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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Maxillary transverse deficiency (MTD) in adults is difficult
to treat due to partial or complete fusion of the midpalatal
suture and the limited effectiveness of conventional orthodontic
expansion techniques. Traditional methods often lead mainly
to dentoalveolar changes and may cause tooth inclination,
periodontal complications, and instability of treatment outcomes.
The purpose of this study was to analyze morphometric changes
of the maxillary complex in adult patients after treatment with
standard and individualized MARPE appliances using cone
beam computed tomography (CBCT) and to compare their
effectiveness in achieving skeletal expansion. Adult patients
with diagnosed maxillary transverse deficiency were treated
with either a standard MSE-type Microimplant-Assisted Rapid
Palatal Expander (MARPE) or a customized MARPE appliance
developed using digital planning. CBCT examinations were
performed before treatment and after the expansion phase as
part of clinically indicated diagnostic and treatment monitoring
protocols. Morphometric analysis included measurements of
transverse parameters of the maxillary complex. Statistical
analysis was conducted using paired t-tests, the Mann-Whitney
U-test, and analysis of variance (ANOVA) with a significance
level of p < 0.05. Both appliances provided effective maxillary
expansion and significant increases in transverse parameters
of the upper jaw. However, the individualized MARPE
demonstrated greater effectiveness compared to the standard
MSE-type appliance in terms of intermolar width gain (4.8 +
1.5 mm versus 3.4 + 1.2 mm) and the frequency of midpalatal
suture opening (85% versus 60%). CBCT enabled accurate
three-dimensional visualization of skeletal changes and
objective monitoring of treatment outcomes. The study provides
a comparative evaluation of standard and customized MARPE
appliances in adult patients based on CBCT morphometric data,
emphasizing the advantages of individualized appliance design.
Both MARPE systems are effective for treating maxillary
transverse deficiency in adults. However, customized MARPE
appliances provide more precise positioning, better anatomical
adaptation, and potentially greater long-term stability of
expansion results.

Key words. Maxillary skeletal expansion, MARPE, MARPE

(MSE type), maxillary complex, facial skeleton sutures, adult
orthodontics.
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Introduction.

The number of adult patients seeking orthodontic care has
increased over the past decades, in particular to correct transverse
maxillary hypoplasia. The effectiveness of orthodontic treatment
in this age group (2544 years) largely depends on the ability to
accurately assess the morphological changes in the maxillofacial
area that accompany the intervention. Consequently, high-
precision imaging methods are being actively introduced into
clinical practice, primarily CBCT, which provides a three-
dimensional picture of bone and tissue structures. MTD in adult
patients is caused by partial or complete fusion of the midpalatal
suture (MPS), which leads to crossbite, respiratory disorders, as
well as aesthetic and periodontal complications that significantly
impair the quality of life [1].

Conservative expansion methods in adults usually cause
predominantly alveolar changes with possible complications
such as tooth root inclination, gingival recession and
instability of the obtained result, thereby reducing their clinical
effectiveness [2,3]. In response to these limitations, innovative
MARPE appliances have been recently developed, with MSE
as one of the varieties. They enable orthopaedic microimplant-
assisted maxillary expansion, avoiding surgical intervention [4].
The term MARPE is used as a general name for orthopaedic
microimplant-assisted maxillary expansion. These include:
standard MSE-type MARPE appliances manufactured according
to a typical template and equipped with four microimplants
with fixation in the midpalatal area; and customized MARPE
appliances, which are planned using digital protocols and
manufactured taking into account the anatomical features of
each patient.

The key method for assessing morphological changes during
expansion is CBCT, which provides high-resolution three-
dimensional imaging and allows for precise measurement of jaw
width, palatal depth, and MPS opening [5-7]. Despite clinical
studies comparing MARPE with Surgically Assisted Rapid
Palatal Expansion (SARPE) in adult patients using CBCT, data
comparing the effectiveness of different types of MARPE, in
particular MSE, remain limited, and standardized assessment
methods have not yet been developed [8]. In adult patients,
classic orthopaedic expansion is often limited by anatomical
features MPS fusion, which significantly reduces the skeletal
effect of the therapy and leads to tooth inclination and reduced
stability of the results [9]. The introduction of technologies
based on temporary microimplants has significantly improved
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the effectiveness and prognosis of treatment, as confirmed by
numerous clinical observations [10]. At the same time, MARPE
demonstrates satisfactory expansion under moderate suture
resistance, but is more often associated with dental changes in
the front part of the jaw, while MSE has a pronounced skeletal
effect with fewer side effects [11].

Objective assessment of treatment outcomes should be based on
detailed analysis of horizontal parameters and MPS morphology
using CBCT [6,12]. However, most available studies are limited
in sample size or do not make a clear comparison between
standard and individualized MARPE, which makes it difficult
to provide evidence-based clinical recommendations [8,13].

The aim of this study is to quantitatively assess the
morphometric changes in the maxillary complex in adult patients
after orthodontic treatment using standard and individualized
MARPE appliances based on CBCT data. The study included
a comparative analysis of the morphology of the maxilla before
and after treatment, an assessment of the effectiveness of inter-
suture expansion for each type of appliance, and an analysis of
the diagnostic capabilities of CBCT as a tool for monitoring
structural changes in the maxillofacial area of adult patients
under orthodontic treatment.

MTD is still one of the most controversial issues in
orthodontics in adult patients, which is explained by the
complexity of morphological changes and the variability of
clinical approaches. The issue of skeletal expansion using
microimplants is particularly relevant, which has been actively
studied in recent years. However, the lack of consensus indicates
the inconsistency of the obtained results. In particular, Nguyen
et al. used CBCT and showed that the MARPE can be effective
in younger adult patients (up to 25 years old), although the
researchers emphasized the dominance of dental inclinations,
especially in the frontal area [14].

At the same time, MARPE is considered as a general term
that covers different designs, including the MSE type. Alawady
et al. explored the effectiveness of using the same MSE in
combination with microosteoperforations (MOP) in different
anatomical areas [15]. The authors did not contrast MSE with
other types of MARPE, but used these terms as synonyms
denoting the same appliance. The study demonstrated positive
changes in jaw morphology and the effectiveness of MSE in
combination with MOP, however, the authors did not consider
MSE as an alternative to MARPE, as MSE is a variant of it.

MSE is a subtype of the MARPE that generates vectors of
superior and posterior forces. It is a bicortical engagement
determined by CBCT, hence reduces dentoalveolar tilting and
achieves orthopaedic expansion by using temporary anchorage
devices as bone anchors [12-16]. MSE can improve the airway
in young adults, providing excellent and comparable results
with surgically assisted RPE (SARPE) [17,18]. At the same
time, many factors affecting success rate of MARPE have been
mentioned and should be considered [19]. MARPE enabled
more predictable and greater skeletal expansion, as well as less
buccal tipping and alveolar height loss on anchorage teeth. So,
MARPE is a better alternative for patients with MTD during
the post-pubertal growth spurt stage [20]. However, when it
comes to treating adults with MTD, MARPE has demonstrated
a clinically feasible and stable approach with an 86.9%
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success rate for those between the ages of 18 and 28 [21,22].
Microosteoperforations (MOPs), a type of minimally invasive
surgical method linked to MARPE, have been shown to enhance
or facilitate the skeletal effect of expansion in adults [23,24]. A
prospective randomized clinical trial was designed to compare
MSE with midpalatal MOP and MSE with midpalatal and
buccal MOP in a young adult study sample. The idea behind the
null hypothesis was that there would be no appreciable benefit
to using the MOP technique over the alternative.

Nie et al. identified key factors that influence the efficacy of
standard MARPE in adolescents and adults, including patient
age, midpalatal suture maturity (MPSM), and palatal bone
thickness [16]. CBCT analysis of 50 patients demonstrated that
the efficacy of MARPE decreased with increasing age and suture
maturity. However, greater bone thickness at the microimplant
sites correlated with better expansion. The authors emphasized
the need for careful assessment of the palatal anatomy before
choosing MARPE as a treatment modality. In this context,
Coloccia et al. revealed the heterogeneity of results and
possible limitations regarding the long-term stability of skeletal
expansion in adult patients [17]. They also emphasized the
need for further studies, in particular to control for asymmetries
and optimize treatment outcomes. Bazargani et al. reached
similar conclusions, who recorded a gradual narrowing of
the intermolar width in non-retained patients in a five-year
prospective study, emphasizing the importance of long-term
orthodontic stabilization to maintain the expansion results [18].

Imaging techniques play a special role in modern studies.
Almagqrami et al. and Santiago et al. independently demonstrated
that only 3D tomography can reliably distinguish between dental
and skeletal components of expansion, while 2D radiography
often gives false positives [19,20]. At the same time, Li et al.
revealed a significant variability in the measurement protocols
of CBCT images between different clinics, which complicates
inter-study comparisons [21]. In contrast to some skeptical
findings, the study by Almaqrami et al. performed using CBCT
compared a standard MSE-type MARPE and an individualized
MARPE [19]. It showed that a customized MARPE provides
a wider and more uniform skeletal expansion, especially in
patients with a narrow or high palate, compared to a standard
MSE-type MARPE. Shih et al. demonstrated the efficacy of
MARPE in late adolescent patients with MTD [22]. In this case,
the use of the MSE as a type of standard MARPE type 2 achieved
significant orthopaedic maxillary expansion accompanied by
correction of anterior overbite, as well as improvement of the
facial profile due to maximum maxillary advancement and
posterior mandibular rotation. The authors also noted increased
volume of the velopharyngeal respiratory cavity according to
CBCT data after expansion.

A study by Lee et al. analysed the three-dimensional changes
of the nasal septum and surrounding facial structures after
maxillary orthopaedic expansion using a standard MSE-
type MARPE, assessed with CBCT [23]. The results showed
significant improvement in nasal septum deviation (NSD) and
positive changes in midface position in both short- and long-term
follow-up periods. This confirms the additional benefits of using
standard MSE-type MARPE not only for palatal expansion but
also for the correction of certain facial deformities.



At the same time, the authors emphasized the importance of
accurate positioning of the appliance, which remains an open
question. A systematic review and meta-analysis by Zeng et
al. confirmed the high efficacy of the standard MARPE in the
treatment of MTD in adolescents and adults (success rate of
about 94%) [1]. The analysis showed significant skeletal and
dental expansion with partial recurrence later on. However, the
use of standard MARPE is associated with certain dental and
periodontal side effects and influence on other cranial structures
and facial soft tissues. However, the researchers emphasized
that the choice of appliance should be based on the individual
morphology of the suture, its maturity, and the patient’s age.

An innovative area of research has been the integration of
digital planning into treatment. In particular, Cantarella et al.
described a digital planning protocol for a standard MSE-type
MARPE, which includes CBCT, 3D scanning, and template
fabrication for precise microimplant positioning [4]. This
approach provides high accuracy of placement, symmetrical
expansion, and reduced stress on palatal structures. However, the
authors acknowledge that, despite the promise of this approach,
it requires further verification in larger samples with a long-
term follow-up period. So, the analysis of the current literature
demonstrates both a growing interest in the issue of skeletal
expansion in adults and the lack of a single agreed treatment
strategy. Despite the significant potential of the standard MSE-
type MARPE, the issues of its universality, long-term effects,
indications, and visual control methods remain unresolved. In
this regard, there is a need for standardization of studies, the
use of unified CBCT protocols, and the inclusion of functional
assessment criteria.

Materials and Methods.

Research design:

The study was conducted as a prospective cohort clinical
observation with a parallel comparison of three groups of
patients aged 25-44 years with MTD. Group 1 included
patients who underwent treatment with a standard MSE-type
MARPE appliance; Group 2 included patients treated with a
customized improved MARPE appliance manufactured using
digital planning and navigation templates; Group 3 served as
a non-treated diagnostic comparison group. Allocation was not
randomized. Patients were assigned to the treatment groups
according to predefined clinical and anatomical indications,
palatal morphology, the feasibility of standard MSE-type
installation, the need for individualized digital planning, and
the treating orthodontist's decision. The control group included
patients with comparable maxillary morphology whose CBCT
scans had been obtained for clinically indicated orthodontic
diagnostics and whose expansion treatment was deferred or not
performed during the observation period.

Ethics and radiation safety. The study protocol was reviewed
and approved by the local institutional ethics committee before
data analysis. The corresponding approval number and date are
provided in the submission documentation. Written informed
consent was obtained from all participants. CBCT examinations
were not performed solely for research purposes. All scans
were clinically justified for orthodontic diagnosis, treatment
planning, or post-treatment monitoring. The ALARA principle
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was followed by using the smallest appropriate field of view and
the lowest exposure settings compatible with diagnostic quality.

Methods:

Several methods were used for the assessment. CBCT was
used for high-resolution three-dimensional imaging of the
anatomical structures of the maxilla before treatment and 3
months after the active phase of orthodontic expansion in the
two treatment groups. In the control group, baseline CBCT
images were analyzed only when these images had already
been obtained for clinically indicated orthodontic diagnostic
purposes; no additional radiation exposure was introduced
for research. The examination was performed according to a
standardized protocol that covered the maxillary complex, with
a focus on the MPS. This allowed visualization of both skeletal
and dental components, as well as the presence and type of
suture opening. The method provided an objective assessment
of structural changes and avoided the errors characteristic of
2D radiography. Morphometric analysis was performed using
Planmeca Romexis Viewer 6.2 software. Point measurement
tools were used to determine the intermolar, interpremolar, and
interzygomatic widths, palatal depth, and the degree and type of
MPS opening.

The Carlson and Moon method was used to classify the suture,
which involves dividing it into parallel, fan-shaped, and partial
opening. These morphometric parameters were compared
between all three groups in order to assess the effectiveness
of the different appliance designs. In interpreting the results,
special attention was paid to the second group of patients treated
with the customized MARPE, because the individualized design
was hypothesized to provide higher clinical effectiveness,
particularly greater expansion values and improved stability of
the result. Statistical processing of the results was carried out
in the IBM SPSS Statistics 26.0 program. A paired t-test was
used to identify intragroup changes before and after treatment.
The Mann-Whitney U-test was used for intergroup comparison
of standard MSE-type MARPE and customized MARPE
efficiency, which allowed taking into account the possible lack
of normal distribution of the data. ANOVA was also performed
to assess the influence of the type of appliance, age, and gender
on the final results. The results were considered statistically
significant at p < 0.05. The obtained data are presented in the
form of mean values and standard deviations.

Sample:

The study involved 120 patients (age 25-44 years, mean -
34.2 + 5.3) selected from patients who applied in 2022-2024.
Inclusion criteria were diagnosed MTD, completed growth,
high-quality clinically indicated CBCT images, and no
previous orthodontic or surgical intervention in the upper jaw
area. Patients with syndromic anomalies, previous orthodontic
treatment, contraindications to implantation, or insufficient
CBCT quality were excluded. Patients were divided into three
groups of 40 people: Group 1 - treatment with a standard MSE-
type MARPE appliance; Group 2 - treatment with an individually
manufactured MARPE using navigation templates; Group
3 (diagnostic comparison group) - patients with comparable
anatomical characteristics who did not undergo expansion
during the observation period but had clinically indicated



baseline CBCT images available. Because allocation was
clinically determined rather than randomized, possible selection
bias was considered when interpreting the findings. The sample
size was confirmed by a preliminary statistical power analysis
(alpha=0.05; beta=0.2), which supports the reliability of the
findings.

Instruments:

Planmeca Romexis Viewer 6.2 — morphometric analysis, IBM
SPSS Statistics 26.0 — statistical processing, Excel 365 — table
processing, Adobe Illustrator 2024 — creation of graphs and
diagrams.

Visualization and measurement. The standard MARPE
appliance used in Group 1 was defined as an MSE-type
prefabricated maxillary skeletal expander with four palatal
microimplants positioned in the posterior paramedian palate.
Bicortical engagement of the palatal and nasal cortical plates
was planned for all 40 patients in Group 1 using pretreatment
CBCT. Because individual palatal bone thickness and anatomical
morphology may affect the actual depth of microimplant
engagement, fixation was verified radiographically or clinically
whenever anatomically feasible and interpreted as complete
or functionally sufficient bicortical engagement, with possible
partial bicortical engagement in anatomically thinner areas.
The available clinical documentation did not allow a fully
reproducible retrospective numerical subdivision of all Group
1 cases into complete bicortical, partially bicortical, and
monocortical categories; therefore, fixation depth was not
analyzed as a separate quantitative outcome. No clinically
relevant monocortical fixation causing appliance instability,
insufficient anchorage, or exclusion from the treatment protocol
was recorded. These fixation characteristics were considered
during interpretation of biomechanical outcomes. In contrast,
the customized MARPE used in Group 2 was digitally planned
and adapted to individual palatal morphology. Compared with
the standard MSE-type design, the customized MARPE allowed
more accurate selection of implant fixation sites according
to bone density and thickness, variability in the number of
microimplants (4 or 6), and the use of navigation templates
for precise expander positioning. These design characteristics
were expected to improve force direction toward the center of
resistance, increase the likelihood of parallel MPS opening, and
allow treatment of patients with narrow or anatomically complex
palates where a standard device may be less predictable.

Patients in Group 1 were fitted with a standard MSE-type
MARPE with four microimplants. In Group 2, a customized
MARPE with variable placement of microimplants (4 or 6)
based on morphometric analysis of bone density and palatal
anatomy was used. In Group 3, no expansion treatment was
performed during the observation period, and only previously
clinically indicated diagnostic CBCT images were analyzed.
Screw activation was performed according to an individual plan,
on average 0.25 mm twice a day, until the desired expansion was
achieved or MPS opening was confirmed by CBCT. Patients
in the treatment groups underwent CBCT examination before
treatment and 3 months after the active expansion phase when
clinically indicated for treatment monitoring. Measurements
were performed in three planes using specialized software
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(Planmeca Romexis Viewer 6.2). The main parameters were
intermolar width, interpremolar width, interzygomatic distance,
palatal depth, and the width and type of MPS opening.

Statistical analysis:

The patients' demographic characteristics were described by
using univariate analysis to determine the frequency distribution
and means with standard deviations. Bivariate analysis was
performed using a paired t-test to compare parameters before
and after treatment within each of the three groups. For
intergroup comparisons, the Kruskal-Wallis test (H-test) and
the Mann-Whitney test with Bonferroni correction for pairwise
comparisons between groups (standard MSE-type MARPE
vs. customized MARPE, each treatment group vs. control,
etc.) were used. Multivariate ANOVA was used to identify the
effects of device type, age, and gender on treatment outcomes.
The level of statistical significance was set at p < 0.05. Data
processing was performed using IBM SPSS Statistics 26.0.

Data collection:

Primary data were obtained from clinically indicated maxillary
CBCT scans in 120 adult patients before orthodontic expansion
or baseline diagnostic assessment and, in the treatment groups,
after treatment with standard MSE-type MARPE or customized
MARPE when follow-up imaging was clinically justified.
Secondary data included clinical histories, age, gender, clinical
diagnosis, and the type of appliance used. All data were collected
in compliance with ethical standards, with patient consent, and
according to the ALARA principle.

Results.

Digital tomography provided high-precision measurements of
linear parameters, which allowed for objective assessment of
changes in maxillary width, palate depth, and MPS condition.
The obtained images were processed using specialized software
that provides standardized morphometric analysis.

Univariate analysis.

The study analysed the patients’ demographic characteristics
listed in Table 1. The mean age of the participants was 34.2
+ 5.3 years. In the group of patients treated with the standard
MSE-type MARPE, 60% were aged 25 to 44 years, while 65%
in the group with the customized MARPE fell into the same age
category. The gender distribution was approximately equal in
all three groups: standard MSE-type MARPE - 45% men and
55% women, customized MARPE 50% each, and the control
group (CG) 50% each.

The analysis of morphometric parameters presented in Table
2 showed a statistically significant increase in intermolar and
interpremolar widths, as well as interzygomatic distances in
both treatment groups after treatment (p < 0.001). Patients in
Group 2 demonstrated a more pronounced intermolar width gain
- 4.8 £ 1.5 mm compared with 3.4 + 1.2 mm in Group 1 (p =
0.012), which indicates a higher effectiveness of the customized
MARPE in expanding the upper jaw.

MPS opening was found in 85% of patients in the individualized
MARPE group, significantly higher than in the standard MSE-
type MARPE group (60%, p=0.034). The customized MARPE
group had a more uniform and parallel suture divergence,
whereas the standard MSE-type MARPE group had a more
anterocentric widening with predominating alveolar changes.



Table 1. The patients’ demographic characteristics.

Number (n=120) Standard MSE-type MARPE (n=40) Customized MARPE (n=40) CG (n=40)
Age, years (mean + SD) 343+5.2 341+54 34.2+£53
Sex, n (%)

Male 18 (45%) 20 (50%) 20 (50%)
Female 22 (55%) 20 (50%) 20 (50%)

Note: the CG includes patients with similar anatomical characteristics of the maxillary complex who did not undergo orthodontic intervention at

the time of examination.
Source: Developed by the author.

Table 2. Morphometric parameters of the upper jaw before and afier expansion (mm).

1;:;’;‘1‘:3&:;2‘?:}?;; 'i’e;‘]’)r)e and i;’;‘gggd(nM:ﬁ;type Customized MARPE (n=40)  CG (n=40) p-value*
Interzygomatic distance, mm Before: 98.5+4.3 Before: 99.2 + 4.1 99.1+4.0

After: 102.7 4.7 After: 106.4 £4.5 Baseline diagnostic values only  <0.001
Interpremolar distance, mm Before: 34.8 £ 2.5 Before: 35.2+2.3 35.0£2.2

After: 38.1£2.7 After: 40.3 £2.6 Baseline diagnostic values only  <0.001
Intermolar distance, mm Before: 41.3 +3.1 Before: 42.0+2.9 41.9+2.8

After: 44.7+ 3.4 After: 46.8 +3.3 Baseline diagnostic values only  <0.001
Palatal depth, mm Before: 15.2+ 1.6 Before: 15.0 + 1.7 15115

After: 14.8 + 1.5 After: 14.5 + 1.4 Baseline diagnostic values only  0.045

Note: The CG served as a non-treated diagnostic comparison group. Only baseline CBCT values obtained for clinically indicated orthodontic
diagnostic purposes were analyzed in this group. No additional follow-up CBCT examination was performed solely for research purposes in the
CG; therefore, post-treatment changes were not assessed for this group. The p-values refer to within-group pre- and post-treatment comparisons

in the two treatment groups.
Source: Developed by the author.

Table 3. Comparison of the effectiveness of the standard MSE-type MARPE and the customized MARPE.

Indicator Standard MSE-type MARPE (n=40) Customized MARPE (n=40) |p-value (Mann-Whitney U-test)
Increased intermolar width, mm 34+1.2 48+1.5 0.012
Frequency of MPS opening, % 60 85 0.034

Source: Developed by the author.

Table 4. Subgroup analysis of intermolar width gain depending on the degree of initial deficiency in patients treated with the standard MSE-type
MARPE and customized MARPE.

Group Degree of deficiency Share of patients (%) Average intermolar width gain (mm)
Standard MSE-type MARPE Pronounced (=40 mm) 40 4.0+£0.9
Standard MSE-type MARPE Moderate (<40 mm) 60 3.0+0.8
Customized MARPE Pronounced (>40 mm) 35 56+1.0
Customized MARPE Moderate (<40 mm) 65 44+09

Source: Developed by the author.
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Figure 1. Intermolar width gain (mm) by gender and their percentage ratio.
Source: Developed by the author.
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Figure 2. Comparison of the mean values of morphometric parameters of the maxilla before and after treatment in the groups of standard MSE-
type MARPE and customized MARPE appliance.
Source: Developed by the author.

Bivariate analysis. Intergroup comparison of the effectiveness
of the standard MSE-type MARPE and the customized MARPE
was conducted using the Mann-Whitney U-test. The analysis
showed statistically significant differences in intermolar width
gain (p=0.012) and the frequency of MPS opening (p=0.034).
The influence of additional factors, including appliance type,
age, and gender, was assessed using ANOVA. Its results showed
that appliance type was the only statistically significant factor
affecting morphometric changes (p<0.05), whereas patients' age
and gender did not show a significant effect on treatment results
(p>0.05) (Table 3).

Table 3 shows that the intermolar width gain is significantly
higher in the group with the customized MARPE than in the
group with the standard MSE-type MARPE. This result, together
with the higher frequency of MPS opening, indicates the higher
effectiveness of the customized MARPE as an appliance
for skeletal maxillary expansion. The probable reason is the
difference in appliance design and force distribution during
activation. In addition to greater width gain, the customized
MARPE demonstrates better functional adaptation to the
patients' anatomical features, which may contribute to greater
long-term stability and reduced relapse risk.

The comparison of the effectiveness of the two MARPE
variants was performed using the Mann-Whitney U-test (Table
3). The results confirmed statistically significant differences in
intermolar width gain (p = 0.012) and the incidence of MPS
opening (p = 0.034). ANOVA showed that appliance type was a
significant factor affecting treatment outcome (p < 0.05), while
patients' age and gender had no statistically significant effect (p >
0.05). Analysis of morphometric parameters showed a statistically
significant increase in intermolar and interpremolar widths, as
well as interzygomatic distances in both treatment groups after
treatment (p < 0.001). Patients in the group with the customized
MARPE showed a more pronounced intermolar width gain - 4.8
+ 1.5 mm, compared with 3.4 £ 1.2 mm in the group with the
standard MSE-type MARPE (p = 0.012) (Figure 1).

133

Figure 1 shows that the mean intermolar width gain in men and
women within each group did not differ significantly, indicating
no statistically significant effect of gender on the effectiveness
of treatment with both the standard MSE-type MARPE and the
customized MARPE.

Subgroup analysis depending on the degree of initial intermolar
width deficiency showed that patients with a pronounced
deficiency (>=40 mm) in the customized MARPE group had
the greatest increase in jaw width (5.6 = 1.0 mm), followed by
patients with a moderate deficiency (<40 mm; 4.4 + 0.9 mm).
In the standard MSE-type MARPE group, the corresponding
values were 4.0 = 0.9 mm and 3.0 + 0.8 mm. The mean treatment
time was significantly shorter in the group with the customized
MARPE - 3.8 + 0.6 months, compared with 4.5 + 0.7 months
in the group with the standard MSE-type MARPE (p = 0.03),
indicating a faster and more predictable therapeutic effect of the
individualized design (Table 4).

It is important to note that the customized MARPE showed
both a greater intermolar width gain and better functional
adaptation to the patients' anatomical features. Accurate
positioning and adaptation of the appliance are key factors for
improving skeletal response, functional stability, and reduction
of complication risk, especially in patients with complex palatal
morphology.

The changes in morphometric parameters before and after
treatment in both groups were clearly illustrated in a bar chart,
showing the mean values of interpremolar, intermolar, and
interzygomatic widths before and after expansion (Figure 2).

Figure 2 demonstrates that all three morphometric measures
(interpremolar, intermolar, and interzygomatic widths)
significantly increased after both standard and customized
MARPE. However, the gain was more pronounced in the
customized MARPE group, which is consistent with previous
analysis results (p < 0.05)

Six months after treatment, 40 patients underwent a repeat
CBCT scan to assess the stability of the results. This follow-



up subgroup included 20 patients from the standard MSE-type
MARPE group and 20 patients from the customized MARPE
group. Patients were included in the follow-up analysis if
they had completed active expansion and retention, had no
complications requiring protocol modification, and had clinically
indicated follow-up CBCT images of sufficient quality. The
expansion retention was 92% in the group with the customized
MARPE and 85% in the group with the standard MSE-type
MARPE, indicating greater long-term stability of the effect
when using customized appliances. It should be emphasized
that the customized MARPE provides a more uniform load
on bone structures and better functional adaptation due to its
precise positioning and adaptation to patient morphology. This
has a positive effect on long-term stability, especially in cases of
complex anatomy.

Therefore, the results of the study indicate the clinical
advantages of the customized MARPE compared to the standard
MSE-type MARPE in terms of expansion volume, quality of
adaptation, and stability of the results. This is likely due to the
design features, the individual placement of microimplants
according to the patient’s anatomy, and more precise control of
the direction of force, which promotes symmetrical expansion
and reduces the risk of complications. In addition, the use of
CBCT has proven to be an effective method for monitoring
morphometric changes throughout the treatment process,
providing an accurate quantitative assessment of the results.

Discussion.

Maxillary expansion in adult patients has traditionally been
considered a difficult task because of partial or complete MPS
fusion, which leads to increased resistance of bone structures
to mechanical stress. As Labunet et al. noted, classical methods
of orthodontic expansion are often limited to mainly dental
or alveolar changes without significant skeletal effect, which
increases the risk of relapse and reduces long-term stability
of results [12]. In this regard, the use of MARPE microscrew
devices has become a significant breakthrough in the treatment
of MTD in adults. A wvariation of this technology is the
standard MSE-type MARPE, which involves the use of four
microimplants placed closer to the centre of resistance, which
contributes to a more uniform suture opening.

One of the main advantages of modern MARPE designs is
the possibility of digital planning and the use of individualized
navigation templates that ensure accurate positioning of the
appliance in accordance with the patients’ anatomical features.
This reduces the risk of asymmetric expansion and increases the
overall effectiveness of the treatment. The customized MARPE
demonstrates higher adaptability to the clinical situation, which
allows for effective treatment of patients with complex jaw
morphology. The precise positioning of the device elements
ensures the correct direction of force, promotes parallel MPS
opening, and increases the functional stability of the results. So,
customized MARPE designs have a potentially better long-term
prognosis than standard models, due to a more accurate match
to the patient’s morphology, optimal load distribution and the
possibility of digital planning.

Our data confirm that MARPE devices, including standard and
customized designs, are capable of producing skeletal maxillary
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expansion, but with different clinical features depending on the
design and fabrication method. For example, Cantarella et al.
described a protocol for digital planning and fabrication of a
MSE-type MARPE for patients with thin palatal bone [4]. The
use of CAD/CAM technologies allowed for precise placement
of six microimplants even with a palatal thickness of less than
2.5 mm, which ensures high accuracy and safety of placement.
These results are consistent with the data of a number of recent
studies, in particular with the work of Liao et al., who note that
the use of a MARPE device (MSE type) provides a significant
skeletal effect in maxillary expansion with minimal dental
changes [25]. In particular, 71.1% of the width gain was due to
skeletal changes, and the expansion process itself was almost
parallel in the anterior-posterior direction (83.2% from ANS to
PNS), which confirms the effectiveness of MSE-type devices as
a highly accurate customized version of MARPE, especially in
conditions of need for non-surgical skeletal expansion in adult
patients.

At the same time, Almaqrami et al. indicate that the
customized MARPE device provides wider and more uniform
skeletal expansion in young adult patients compared with the
standard MARPE type MSE device [26]. A retrospective study
of 50 patients analysed on the basis of pre- and post-treatment
CBCT images found that in the axial plane, the width gain in
the individualized MARPE group was significantly greater in
both the anterolateral maxillary wall area (4.68 + 1.35 mm vs.
3.37 + 1.53 mm) and the greater palatine foramen area (3.99 +
1.35 mm vs. 3.28 = 1.19 mm; P < 0.01). In the frontal plane,
the customized MARPE demonstrated significantly greater
transverse expansion at the midnasal, basal, alveolar, and dental
levels.

These results are explained by the design features of the
customized MARPE, in particular, more precise positioning of
the microimplants according to the patient’s anatomy, which
provides a wider area of contact with the bone and a reduction
in the dental component of the expansion. This is especially
important in cases with a high level of anterior resistance or the
need for a predominantly skeletal effect. It should be emphasized
that the MSE, despite its separate name, is a variant of MARPE
a standard non-customized design that uses a fixed position of
the microimplants. In contrast, customized MARPE devices,
which are manufactured using CAD/CAM technologies and
navigation templates, provide more precise positioning of the
implants according to the anatomical conditions of each patient.
This contributes to a better skeletal effect and higher long-term
stability of results, especially in complex clinical cases.

An important aspect is the observation of the MPS opening.
As Shmyndiuk et al. noted, the success rate of MARPE varies
from 82.8% to 100%, and the intermolar width gain ranges from
4.79 to 6.55 mm [27]. These results confirm that MARPE is
a reliable method that allows to achieve a significant increase
in both skeletal and dental width of the maxilla in patients
with MTD. Furthermore, MARPE demonstrates better clinical
results compared to traditional rapid expansion methods, while
causing fewer periodontal complications compared to surgically
assisted approaches. However, despite the positive data, the
quality of the available evidence needs to be further improved.



Our analysis of morphometric parameters using CBCT, similar
to the studies of Georgiadis et al., assessed not only quantitative
changes in jaw width, but also spatial characteristics of
expansion, such as suture opening angle, changes in palatal
depth, and symmetry of expansion [28]. This approach enables
individualized treatment plan by selecting the optimal appliance
and activation technique with a view to the patient’s anatomical
features.

The use of 3D imaging and quantitative analysis, as Hoque
et al. emphasized, not only improves the understanding of the
biomechanics of MARPE, including its individualized and
standard modifications, but also reduced the risk of complications
such as incomplete or asymmetric expansion, excessive dental
changes, and periodontal disorders [29]. Taking these factors
into account is especially relevant in adult patients in whom
the use of surgical expansion techniques may be undesirable or
contraindicated.

The obtained results confirm that digital CBCT is a highly
accurate and effective method for assessing morphometric
changes in the maxilla in adult patients with MTD. The use of
specialized software allowed standardizing the measurement
procedure and ensuring objectivity in the analysis of changes in
intermolar and interpremolar width, interzygomatic distances,
palatal depth, and the degree of MPS opening.

The demographic characteristics of the study participants (mean
age 34.2 £+ 5.3 years, balanced male-female ratio), as described
in the works of Mei et al., confirm the representativeness of the
sample for the adult population with MTD [30]. The absence
of a statistically significant effect of gender and age on the final
treatment results (ANOVA, p > 0.05) is consistent with the data
of Ates et al., who indicate that the main factors affecting the
effectiveness of expansion are the type of apparatus and the
degree of initial deficit [31].

A statistically significant intermolar width gains in the group
of patients treated with the customized MARPE (4.8 + 1.5 mm)
compared with the standard MSE-type MARPE (3.4 + 1.2 mm)
indicates higher effectiveness of the individualized constructs
in maxillary expansion. This is also confirmed by the higher
frequency and uniformity of MPS opening (85% vs. 60%, p =
0.034), which is consistent with the results of studies by Hoque
and Yang et al., who noted the design advantages of MARPE
with rigid individual implant fixation, particularly better control
of the expansion direction [9,32].

In their systematic review and meta-analysis, Kapetanovic¢
et al. found that the MARPE has a high treatment success rate
of approximately 92.5% [33]. The use of MARPE leads to a
statistically significant increase in both the skeletal width of
the maxilla (on average by 2.33 mm) and the dental intermolar
width (on average by 6.55 mm). However, patients experienced
side effects, including increased tooth inclination, decreased
cheekbone thickness and alveolar height, and changes in the soft
tissues of the nose. In turn, Zeng et al. [1] confirmed an overall
treatment success rate of approximately 93.9% and recorded a
significant increase in the transverse width of the maxilla due to
both skeletal and dental structures: approximately 49% of the
expansion was due to the basal bone, 7.5% to the alveolar bone,
and 43.6% to the dental component.
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In addition, the average treatment time was significantly
shorter in the group with the customized MARPE (3.8 + 0.6
months) compared with the group with the standard MSE-type
MARPE (4.5 + 0.7 months, p = 0.03), which is an important
factor for clinical practice and patient comfort. After 6 months
of follow-up, the stability of the results was higher in the
group with the customized MARPE (92% expansion retention)
compared with the group with the standard MSE-type MARPE
(85%), indicating better long-term efficacy of the customized
MARPE and a lower risk of relapse.

According to a number of authors, promising areas of further
research are the comparison of results with the use of surgical
expansion methods, as well as the assessment of the impact of
different device activation parameters on the clinical outcome.
Therefore, the use of standard MSE-type and customized
MARPE devices, assessed by CBCT, is a modern and effective
method for solving the problem of MTD in adults, combining
minimal invasiveness and high clinical effectiveness.

Study Limitations.

The dose of ionizing radiation during CBCT, although within
acceptable limits, restrains the possibility of repeated use of the
method for dynamic monitoring of changes during treatment.

The study did not take into account individual variations in
bone density, cortical thickness, and degree of suture fusion,
which may affect the expansion effectiveness.

Lack of control for lifestyle factors and comorbidities, which
may affect the effectiveness of orthodontic treatment.

The fixation characteristics of the standard MSE-type MARPE
were interpreted clinically and radiographically; however,
fixation depth was not analyzed as a separate quantitative
outcome because the available documentation did not support a
fully reproducible retrospective subdivision into exact complete
bicortical, partially bicortical, and monocortical categories.
Therefore, possible variation in cortical engagement should be
considered when interpreting biomechanical outcomes. Because
patients were allocated according to clinical and anatomical
indications rather than randomization, selection bias cannot be
fully excluded in addition, the 6-month stability analysis was
performed only in patients with clinically indicated follow-
up CBCT images; therefore, the follow-up findings should be
interpreted as supportive rather than definitive evidence of long-
term stability.

Conclusion.

The study found that digital CBCT is a highly effective and
indispensable tool for comprehensive assessment of the results
of orthodontic maxillary expansion in adult patients. The use
of CBCT allows for accurate three-dimensional images of bone
structures, which significantly increases diagnostic value and
allows for the assessment of morphological changes in real time
with high accuracy and objectivity. A comparative analysis of
the standard and individualized MARPE device showed that
both methods provide a statistically significant intermolar
width gain. Customized MARPE was more effective due to
its precise positioning, better compliance with anatomy, and
potentially higher long-term stability. Customized MARPE
also demonstrates higher adaptability, allows the treatment of



patients with complex anatomy, and provides higher precision
in force direction, which contributes to parallel suture opening.

It was established that morphological changes in the maxillary
complex after the use of expansion appliances are accompanied
by both skeletal and dental adaptations, which confirms the
multifactorial nature of orthodontic correction. Individual
positioning of the device provides higher accuracy of force
application and its direction, which contributes to parallel MPS
opening, especially in patients with complex anatomy. The use
of CBCT provides the opportunity to assess these changes not
only in the frontal plane, but also in three-dimensional space,
which allows for a comprehensive analysis of the quality of the
therapeutic effect.

The obtained data confirm that early and accurate diagnostics
of the anatomical and functional features of the upper jaw using
digital tomography is the basis for choosing the optimal tactics
of orthodontic treatment. In particular, determining the state
and degree of MPS ossification allows predicting the possibility
and effectiveness of expansion, as well as minimizing the
risk of complications. The customized MARPE demonstrates
potentially higher adaptability and allows for effective treatment
of patients with complex anatomy, due to the possibility of
precise positioning and coordination with the morphology of the
jaw complex. In addition, the study emphasizes the importance
of an individualized approach when choosing an orthodontic
device, taking into account anatomical parameters, age, clinical
situation, and expected results. This allows achieving maximum
therapeutic effect and reducing treatment time, as well as
improving the overall clinical prognosis.

Taking into account three-dimensional parameters and
features of the bone structure obtained using CBCT contributes
to increasing the safety and effectiveness of orthodontic
interventions. This enables reducing the number of repeated
procedures and complications, which has a positive effect on
the patients’ quality of life. So, the results of the study indicate
the high potential of digital tomography as a standard in modern
clinical orthodontics for assessing and planning the expansion
of the upper jaw in adults. Further academic research should be
aimed at improving CBCT techniques, as well as at developing
adapted treatment protocols that take into account the individual
anatomical and functional characteristics of each patient. It is
also recommended to study long-term morphological and
functional changes that occur after the use of different types of
appliances, as well as the impact of these changes on the general
health of the oral cavity and the structure of the facial skeleton.
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