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Abstract---Objectives: This study compared digital study casts from
tooth-borne and hybrid Rapid Maxillary Expansion (RME) using 3D
virtual models scanned with a 3Shape laser scanner. Methods: A total
of thirty patients with narrow maxilla were distributed into two equal
groups using sequential randomization. The hybrid hyrax group (11
females and 4 males) had a mean age of 14.5 years, whereas the
conventional hyrax group (10 females and 5 males) had a mean age of
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13.96 years. Cone beam computed tomography and orthodontic casts
were obtained before expansion and six months after the last
activation. Eight parameters were measured, and the data was
analyzed. Results: A paired t-test was used to evaluate the mean
differences between pre-expansion and post-expansion
measurements. Interdental distance (IDD) and rotations at first molar
and premolars showed a statistically significant increase post-
treatment compared to preoperative values, whereas arch depth and
incisor inclination showed a statistically significant decrease.
Furthermore, group B had statistically significant higher postoperative
values and a greater IDD change (P<0.05). Conclusion: RME with
hybrid hyrax achieved skeletal effects and broaden the arch with only
a slight increase in IDD compared to traditional RME. Regardless of
the appliance, arch depth may be decreased following RME.

Keywords---Rapid maxillary expansion, palatal expansion, Digital
cast, hyrax.

Introduction

With or without posterior crossbite, rapid palatal expansion (RPE) can widen a
constricted maxilla.12 In a growing patient, RPE successfully opens the
midpalatal suture using a conventional hyrax(CH).? Because RPE is frequently
coupled with high force 4, there is a danger of root resorption> and bone
dehiscence of the anchored teeth.® Some authors believe that with the
introduction of bone-borne maxillary expansion, a few risks to anchored teeth
have been avoided’-8 , while other studies found no change.%!1

Miniscrews may be successfully inserted into the anterior palate using direct and
3D-assisted miniscrew insertion techniques. However, using insertion guides
makes it easier to assure accurate miniscrew insertion, enabling doctors with less
training to do so. !2 Although the relapse following RPE is predicted, the
introduction of MARPE and effective retention planning made the recurrence less
likely. 13.14 Because they aid in diagnosis, case presentation, treatment planning,
treatment evaluation, medicolegal documentation, evaluation of tooth size,
crowding or spacing, overjet, overbite, and Bolton analysis, study casts are a
crucial component of orthodontic records.!5:16

Previous studies have demonstrated that dental measurements produced from 3D
digital models are equivalent to those obtained from conventional models in the
three planes of space, require less time, and are one-to-one measurements. 16-20
There are still certain restrictions on the capacity to detect and demonstrate
adequate precision when accumulating contact intensities in bite registrations,
even if the new intraoral scanning approach has the potential to do away with the
requirement for impressions and the time necessary to generate models.21,22

Because there is no evidence concerning the differences between a hybrid hyrax
(HH) and tooth borne expander23-25 | As a result, the goal of this study was to
assess changes in digital study casts between two types of RME, tooth borne
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versus hybrid expander, using 3D virtual models scanned using a 3Shape laser
scanner.

Materials and Methods

The Ethical Committee of Al- Azhar University, Cairo (Boys), Egypt, approved
patient involvement in the research project in this retrospective investigation as a
secondary outcome from a previous randomised controlled research. 2018/19).
The sample was allocated into two equal groups after using sequentially
numbered, opaque sealed envelopes (SNOSE)-coded vehicles. After completing
this retrospective investigation, new ethics approval (code 793/220) was obtained.

Sample size calculation

Based on the dentoskeletal changes observed in the prior studies 2627 and a
maximum intergroup difference of 2.0 mm, the sample size calculation was
performed to give 80% test power, a significance level of 0.05, a maxillary width
standard deviation of 1.18 mm, a 90% confidence interval, and all other
necessary parameters. A sample of fifteen patients was required for each group.

Patient selection

A number of factors were taken into consideration, including: maxillary collapse
with a skeletal foundation, unilateral or bilateral posterior crossbite, good oral
and general health without any underlying conditions or medications that might
affect orthodontic treatment, absence of periodontal disease in the past or
present, and a history of prior orthodontic treatment.

The transverse width of the maxilla was measured both clinically and by
conventional PA radiography, and only for the selected patients an orthodontic
impressions and CBCT were taken.

Thirty-two patients (21 females and 11 males; mean age, 14.2 years) underwent
RPE treatment in an out-patient clinic at the Orthodontic Department, Faculty of
Dental Medicine, Al-Azhar University, Cairo (Boys), Egypt. The study has been
followed the requirements of the Consolidated Standards of Reporting Trials
(CONSORT). Using SNOSE -coded vehicles selected by the patient side directly or
indirectly, the sample was then arbitrarily divided into two equal groups. The
mean age of group A (hybrid hyrax) (11 females and 5 males) was 14.5 years (Y),
while group B (conventional hyrax) (10 females and 6 males) had a mean age of
13.96 Y. For full therapy, another consent document was red, understood, and
signed by each patient's guardian. 32 patients' CBCT and digital casts data were
taken before the expansion and only 30 patients' CBCT and digital casts data
were taken six months after the last activation.

Clinical procedures

The hybrid Hyrax expander (group A) was the expansion device; it had two
miniscrews manually inserted in the palate behind the third raugae area and an
expansion screw soldered or welded to the bands of the maxillary first molar
teeth?8.29, In group B, conventional hyrax was used, and the expansion screw was
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soldered or welded on the bands of the maxillary first premolar and molar teeth,
and it was activated twice daily until the palatal cusps of the maxillary molars
came into contact with the buccal cusps of the first mandibular molars, resulting
in overcorrection. We obtained post-expansion orthodontic casts.

Outcomes

The primary results of the expansion from CBCT changes in dentoskeletal
components were assessed. The CBCT images were examined using Invivo
Anatomage version 5.2 (Anatomage, San Jose, California). The assessors were
blinded during the analysis, which was conducted by the same observer twice in
order to identify the measurement error.

The secondary outcome was comparing the changes between conventional hyrax
(CH) and hybrid hyrax (HH) wusing digital models. By using a 3Shape D500
desktop scanner Red Laser (3shape, Copenhagen, Denmark) (Figure 1), the
plaster models were sent to 3dVision Imaging (3dVision Imaging, Cairo, Egypt) for
scanning and conversion into 3D virtual models (Figure 2). The virtual files were
then exported using the non-proprietary STL open format and imported into the
guide module of Ondemand3D, version 1.0 (build1.0.10.5385) Software (Cyber
med Inc, Seoul, South Korea) and measurements were taken using the software.
The superimposition (Figure 2) using 3rd raugae area with the best fit method
28,29In order to register each model, the surface 3-point approach was used. Three
points were identified on each model: RP1 (Reference Point 1) close to the first or
second premolars (P1&P2) first or second teeth, the posterior part of the
midpalatal suture (M1 or M2), and the third raugae area, since the results are
reliable, repeatable, and exact when performed on the medial region of the third
raugae and a small area surrounding dorsal palates-32 (Figure 3). The following
parameters (Angular and Linear) data were analyzed based on previous
studies.16:33 Angular measurements: Tooth Rotation Cast (TRc), inter molar and
inter premolar width (IDD) and Arch depth (AD)( Figure 2). Mesiobuccal cusp tip
of maxillary first permanent molar (MB6), maxillary first molar mesiolingual cusp
tip (ML6). Maxillary first premolar buccal cusp tip (B4), maxillary first premolar
palatal cusp tip (P4) (Figure 2).

Arch width (AW) was measured since inter dental distance (IDD) at P1 joining the
inter distance of buccal cusps B4 while joining mesiobuccal MB6 cusps at M1.16
Arch depth (AD) was calculated using the length of a perpendicular line drawn
from the central incisors' mesial contact points to a line joining the second
premolars and first molars (P2 & M1) 16 . The axial inclination of the central
incisor was determined from the extracted lateral cephalometric radiograph from
CBCT and was analyzed utilizing Invivo Anatomage version 5.2, because incisor
inclination affects arch depth (Figure 4).
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Figure 2: Photograph of scanned casts with the following categories: a-pre, b-post,
c-superimposition, d-Reference points, e-IDD, and {- AD.
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Figure 4: Photograph of an IC using an Invivo 5.
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Statistical analysis

The Statistical Package for Social Sciences (SPSS) version 18 was used for data
management and statistical analysis. By examining the data distribution and
performing the Kolmogorov-Smirnov and Shapiro-Wilk tests, data were examined
for normality. Comparisons of normally distributed numeric variables between
groups or between unilateral or bilateral crossbite cases was performed by
independent t test, whereas pre and post values was compared by paired t test.
The mean difference was calculated by the formula: (Value after-value before)
Difference data were non-parametric and were compared between groups using
Wilcoxon signed rank test. P-values are always two-sided. P-values less than 0.05
were regarded as significant.

Results
Results of Baseline data

Only 30 patients' CBCT and digital casts data were collected six months after the
previous activation, compared to 32 patients' data collected before to the
expansion due to drop out or discontinuation of two male patients. The mean age
for group A "Hybrid hyrax" was 14.5 +1.04, while for Group B "Conventional
hyrax”, the mean age was 13.96x1.21, with no significant difference in age
(P=0.121). For group A, 4 (26.7%) cases were unilateral and 11 cases (73.3%)
bilateral. For group B, 5 cases (33.3%) were unilateral and 10 cases (66.7%)
bilateral. There was no significant difference in the gender distribution between
groups A and B (p=0.69), with group A having 11 females (73.3%) and 4 males
(26.7%), and group B having 10 females (66.7%) and 5 males (33.3%).

Comparison between Hybrid and conventional hyrax groups

Before treatment and after treatment, there was no significant difference between
Groups regarding values for the interdental distance (IDD) in the first molar (M1)
and first premolar (P1), arch depth (AD), Rotation (ROT) and incisor inclination
(IC) (P= 0.05, Figure 5).
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Figure 5: Bar chart illustrating mean Interdental distance (IDD) (first premolar
and first molar) in group A and group B

When compared to pre-treatment values, the interdental distance IDD (the first
molar M1 and first premolar PI), Rotation ROT (M1 and PI) right and left showed
a statistically significant increase, while in arch depth AD and Incisor inclination
IC showed a statistically significant decrease(Figure 6).
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Figure 6: A bar graph, shows the mean difference between group A and group b's
first premolars (P1) and first molars (M1) after treatment for right (RT) and left
(LT) rotation, respectively

Discussion

The differences in digital study casts between tooth-borne and hybrid Rapid
Maxillary Expansion (RME) were examined in this study using 3D virtual models
that were scanned using a 3Shape laser scanner. Since the mid palatal suture is
frequently matured and difficult to open, the use of RME operations in young
adults and adults is controversial. So, despite its high costs and increased post-
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surgical morbidity, surgically aided rapid palatal expansion (SARPE) is an
orthodontic approach that seeks to correct the maxillary transversal discrepancy
by opening circummaxillary sutures in postpubertal patients.”

Maxillary assisted rapid maxillary expansion (MARPE) allowed for less buccal
tilting, less loss of alveolar height on anchoring teeth, and more predictable and
considerable skeletal extension. Therefore, for patients who have skeletal
maxillary deficiency after the pubertal development phase, MARPE is a better
treatment option.34-36

Before treatment, there were no detectable variations in age, sex distribution,
periodontal health, skeletal condition, or the majority of dentoalveolar
characteristics between the hyrax and hybrid hyrax groups, indicating that the
two groups were comparable. The activation period for both groups lasted
approximately 16-20 days. Additionally, Before treatment and after treatment,
there was no significant difference between Groups regarding values for the
interdental distance (IDD) in the first molar (M1) and first premolar (P1), arch
depth (AD), Rotation (ROT) and Incisor inclination (IC) (Pz 0.05).

According to Kartalian et al. 37, there was no statistically significant dental tilting
following RME. As a result of the preceding findings, it is possible to conclude
that RME causes tilting of the maxillary posterior teeth to varying degrees
depending on the patient's age, type of expander, activation technique, and time
of evaluation at T2 from the baseline.

According to this study's findings, an increase in IDDM1 in CH as compared to
HH due to increase the tipping effect in CH, this was in agreement with Gunyuz et
al3, Bazzani et al2* and Martina et al2’. On the other side this was in disagreement
with Pasqua et al 38 since maxillary width showed significant difference between
groups, increasing more in HHG than conventional one, this might attributed to
different design of the appliance with different age group.

According to Braun et al39, this non-significant rise was caused by the hyrax's
stiffness, which restricted rotation using the biomechanical notion. The current
study's findings regarding tooth rotation differed with those of Corbridge et al*°
who claimed that there had been a considerable increase in molar rotation; this
was because they employed a different technique (SME), a different device (a quad
helix), and a different age group (9.2 Y). In contrast to Chung et al 33, the degree
of rotation was 2.32 degrees for the first premolars and 3.09 degrees for the first
molars, with no statistically significant difference because they used SARPE.

Additionally, this study's degree of rotation differed from Ciambotti et al.#!
sample, which included bonded and banded rapid palatal expansion appliances of
a different design. Contrasting Montaroli et al.#2 With a NiTi palatal expander, the
molar rotation was 26.61° as opposed to 1.58° with an RPE, and the intermolar
width was 4.76 mm as opposed to 6.26 mm. In line with other investigations,
palatal inclination of the maxillary incisors was seen in both groups in the
current study, this as in accordance with previous studies.*34* From the opposite
view this was in contrast to the study by Sandikc ioglu et al*> who found incisor
proclination hich might due to backward and downward rotation of mandible.
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Additionally, Doruk et al. 46 noted some incisor proclination in group I (fan type),
whereas group II (hyrax type) was consistent with the present findings. Because
the anterior teeth were shifted laterally and anteriorly with the fan-type RME, the
angular opening of the midpalatal suture is more rotational than it was with the
hyrax-based RME, which may account for the difference with his group I.

Since the angular opening of the midpalatal suture is what causes labial tipping,
they were corrected with the RME in the current investigation. The incisors may
not have tipped toward the labial because of the perioral musculature or other
physiological influences. The molars' rigid connection to the appliance, as
demonstrated by Braun et al39, may have contributed to the incisors' lack of
buccal tilting while the molars did, as this prevented forces from the perioral
musculature and other physiological factors from acting on them.

Limitations

The study's limitation was the lack of a control group, firstly for ethical issue and
finally the quantitative findings in both treated groups may have been influenced
by normal growth expansion. Given that the data were obtained following a quick
(6-month) review, this limitation may be overlooked. The use of intraoral scanner
was not available because the study was finished.

Conclusions

In compared to a traditional one, RME using hybrid hyrax can achieve skeletal
effects and widen the arch with only a slight increase in interpremolar distance in
comparison to conventional one. Arch depth might be decreased after RME
regardless the type of appliance.

References

1. Algharbi M, Bazargani F, Dimberg L. Do different maxillary expansion
appliances influence the outcomes of the treatment? European journal of
orthodontics. Jan 23 2018;40(1):97-106. doi:10.1093/ejo/cjx035

2. Bastos R, Blagitz MN, Aragéon M, Maia LC, Normando D. Periodontal side
effects of rapid and slow maxillary expansion: A systematic review. The Angle
orthodontist. Jul 2019;89(4):651-660. doi:10.2319/060218-419.1

3. Bazzani M, Cevidanes LHS, Al Turkestani NN, et al. Three-dimensional
comparison of bone-borne and tooth-bone-borne maxillary expansion in
young adults with maxillary skeletal deficiency. Orthodontics & craniofacial
research. Jun 23 2022;d0i:10.1111/0cr.12595

4. Botsford KP, Frazier MC, Ghoneima AAM, Utreja A, Bhamidipalli SS, Stewart
KT. Precision of the virtual occlusal record. The Angle orthodontist. Sep
2019;89(5):751-757. doi:10.2319/092018-684.1

S. Braun S, Bottrel JA, Lee KG, Lunazzi JJ, Legan HL. The biomechanics of
rapid maxillary sutural expansion. American journal of orthodontics and
dentofacial orthopedics : official publication of the American Association of
Orthodontists, its constituent societies, and the American Board of
Orthodontics. Sep 2000;118(3):257-61. doi:10.1067/mod.2000.108254



598

10.

11.

12.

13.

14.

15.

16.

Cantarella D, Dominguez-Mompell R, Moschik C, et al. Midfacial changes in
the coronal plane induced by microimplant-supported skeletal expander,
studied with cone-beam computed tomography images. American journal of
orthodontics and dentofacial orthopedics : official publication of the American
Association of Orthodontists, its constituent societies, and the American Board
of Orthodontics. Sep 2018;154(3):337-345. doi:10.1016/j.2jodo.2017.11.033
Chen G, Chen S, Zhang XY, et al. Stable region for maxillary dental cast
superimposition in adults, studied with the aid of stable miniscrews.
Orthodontics & craniofacial research. May 2011;14(2):70-9.
doi:10.1111/j.1601-6343.2011.01510.x

Choi SH, Koh K, Lee KJ, Hwang CJ, Cha JY. Analysis of the Morphological
Characteristics of the Palatal Rugae for Three-Dimensional Superimposition
of Digital Models in Korean Subjects. BioMed research international.
2018;2018:3936918. d0i:10.1155/2018/3936918

Chung CH, Font B. Skeletal and dental changes in the sagittal, vertical, and
transverse dimensions after rapid palatal expansion. American journal of
orthodontics and dentofacial orthopedics : official publication of the American
Association of Orthodontists, its constituent societies, and the American Board
of Orthodontics. Nov 2004;126(5):569-75. doi:10.1016/j.ajodo.2003.10.035
Chung CH, Goldman AM. Dental tipping and rotation immediately after
surgically assisted rapid palatal expansion. European journal of orthodontics.
Aug 2003;25(4):353-8. d0i:10.1093/ejo/25.4.353

Ciambotti C, Ngan P, Durkee M, Kohli K, Kim H. A comparison of dental and
dentoalveolar changes between rapid palatal expansion and nickel-titanium
palatal expansion appliances. American journal of orthodontics and dentofacial
orthopedics : official publication of the American Association of Orthodontists,
its constituent societies, and the American Board of Orthodontics. Jan
2001;119(1):11-20. doi:10.1067/mod.2001.110167

Corbridge JK, Campbell PM, Taylor R, Ceen RF, Buschang PH. Transverse
dentoalveolar changes after slow maxillary expansion. American journal of
orthodontics and dentofacial orthopedics : official publication of the American
Association of Orthodontists, its constituent societies, and the American Board
of Orthodontics. Sep 2011;140(3):317-25. doi:10.1016/j.ajodo.2010.06.025
Dindaroglu F, Dogan S. Evaluation and comparison of root resorption
between tooth-borne and tooth-tissue borne rapid maxillary expansion
appliances: A CBCT study. The Angle orthodontist. Jan 2016;86(1):46-52.
doi:10.2319/010515-007.1

Doruk C, Bicakci AA, Basciftci FA, Agar U, Babacan H. A comparison of the
effects of rapid maxillary expansion and fan-type rapid maxillary expansion
on dentofacial structures. The Angle orthodontist. Apr 2004;74(2):184-94.
doi:10.1043/0003-3219(2004)074<0184:acoteo>2.0.co;2

El-Zanaty HM, El-Beialy AR, Abou El-Ezz AM, Attia KH, El-Bialy AR, Mostafa
YA. Three-dimensional dental measurements: An alternative to plaster
models. American journal of orthodontics and dentofacial orthopedics : official
publication of the American Association of Orthodontists, its constituent
societies, and the American Board of Orthodontics. Feb 2010;137(2):259-65.
doi:10.1016/j.ajodo.2008.04.030

Evangelista K, Ferrari-Piloni C, Barros LAN, et al. Three-dimensional
assessment of craniofacial asymmetry in children with transverse maxillary
deficiency after rapid maxillary expansion: A prospective study. Orthodontics
& craniofacial research. Aug 2020;23(3):300-312. doi:10.1111/0cr.12370



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

599

Fleming PS, Marinho V, Johal A. Orthodontic measurements on digital study
models compared with plaster models: a systematic review. Orthodontics &
craniofacial research. Feb 2011;14(1):1-16. doi:10.1111/j.1601-
6343.2010.01503.x

Garib D, Miranda F, Palomo JM, et al. Orthopedic outcomes of hybrid and
conventional Hyrax expanders. The Angle orthodontist. Mar 1 2021;91(2):178-
186. doi:10.2319/060820-527.1

Garib D, Miranda F, Yatabe MS, et al. Superimposition of maxillary digital
models using the palatal rugae: Does ageing affect the reliability?
Orthodontics & craniofacial ~ research. Aug  2019;22(3):183-193.
doi:10.1111/0cr.12309

Gianelly AA. Rapid palatal expansion in the absence of crossbites: added
value? American journal of orthodontics and dentofacial orthopedics : official
publication of the American Association of Orthodontists, its constituent
societies, and the American Board of Orthodontics. Oct 2003;124(4):362-5.
doi:10.1016/s0889-5406(03)00568-7

Gunyuz Toklu M, Germec-Cakan D, Tozlu M. Periodontal, dentoalveolar, and
skeletal effects of tooth-borne and tooth-bone-borne expansion appliances.
American journal of orthodontics and dentofacial orthopedics : official
publication of the American Association of Orthodontists, its constituent
societies, and the American Board of Orthodontics. Jul 2015;148(1):97-109.
doi:10.1016/j.ajodo.2015.02.022

Habeeb M, Boucher N, Chung CH. Effects of rapid palatal expansion on the
sagittal and vertical dimensions of the maxilla: a study on cephalograms
derived from cone-beam computed tomography. American journal of
orthodontics and dentofacial orthopedics : official publication of the American
Association of Orthodontists, its constituent societies, and the American Board
of Orthodontics. Sep 2013;144(3):398-403. doi:10.1016/j.ajodo.2013.04.012
Ho CT, Lin HH, Lo LJ. Intraoral Scanning and Setting Up the Digital Final
Occlusion in Three-Dimensional Planning of Orthognathic Surgery: Its
Comparison with the Dental Model Approach. Plastic and reconstructive
surgery. May 2019;143(5):1027e-1036e. doi:10.1097 /prs.0000000000005556
Iodice G, Nanda R, Drago S, et al. Accuracy of direct insertion of TADs in the
anterior palate with respect to a 3D-assisted digital insertion virtual
planning. Orthodontics & craniofacial research. May 2022;25(2):192-198.
doi:10.1111/0cr.12525

Jia H, Zhuang L, Zhang N, Bian Y, Li S. Comparison of skeletal maxillary
transverse deficiency treated by microimplant-assisted rapid palatal
expansion and tooth-borne expansion during the post-pubertal growth spurt
stage. The Angle orthodontist. Jan 1 2021;91(1):36-45. do0i:10.2319/041920-
332.1

Kapetanovi¢ A, Theodorou CI, Bergé SJ, Schols J, Xi T. Efficacy of Miniscrew-
Assisted Rapid Palatal Expansion (MARPE) in late adolescents and adults: a
systematic review and meta-analysis. European journal of orthodontics. Jun 8
2021;43(3):313-323. doi:10.1093/ejo/cjab005

Karaman A, Danisman H, Genc E, Buyuk SK. Comparison of skeletal and
dental effects of two different tooth-tissue-borne types of rapid maxillary
expansion appliances: A CBCT retrospective study. Orthodontics &
craniofacial research. Jun 14 2022;d0i:10.1111/ocr.12593

Kartalian A, Gohl E, Adamian M, Enciso R. Cone-beam computerized
tomography evaluation of the maxillary dentoskeletal complex after rapid



600

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

palatal expansion. American journal of orthodontics and dentofacial
orthopedics : official publication of the American Association of Orthodontists,
its constituent societies, and the American Board of Orthodontics. Oct
2010;138(4):486-492. d0i:10.1016/j.ajod0.2008.10.025

Krtisi 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. Progress in orthodontics. Feb 25
2019;20(1):9. doi:10.1186/s40510-019-0261-5

Lim HM, Park YC, Lee KJ, Kim KH, Choi YJ. Stability of dental, alveolar, and
skeletal changes after miniscrew-assisted rapid palatal expansion. Korean
journal of orthodontics. Sep 2017;47(5):313-322.
doi:10.4041/kjod.2017.47.5.313

Lin L, Ahn HW, Kim SJ, Moon SC, Kim SH, Nelson G. Tooth-borne vs bone-
borne rapid maxillary expanders in late adolescence. The Angle orthodontist.
Mar 2015;85(2):253-62. doi:10.2319/030514-156.1

Lione R, Franchi L, Cozza P. Does rapid maxillary expansion induce adverse
effects in growing subjects? The Angle orthodontist. Jan 2013;83(1):172-82.
doi:10.2319/041012-300.1

Martina R, Cioffi I, Farella M, et al. Transverse changes determined by rapid
and slow maxillary expansion--a low-dose CT-based randomized controlled
trial. Orthodontics & craniofacial research. Aug 2012;15(3):159-68.
doi:10.1111/j.1601-6343.2012.01543.x

Montaruli G, Virgilio S, Laurenziello M, Tepedino M, Ciavarella D. Maxillary
Transverse Deficit: A Retrospective Study of Two Biologically Oriented Devices
through a Digital Workflow. Bioengineering (Basel, Switzerland). Jan 12
2022;9(1)doi:10.3390/bioengineering9010031

Moon HW, Kim MJ, Ahn HW, et al. Molar inclination and surrounding
alveolar bone change relative to the design of bone-borne maxillary
expanders: A CBCT study. The Angle orthodontist. Jan 2020;90(1):13-22.
doi:10.2319/050619-316.1

Pachéco-Pereira C, De Luca Canto G, Major PW, Flores-Mir C. Variation of
orthodontic treatment decision-making based on dental model type: A
systematic review. The Angle orthodontist. May 2015;85(3):501-9.
doi:10.2319/051214-343.1

Pasqua BPM, André CB, Paiva JB, Tarraf NE, Wilmes B, Rino-Neto J.
Dentoskeletal changes due to rapid maxillary expansion in growing patients
with tooth-borne and tooth-bone-borne expanders: A randomized clinical
trial. Orthodontics & craniofacial research. Dec 23
2021;d0i:10.1111/0cr.12559

Pemayun, A. A. G. P., & Suderana, I. W. (2019). Shifting social and economic
structural community: rapid development of tourism sector. International
Journal of Social Sciences and Humanities, 3(1), 115-124.
https://doi.org/10.29332/ijssh.v3n1.271

Rakhmonov, O. M., Shadmanov, A. K., & Juraev, F. M. (2021). Results of
endoscopic treatment of benign prostatic hyperplasia in patients with
metabolic syndrome. International Journal of Health & Medical Sciences,
5(1), 21-25. https://doi.org/10.21744 /ijhms.vSn1.1811

Rydén H, Bjelkhagen H, MAartensson B. Tooth position measurements on
dental casts using holographic images. American journal of orthodontics. Apr
1982;81(4):310-3. doi:10.1016/0002-9416(82)90217-2



41.

42.

43.

44,

45.

46.

47.

48.

49.

601

Sandikc¢ioglu M, Hazar S. Skeletal and dental changes after maxillary
expansion in the mixed dentition. American journal of orthodontics and
dentofacial orthopedics : official publication of the American Association of
Orthodontists, its constituent societies, and the American Board of
Orthodontics. Mar 1997;111(3):321-7. doi:10.1016/s0889-5406(97)70191-4
Sperl A, Gaalaas L, Beyer J, Grinheid T. Buccal alveolar bone changes
following rapid maxillary expansion and fixed appliance therapy. The Angle
orthodontist. Mar 1 2021;91(2):171-177. doi:10.2319/060220-504.1

Suryasa, I. W., Rodriguez-Gamez, M., & Koldoris, T. (2021). Get vaccinated
when it is your turn and follow the local guidelines. International Journal of
Health Sciences, 5(3), x-xv. https://doi.org/10.53730/ijhs.v5n3.2938

Talaat S, Kaboudan A, Bourauel C, Ragy N, Kula K, Ghoneima A. Validity and
reliability of three-dimensional palatal superimposition of digital dental
models. European journal of orthodontics. Aug 1 2017;39(4):365-370.
doi:10.1093/ejo/cjx008

Tarazona B, Llamas JM, Cibrian R, Gandia JL, Paredes V. A comparison
between dental measurements taken from CBCT models and those taken
from a digital method. European journal of orthodontics. Feb 2013;35(1):1-6.
doi:10.1093/ejo/cjr005

Vasilakos G, Schilling R, Halazonetis D, Gkantidis N. Assessment of different
techniques for 3D superimposition of serial digital maxillary dental casts on
palatal structures. Scientific  reports. Jul 19 2017;7(1):5838.
doi:10.1038/s41598-017-06013-5

Vidalén JA, Lou-Goémez I, Quinie A, Diaz KT, Lifian Duran C, Lagravére MO.
Periodontal effects of maxillary expansion in adults using non-surgical
expanders with skeletal anchorage vs. surgically assisted maxillary
expansion: a systematic review. Head & face medicine. Nov 10 2021;17(1):47.
doi:10.1186/s13005-021-00299-7

Wouters C, Lamberts TA, Kuijpers-Jagtman AM, Renkema AM. Development
of a clinical practice guideline for orthodontic retention. Orthodontics &
craniofacial research. May 2019;22(2):69-80. doi:10.1111/o0cr.12302

Zimring JF, Isaacson RJ. FORCES PRODUCED BY RAPID MAXILLARY
EXPANSION. 3. FORCES PRESENT DURING RETENTION. The Angle
orthodontist. Jul 1965;35:178-86. doi:10.1043/0003-
3219(1965)035<0178:fpbrme>2.0.co;2



