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Abstract
Background: The introduction in the orthodontic field of the digital workflow for guided insertion of palatal TADs
and the development of the 1-visit protocol led to the reduction of chair time and the possibility of complete
customization of designs and materials. Conversely, the reduction of operative steps implicates a lower tolerance of
deviations between the planned and the actual position of the miniscrews, particularly when the orthodontic device
is fixed on 4 palatal TADs or has a rigid structure. This study aims to analyze the influence of each step of the digital
workflow on the deviation of the miniscrews’ axis of insertion in a bicortical sample. The null hypothesis is that there
are no significant differences in the deviations among the operative steps.
Methods: 33 subjects were selected for insertion of bicortical palatal miniscrews with a 1-visit protocol. Digital files
were collected at the three stages of the workflow (i.e., digital planning, laboratory prototype, post-insertion impression). A 3D software analysis was performed on a total of 64 miniscrews. After automatic shape recognition of the
guiding holes of the digital plan and the scanbodies of the laboratory prototype and post-insertion impression as
geometric cylinders, their three-dimensional longitudinal axis was traced and the deviation among them was calculated. Friedman test with Bonferroni correction was performed to assess the significance of the deviations among the
three steps, with significance set at p < 0.05.
Results: The laboratory step has a significantly lower degree of deviations (2.12° ± 1.62) than both the clinical step
(6.23° ± 3.75) and the total deviations (5.70° ± 3.42). No significant differences were found between miniscrews
inserted on the left or the right side.
Conclusions: This study suggests that laboratory procedures such as surgical guide production or rapid prototyping don’t play a significant role in the degree of deviations between the planned and the positioned palatal TADs.
Conversely, the clinical steps have a bigger influence and need to be carefully evaluated. Despite this difference, there
is a cumulative effect of deviations that can lead to the failure of the 1-visit protocol.
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Background
The implementation of new digital technologies in the
orthodontic field gave a significant contribution to many
aspects of both clinical practice and research, from
diagnosis to treatment planning and outcome assessment [1]. One of the main imports of this technological
advance was the digitalization of guided procedures for
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the insertion of palatal TADs. Pre-operative planning and
the use of surgical guides allow for precise and controlled
placement while minimizing risks associated with this
procedure [2, 3].
Many studies support the evidence that pre-operative
planning and surgical guides allow for more accurate
placement [4–6]. Numerical values on deviations of
palatal miniscrews between the planned and the postoperative position vary greatly among studies, and only
a few specifically investigate angular deviations between
the axis of insertion. Results are generally not directly
comparable, because the methods of investigation, the
software used, and the reference points analyzed are heterogeneous. What’s more, only a few of these studies are
clinical studies, while most of them are cadaveric studies
[7] or studies on phantoms [8]. As a general overview,
angular deviations in the literature vary from 4.60° ± 2.54°
to 3.67° ± 2.25° and 3.60° ± 2.89° [2, 4, 5].
Accuracy between the planned and the actual position
of palatal miniscrews has a key role when the 1-visit protocol is applied. The positioning of both the miniscrews
and the orthodontic device in the same appointment has
many advantages, such as the reduction of chair time and
operative steps [9–11]. Many case reports describe the
application of this protocol, but studies with larger samples are needed to establish the efficiency and the applicability of these techniques in the daily practice. These
studies report some complications ascribable to the misfit between the planned and the positioned miniscrews
but fail to quantify them [9–13].
Another advantage of pre-operative planning with a
cone-beam computed tomography is the possibility of
planning a bicortical position. Bicortical miniscrews
show greater stability, better mechanical results, lower
stress and strain values, decreased deformation and fracture [14–18]. Despite the number of studies describing
the advantage of a bicortical insertion, studies analyzing
the deviations between the planned and positioned TADs
often fails to indicate whether insertion was monocortical or bicortical. To the best of our knowledge, no clinical
investigations specifically focus on deviations between
the planned and positioned miniscrews when the lower
nasal cortical is engaged.
Considering the heterogeneity of studies on the accuracy of miniscrews placement and how this can influence
the 1-visit protocol, there’s the need for a thorough evaluation of accuracy at every step of the digital workflow.
To the best of our knowledge, no study analyzes the influence of deviations generated during laboratory processes
involved in this specific protocol.
Literature on medical prototyping describes a range
of errors varying from 0.13 to 0.57 mm, all considered
within clinically acceptable limits [19–22]. Despite the
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clinical irrelevance of the deviations, investigations highlight how there are potential sources of errors at each
stage of the prototyping process[19]. Therefore, even if
most studies conclude that inaccuracies in medical rapid
prototyping models are unlikely to contribute significantly to errors, they were unable to quantify exactly how
much each error source contributes to model accuracy,
nor the minimum accuracy required [19–22].
This study aims to test the null hypothesis that there
aren’t significant differences in the angular deviations
of TADs among each step of the guided digital workflow. The goal is to understand which operative step has
the biggest influence on angular deviations between the
planned position of palatal miniscrews and the postinsertion position. The experimental approach will be a
3D analysis of digital files corresponding to each of the
three stages of the digital workflow (planning, model prototyping, and clinical insertion of the miniscrews). This
method has the advantage of allowing a three-dimensional evaluation without the need for adjunctive x-rays
exposure. The study will fill in the literature gap by providing an analysis of angular deviations at each stage of
the digital workflow and giving novel information on the
degree of deviation in a bicortical sample.

Methods
Patient selection

Patients in need of orthodontic treatment with a miniscrew-supported palatal appliance were selected from the
Section of Orthodontics of the Department of Medicine,
Surgery, and Health Sciences of the University of Trieste.
The inclusion criteria were the following:
• Indication for a TAD-supported palatal orthodontic
device, either with 2, 3, or 4 TADs, including, but
not limited to, distalization or mesialization requiring total anchorage, orthopedic palatal expansion in
post-pubertal patients, and orthopedic treatment of
Class III malocclusions in prepubertal or pubertal
patients [23–28].
• Indication for a guided surgical procedure and a
digital workflow, including, but not limited to, subjects with anterior crowding, impacted teeth, narrow palate, thick mucosa, and cases where parallelism between the miniscrews is fundamental, such as
cases with 4 palatal TADs.
No restrictions were placed regarding the age or gender
of the patients considered.
Patients were excluded if they had any systemic disease affecting bone metabolism, syndromes or craniofacial malformations, pathologic processes in the maxilla,
use of drugs affecting bone metabolism, compromised
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immune defense, bleeding disorders, or inadequate oral
hygiene [29].
Digital planning

A 1-visit protocol was applied (i.e., insertion of the miniscrews and the orthodontic device in the same appointment), following the REPLICA System®’s planning and
insertion protocol (Fig. 1) [6]. In this case, the initial
records used are a cone-beam computed tomography
(CBCT) (My Ray HyperionX9) and a digital impression
of the patient’s upper arch and palate (CS3600, Carestream Dental), that are matched and superimposed with
the software Viewbox (dHAL Software, Kifissia, Greece).
The same miniscrews (BENEfit®, psm medical solutions) that will be used for the clinical procedure are then
selected from a virtual library and positioned based on
the bone availability and the future device. Following the
guidelines reported in the literature, the correct position
of the miniscrews is in the anterior paramedian region, at
a 4–5 mm distance from the palatal midline, between the
second and third palatal ruga and considering adequate
parallelism among the screws and maintaining enough
distance from anterior teeth roots. In the posterior palatal region, the premolar and molar areas can be used [7,
8, 30, 31]. The miniscrews are planned in a way to perforate both the palatal and the lower nasal cortical bone
(bicortical insertion). Successively, the surgical guide is
virtually designed, and guiding pillars and analogs are
positioned. The final planning step involves a digital
model with holes (named file 1) for the actual analogs
and the finalization of the surgical guide.
Laboratory procedure (step 2)

The laboratory step begins with the digital design of the
orthodontic device with the software Appliance Designer
TM (3Shape A/S, Copenhagen, Denmark). The final
step involves the prototyping of the model, the digital
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impression (CS 3600, Carestream Dental) of the prototype with scan bodies (named file 2), the prototyping of
the surgical guide, the sintherization of the orthodontic
device, and the fitting of such device on the prototype.
Surgical procedure (step 3)

After anesthetization with local infiltrative anesthesia,
the surgical guide is positioned to check perfect correspondence and stability. The miniscrews used are BENEfit® Orthodontic Screws (PSM Medical Solutions) 2 mm
diameter, 9–11 mm length. The procedure was performed with a manually turned unit connected to a contra-angled handpiece (NSK dental). Before that, a pilot
hole was performed with a drill equipped with a drill stop
calibrated based on the CBCT to perforate only the palatal cortical bone. After positioning the miniscrews, PEEK
scan bodies (BENEfit ® system, PSM) are fixed on the
screws to acquire a digital impression of their actual position (named file 3). The last step involved the fitting of
the orthodontic device on the inserted miniscrews.
Software analysis

Software analysis was performed with Geomagic Design
X (version 2019.0.2). The three files in STL (Standard Triangle Language) format analyzed for each patient were
(Fig. 2):
• File 1: the digital plan of the virtual position of the
miniscrews (model with holes).
• File 2: digital impression with scan bodies of the 3D
prototype for fitting of the orthodontic device.
• File 3: digital impression with scan bodies of the postinsertion position of the miniscrews after the surgical
procedure.
The three files were uploaded and superimposed first
roughly with the point-to-point function, choosing the

Fig. 1 Digital planning of bicortical insertion of two paramedian miniscrews using the REPLICA System®. A, B virtual miniscrews position on the
superimposition of cone-beam computed tomography and digital impression. C coronal view of the position of the virtual miniscrews on the
digital model
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Fig. 2 The three files in STL format were analyzed with Geomagic Design X software (Geomagic Design X- version 2019.0.2). A digital planning
of the miniscrews’ position (blue); B scanning of the 3D model with scan bodies for the design and fitting of the orthodontic device (green); C
post-insertion digital impression with scan bodies (yellow)

mesiobuccal cusps of the upper first molars and the
mesial angle of the incisal edges of the central incisors.
A fine superimposition was then performed with an
Iterative Closest Point (ICP) algorithm. Once superimposed, an automatic shape recognition function divided
each mesh into recognizable and well-defined geometric
shapes. At this point, each mesh was visualized singularly,
by “switching off ” the view of the other two. The following procedure was performed consecutively for the three
meshes. The longitudinal axis of the guiding holes (for file
1) and the scan bodies (for files 2 and 3) was drawn with
the function “model_add vector_find axis of the cylinder”,
selecting the automatically recognized cylinders.
Once the axes were traced, angular measurements
between the digital plan and the laboratory model, the
digital plan, and the post-insertion position and between
the laboratory model and the post-insertion position
were performed with the function “measure angle_
between two vectors” (Fig. 3).
Error analysis

A subset of 30 randomly chosen measurements was
repeated after a 2-week interval by the same investigator.
The calibration of the investigator was assessed with the
intraclass correlation coefficient (ICC). The ICC for interrater reliability was between good and excellent, being
0.93 (0.86–0.97).
Power analysis

The power analysis found that a sample size of 45 achieve
80% of power to detect a mean of paired differences of

1.5 with a known standard deviation of differences of
3.4 and with a significance level (alpha) of 0.05. Data
were acquired from a previous pilot study (unpublished
data). A priori sample size required was calculated with
G*Power (version 3.1.9.7).
Statistical analysis

Statistical analysis was performed using the statistical
software package SPSS version 26.0 (SPSS Inc., USA).
Descriptive statistics were performed and reported as
median, IQR range, and range. Mean values ± standard
deviations were also reported for uniformity with existing
literature. Failure of normality assumption was verified
with the Shapiro–Wilk test to yield significant results,
thus a non-parametric test for related samples was carried out to test the null hypothesis that there are no significant differences between the deviations among the
three operative steps. A Friedman test was performed to
compare the deviations among the three operative steps.
The significance of the differences in deviations between
the left and right sides was tested with the Mann–Whitney U test. Significance was set at p < 0.05.

Results
33 patients were enrolled, 18 females and 15 males.
The mean age of the sample was 13.55 years ± 3.46
(14.61 ± 3.5 for females and 12.27 ± 2.99 for males). The
total number of miniscrews analyzed was 64, 33 placed
on the left side and 31 on the right side. TADs inserted
without a thorough following of the protocol (e.g.,
only partially guided surgical procedures) were not
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Fig. 3 A view of all three files is “switched on” once all the axes are identified; B angular deviations between vectors are calculated

Table 1 Angular deviations (°) of the longitudinal axis
Lab deviation

Clinical
deviation

Total deviation

Mean

2.12

6.23

5.70

SD

1.62

3.75

3.42

Median

1.65

5.30

5.22

IQR

1.76

3.92

3.96

Range

7.69

16.52

16.70

SD Standard Deviation; IQR interquartile range; Lab deviation: the deviation
between the digital plan and the laboratory prototype; Clinical Deviation: the
deviation between the laboratory prototype and the post-insertion position;
Total Deviation: the deviation between the digital plan and the post-insertion
position

considered, as well as cases with poor quality meshes
that couldn’t be univocally analyzed. Table 1 shows the
angular deviations between the longitudinal axis of
the miniscrew on the digital planning and the laboratory model (named “Laboratory Deviation”), between
the laboratory model and the post-insertion position
(named “Clinical Deviation”), and between the digital
planning and the post-insertion position (named “Total
Deviation”) (Table 1).
The laboratory step, defined as the deviation of the
miniscrew’s longitudinal axis between the digital plan
and the laboratory prototype, showed a mean deviation
of 2.12° ± 1.62; the clinical step, defined as the deviation
between the laboratory prototype and the post-insertion position, had a mean deviation of 6.23° ± 3.75°.

Finally, the total deviation, defined as the deviation
between the digital plan and the intraoral position, was
5.70° ± 3.42.
A significant difference among deviations at each operative step compared to the others was investigated with
the Friedman test. There were significant differences
between the laboratory deviation and the total deviation
(p < 0.001), and between the laboratory deviation and
the clinical deviation (p < 0.001) after Bonferroni adjustments. There were no significant differences between
the clinical deviation and the total deviation (p = 0.231)
(Fig. 4).
No significant differences were found between deviations of the miniscrews inserted on the left and the right
side.

Discussion
This study aimed to investigate the influence of each
step of the 1-visit protocol for guided insertion of palatal
miniscrews on the accuracy between the planned and the
post-insertion position of the miniscrews. We tested the
null hypothesis that there are no significant differences
regarding the angular deviations of TADs among the
three operative steps of the 1-visit protocol.
We found that, in our sample, a certain amount of
deviation was inserted at each step of the workflow. In
particular, the laboratory step (laboratory deviations:
2.12° ± 1.62) proved to have a significantly smaller influence on the deviation than both the clinical step (clinical
deviations: 6.23° ± 3.75) and the total step (5.70° ± 3.42).
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Fig.4 boxplots of the distribution of deviations for the laboratory step, the clinical step, and the total step, and the significance of the differences
among the steps (p < 0.05)

This result seems to be in line with the literature, showing that the medical prototyping procedure is unlikely to
contribute to significant errors [8]. Nevertheless, as small
as these laboratory deviations might be, their cumulative effects and their combination with clinical deviations
have a strong influence on the clinical practice, particularly when considering a 1-visit protocol. The degree of
tolerance for angular deviations decreases as the number of miniscrews, the undercuts, and the rigidity of
the orthodontic device increase. If deviations exceed
this level of tolerance, the orthodontic device won’t fit
properly, and a 2-step protocol must be undertaken [6].
This procedure requires a new digital impression of the
actual position of the miniscrews and the alteration of
the orthodontic device, and it is not free from inaccuracies and deviations. The use of scan bodies, scanning
techniques, and laboratory processes can still introduce
some deviations, but the additional impression of the
actual position of the miniscrews should guarantee that
deviations stay below the tolerance level. That being
said, the digital workflow applied to a 1-visit protocol
not only has the advantage of reducing the number of
appointments but also aims to increase the accuracy by
limiting the number of operative steps and the multiple
passages between the analogic and the digital workflow
[9–12]. Nevertheless, our results show that deviations

are far from being clinically irrelevant. Angular values
in this study seem to be generally higher than those in
the literature, even though results are not directly comparable for the heterogeneity of reference points and
measurement methods. No study in the literature clearly
describes deviations for a bicortical sample, therefore significant comparisons cannot be made. For the monocortical sample, Möhlhenrich et al. describe deviations up to
6.46° ± 5.5°, a result that is in line with the mean value of
our sample [2].
The bigger susceptibility for deviations of the clinical
steps may be ascribable to parameters related both to the
patient and the clinician [7, 32, 33]. Particularly, characteristics such as bone resistance and density, miniscrews
deterioration, and clinical expertise, can have a major
influence in bicortical cases, when both the palatal and
the lower nasal cortical bone needs to be perforated [34].
A hypothesis that needs to be confirmed with further
studies is that contact with the lower nasal cortical bone
during bicortical insertion may create an obstacle or a
sliding effect that causes the alteration of the insertion
path.
Considering the clinical impact of these deviations, it
is important to consider that the numerical value of the
deviations is not the only parameter that needs consideration. Depending on the number of TADs supporting

Pozzan et al. Progress in Orthodontics

(2022) 23:27

the palatal device, the direction of the deviations can
be in a more favorable configuration, for example when
deviations on the paramedian TADs compensate each
other, or in a less favorable configuration, e.g., when the
direction of deviations is divergent. What’s more, angular
deviations can translate into linear deviations happening
at the level of the head of the miniscrews, a situation with
a great clinical implication for the success of the 1-visit
protocol, but also on the tip of the miniscrew and all the
intermediate positions between these two.
This study possesses some limitations, thus the clinical
theory must be further investigated. Firstly, even though
the 3D analysis allows a three-dimensional evaluation of
the position of the miniscrews without adjunctive x-ray
exposure, it is significantly dependent on the quality of
the meshes analyzed. Poor-fitting of the scan bodies or
an incorrect scanning technique can directly influence
the final analysis. Nevertheless, the literature supports
the validity and accuracy of scan bodies to evaluate the
position of implants [35]. What’s more, the influence of
a bicortical insertion on the degree of deviations must
be evaluated through a comparison with a monocortical
sample with a comparable workflow.
This study is, to the best of our knowledge, the first
one to evaluate the influence of each step of the digital
workflow for guided insertion of palatal miniscrews on
the accuracy between the planned and final position of
the miniscrews. Given the influence of the clinical steps
on the angular deviations and the decreasing degree of
tolerance of such deviations related to the number of
miniscrews and the rigidity of the orthodontic device, the
1-visit protocol is an advisable workflow for cases with 2
TADs, while caution is suggested in cases with 3 or more
miniscrews or particularly rigid structure.

Conclusions
1. All operative steps contribute to a certain degree of
deviations that lead to a cumulative effect.
2. The laboratory step has a smaller influence on the
angular deviations between planned and inserted
miniscrews than the clinical steps.
3. Cases with 2 TADs can be successfully performed
with a 1-visit protocol must be approached with caution, given the lower degree of tolerance of the system.
Acknowledgements
Not applicable
Author contributions
LC conceived the initial research idea and supervised study, measurements,
and analysis; LC and RDL supervised the team and contributed to manuscript
finalization; LP performed the literature review and drafted the manuscript;

Page 7 of 8

LD carried out the measurements; LP, LD, and MM collected the data; LC and
MM recruited and treated the patients; LT assisted in statistical analysis and
interpretation of data; RR and MM revised the manuscript. All authors read and
approved the final manuscript.
Funding
This research received no external funding.
Availability of data and materials
The dataset used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the Ethics Committee of the University of Trieste
(protocol code n. 118, date of approval Dec. 2, 2021).
Informed consent was obtained from all subjects involved in the study.
Consent for publication
Informed consent for publication was obtained from all subjects involved in
the study.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Medical, Surgical and Health Sciences, University of Trieste,
Piazza Ospitale 1, 34129 Trieste, Italy. 2 Orthodontic Department, Dental School,
University of Genoa, Genoa, Italy.
Received: 14 April 2022 Accepted: 15 June 2022

References
1. Francisco I, Ribeiro MP, Marques F, Travassos R, Nunes C, Pereira F, et al.
Application of three-dimensional digital technology in orthodontics: the
state of the art. Biomimetics. 2022;7:23. https://doi.org/10.3390/biomi
metics7010023.
2. Möhlhenrich SC, Brandt M, Kniha K, Prescher A, Hölzle F, Modabber
A, Wolf M, Peters F. Accuracy of orthodontic mini-implants placed at
the anterior palate by tooth-borne or gingiva-borne guide support: a
cadaveric study. Clin Oral Investig. 2019;23(12):4425–31. https://doi.org/
10.1007/s00784-019-02885-1.
3. Cassetta M, Giansanti M. Accelerating orthodontic tooth movement: a
new, minimally-invasive corticotomy technique using a 3D-printed surgical template. Med Oral Patol Oral Cir Bucal. 2016;21(4):e483–7. https://doi.
org/10.4317/medoral.21082.
4. Cassetta M, Altieri F, Di Giorgio R, Barbato E. Palatal orthodontic miniscrew
insertion using a CAD-CAM surgical guide: description of a technique. Int
J Oral Maxillofac Surg. 2018;47(9):1195–8. https://doi.org/10.1016/j.ijom.
2018.03.018.
5. Iodice G, Nanda R, Drago S, Repetto L, Tonoli G, Silvestrini-Biavati A,
Migliorati M. Accuracy of direct insertion of TADs in the anterior palate
with respect to a 3D-assisted digital insertion virtual planning. Orthod
Craniofac Res. 2022;25(2):192–8. https://doi.org/10.1111/ocr.12525.
6. Perinetti G, Tonini P, Bruno A. Inserzione guidata di miniviti ortodontiche: il sistema di pianificazione ‘REPLICA.’ Il Nuovo Lab Odontotecnico.
2020;5:23–33.
7. Bae MJ, Kim JY, Park JT, Cha JY, Kim HJ, Yu HS, Hwang CJ. Accuracy of miniscrew surgical guides assessed from cone-beam computed tomography
and digital models. Am J Orthod Dentofac Orthop. 2013;143(6):893–901.
https://doi.org/10.1016/j.ajodo.2013.02.018.
8. Qiu L, Haruyama N, Suzuki S, Yamada D, Obayashi N, Kurabayashi T,
Moriyama K. Accuracy of orthodontic miniscrew implantation guided
by stereolithographic surgical stent based on cone-beam CT-derived

Pozzan et al. Progress in Orthodontics

9.

10.
11.

12.

13.
14.

15.

16.

17.
18.
19.
20.
21.

22.

23.

24.

25.

26.
27.

(2022) 23:27

3D images. Angle Orthod. 2012;82(2):284–93. https://doi.org/10.2319/
033111-231.1.
Wilmes B, Vasudavan S, Drescher D. CAD-CAM-fabricated mini-implant
insertion guides for the delivery of a distalization appliance in a single
appointment. Am J Orthod Dentofac Orthop. 2019;156(1):148–56.
https://doi.org/10.1016/j.ajodo.2018.12.017.
Cantarella D, Savio G, Grigolato L, Zanata P, Berveglieri C, Giudice A, et al.
A new methodology for the digital planning of micro-implant-supported
maxillary skeletal expansion. Med Devices (Auckl). 2020;13:93–106.
Lo Giudice A, Quinzi V, Ronsivalle V, Martina S, Bennici O, Isola G. Description of a digital work-flow for cbct-guided construction of micro-implant
supported maxillary skeletal expander. Materials (Basel). 2020;13(8):1815.
https://doi.org/10.3390/ma13081815.
Cantarella D, Quinzi V, Karanxha L, Zanata P, Savio G, Del Fabbro M.
Digital workflow for 3D design and additive manufacturing of a new
miniscrew-supported appliance for orthodontic tooth movement. Appl
Sci. 2021;11:928. https://doi.org/10.3390/app11030928.
Graf S, Hansa I. Clinical guidelines to integrate temporary anchorage
devices for bone-borne orthodontic appliances in the digital workflow.
APOS Trends Orthod. 2019;9(3):182–9.
Lee KJ, Park YC, Park JY, Hwang WS. Miniscrew-assisted nonsurgical palatal
expansion before orthognathic surgery for a patient with severe mandibular prognathism. Am J Orthod Dentofac Orthop. 2010;137(6):830–9.
https://doi.org/10.1016/j.ajodo.2007.10.065.
Brettin BT, Grosland NM, Qian F, Southard KA, Stuntz TD, Morgan TA,
Marshall SD, Southard TE. Bicortical vs monocortical orthodontic skeletal
anchorage. Am J Orthod Dentofac Orthop. 2008;134(5):625–35. https://
doi.org/10.1016/j.ajodo.2007.01.031.
Copello FM, Brunetto DP, Elias CN, Pithon MM, Coqueiro RS, Castro ACR,
Sant’anna EF,. Miniscrew-assisted rapid palatal expansion (MARPE):
how to achieve greater stability. In vitro study. Dent Press J Orthod.
2021;26(1):e211967. https://doi.org/10.1590/2177-6709.26.1.e211967.oar.
Holberg C, Winterhalder P, Rudzki-Janson I, Wichelhaus A. Finite element
analysis of mono- and bicortical mini-implant stability. Eur J Orthod.
2014;36(5):550–6. https://doi.org/10.1093/ejo/cjt023.
Poorsattar-Bejeh Mir A. Monocortical versus bicortical hard palate
anchorage with the same total available cortical thickness: a finite element study. J Investig Clin Dent. 2017. https://doi.org/10.1111/jicd.12218.
Choi JY, Choi JH, Kim NK, Kim Y, Lee JK, Kim MK, Lee JH, Kim MJ. Analysis
of errors in medical rapid prototyping models. Int J Oral Maxillofac Surg.
2002;31(1):23–32. https://doi.org/10.1054/ijom.2000.0135.
Dietrich CA, Ender A, Baumgartner S, Mehl A. A validation study of reconstructed rapid prototyping models produced by two technologies. Angle
Orthod. 2017;87(5):782–7. https://doi.org/10.2319/01091-727.1.
Hazeveld A, Huddleston Slater JJ, Ren Y. Accuracy and reproducibility
of dental replica models reconstructed by different rapid prototyping
techniques. Am J Orthod Dentofac Orthop. 2014;145(1):108–15. https://
doi.org/10.1016/j.ajodo.2013.05.011.
Wan Hassan WN, Yusoff Y, Mardi NA. Comparison of reconstructed rapid
prototyping models produced by 3-dimensional printing and conventional stone models with different degrees of crowding. Am J Orthod
Dentofac Orthop. 2017;151(1):209–18. https://doi.org/10.1016/j.ajodo.
2016.08.019.
Perinetti G, Bruno A, Tonini P. Maxillary distalization by a rearrangement
of the Leaf Expander® screw combined with palatal miniscrews: a case
report on the MaXimo appliance. South Eur J Orthod Dentofac Res.
2019;6:40–4.
Caprioglio A, Cafagna A, Fontana M, Cozzani M. Comparative evaluation
of molar distalization therapy using pendulum and distal screw appliances. Korean J Orthod. 2015;45(4):171–9. https://doi.org/10.4041/kjod.
2015.45.4.171.
Wilmes B, Vasudavan S, Drescher D. Maxillary molar mesialization with
the use of palatal mini-implants for direct anchorage in an adolescent
patient. Am J Orthod Dentofac Orthop. 2019;155(5):725–32. https://doi.
org/10.1016/j.ajodo.2019.01.011.
Baik HS, Kang YG, Choi YJ. Miniscrew-assisted rapid palatal expansion: a
review of recent reports. J World Fed Orthod. 2020;9(3S):S54–8. https://
doi.org/10.1016/j.ejwf.2020.08.004.
Perinetti G, Franchi L, Contardo L. Determination of timing of functional
and interceptive orthodontic treatment: a critical approach to growth
indicators. J World Fed Orthod. 2017;6(3):93–7.

Page 8 of 8

28. Clemente R, Contardo L, Greco C, Di Lenarda R, Perinetti G. Class III
treatment with skeletal and dental anchorage: a review of comparative
effects. Biomed Res Int. 2018;2(2018):7946019. https://doi.org/10.1155/
2018/7946019.
29. Chen YJ, Chang HH, Huang CY, Hung HC, Lai EH, Yao CC. A retrospective
analysis of the failure rate of three different orthodontic skeletal anchorage systems. Clin Oral Implants Res. 2007;18(6):768–75. https://doi.org/
10.1111/j.1600-0501.2007.01405.x.
30. Lee DW, Park JH, Bay RC, Choi SK, Chae JM. Cortical bone thickness and
bone density effects on miniscrew success rates: a systematic review and
meta-analysis. Orthod Craniofac Res. 2021;24(Suppl 1):92–102. https://
doi.org/10.1111/ocr.12453.
31. Ludwig B, Glasl B, Bowman SJ, Wilmes B, Kinzinger GS, Lisson JA. Anatomical guidelines for miniscrew insertion: palatal sites. J Clin Orthod.
2011;45(8):433–41.
32. Melo AC, Andrighetto AR, Hirt SD, Bongiolo AL, Silva SU, Silva MA. Risk factors associated with the failure of miniscrews :a ten-year cross sectional
study. Braz Oral Res. 2016;30(1):e124. https://doi.org/10.1590/1807-3107B
OR-2016.vol30.0124.
33. Crismani AG, Bertl MH, Celar AG, Bantleon HP, Burstone CJ. Miniscrews in
orthodontic treatment: review and analysis of published clinical trials. Am
J Orthod Dentofac Orthop. 2010;137(1):108–13. https://doi.org/10.1016/j.
ajodo.2008.01.027.
34. Lee DW, Park JH, Bay RC, Choi SK, Chae JM. Cortical bone thickness and
bone density effects on miniscrew success rates: a systematic review and
meta-analysis. Orthod Craniofac Res. 2021;24(Suppl 1):92–102. https://
doi.org/10.1111/ocr.12453.
35. Stoetzer M, Wagner ME, Wenzel D, Lindhorst D, Gellrich NC, von See C.
Nonradiological method for 3-dimensional implant position assessment
using an intraoral scan: new method for postoperative implant control.
Implant Dent. 2014;23(5):612–6. https://doi.org/10.1097/ID.0000000000
000118.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

