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TECHNICAL ADVANCE

CBCT and CAD‑CAM technology to design 
a minimally invasive maxillary expander
Diego Sánchez‑Riofrío1,2* , María J. Viñas3 and Josep M. Ustrell‑Torrent4

Abstract 

Background: A large number of articles in recent years studying the effects of non‑surgically assisted tooth‑ versus 
bone‑borne maxillary expanders in growing patients have found no significant differences in mid‑palatal suture dis‑
junction or even dentoalveolar changes. This suggests the need for new criteria and better use of current technology 
to make more effective devices and enhance the benefits of conventional treatments. This article describes a titanium 
grade V computer‑aided design/computer‑aided manufacturing (CAD/CAM) maxillary expander supported by two 
miniscrews, along with a 3D printed surgical guide.

Methods: The first step was to obtain a digitized model of the patient’s upper maxilla. To simplify the process and 
ensure the placement of the device in a high‑quality bone area, the patients’ digital dental cast was superimposed 
with a cone beam computed tomography (CBCT) scan. Improved resistance to expansion forces was secured through 
the use of 2 mm‑wide miniscrews, long enough for bicortical anchorage. Placement site and direction were assessed 
individually in order to achieve primary stability. We chose a site between the second premolars and first molars, while 
the inclination followed the natural contour of the palate vault. A 3D‑printed, polyamide surgical guide was designed 
to ensure the correct placement of the device with a manual straight driver.

Results: Favorable clinical results were presented with 3D images. We confirmed a mid‑palatal suture parallel separa‑
tion of 3.63 mm, along with a higher palatal volume, as well as increased intercanine and intermolar distance. Seg‑
mentation of the facial soft tissue showed an expansion of nasal airways and changes in nasal morphology.

Conclusions: Digital models, CBCT and CAD/CAM technology, are essential to accomplish the goals proposed in this 
article. Further studies are necessary to establish safer miniscrew placement sites and insertion angles so as to achieve 
greater in‑treatment stability. Both the clinician and the patient can benefit from the use of current technology, creat‑
ing new devices and updating traditional orthodontic procedures.
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Background
For more than a century, tooth-borne devices have been 
used to achieve palatal disjunction, increase intercanine 
width, correct maxillary constriction and posterior cross-
bite [1]. Benefits from this treatment include solving 

positional and functional mandibular deviations, facial 
asymmetries and altered dentofacial aesthetics [2].

Nevertheless, studies conducted on adolescents and 
young adult patients show that these devices decrease the 
amount of force applied in the maxilla, causing a major 
dental impact along with other undesirable periodontal 
side effects [3, 4]. It has been suggested that using alter-
native bone-borne expanders may cause direct skeletal 
changes in these patients, with a lower dental expansion 
component [5, 6].
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After many years studying the effects of tooth- ver-
sus bone-borne devices, results are still controversial. In 
growing patients, separation of the mid-palatal suture 
has proven effective with both devices, and neither group 
has shown statistically significant dentoalveolar bone 
changes [7–9]. These results have brought to light the 
need for other criteria to justify the use of bone-borne 
maxillary expanders in early adolescents, such as: the size 
of the device for better comfort, fewer anatomical struc-
tures supporting the device (teeth, palate, number of 
miniscrews, etc.) and cost-effectiveness regarding dentist 
chair time, among others.

In light of these requirements, we describe a Com-
puter-Aided Design/Computer-Aided Manufactur-
ing (CAD/CAM) maxillary expander supported by two 
miniscrews. This technology allowed us to customize the 
device, adapting it to the palate vault of the patient and 
reducing its size for increased effectiveness [10]. Align-
ing a Cone Beam Computed Tomography (CBCT) with a 
digitized model of the upper maxilla allowed us to deter-
mine the exact position of the miniscrews, ensuring high-
quality bone support.

We used a 3D printed in polyamide surgical guide to 
ensure correct expander placement. Different authors 
have described the advantages of using surgical guides 
when placing miniscrews, concluding that the use of 
CBCT and digital models improved the final outcome 
[11, 12].

Even though in the palate there is no risk of injur-
ing the roots of adjacent teeth, CBCT allows measuring 
palatal bone thickness while also facilitating the correct 
direction of miniscrew insertion [12, 13], both important 
aspects to achieve primary stability of the device.

The aim of this study was to report all stages of the 
manufacturing process of a CAD/CAM midpalatal dis-
junction device and a 3D-printed surgical guide. We also 
conducted a 3D assessment of the expansor’s effects by 
using CBCT images and superimposed digital models.

Methods
This study was approved by the Hospital Odontològic 
Universitat de Barcelona Ethics Committee CEIC, No. 
2017/34. The first step was to obtain a digitized model of 
the patient’s upper maxilla. We took a conventional algi-
nate impression and later digitized the model cast. Then, 
we used a 3Shape D2000 tool to scan the dental casts and 
the 3Shape Dental System v.2017 software to create the 
digital models.

Before initiating the orthodontic treatment, we took 
a CBCT (Planmeca series No. TFMP1015B) with a vol-
ume of 150 × 100x80 mm, which covered two thirds of 
the maxillofacial skeleton. Another similar CBCT was 
taken to compare the results immediately after the palatal 

expansion. Both records had a voxel size of 400  μm to 
achieve high-quality 3D image composition, and were 
developed using the Mimics Medical v20.0 software. Dig-
ital casts and CBCT records were superimposed with the 
3-Matic Medical v12.0 tools.

For the sake of comfort, we used a very small maxil-
lary expander with only two miniscrews for bone-borne 
anchorage. The shape of the maxillary arch, whose bot-
tom was deep and narrow, required separating the 
expander from the palate vault. The device therefore 
consisted of a conventional Hyrax-type screw (designed 
by Forestadent, Pforzheim, Germany) supported by two 
pillars or “legs” with two anterior perforations for mini-
screw placement, with a total size of 11 × 10.3 × 9.7 mm 
Fig. 1.

We did not suggest using molar bands or an acrylic pad 
for additional support. The main challenge was to obtain 
primary stability of the device with only two miniscrews. 
To this end, we considered two aspects: the character-
istics of the temporary anchorage devices (TADs) and 
location site.

We decided their characteristics based on several stud-
ies. Walter et al. [14], determined that the use of 1.5 mm 
diameter titanium mini-implants may undergo major 
deformations with a risk of breakage; we therefore sug-
gested the use of TADs with a diameter > 2.0  mm for 
bone-borne maxillary expanders. Lee et  al. [15] con-
cluded that bicortical mini-implant anchorage is recom-
mended to avoid deformation and fracture. Since length 
should be proportional to the placement site, we consid-
ered the thickness of the cortical bone in the premolar 
area with a mean value of 1.18 mm, in line with the find-
ings of Johari et  al. [16]. Thus, we proposed a length of 
8 mm.

Miniscrews were inserted with approximately 30º pos-
terior and 20º lateral inclinations, following the natu-
ral contour of the palate vault [17]. This allowed us to 
maximize the amount of bone surface in contact with the 
miniscrews and to simplify the insertion procedure of the 
miniscrews using a manual straight driver Fig. 2.

Production process
We considered two options for production: 3D print-
ing or 5 axis milling. 3D printing was not deemed 
appropriate since the device included smaller parts that 
needed further assembly, making us decant for the mill-
ing machine instead (HSC 20 linear from DMG MORI). 
The maxillary expander was made with grade V titanium 
(Ti6AI4V metal composition). Its inherent properties—
e.g., biocompatibility, rigidity, lightness and resistance 
to the intense forces of palatal disjunction—allowed us 
to keep the device small while ensuring that it would not 
collapse during the treatment. We required a completely 
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polished surface with a quality of Ra < 0.0025 μin to 
ensure comfort and to achieve the best contour and fit-
ting accuracy. For the milling procedure, we used a tita-
nium-aluminum-vanadium based dental alloy KERA® TI 
5 disc (Eisenbacher Dentalwaren ED GmbH), a mate-
rial that is normally used for dental purposes in crowns, 
bridges and implant-retained suprastructures.

The perforations in the anterior part of the expander 
were made to fit two 2.0 × 8  mm diameter miniscrews 
(Jeil, ref 20AT-008). They were designed to provide the 
correct direction by working as a screw cap system, 
sealed with the miniscrew heads at the end of the inser-
tion process.

We designed a CAD/CAM surgical guide using the 
same 3-Matic software to facilitate expander placement 
and ensure correct miniscrew positioning. It surrounded 
the occlusal area of both premolars and molars bilater-
ally while safely securing the maxillary expander at the 
center, allowing the clinician to operate easily.

The surgical guide was manufactured with laser sin-
tering 3D printing technology (Formiga printer P110 
from EOS). We used polyamide (PA2200), a multipur-
pose material with a balanced property profile that is 
very strong and stiff, has good chemical resistance, high 
selectivity, detailed resolution and is biocompatible. This 
technique uses a fiber laser to melt and fuse fine plastic 
powder. We built the 3D object by layers based on the 
computer-aided design. Each layer was 0.1 mm thick, so 
that a sphere with a 1 cm diameter had 100 layers, thus 
providing maximum printing precision and fit—espe-
cially in the molar cusp and groove areas. The final size of 
the surgical guide was 34.7 × 44.5 × 14.5 mm.

Clinical example
The patient, a 13-year-old Caucasian-Spanish female, 
attended the Orthodontic Department of the Hospi-
tal Odontològic Universitat de Barcelona in Catalunya, 
Spain. Her parents were mainly concerned about her 
loud snoring, caused by poor nasal breathing, and dif-
ficulties in chewing due to a posterior crossbite and an 
augmented overjet.

The cephalometric analysis revealed a skeletal Class 
II with a high A point convexity and a short mandibu-
lar length. There was a moderate Class II molar and 
canine relationship, with an augmented overjet of 7 mm, 
maxillary-mandibular arch length discrepancy and ves-
tibularized incisors. V-shaped maxillary and U-shaped 
mandibular arch forms were asynchronous. No temporo-
mandibular joint disorder symptoms and signs could be 
observed on radiographic and clinical evaluations.

Fig. 1 a Occlusal view of the maxillary expander in the digital model of the upper maxilla. b Frontal view of the digital model exposing the device 
and the two miniscrews. c Computer aided design. d Final product after manufacture

Fig. 2 Placement of the maxillary expander and the miniscrews with 
the 3D printed surgical guide
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The treatment objectives were to correct the posterior 
crossbite and expand the maxilla, preparing it for future 
mandibular advancement. We decanted for rapid maxil-
lary expansion (RME) as the most suitable choice, to even 
the arch length discrepancy, change the V-shaped maxil-
lary arch and improve nasal breathing [18, 19].

The treatment started after the patient’s parents 
decided to participate in this study and signed a written 
informed consent according to ethical principles.

To ensure an effective RME, we started by correcting 
the negative torque of the posterior lower teeth. Using 
fixed braces in the lower arch and posterior build-ups to 
decompensate, the real posterior crossbite was obtained 
as a reference of how much maxillary expansion was truly 
needed. After placing a lower rectangular 0.019 × 0.025-
inch stainless steel arch, we began production of the 
CAD/CAM device following the steps described in the 
previous section.

Once the customized palatal expander, the surgical 
guide and the two miniscrews were ready, we were able 
to place the device in just one visit.

First, we made sure that the surgical guide fitted per-
fectly with the device and checked that they were both 
stable in the patient’s mouth. To avoid patient discom-
fort, we applied topical gel and local anesthesia (articaine 
4%—epinephrine 0,5%) in the surrounding palate area 
before inserting the miniscrews.

We used a conventional RME protocol for activation: 
a 90º turn of the central screw twice a day for a daily 
expansion of 0.5  mm over two weeks, to obtain a total 
expansion of 7 mm. At the end of this process, we asked 
the patient to advance the mandible, simulating the final 
result after the use of a functional device for Class II cor-
rection, so as to verify that palatal disjunction was ade-
quate. Figure 3.

Results
After the activation period ended, we took a second 
CBCT for control. Immediate changes after palatal dis-
junction were analyzed by measuring the opening of the 
midpalatal suture on the transversal plane (Nemoscan 
v18. Nemotec. Madrid, Spain), revealing a parallel sepa-
ration of 3.63 mm. Figure 4A, 4B. This vertical pattern is 
similar to findings described in literature and confirmed 
a major skeletal effect of the expansion [4, 5, 20]. The 
patient and her parents reported improved nasal breath-
ing and no more snoring. Using data from Kim et  al. 
study on nasal airways [19], we also performed a seg-
mentation of facial soft tissue. Nasal morphology change 
analysis results were positive as shown in Table  1. Fig-
ure 4C, 4D.

The retention protocol lasted for 6 months. After removal 
of the device, we took and digitized a second dental cast. 

Superimpositions of both digital models were performed 
in two stages using the Nemocast v18 software (Nemotec. 
Madrid, Spain) [21]. We first selected similar landmarks on 
the palatal rugae of the source and the reference meshes, 
and performed preliminary calculations. 5 points per mesh 
were marked. The software then calculated the rigid trans-
formation and minimized the matching error, which was 
represented numerically to check for accuracy. The second 
phase used a best-fit algorithm to superimpose the models. 
The software found the final rigid transformation that best 
adjusted the surface on the reference mesh. Superimposi-
tion of the digital models showed stability of the palatal dis-
junction after 6 months. Figure 5.

Intercanine and intermolar distance were also analyzed. 
Intercanine distance was measured using a central point in 
the incisal margin vertices of both canines and a straight 
line joining both marks. Intermolar distance on the first 
molars was measured using similar points in the mesioves-
tibular cusp vertices and a straight line joining both marks. 
Table 2 shows the increase in these values along with pala-
tal volume and area.

Discussion
Using current technology to simplify traditional proce-
dures in orthodontics can be challenging, especially with 
demanding objectives such as those proposed in this 
article.

Fig. 3 a Occlusal view at the end of the activation phase. b Frontal 
view asking the patient to advance the mandible to confirm 
complete correction of posterior crossbite
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The main objective was to achieve primary stability 
with two miniscrews. The anterior part of the palate 
vault is considered the best area for mini-implant place-
ment, even though there is massive inconsistency and 
high individual variability of bone thickness according 
to age, gender and location sites [13, 17].

For palatal disjunction, a posterior position of the 
device is convenient to obtain a parallel separation of 
the mid-palatal suture. Since some studies have sug-
gested a posterior inclination of the miniscrews [10, 
16], we decided on a placement site between the sec-
ond premolars and a lateral miniscrew insertion with a 
slight posterior tilt, following the natural contour of the 
palate vault. Aligning the digital models with the CBCT 
helped us to more accurately assess bone quality before 
deciding on the final placement and direction of the 
miniscrews.

If no additional TADs, palate pads or molar bands are 
added to the expander, an individual evaluation of bone 
quality with CBCT is recommended in every patient 
before deciding the placement site.

During the activation period, we detected some minor 
device instability. We corrected this by adjusting the 
miniscrews about half a turn each at the end of the sec-
ond week. We observed mild inflammation of the sur-
rounding soft tissue due to contact with the miniscrews 
and the expander. Similar outcomes were found in the 
literature [22]. Treatment with chlorhexidine gel 0.2% 
for 1 week was indicated. An evaluation of soft tissue—
especially thickness and mobility—is also recommended 
before selecting the miniscrew insertion site.

Current bone-borne maxillary expanders use other 
structures to guarantee primary stability: more minis-
crews, molar bands attached with metal arms, palatine 
pads, among others. They have undesirable side effects 
that compromise patient comfort and complicate clini-
cal procedures. Using these digital tools to perform an 
individual analysis of hard and soft tissue allows creating 
a bespoke device that can simplify the entire treatment.

Using a 3D-printed surgical guide was another essen-
tial tool to achieve our goal. According to the literature, 
most bone-borne maxillary expanders required at least 
two visits to determine the placement site, create records 
with the miniscrews placed in the palate and then obtain 

Fig. 4 a CBCT occlusal view showing parallel separation of the mid‑palatal suture. b 3D composition of the upper maxilla after RME (frontal view). c 
Landmarks and measurements showing changes of the nose and nostrils before RME. d Nasal morphology changes after RME.

Table 1 Pre- and  post-activation changes in  nasal 
morphology

Initial CBCT Final CBCT

Alar (mm) 28.29 31.87

Alar curvature (mm) 27.19 28.86

Nostril superior (mm) 14.68 15.08

Nostril inferior (mm) 11.79 12.98
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the final design. CAD/CAM technology allowed us to 
design and plan everything in a single visit, while the 3D 
printed surgical guide allowed us to place the expander 
and the miniscrews in the same day, confirming their pre-
cise position according to digital planning. The accuracy 
of this technique is discussed by Cassetta et al. [23], who 
conclude that it lacks a “learning curve” effect, thus mak-
ing it a simple procedure with a very low risk of failure.

Clinical results obtained in this study need to be ascer-
tained with a larger sample in order to establish the pala-
tal expander efficiency; however, conclusions are directed 
towards methods and materials used and how they can 
be managed to improve current clinical procedures.

Conclusions

1 Digital models, CBCT and CAD/CAM technology, 
are essential to accomplish an effective palatal dis-
junction device, which can be easily placed in one 
visit.

2 Due to individual variability, a patient CBCT super-
imposed with a digital model are vital to determine 
the best miniscrew placement site in each case.

3 There must be an assessment not only bone and cor-
tical structures, but also of soft-tissue thickness and 
mobility.

4 Further studies are required to establish safer minis-
crew placement sites and insertion angles to achieve 
in-treatment stability.

5 Both the clinician and the patient can benefit from 
the use of current technology to create new devices 
and update traditional orthodontic procedures.

Fig. 5 a Initial model with delineated area for evaluation of changes in the palate. b Separated volume of the palatal area of the final digital cast. c 
Superposition of both records showing differences in the palate vault, six months after RME activation protocol

Table 2 Comparison of  both  digital models pre- 
and post RME treatment

Initial model Treatment model

Intercanine distance (mm) 31.99 36

Intermolar distance (mm) 47.63 53.15

Palatal area  (mm2) 1.248,94 3.464,79

Palatal volume  (cc3) 5.849 6.718,30
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Abbreviations
CAD/CAM: Computer‑aided design/computer‑aided manufacturing; CBCT: 
Cone beam computer tomography; TADs: Temporary anchorage devices; RME: 
Rapid maxillary expansion.

Acknowledgements
This study was possible thanks to the collaboration of Jordi Gonzalo Ruiz, 
director of the Fundació Josep Finestres and the staff from the Hospital 
Odontològic Universitat de Barcelona. We would like to thank Avinent Implant 
System SLU (Barcelona, Spain) engineers Xavier Camí Gorriz, who helped 
design the expander and Alba Cuadros Martínez, who procured images and 
information about the manufacturing procedure.

Authors’ contributions
DS designed the maxillary expander, made the clinical experiment and 
contributed in writing the main manuscript. MJV analyzed the data obtained 
from records and created superimposition images of digital models and CBCT 
scans. She also contributed to assemble the manuscript. JMU contributed 
with literature research, management of references and directed the clinical 
experiment. All authors read and approved the final manuscript.

Funding
This research received no specific grant from any funding agency in the pub‑
lic, commercial, or not‑for‑profit sectors.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
The following study was approved by the Ethics Committee of the Hospi‑
tal Odontològic Universitat de Barcelona CEIC under registration number 
2017/34. A written informed consent was delivered and approved by the 
participant and her parents (underage, 16 years old).

Consent for publication
We confirmed a written informed consent for use and publication of photos 
and clinical data from this study was signed by the patient’s parents (under‑
age, 16 years old).

Competing interests
The authors declare that they have no competing interests.

Author details
1 Universitat de Barcelona, Feixa Llarga s/n. Pavelló de Govern 2ª pl. Office 2.7, 
L’Hospitalet de Llobregat, 08907 Barcelona, Spain. 2 Universidad Espíritu Santo, 
Samborondón Campus, Km. 2.5 vía La Puntilla, Samborondón, Ecuador. 3 Fac‑
ulty of Dentistry, Universidad Complutense de Madrid, Ciudad Universitaria, 
Plaza Ramón y Cajal S/N, Madrid, Spain. 4 Director Master of Orthodontics, 
Dental School, Universitat de Barcelona, Feixa Llarga s/n. Pavelló de Govern 2ª 
pl. Office 2.7, L’Hospitalet de Llobregat, 08907 Barcelona, Spain. 

Received: 19 June 2020   Accepted: 21 October 2020

References
 1. Agostino P, Ugolini A, Signori A, Silvestrini‑Biavati A, Harrison JE, Riley P. 

Orthodontic treatment for posterior crossbites. Cochrane Database Syst 
Rev. 2014;8:CD000979.

 2. Baccetti T, Franchi L, Cameron CG, McNamara JAJ. Treatment timing for 
rapid maxillary expansion. Angle Orthod. 2001;71(5):343–50.

 3. Gunyuz Toklu M, Germec‑Cakan D, Tozlu M. Periodontal, dentoalveolar, 
and skeletal effects of tooth‑borne and tooth‑bone‑borne expansion 
devices. Am J Orthod Dentofac Orthop. 2015;148(1):97–109. https ://doi.
org/10.1016/j.ajodo .2015.02.022.

 4. Krüsi M, Eliades T, Papageorgiou SN. Are there benefits from using bone‑
borne maxillary expansion instead of tooth‑borne maxillary expansion? A 
systematic review with meta‑analysis. Prog Orthod. 2019;20(1):9.

 5. Lin L, Ahn HW, Kim SJ, Moon SC, Kim SH, Nelson G. Tooth‑borne vs 
bone‑borne rapid maxillary expanders in late adolescence. Angle Orthod. 
2015;85(2):253–62.

 6. Lagravère MO, Ling CP, Woo J, Harzer W, Major PW, Carey JP. Transverse, 
vertical, and anterior‑posterior changes between tooth‑anchored 
versus Dresden bone‑anchored rapid maxillary expansion 6 months 
post‑expansion: A CBCT randomized controlled clinical trial. Int Orthod. 
2020;18(2):308–16. https ://doi.org/10.1016/j.ortho .2020.01.003.

 7. Canan S, Şenışık NE. Comparison of the treatment effects of different 
rapid maxillary expansion devices on the maxilla and the mandible Part 
1: evaluation of dentoalveolar changes. Am J Orthod Dentofac Orthop. 
2017;151(6):1125–38.

 8. Bazargani F, Lund H, Magnuson A, Ludwig B. Skeletal and dentoalveolar 
effects using tooth‑borne and tooth‑bone‑borne RME devices: a rand‑
omized controlled trial with 1‑year follow‑up. Eur J Orthod. 2020;1–9.

 9. Khosravi M, Ugolini A, Miresmaeili A, Mirzaei H, Shahidi‑Zandi V, Soheilifar 
S, et al. Tooth‑borne versus bone‑borne rapid maxillary expansion 
for transverse maxillary deficiency: a systematic review. Int Orthod. 
2019;17(3):425–36. https ://doi.org/10.1016/j.ortho .2019.06.003.

 10. Graf S, Vasudavan S, Wilmes B. CAD‑CAM design and 3‑dimensional print‑
ing of mini‑implant retained orthodontic devices. Am J Orthod Dentofac 
Orthop. 2018;154(6):877–82. https ://doi.org/10.1016/j.ajodo .2018.07.013.

 11. Carlson C, Sung J, McComb RW, MacHado AW, Moon W. Microimplant‑
assisted rapid palatal expansion device to orthopedically correct trans‑
verse maxillary deficiency in an adult. Am J Orthod Dentofac Orthop. 
2016;149(5):716–28. https ://doi.org/10.1016/j.ajodo .2015.04.043.

 12. 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.

 13. Ludwig B, Glasl B, Bowman SJ, Wilmes B, Kinzinger GSM, Lisson JA. 
Anatomical guidelines for miniscrew insertion: palatal sites. J Clin Orthod. 
2011;45(8):433–41.

 14. Walter A, Wendl B, Ploder O, Mojal S, Puigdollers A. Stability determinants 
of bone‑borne force‑transmitting components in three RME hybrid 
expanders–an in vitro study. Eur J Orthod. 2017;39(1):76–84.

 15. Lee RJ, Moon W, Hong C. Effects of monocortical and bicortical mini‑
implant anchorage on bone‑borne palatal expansion using finite ele‑
ment analysis. Am J Orthod Dentofac Orthop. 2017;151(5):887–97. https 
://doi.org/10.1016/j.ajodo .2016.10.025.

 16. Johari M, Kaviani F, Saeedi A. Relationship between the thickness of corti‑
cal bone at maxillary mid‑palatal area and facial height using CBCT. Open 
Dent J. 2015;9:287–91.

 17. Becker K, Unland J, Wilmes B, Tarraf NE, Drescher D. Is there an ideal 
insertion angle and position for orthodontic mini‑implants in the 
anterior palate? A CBCT study in humans. Am J Orthod Dentofac Orthop. 
2019;156(3):345–54. https ://doi.org/10.1016/j.ajodo .2018.09.019.

 18. Kavand G, Lagravère M, Kula K, Stewart K, Ghoneima A. Retrospective 
CBCT analysis of airway volume changes after bone‑borne vs tooth‑
borne rapid maxillary expansion. Angle Orthod. 2019;89(4):566–74.

 19. Kim S‑Y, Park Y‑C, Lee K‑J, Lintermann A, Han S‑S, Yu H‑S, et al. Assessment 
of changes in the nasal airway after nonsurgical miniscrew‑assisted rapid 
maxillary expansion in young adults. Angle Orthod. 2018;88(4):435–41.

 20. Celenk‑Koca T, Erdinc AE, Hazar S, Harris L, English JD, Akyalcin S. Evalua‑
tion of miniscrew‑supported rapid maxillary expansion in adolescents: a 
prospective randomized clinical trial. Angle Orthod. 2018;88(6):702–9.

 21. JoseVinas M, PiedeHierro V, Ustrell‑Torrent JM. Superimposition of 3D 
digital models: a case report. Int Orthod. 2018;16(2):304–13.

 22. Kuroda S, Tanaka E. Risks and complications of miniscrew anchorage in 
clinical orthodontics. Jpn Dent Sci Rev [Internet]. 2014 Nov 1 [cited 2019 
Oct 3];50(4):79–85. Available from: https ://www.scien cedir ect.com/scien 
ce/artic le/pii/S1882 76161 40001 92

 23. Cassetta M, Altieri F, Giansanti M, Bellardini M, Brandetti G, Piccoli L. Is 
there a learning curve in static computer‑assisted implant surgery? A 
prospective clinical study. Int J Oral Maxillofac Surg. 2020. https ://doi.
org/10.1016/j.ijom.2020.03.007.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.ajodo.2015.02.022
https://doi.org/10.1016/j.ajodo.2015.02.022
https://doi.org/10.1016/j.ortho.2020.01.003
https://doi.org/10.1016/j.ortho.2019.06.003
https://doi.org/10.1016/j.ajodo.2018.07.013
https://doi.org/10.1016/j.ajodo.2015.04.043
https://doi.org/10.1016/j.ijom.2018.03.018
https://doi.org/10.1016/j.ijom.2018.03.018
https://doi.org/10.1016/j.ajodo.2016.10.025
https://doi.org/10.1016/j.ajodo.2016.10.025
https://doi.org/10.1016/j.ajodo.2018.09.019
https://www.sciencedirect.com/science/article/pii/S1882761614000192
https://www.sciencedirect.com/science/article/pii/S1882761614000192
https://doi.org/10.1016/j.ijom.2020.03.007
https://doi.org/10.1016/j.ijom.2020.03.007

	CBCT and CAD-CAM technology to design a minimally invasive maxillary expander
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Production process
	Clinical example

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


