics
when anchorage management is critical [2].

Among the several types of TADs, mini-screws
considered the most commonly used type. Mini-screws
have the advantage of simplicity in application among
other TADs. They could be inserted and removed without
the need of surgery. Moreover, due to their reduced
dimensions, they could be inserted in the inter-radicular
regions in the maxilla and mandible. Various designs,
lengths, diameters, and materials were proposed in the
market to accommodate the increasing need of mini-
screws in orthodontics which made their cost is the most
convenient in comparison to other TADs. However, they
have their own limitations and risks [3], [4], [5].

Mini-screw are supposed to be stable till the
end of the orthodontic treatment. If the screw showed
signs of looseness, mobility or inflammation that
necessitated its removal or relocation, the mini-screw
would be considered failed [6]. Mini-screws’ failure
can be attributed to multiple factors; patient-related
and mini-screw related factors [7]. Patient’'s sex, age,
bone quality, medical condition, oral hygiene, smoking
habit, and craniofacial skeletal pattern could affect the
stability and failure rate of the inserted mini-screws [8].
Moreover, the mini-screw’s length and diameter also
have a crucial influence on their success. In addition
to other factors such as; the arch where the mini-screw
inserted (maxilla or mandible), the site of insertion
(buccal, lingual, or alveolar ridge) and the bone quality
in that area [9].

Another important factor was reported in the
literature was the proximity of the mini-screw to the
adjacent roots, especially in the buccal inter-radicular
region [10], [11], [12]. The mini-screw that was in
close proximity to the roots could initiate unwanted
inflammatory process around the adjacent tissues
which would jeopardize the mini-screws stability [13].
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From a different perspective, forces applied on the teeth
in contact of the mini-screw could easily transmitted
to the mini-screw itself [14]. Therefore, accurate and
precise mini-screw placement is considered mandatory
to avoid mini-screw’s instability and finally failed.

Guided mini-screw insertion for individual
patients was proposed in the literature in many forms.
Simple wire guide combined with two-dimensional
radiograph was the start point [15]. Further sophisticated
designs were introduced using different materials such
as acrylic resin [16] and thermoplastic materials [17]. In
the recent digital era, the technology of the 3D printing
paved the way to construct a simple accurate guide for
mini-screw insertion. Thanks to recent technological
advances, combining 3D scanning and cone-beam
computed tomography (CBCT) provide complete
visualization of the roots and buccal cortical bone. This
allowed planning a clear unobstructed path for mini-
screw insertion that can be transferred through a physical
guide obtained from three-dimensional printing would
allow precise mini-screw insertion with the least possible
risks. Furthermore, the assessment of the mini-screw’s
proximity to the roots was previously performed using
another CBCT scan that was taken post-operatively [18],
[19], exposing the patients to another dose of radiation
in quite short period. For that reason, a less invasive
method is needed. Therefore, a well-designed split-
mouth randomized clinical trial was performed to assess
the difference between the failure rate of mini-screws
inserted with 3D printed guide versus the freehand
conventional method and provide insightful clinical
recommendations for accurate mini-screw insertion.

Methods

Trial design

Split mouth randomized clinical trial parallel
design where allocation and randomization of the
eligible patients was with ratio 1:1.

Sample size calculation

Sample size calculated dependingona previous
study (Hourfar et al. [20]) as reference. According to
this study, the probability of exposure among controls
is 0.3. If the true probability of exposure among cases
is 0.05, we will need to study 35 patients per group to
be able to reject the null hypothesis that the exposure
rates for case and controls are equal with probability
(power) 0.8. The Type | error probability associated with
this test of this null hypothesis is 0.05. Chi-squared test
was performed using Power and sample size program.
Total sample size increased to 42 subjects per group to
compensate 20% drop out.

Participants
Eligibility criteria

° Adult orthodontic patients age range
(18-30 years)

° Orthodontic patients indicated for upper
first premolars’ extraction with maximum
anchorage

° Non-smoker patients

° Patients without missing teeth in the upper
arch except the third molar

° Medically free patients with no bleeding

disorders, bone diseases, osteoporosis, or on
anticoagulant therapy

° Patients with facial symmetry with no cleft lip
and palate.

Study settings

The patients enrolled in the study were
selected and diagnosed from the outpatient clinic,
Department of Orthodontics, Faculty of Dentistry, Cairo
University.

Randomization
Sequence generation

Computer-generated site [1] was used for
allocation and randomization of the eligible patients
with ratio 1:1.

Allocation concealment

° Allocation concealment was done through
opaque sealed envelopes, whereas each
envelope had a code number

° Each code was representing the side where
the intervention was applied (right/left) for each
participant.

Implementation
o Each eligible patient received a sealed

envelope, inside which a code only known to
the associate supervisor

° According to that code, each side of the
patient was assigned for intervention or
control according to the list of codes of
randomization

o Principal investigator knew which side was
the intervention or control only after planning
the mini-screw position for both sides for each
patient

° Implementation procedure was applied
just before designing the 3D guide for the
intervention side.
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Blinding (masking)

° The current trial was single blinded

° The patients and the principal investigator
couldn’t be blinded as the two insertion
techniques were completely different.

Interventions
Pre-treatment records

o In the first clinical appointment of all enrolled
patients, the following records were taken;
primary impressions, full set of intra and
extraoral photographs, pre-operative CBCT
with ultra-low dose protocol using Planmeca
ProMax® 3D Max [2] of the skull (90kV, 7.1mA,
25 mGy.cm®), the patients were instructed to
open theirmouth during the imaging procedures
keeping their upper and lower teeth apart from
each other and pre-operative intra-oral scan
of the maxillary arch. Using Medit® i500 [3]
Intra-oral scanner to obtain stereo-lithographic
format (STL) for mini-screw planning

° In addition, the mini-screw used in our study
GNI Smart Anchor [4] bracket-head design
with 1.6 mm diameter and 8 mm length was
scanned with the same intra-oral scanner twice
to obtain 2 STL files; STL of the mini-screw and
the other STL consisted of the shank of the
driver with the mini-screw attached to it.

Planning mini-screw position

° This procedure was done for each patient
for both right and left sides by the principal
investigator before the implementation of the
randomized codes in the sealed envelopes

° Preoperative digital imaging and
communications in medicine CBCT scan was
installed in in vivo dental viewer to be converted
into an STL file

° The two STLs of the maxilla obtained from the
intra-oral scanning and the CBCT scan were
then installed in Rapidform Geomagic Studio®
Software [5], they were superimposed on each
other using landmark-based superimposition
technique. In this technique one STL used
as a reference (STL of the CBCT scan) and
the other used as test, then multiple identical
points were selected in both STLs to be
superimposed on each other

° Then the STL of the mini-screw was planned
to be positioned in buccal inter-radicular space
midway between the upper second premolar
and first molar with an angle 40° with the long
axis of the roots according to Lim et al. [21] in
the right and left sides (Figure 1)

° Afterward, the STL of the mini-screw attached
to the shank of the driver was substituted

Figure 1: A window of Geomagic software showing stereo-
lithographic format from cone beam computed tomography scan
(blue) superimposed on the maxillary scan (green) and the mini-
screw in the planned position (purple)

with the STL of the mini-screw alone in the
intervention side.

Designing and 3D printing of the mini-screw
3D guide

° The STL of the maxilla with the driver in
position was uploaded in 3Shape® software
[6] to design the 3D guide

° The boundaries of the guide were drawn

over the maxillary arch. The guide of 4 mm
thickness was designed to cover the occlusal
surfaces of second premolar, the first molar,
and half of first premolar extending palatal and
buccal beyond the position of the mini-screw
with a cylinder of 11 mm length added at the
position of the mini-screw to the buccal wall
with inner diameter equal to the outer diameter
of the driver (Figure 2)
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Figure 2: A window of the 3Shape software showing the buccal
extension of the 3D guide

° Then the design was saved and printed by
RasDENT® [7] 3D printer using NextDent
surgical guide Class | biocompatible resin [8],
finished and polished.

Mini-screw insertion in patient mouth

° Before mini-screw insertion, topical anesthetic
gel was applied, then few drops of local
anesthetic solution [9] (Articaine 1:100000, 4%
Adrenaline) were given by infiltration in the site
of the mini-screw insertion

https://oamjms.eu/index.php/mjms/index
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Insertion site preparation was done through
swapping with sterile gauze and Betadine
antiseptic solution in one direction from apical
to coronal

In the intervention side, the 3D printed
guide was inserted in the patient's mouth
with complete seating, and the patient was
instructed to bite on a cotton pellet to hold the
guide in place, then the driver with the mini-
screw was inserted through the channel of
the guide till complete mini-screw’s insertion
(Figure 3)

Figure 3: 3D printed guide in position, patient was biting on cotton
palette to ensure full seating

In the control side, the insertion site of mini-
screw was located conventionally with the
help of the CBCT scan. The explorer was
pressed inter-dentally between the second
premolar and first molar to create a line, at
the intersection between this line and the
mucogingival junction a bleeding point was
created with the tip of the explorer to mark the
site of insertion of the mini-screw, at which the
mini-screw was inserted with an acute angle
with the bone.

Recording mini-screw position after insertion

in patient mouth

The maxillary arch including the buccally
positioned mini-screws on both sides was
scanned with the same intra-oral scanner to
create post-insertion scan STL

This STL was superimposed using the same
technique on the STL of the maxilla from the
CBCT scan in the Geomagic software to get
the relation between the inserted mini-screw
and the adjacent roots. The distance between
the mini-screw and the buccal root of the
second premolar was measured

o According to that distance, the mini-screws
were categorized into two groups; group A
where this distance was <0.6 mm, group B
where this distance was =0.6 mm (Figure 4).

between the root of the second premolar and the inserted mini-
screws, I: Group A, distance <0.6 mm, II: Group B, distance 20.6 mm

Conventional treatment steps

° Separation was performed for first upper
and lower molars, followed by banding and
bonding for upper and lower arch using
American® orthodontic brackets [10] Roth
slot 0.022-inch

° Wire sequence for leveling and alignment was;
0.014” Nickel Titanium, 0.016” Nickel Titanium,
0.016 x 0.022” Nickel Titanium, 0.016 x 0.022”
stainless steel till reaching the working wire
0.017 x 0.025” stainless steel with an average
interval 4 weeks between each

° Patients then were referred for first premolars
extraction
o For retraction, closing coil springs were

installed between the head of the mini-screw
and a crimpable hook on the archwire with a
force of 100 g for direct anchorage (Figure 5)

° All patients were treated until the case was
fully finished into a class | canine relation with
proper leveling and alignment with proper
proximal contacts.

Figure 5: Enmass retraction directly on the mini-screws using closing
coils
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Outcome

° Failure rate was assessed during the period of
en mass retraction (8—12 months) [22]

° If the mini-screw was stable in position with

no signs of mucosal inflammation or mobility
sustaining its function of anchorage, the mini-
screw was considered successful

° If the screw showed signs of looseness, mobility,
or inflammation that necessitated its removal or
relocation, the mini-screw was considered failed
(Figure 6).

a Ny & -

Figure 6: Failed mini-screw, (a) Inflamed tissue surrounding the mini-
screw, (b) Mini-screw was removed after failure

Statistical analysis

o Data were analyzed using IBM Statistical
Package for Social Sciences (SPSS) advanced
statistics, version 22 (SPSS Inc., Chicago, IL)

° Failure of mini-screws was assessed as binary
outcome using Chi-square test
° p <0.05 was considered statistically significant.

All tests were two tailed.

Results

° The number of the mini-screws in group A
was higher in the control than the intervention
group with statistical significance difference
(p <0.05) (Table 1)

Table 1: Distribution of group A and B among the intervention
and control groups (Chi-square test)

Type of treatment Group A Group B p-value
n % n %

Intervention (n = 42) 3 7.14 39 92.8 0.0001*

Control (n = 42) 14 33.3 28 66.6 0.002*

p-value 0.003* 0.003*

N: Number of mini-screws, %: Percentage, *: Statistical significance.

° The failure rate of the mini-screws in both

intervention and control group was of a
statistically significant difference (p < 0.05)
as represented in Table 2. The three failed

Table 2: Mini screw failure rate in intervention and control
group (Chi-square test)

Failure Successful Failed p-value
n % n %

Intervention 39 92.8 3 7.14 0.0001*

Control 35 83.3 7 16.6 0.0001*

p-value 0.214 0.19

N: Number of mini-screws, %: Percentage, *: Statistical significance.

mini-screw in the intervention group were
inserted in the right side and failed after 1 week
(2 mini-screws) and 2 weeks of insertion
(1 mini-screw), while the seven failed mini-
screws in the control group were inserted in
the left sides and they failed at 3 days (1 mini-
screw), 1 week (4 mini-screws), 1 month
(1 mini-screw), and 1.5 months (1 mini-screw)

° There was no statistically significant difference
in failure of mini-screws between both
intervention and control groups (p > 0.05) as
represented in Table 2

° Insignificant correlation was found between the
root proximity and failure of the mini-screws
(Table 3).

Table 3: Correlation between failure and root contact in both
intervention and control groups (Pearson’s Correlation test)

Correlation between root r p
contact and failure
Intervention group

Control group

r: Pearson’s Correlation coefficient.

Indication

—0.059 0.81
—0.316 0.21

Weak/negative/insignificant
Moderate/negative/insignificant

Discussion

Smoker patients were not included in the study.
Smoking was proven to affect the micro-circulation of
the mucosa and gingiva, which in turn may affect the
success of the mini-screw [23]. Further, patients with
missing posterior teeth in the upper arch were excluded
from the study, as that would affect the protocol of
extraction of the orthodontic case. Furthermore,
the chosen site of the mini-screw insertion might be
changed in that case which should be standardized for
the entire sample. On the other hand, the 3D printed
guide gained its retention from the occlusal surface of
the posterior teeth, thus missing posterior teeth would
jeopardize the 3D printed guide’s retention and stability
during insertion.

Patients with cleft lip and palate were excluded,
as they need complex and multi-disciplinary treatment.
They usually have disruption of the arch integrity and
abnormal eruption pattern which may interfere with
selection of the site of mini-screw. Furthermore, the
quality of the buccal bone is poorer than usual which
may affect the stability of the inserted mini-screw [24]. In
addition, patients with facial asymmetry weren’tincluded
in the sample. These patients required asymmetric
pattern of treatment; either surgical management or
asymmetric extraction pattern. Thus, the split-mouth
randomized clinical trial could not be fully applied for
them [25].

For planning of mini-screw insertion, a pre-
operative CBCT was taken, in agreement with previous
studies [18], [19], [26], [27], [28], [29], [30]. The CBCT
scan was imaged with 90 Kvp, 6 mA, 17.1 mAs, 2.8 s with
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an effective radiation dose 21 uSv which considered an
ultra-low dose protocol with normal resolution. It was of
enough quality to visualize the roots during the planning
of the screw position with the least radiation possible [31].

The angle of mini-screw insertion was 40°
with the long axis of the adjacent teeth, which was
recommended by Lim et al. [21] to allow for more bone
engagement with less risk of root contact. This angle
was measured in the planning of both groups; during
the insertion in the control group using the conventional
technique and during designing the guide for the
intervention group.

The distance between the mini-screw and the
adjacent root surface shouldn’t be <0.6 mm as reported
by Lee et al. [13] A distance <0.6 mm meant that the
mini-screw was inside the periodontal space (0.4 mm
thickness) [32] and the presence of the mini-screw in that
distance was reported to provoke inflammatory reaction
which may jeopardize the mini-screw’s stability [12].

Few of the mini-screws in the intervention
group were of group A category, that might be attributed
to some dimensional changes in the printed guide
allowing some play between the driver and the channel.
In addition, more mini-screws of the control group were
in group A which might be due to the lack of guidance
as the intervention group.

For the failure of the mini-screw, clinical
assessment was performed after applying load. It
was reported that short-term failure of mini screw was
common to occur in the first 3 months with the peak after
2 weeks [33]. Although other studies [9], [34] assessed
the failure on longer term (7—12 months), they reported
that failure occurred in the first 3 months after loading
was of higher incidence, which was consistent to our
results where the last mini-screw failed after 1.5 months
only.

In terms of failure, the overall failure rate of
the all mini-screws inserted in the current study was
11.9% in agreement of previous studies assessed the
failure rate of the mini-screws in general [6], [7], [8], [9],
[10], [11], [12], [20], [34], [35], [36], [37], [38], [39], [40].
However, to the best of our knowledge there were no
studies assessed the failure rate of the mini-screws
inserted by 3D printed guides. In the intervention side,
the failure rate was 7.14%. The only mini-screw that
failed shortly after its insertion in the intervention group
was in the group A. Therefore, that failure might be as
a result of the root proximity as reported by previous
studies [11], [12], although we found a weak correlation.
For the control group, the failure rate was 16.6%. All
the failed mini-screws of the control group were also
group A. Among the failed mini-screws 5 failed shortly
after their insertion which might be due to close proximity
to the root as we found moderate correlation between
the root proximity and the failure as reported in the
literature [11], [12]. The others failed late in the treatment
which can be explained that other factors contribute

to their failure rather than the root contact alone as
mentioned by several studies [9], [35], [36], [41].

Limitations

The mini-screws were inserted before leveling
and alignment which could have resulted in tipping of
the adjacent roots before the start of retraction. This
could be a confounder to affect the accuracy of the mini-
screw failure data. However, as previously explained,
the design of the guide and the accuracy of the STL
files required clear buccal surfaces of the teeth with no
brackets and/or bands.

Conclusions

Within the limitations of the current study:

° Overall failure rate of mini-screw was 11.9%

° The failure rate was not statistically significant
whether inserted by three-dimensional printed
guide (7.14%) or conventional freehand
technique (16.6%)

° Moderate correlation was found between
the root proximity and the failure rate of the
mini-screws.
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