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ABSTRACT

This review examines the adverse outcomes linked to two adult rapid maxillary expansion procedures—Surgically
Assisted Rapid Palatal Expansion (SARPE) and Miniscrew-Assisted Rapid Palatal Expansion (MARPE)—to
support decision-making for the most efficient and cost-effective treatment strategy. The protocol adhered to the
PRISMA-ScR framework for scoping reviews. Study eligibility was aligned with the research goals, and a PICO
question guided article selection. Data were collected from MEDLINE (via PubMed), Scopus, Cochrane Library,
Web of Science, and Embase, along with hand-searching. From 746 retrieved records, 26 fulfilled all inclusion
criteria. Among them, 11 were retrospective studies, 12 prospective studies, and 3 randomized clinical trials.
SARPE was the subject of 21 papers, MARPE of 4, and 1 addressed both. Reported side effects were grouped
into five categories: treatment failure, asymmetric opening, dentoalveolar changes, surgical risks, and appliance-
related issues. Both techniques carry inherent risks. The most frequent were surgical and dentoalveolar
complications. Dental tipping and related dentoalveolar alterations were primarily observed in MARPE, whereas
SARPE was more commonly associated with surgical problems. Age and device planning strongly influence
outcomes; hence, case selection and careful preparation are essential to reduce complications in adult expansion.
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Introduction

Transverse deficiency of the maxilla affects roughly 21% of children and about 10% of adults [1]. Management
requires widening the maxillary arch through midpalatal suture separation [2].

Rapid maxillary expansion (RME) is the conventional choice in younger patients, where natural teeth provide
anchorage for force delivery. In mature skeletons, however, RME has reduced skeletal impact because of
advanced interdigitation of sutures and surrounding articulations. Negative sequelac of RME include buccal
tipping [3], gingival recession, bone fenestrations [4], and resorption of supporting roots [5]. By the age of 18 and
older, the midpalatal suture is often fully fused, corresponding to stages D and E in the Angelieri classification
[6-8]. At these stages, conventional tooth-borne expansion is not recommended.

To overcome this, Surgically Assisted Rapid Palatal Expansion (SARPE) was proposed, which combines
osteotomy with mechanical expansion [9]. The process involves four phases: osteotomy, latency, distraction, and
consolidation. No single surgical approach has yet been universally standardized [10].

Different SARPE protocols exist, such as osteotomies extending from the piriform rim to the maxillary tuberosity
[11], from the nasofrontal suture to the tuberosity [12], or modified Le Fort I osteotomies including a midpalatal
cut [13].

Less invasive strategies were later described, including those by Morselli [14] and Lindorf [15], focusing on
selective weakening of sutures. Subsequent adaptations allowed procedures under local anesthesia [16].
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Expansion devices have also progressed. Mommaerts introduced the transpalatal distractor (TPD) in 1999 [17],
consisting of telescopic cylinders with skeletal anchorage. Current expanders may be tooth-borne, bone-borne via
miniscrews, or hybrid devices that combine both supports.

Although generally considered safe, SARPE has occasionally been linked with severe events such as massive
epistaxis, cerebrovascular accidents, skull base fractures causing transient oculomotor palsy, and orbital
compartment syndrome [18-20]. More routine but less severe complications include bleeding, pain, sinus
infection, mucosal irritation, asymmetric outcomes, septal deviation, periodontal changes, and relapse [21-23].
Miniscrew-Assisted Rapid Palatal Expansion (MARPE) has emerged as an alternative to surgical separation in
adults. It uses four implants that pass through the hard palate’s double cortical layer to transmit orthopedic forces
[24], producing parallel midpalatal opening [25]. MARPE is less invasive, cheaper, and generally associated with
fewer dentoalveolar problems compared with tooth-borne RME [26]. Still, dental consequences such as tooth
tipping and root volume loss have been documented [27].

Nevertheless, patients older than 18 face a relatively high risk of non-opening, reported in 14-16% of MARPE
cases [24, 26].

This scoping review assesses side effects of SARPE and MARPE to determine which approach offers the most
effective and economical option for adult treatment.

Materials and Methods
Protocol and registration

This review followed the PRISMA-ScR framework for scoping reviews [28, 29]. No prior registration of the
protocol was completed.

A structured PICO question was used to direct the search:

Population: adults with permanent dentition presenting transverse maxillary deficiency;

Intervention: miniscrew-assisted palatal expansion (MARPE);

Comparison: surgically assisted palatal expansion (SARPE);

Outcome: reported complications of each approach.

Eligibility criteria

Selection rules were designed to align with the purpose of the study.

We considered studies describing side effects linked to maxillary expansion using MARPE or SARPE, regardless
of appliance design.

To be eligible, at least one of the following adverse outcomes had to be documented:

Expansion-related: incomplete or asymmetric expansion;

Dentoalveolar: dental tipping, loss of vitality, discoloration, mobility, root resorption, or periodontal changes;
Surgical: pain, swelling, infection, edema, bleeding, hematoma. mucosal or nerve injury, dehiscence, septal
deviation, or lacrimation;

Appliance-associated: loosening, fracture, or loss of TADs.

Only adults (>18 years) with complete permanent dentition and without systemic disease or craniofacial
syndromes were included. Exclusion applied to patients with periodontal conditions, prior palatal surgery, or other
maxillofacial interventions.

Accepted designs were randomized trials and prospective or retrospective observational studies. Excluded were
reviews, meta-analyses, animal studies, in vitro or finite element models, case series, and case reports. Full-text
availability was required, and publication year was not restricted.

A summary of these criteria is shown in Figure 1.
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Inclusion Criteria Exclusion Criteria

* Randomized Clinical Trials, Prospective and

Retrospective Trials * Meta-Analyses, Reviews, In vitro or finite
* Description of side effects of MARPE and/or elements studies, Animal studies,
SARPE Case Series, Case reports
* Any type of MARPE or SARPE technique and * Previous RPE Treatment
design appliance * History of systemic diseases, craniofacial
* Age 2 18 years old syndromes or maxillofacial surgery

* Permanent Dentition

Figure 1. Inclusion and exclusion process for article selection

Information sources and search strategy

Searches were conducted from September to November 2024 in five databases: MEDLINE (PubMed), Scopus,
Cochrane Library, Web of Science, and Embase. The PubMed strategy was created first and then modified for the
other sources. The last search date was 30 November 2024, and all studies published before 1 December 2024
were eligible. No publication date restrictions were applied.

Grey literature was additionally reviewed via OpenGrey.

Complete search details are provided in Table 1.

Table 1. Search strategies employed in MEDLINE (PubMed), Scopus, Cochrane, Web of Science, and Embase

Retrieved
Database Query Approach Articles

((("bone screws"[MeSH]) OR (("screw*"[Title/Abstract] AND "bone"[Title/Abstract]) OR
"bone-anchored"[Title/Abstract] OR "bone-borne"[Title/Abstract] OR "implant
anchorage*"[Title/Abstract] OR "implant-supported"[Title/Abstract] OR
"miniimplant*"[Title/Abstract] OR "micro implant*"[Title/Abstract] OR "micro
screw*"[Title/Abstract] OR "mini implant*"[Title/Abstract] OR "mini
screw*"[Title/Abstract] OR "mini-implant*"[Title/Abstract] OR
"miniscrew*"[Title/Abstract] OR "mini-screw*"[Title/Abstract] OR "orthodontic
anchorage*"[Title/Abstract] OR "orthodontic anchorage procedure*"[Title/Abstract] OR
"orthodontic anchorage technique*"[Title/Abstract] OR "orthodontic anchoring
procedure*"[Title/Abstract] OR "skeletal anchorage*"[Title/Abstract] OR "anchorage
screw*"[Title/Abstract] OR "temporary anchorage device*"[Title/Abstract] OR

MEDLINE ("anchorage procedure*"[Title/Abstract] AND "orthodontic"[Title/Abstract]) OR
(via ("anchorage technique*"[Title/Abstract] AND "orthodontic"[Title/Abstract]) OR 235
PubMed) ("procedure*"[Title/Abstract] AND "orthodontic anchorage*"[Title/Abstract]) OR

("technique*"[Title/Abstract] AND "orthodontic anchorage*"[Title/Abstract]) OR
"TAD"[Title/Abstract] OR "TADs"[Title/Abstract])) AND (("palatal expansion
technique*"[MeSH] OR "palatal expansion technic*"[Title/Abstract] OR "palatal
expander*"[Title/Abstract] OR "palatal expansion*"[Title/Abstract] OR "maxilla
expansion*"[Title/Abstract] OR "maxillary expansion*"[Title/Abstract] OR "maxillary
suture expansion*"[Title/Abstract] OR ("expansion*"[Title/Abstract] AND
"maxillary"[Title/Abstract]) OR ("expansion technic*"[Title/Abstract] AND
"palatal"[Title/Abstract]) OR ("expansion technique*"[Title/Abstract] AND
"palatal"[Title/Abstract]) OR ("technic*"[Title/Abstract] AND "palatal
expansion*"[Title/Abstract]) OR ("technique*"[Title/Abstract] AND "palatal
expansion*"[Title/Abstract]))) OR ("MARPE"[Title/Abstract] OR
"MARME"[Title/Abstract])
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(TITLE-ABS-KEY("marpe") OR TITLE-ABS-KEY("marme")) OR ((TITLE-ABS-
KEY("bone screws") OR TITLE-ABS-KEY("screw*" AND "bone") OR TITLE-ABS-
KEY("bone-anchored") OR TITLE-ABS-KEY("bone-borne") OR TITLE-ABS-
KEY("implant" AND "anchorage*") OR TITLE-ABS-KEY ("implant-supported") OR
TITLE-ABS-KEY("miniimplant*") OR TITLE-ABS-KEY("micro" AND "implant*") OR
TITLE-ABS-KEY("micro" AND "screw*") OR TITLE-ABS-KEY("mini" AND
"implant*") OR TITLE-ABS-KEY("mini" AND "screw*") OR TITLE-ABS-KEY ("mini-
implant*") OR TITLE-ABS-KEY("miniscrew*") OR TITLE-ABS-KEY ("mini-screw*")
OR TITLE-ABS-KEY ("orthodontic" AND "anchorage*") OR TITLE-ABS-

KEY ("orthodontic anchorage procedure*") OR TITLE-ABS-KEY ("orthodontic anchorage
technique*") OR TITLE-ABS-KEY("orthodontic anchoring procedure*") OR TITLE-
ABS-KEY/("skeletal” AND "anchorage*") OR TITLE-ABS-KEY("anchorage" AND

Scopus "screw*") OR TITLE-ABS-KEY("temporary" AND "anchorage" AND "device*") OR
TITLE-ABS-KEY("anchorage procedure*" AND "orthodontic") OR TITLE-ABS-
KEY("anchorage technique*" AND "orthodontic") OR TITLE-ABS-KEY ("procedure*"
AND "orthodontic anchorage*") OR TITLE-ABS-KEY("technique*" AND "orthodontic
anchorage*") OR TITLE-ABS-KEY("tad") OR TITLE-ABS-KEY("tads")) AND (TITLE-
ABS-KEY/("palatal expansion technique*") OR TITLE-ABS-KEY ("palatal" AND
"expansion" AND "technic*") OR TITLE-ABS-KEY("palatal" AND "expander*") OR
TITLE-ABS-KEY("palatal" AND "expansion*") OR TITLE-ABS-KEY ("maxilla" AND
"expansion*") OR TITLE-ABS-KEY("maxillary" AND "suture" AND "expansion*") OR
TITLE-ABS-KEY("expansion*" AND "maxillary") OR TITLE-ABS-KEY ("expansion
technic*" AND "palatal") OR TITLE-ABS-KEY("expansion technique*" AND "palatal")
OR TITLE-ABS-KEY("technic*" AND "palatal expansion*") OR TITLE-ABS-
KEY("technique*" AND "palatal expansion*")))

149

#1 MeSH:[Palatal Expansion Technique] explode all trees; #2 "Palatal Expansion*
Technique*"; #3 "Expansion* Technic* Palatal"; #4 "Expansion* Maxillary"; #5
"Maxilla* Expansion*"; #6 "Maxillary suture expansion*"; #7 "palatal expander*"; #8
"palatal expansion*"; #9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8; #10
"anchorage procedure* orthodontic"; #11 "anchorage screw*"; #12 "anchorage technique*
orthodontic"; #13 "bone screw*"; #14 "bone-anchored"; #15 "bone-borne"; #16
"miniimplant*"; #17 "implant anchorage*"; #18 "implant-supported"; #19 "micro
implant*"; #20 "micro screw*"; #21 "mini implant*"; #22 "mini screw*"; #23 "mini-
implant*"; #24 "miniscrew*"; #25 "mini-screw*"; #26 "orthodontic anchorage*"; #27
"orthodontic anchorage procedure*"; #28 "orthodontic anchorage technique*"; #29
"orthodontic anchoring procedure*"; #30 "screw* bone"; #31 "skeletal anchorage*"; #32
"tad"; #33 "tads"; #34 "temporary anchorage device*"; #35 #10 OR #11 OR #12 OR #13
OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR
#24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34;
#36 #9 AND #35; #37 "MARPE"; #38 "MARME"; #39 #36 OR #37 OR #38

Cochrane
Library

71

#1 TS=("bone screws" OR "screw* bone" OR "bone-anchored" OR "bone-borne" OR
"implant anchorage*" OR "implant-supported" OR "miniimplant*" OR "micro implant*"
OR "micro screw*" OR "mini implant*" OR "mini screw*" OR "mini-implant*" OR
"miniscrew*" OR "mini-screw*" OR "orthodontic anchorage*" OR "orthodontic
anchorage procedure*" OR "orthodontic anchorage technique*" OR "orthodontic
anchoring procedure*" OR "skeletal anchorage*" OR "anchorage screw*" OR "temporary
Web of anchorage device*" OR "anchorage procedure* orthodontic" OR "anchorage technique*
Science orthodontic" OR "procedure* orthodontic anchorage*" OR "technique* orthodontic
anchorage*" OR "TAD" OR "TADs"); #2 TS=("palatal expansion technique*" OR "palatal
expansion technic*" OR "palatal expander*" OR "palatal expansion*" OR "maxilla
expansion*" OR "maxillary expansion*" OR "maxillary suture expansion*" OR
"expansion technic* palatal" OR "expansion technique* palatal" OR "technic* palatal
expansion*" OR "technique* palatal expansion*"); #3 TS=("MARPE" OR "MARME");
#4 #2 AND #1; #5 #4 OR #3

50
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("marme":ti, ab, kw OR "marpe":ti, ab, kw) OR (("palatal expansion"/exp OR ("expansion
technique*":ti, ab, kw AND "palatal":ti, ab, kw) OR "palatal expansion technique*":ti, ab,
kw OR ("technique*":ti, ab, kw AND "palatal expansion*":ti, ab, kw) OR "palatal
expansion technic*":ti, ab, kw OR ("expansion technic*":ti, ab, kw AND "palatal":ti, ab,
kw) OR "maxillary expansion*":ti, ab, kw OR ("expansion*":ti, ab, kw AND
"maxillary":ti, ab, kw) OR "palatal expansion technique*":ti, ab, kw OR "palatal
expansion*":ti, ab, kw OR "palatal expander*":ti, ab, kw OR "maxilla expansion*":ti, ab,
kw OR "maxillary suture expansion*":ti, ab, kw) AND ("bone screw"/exp OR
("screw*":ti, ab, kw AND "bone":ti, ab, kw) OR "miniscrew*":ti, ab, kw OR
"miniimplant*":ti, ab, kw OR "micro screw*":ti, ab, kw OR "skeletal anchorage*":ti, ab,
kw OR "tad":ti, ab, kw OR "tads":ti, ab, kw OR "temporary anchorage device*":ti, ab, kw
OR "anchorage screw*":ti, ab, kw OR "micro implant*":ti, ab, kw OR "mini implant*":ti,
ab, kw OR "mini screw*":ti, ab, kw OR "implant supported":ti, ab, kw OR "implant
anchorage*":ti, ab, kw OR "orthodontic anchorage*":ti, ab, kw OR "bone borne":ti, ab, kw
OR "bone anchored":ti, ab, kw OR "orthodontic anchorage procedure*":ti, ab, kw OR
"orthodontic anchoring procedure*":ti, ab, kw OR "orthodontic anchorage technique*":ti,
ab, kw OR ("technique*":ti, ab, kw AND "orthodontic anchorage":ti, ab, kw) OR
("anchorage technique*":ti, ab, kw AND "orthodontic":ti, ab, kw) OR ("procedure*":ti, ab,
kw AND "orthodontic anchorage":ti, ab, kw) OR ("anchorage procedure*":ti, ab, kw AND
"orthodontic":ti, ab, kw)))

Embase 239

Selection of sources of evidence

Four reviewers (N.S., A.N., S.V., G.B.) independently evaluated all records. Duplicate entries were eliminated in
Zotero and checked manually. Eligibility criteria were organized into an Excel sheet to guide screening. Titles
and abstracts were assessed first, followed by a full-text review of potentially relevant studies. Final inclusion was
decided after this stage.

When disagreements arose, an external consultant (E.S.) was asked to resolve them.

Data charting process

A second Excel file was created to record variables such as: first author, publication year, country, study type,
sample size, mean age, data collection method, expansion type, device design, protocol, and complications.
Adverse effects were classified into five groups: expansion failure, asymmetry, dentoalveolar changes, surgical
events, and device-related issues.

The reviewers jointly extracted, refined, and verified the dataset through discussion.

Synthesis of results
The included studies were split according to the expansion method (MARPE vs. SARPE). Side effects were then
summarized within the five previously defined categories.

Results and Discussion

Evidence identification and selection

Across six electronic databases, 744 papers were initially retrieved: PubMed (n=235), Scopus (n=149), Cochrane
Library (n=71), Web of Science (n=50), Embase (n =239), and OpenGrey (n = 0). Manual screening contributed
two more references. After eliminating 191 duplicates, 555 unique records remained for evaluation.

Screening of titles and abstracts led to the removal of 416 publications because of irrelevance or unsuitable type.
Five texts could not be accessed. Among the 134 full texts assessed, 108 were excluded: 21 because they were
FEM analyses or animal studies, 6 because of craniofacial syndromes in participants, 64 for being outside the
defined age group, and 17 for lacking descriptions of adverse outcomes.

In total, 26 articles [30—55] satisfied all criteria and entered the final synthesis. The complete selection process is
depicted in Figure 2, which follows PRISMA-ScR recommendations.
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Identification of studies via databases and registers

Identification

Records identified from:
Pubmed (n = 235)
Scopus (n = 149)
Cochrane (n=71)
Web Of Science (n = 50)
Embase (n = 239)
Opengray (n=0)

Manual research (n=2)

Records removed before screening

Duplicate records removed

(n=0)

(n=191)

|
:

Records screened
(n = 555)

Records excluded
Not pertinent (n = 323)
Article type (n=93)

Reports sought for retrieval
(n=139)

Reports not retrieved

(n=5)

Reports assessed for eligibility
(n=134)

Reports excluded:

FEM analysis (n = 20)
Animal study (n=1)
Craniofacial syndromes (n = 6)
Age (n=64)

No description of side effects (n=17)

Included ] [

- J

Studies included in review
(n=26)

Figure 2. Flow diagram of literature retrieval and selection in accordance with PRISMA-ScR.

Description of included evidence

The features of the included material [30—55] are reported in Table 2 and Table 3. To aid readability, study

descriptors (authors, design, year, sample, mean age) are in Table 2, while Table 3 outlines methodology,
expansion approach, appliance type, and activation details.

Table 2.
Lead Author Publication = Country of Research Tvpe Number of Average
[Citation] Year Origin yp Participants Age (Years)
Abate et al. [30] 2023 Italy Retrospective Analysis 20 27.3
Al-Ouf et al. [31] 2010 Ag;g;a’ Prospective Investigation 17 30.7
Basu et al. [32] 2023 India Randomized Controlled 18 20.8
Study
Choi et al. [33] 2023 Republic of Randomlzeq Controlled o 23
Korea Trial
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Contar et al. [34] 2009 Brazil Retrospective Review 14 335
Daif [35] 2014 Egypt Prospective Study 30 24
Droby[sélg]v et al. 2021 Russia Retrospective Evaluation 665 253
Ferndndez 2010 Spain Prospective Research 8 28.5
Sanroman et al. [37] P ospective Researc ’
GOlderEl;Zr]g et al. 2007 Brazil Prospective Analysis 15 24.5
Gunbay et al. [39] 2008 Turkey Prospective Examination 10 22.3
Karabiber et al. [40] 2019 Turkey Prospective Study 16 18.4
Kayalar et al. [41] 2015 Turkey Randomized Clinical 20 19.4
Experiment
Leyder et al. [42] 2018 France Prospective Investigation 55 23.6
Lim et al. [43] 2017 Republic of Retrospective Study 29 21.6
Korea
Pereira et al. [44] 2017 Brazil Prospective Research 90 26.1
Ploder et al. [45] 2020 Germany Retrospective Analysis 54 28.8
Rachmiel et al. [46] 2020 Israel Prospective Study 32 19-54
Sant’Ana et al. [47] 2016 Brazil Prospective Evaluation 24 24.29
Seeberger et al. [48] 2015 Germany Retrospective Review 33 26
Sendyk et al. [49] 2018 Brazil Prospective Study 17 2545
Smeets ef al. [50] 2019 Belgium Retrospective 11 26
Assessment
Sygouros et al. [51] 2014 Turkey Retrospective Study 26 18.8
Wang et al. [52] 2023 China Prospective Analysis 40 22.42 £3.38
Williams ef al. [53] 2012 USA Retrospective 120 29.5 (22-39)
Investigation
Winsauer et al. [54] 2021 Austria Retrospective Review 33 29('112; 518(;'2
Yoon et al. [55] 2020 USA Retrospective Study 75 30.5£8.5
Table 3.
Lead
Author and Data Gathering . . Expansion Protocol (Until
Year Methods Expansion Method Appliance Type Target Expansion Achieved)
[Citation]
Abate ef al SARPE (Le Fort I Tooth-borne 7-day wait period, followed by
”  EMG Assessments osteotomy + midpalatal Hyrax-type two daily activations (0.25
2023 [30] .
osteotomy) device mm each)
SARPE (Bilateral . . .
. Four intraoperative activations
Al-Ouf et osteotomies along Tooth-borne ) .
. (0.25 mm each); 7-day wait
al., 2010 Dental casts midpalatal suture from Hyrax-type . . L
. . . period, daily activation
[31] posterior to anterior device

piriform aperture)

protocol unspecified
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Clinical exams,

Group A: tooth-

Both groups: one

intra/extraoral MARPE (Group A: . . S
. . bone-borne Intraoperative activation; two
Basu et al., photos, corticopuncture-assisted Hyrax-type: daily activations until midline
2023 [32] cephalograms, OPT, BBRME; Group B: GI‘O}IIJ B'}g())r;e- dia}s]tema appeared. then one
dental casts, CBCT standard MARPE) p B appeared,
borne daily activation
scans
Choi et al CBCT scans, Tooth-bone-borne
2 periapical MARPE Hyrax-type One daily activation (0.2 mm)
2023 [33] . .
radiographs device
Contar et Clinical exams, SARPE (modified Le Fort Tooth-borne 5-day wait period; two daily
dental casts, . R
al., 2009 I osteotomy + midpalatal Hyrax-type activations (0.25 mm each,
cephalograms, . .
[34] . osteotomy) device 12-hour intervals)
periapical X-rays
. Photos, dental casts, SARPE .(Bllateral Tooth-borne . El ght intraoperative
Daif, 2014 zygomatic buttress activations (0.25 mm each); 5-
cephalograms, - Hyrax-type . .
[35] osteotomy + midpalatal . day wait period, then two
CBCT scans device . S
osteotomy) daily activations
Drobyshev SARPE (Le Fort [ 7-day wait period, then daily
etal., 2021 CBCT scans osteotomy + midpalatal Bone-borpe TPD activations ranging from 0.3
device
[36] osteotomy) mm to 1 mm
Fernandez Clinical exam SARPE Bone-borne and
Sanroman et ca’ exams, (Zygomaticomaxillary tooth-bone-borne  7-day wait period; three daily
OPT, cephalograms, A
al., 2010 buttress osteotomy + Hyrax-type activations (0.2 mm each)
dental casts . .
[37] midpalatal osteotomy) devices
Goldenberg  Photos, dental casts, =~ SARPE (modified Le Fort Tooth-borne Four intraoperative actlvathns
. (0.25 mm each); 3-day wait
etal., 2007 cephalograms, I osteotomy + midpalatal Hyrax-type . .
. period, then two daily
[38] CBCT scans osteotomy) device ..
activations
Gunbay et Clinical exams, SARPE (osteotomies of Bone-borne TPD 7-day wait period; five daily
al., 2008 cephalograms, anterior, lateral, and device activations (0.2 mm each)
[39] dental casts medial maxillary sutures) )
Unilateral SARPE
Karabiber et (asym metric Asxmmetrlcally 5-day wait period, then two
Intra/extraoral anterior/lateral designed tooth- . "
al., 2019 . . daily activations (0.25 mm
[40] photos, CBCT scans  osteotomies + asymmetric ~ borne Hyrax-type cach)
PMD + midpalatal device
osteotomy)
Kayalar et SARPE (Le Fort I E, g?ﬁigﬁ?g:gi Intraoperative activation until
al., 2015 CBCT scans osteotomy + midpalatal Hyrax-tvpe 1 mm diastema; two daily
[41] osteotomy + PMD) yrax-typ activations (0.25 mm each)
devices
.. SARPE (Le Fort I Tooth-borne (n = Intraoperative activation for
Leyder et Clinical exams, 36), bone-borne .
osteotomy + down fracture o <3 mm osseous separation; 4-
al., 2018 CBCT scans, dental AT (n=11), tooth- . .
+ medial/single lateral _ day wait period, then 0.53 mm
[42] casts . bone-borne (n = . .
corticotomy) 8) TPD devices daily activation
Modified tooth-
Lim et al., bone-borne Two daily activations (0.2 mm
2017 [43] CBCT scans MARPE Hyrax-type each)
device
Clinical exams, Tooth-borne Lo .
Pereira et dental casts Haas-type (n = Eight intraoperative
’ SARPE (Le Fort I activations (0.2 mm each); 4-
al., 2017 cephalograms, OPT, 29) and Hyrax- . .
. osteotomy + PMD) o day wait period, then two
[44] periapical/occlusal type (n=61) . L
. daily activations
X-rays devices
Tooth-borne: 6-day wait
period, three daily activations
Ploder e Chm.cal exams, SARPE (Le Fort I Tooth-bome 0.2 mm each); TPD: 4f6-day
radiographic . splint, bone-borne wait period, two daily
al., 2020 osteotomy + midpalatal A .
[45] assessments, dental osteotomy + PMD) TPD, bone-borne activations (0.5 mm each);
casts Y OMI devices OMI: 5-day wait period, three

daily activations (0.17 mm
cach)
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Rachmiel et
al., 2020

Clinical exams

SARPE

Tooth-borne
Hyrax-type

Two daily activations (0.25

[46] device mm each)
SARPE (Group 1: partial
.. bilateral maxillary antero- . . R
s Clinical exams, . Four intraoperative activations
Sant’Ana et lateral osteotomies + Tooth-borne .
occlusal . (0.25 mm each); 2-day wait
al., 2016 . . midpalatal osteotomy; Hyrax-type . L2
radiographs, pain : . period, then one activation
[47] Group 2: bilateral device . .
surveys . twice daily
maxillary antero-lateral
osteotomies)
Tooth-borne: four
Seebereer ef Tooth-borne intraoperative activations (0.2
al 2"81 5 CBCT scans SARPE (Subtotal Le Fort1 =~ Hyrax-type and mm each), 5—-7-day wait
[’ 48] osteotomy + PMD) bone-borne TPD period, two daily activations;
devices Bone-borne: same protocol,
but each activation 0.25 mm
Sendyk et SARPE (Le Fort I Tooth-borne . .
al. 2018 Clinical exams osteotomy + PMD + Hyrax-type Two daily activations
° anterior maxillary . (morning and night)
[49] device
osteotomy)
Smeets et Clinical exams SARPE (Le Fort I HT?;;i_boeH;i d 7-day wait period, then two
al., 2019 i osteotomy + PMD + Y P daily activations (0.25 mm
CBCT scans . bone-borne TPD
[50] midpalatal osteotomy) . each)
devices
Sygouros et SARPE (Le Fort I; Group Tooth-borne ac tivzﬁil(%r}:; 1(r(1)tr2a50 rr)r?rrr?telzgh)' 3.
al., 2014 CBCT scans 1: with PMD; Group 2: Hyrax-type L ’
. . day wait period, then two
[51] without PMD) device . N
daily activations
Wang et al Toothcbome | eilary cenrl
2023 [52] CBCT scans MARPE Hy;;l:i-(t:}efp N incisor diastema observed,
then one daily activation
SARPE (Le Fort I Tooth-borne (n =

Williams et

.. osteotomy + midpalatal 118) and bone- 5—7-day wait period; two daily
al.[, 523(;12 Clinical exams osteotomy + interdental borne (n =2) activations (0.25 mm each)
osteotomy + PMD) devices
MARPE: two daily activations
(0.17 mm each) for first week,
Winsauer et .. MARPE; SARPE for o then SIX .
Clinical exams, . . . Bone-borne activations/deactivations daily
al., 2021 patients without diastema . . 4
[54] CBCT scans after 4 months MICRO-4 device  plus 0.17 mm every third day;
SARPE: 5-day wait period,
three daily activations (0.5
mm total)
CBCT scans, . .
Yoon et al., olvsomnogeraph SARPE (Le Fort I + Tooth-bone-borne  5—7-day wait period, then one
2020 [55] pofysomnography, midpalatal osteotomy) device daily activation (0.25 mm)
questionnaires

Abbreviations used: CBCT = cone beam computed tomography; EMG = electromyography; MARPE = miniscrew-assisted rapid palatal
expansion; OMI = orthodontic mini-implant; OPT = orthopantomography; PMD = pterygomaxillary disjunction; SARPE = surgically assisted
rapid palatal expansion; TPD = transpalatal distractor.

The research was conducted in multiple regions: Austria (n = 2) [31, 54], Belgium (n = 1) [50], Brazil (n = 5) [34,
38, 44, 47, 49], China (n = 1) [52], Egypt (n = 1) [35], France (n = 1) [42], Germany (n = 2) [45, 48], India (n =
1) [32], Israel (n = 1) [46], Italy (n = 1) [30], Republic of Korea (n = 2) [33, 43], Russia (n = 1) [36], Spain (n =
1) [37], Syria (n=1) [31], Turkey (n =4) [39—-41, 51], and the USA (n = 2) [53, 55].

Among the 26 papers, retrospective designs accounted for 11 [30, 34, 36, 43, 45, 48, 50, 51, 53-55], prospective
for 12 [31, 35, 3740, 42, 44, 46, 47, 49, 52], and randomized clinical trials for 3 [32, 33, 41]. Patient enrollment
ranged from 8 [37] to 665 [36], with reported mean ages clustering between 30 and 34 years.

Assessment tools varied: CBCT was most common (n = 15) [32, 33, 35, 36, 38, 40-43, 48, 50-52, 54, 55], while
radiographs (periapical/occlusal, n = 5) [33, 34, 44, 45, 47], dental casts (n = 10) [31, 32, 34, 35, 37-39, 42, 44,
45], clinical inspection (n = 13) [32, 34, 37, 39, 42, 44-47, 49, 50, 53, 54], and patient questionnaires (n = 2) [47,
55] were also employed. Supplementary tools included photographs (n = 4) [32, 35, 38, 40], cephalometric films
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(n=7)[32, 34, 35, 37-39, 44], and panoramic x-rays (n = 3) [32, 37, 44]. Special techniques included surface
EMG for muscle function [30] and polysomnography in cases of OSAS [55].

Regarding treatment types, SARPE dominated (n = 21) [30, 31, 3442, 4447, 48-51, 53, 55]. MARPE was
evaluated in 4 reports [32, 33, 43, 52], and 1 described SARPE following failed MARPE [54].

Anchorage approaches were distributed as follows: tooth-borne expanders (n = 18) [30, 31, 34, 35, 38, 4042,
44-47, 48-53], bone-borne (n = 10) [32, 36, 37, 39, 42, 45, 48, 50, 53, 54], and hybrid appliances (n =7) [32, 33,
37,41-43, 55]. Nine publications compared different device types [32, 37, 41, 42, 44, 45, 48, 50, 53].
Intraoperative activations were described in 10 studies [31, 32, 35, 38, 41, 42, 44, 47, 48, 51]. Daily activation
regimens varied from 0.2 mm to 1 mm. A waiting period between surgery and activation was adopted in 19

SARPE studies [30, 31, 3440, 42, 44, 45, 47, 48, 50, 51, 53-55].
All expansion techniques and activation protocols are detailed in Table 3.

Outcomes reported in the included studies

Adverse effects described in the reviewed literature are presented in Table 4.

Table 4. Overview of complications according to expansion method (SARPE or MARPE), organized by

category. When available, complication frequencies are listed

Lead

Researcher, Procedure EXI;::]S_IOH EE":;:;“ Tooth and Bone Surgical Adverse Equipment
Year P Complications Events Issues
N Success Issues

|Citation]
Abate et al Hematoma
” SARPE N/R N/R N/R (100%), Swelling N/R
2023 [30] (100%)
Al-Oufetal., .
2010 [31] SARPE N/R N/R N/R Swelling N/R
Tooth angulation
(100%, Group B
Basu et al > Group A),
5 02“36[3‘;]" MARPE N/R N/R Buccal bone N/R N/R
reduction (100%,
Group B > Group
A)
Choi et al., o Tooth angulation Nasal mucosa Screw
2023 [33] MARPE 16% NR (100%) thickening malfunction
. Pain (14%) .
Contar et al., Gum recession Y Device
2009 [34] ~ SARPE N/R N/R (14%) WO“?&(;}’)emng distortion (7%)
0
. Temporary loss of
Da‘[fé 52]014 SARPE N/R N/R tooth pulp Digzﬁ(’) " N/R
sensitivity
Sensory
1 0,
Inadequate Gum recession dlsglarlt; ?:f Zs(sl?e@’ Device
Drobyshev ef expansion (0.7%), Tooth inflammation (9%) displacement
y ¢ SARPE (5%), 4% color change . X (9%), Distractor
al., 2021 [36] or necrosis (0.1%),
Relapse (0.5%), Bone loss . detachment
(3%) (0.3%) Bleeding (1.1%), (3%)
? e Sinus perforation ?
(0.9%)
Fernandez Palatal tissue

Sanroman et SARPE N/R N/R N/R irritation (erosions, N/R

al., 2010 [37] ulcers) (100%)

Goldenberg . . o

etal,2007  SARPE N/R N/R T°°t(hl g;’;"hty Pagﬁg :’)’ N/R
[38] °
Pain (30%), Nasal
Tooth necrosis bleeding (20%), Distractor
Gunbay et (20%), Left Wound opening .
al., 2008 [39] SARPE NR NR alveolar segment (20%), Inter- 10(0288;1 ;l &

buccal shift (10%)

incisal septum
fracture (20%)
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Karabiber et

Tooth angulation
(100%), Buccal

al., 2019 [40] SARPE NR NR bone reduction N/R NR
(100%)
Tooth angulation
Kayalar et (100%), Buccal
SARPE N/R N/R bone reduction N/R N/R
al., 2015 [41] (50%), Root
resorption (100%)
Inadequate
expansion . Screw distortion
0,
Leyder et al., SARPE (Tlﬁg?t’ 20% T(goéﬁ;)r;’eglcl)zs Palat.al tissue (3.6%), .
2018 [42] & . N sloughing (3.6%) Osteosynthesis
iastema not recession (3.6%) removal (3.6%)
achieved '
(3.6%)
Tooth angulation
Limetal., o (100%), Buccal
2017 [43] MARPE 17% N/R bone reduction NR NR
(100%)
. Pain (4%),
Pereira et al, g\ ppp N/R 6% Tooth color Localized( infgction N/R
2017 [44] change (6%) %)
Periodontal
attachment loss Screw
(4%), Tooth X o
P12°0dz°5 fi g’]l" SARPE N/R 4% necrosis (4%), N/R lg‘c’fgvlr;fagﬁg
Tooth mobility (4%)
(2%), Root
resorption (4%)
Rachmicl et Gum recession
SARPE N/R N/R (6%), Bone loss N/R N/R
al., 2020 [46] (3%)
29% (group
Sant’Ana et without Discomfort, Pain,
al., 2016 [47] SARPE midpalatal NR NR Edema NR
osteotomy)
Seeberger et Tooth angulation
al, 2015 [48] SARPE N/R N/R (100%) N/R N/R
Periodontal
Sendyk et attachment loss
al., 2018 [49] SARPE N/R N/R (100%), Gum N/R N/R
recession (100%)
Bleeding (4%),
Midline bone Pain (13%),
resorption (3%), Sensory .
Sr;g?; estoal., SARPE N/R 9% Gum recession disturbances llvl.TChan;;/al
[50] (2%), Tooth (27%), Infection ailure (3%)
mobility (2%) (4%), Lacrimation
(1%)
Sygouros et Tooth angulation
al, 2014 [51] SARPE N/R N/R (100%), Alveolar N/R N/R
i bending (100%)
Wang et al Tooth angulation
2023 [52]" MARPE N/R N/R (100%), Bone N/R N/R
loss (100%)
Epistaxis (3%),
Hematoma (n = 3),
Tooth color Wound infection
- Inadequate change (4%), (7%, Pglatal tissue
Williams et SARPE expansion % Gum recession necrosis (0.8%), N/R
al., 2012 [53] (7%) (10%), Bone loss Hypoesthesia

(6%), Tooth loss
(2%)

(3%), Sinus
infection (2%),
Subcutaneous
emphysema (2%)
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Winsauer et o Screw distortion
al, 2021 [54] MARPE 15% N/R N/R N/R (15%)

Soft tissue Abutment

SARPE N/R N/R N/R inflammation (3%) detachment

(3%)
Slight Tooth necrosis disst?:;(;;yce
Yoon et al., (5%), Periodontal .
2020 [55] SARPE N/R uneven attachment loss Wouf)ld dehiscence N/R
expansion (3%) (3%), Palatal
° fistula (1%)

N/R = Not reported.

The side effects were grouped into five main classes: (1) expansion failure, (2) asymmetry, (3) dentoalveolar
problems, (4) surgical complications, and (5) appliance-related events.

Expansion failure

Incomplete separation of the midpalatal suture was identified in 4 of the 22 SARPE studies [36, 42, 47, 53] and
in 3 of 5 MARPE investigations [33, 43, 54]. Failure rates ranged between 2% and 29%. Situations such as limited
widening, relapse, or inability to create the intended diastema were also considered failures.

Asymmetry in expansion
Seven SARPE papers documented uneven expansion patterns [36, 42, 44, 45, 50, 53, 55]. No MARPE study
reported asymmetry.

Dentoalveolar complications
Dentoalveolar changes were the most frequently described, appearing in 21 of 26 studies [32—-36, 38—46, 48—53,
55].

¢ Periodontal effects: Gingival recession was noted in 7 articles [34, 36, 42, 46, 49, 50, 53], alveolar bone
loss in 8 [32, 36, 40, 41, 43, 46, 52, 53], and attachment loss in 3 [45, 49, 55].

» Dental tipping: Eight investigations [32, 33, 40, 41, 43, 48, 51, 52] described buccal tipping, with MARPE
studies [32, 33, 43, 52] contributing half of these reports. Winsauer et al. [54] was the only MARPE
paper that found no tipping. In 2 cases [39, 51], tipping coincided with bending of the alveolar bone.

¢ Pulp/necrosis/discoloration: Eight studies [35, 36, 39, 42, 44, 45, 53, 55] mentioned pulpal sensitivity
loss, necrosis, or tooth discoloration—none of them related to MARPE. Most teeth were managed with
root canal treatment, but Williams et al. [53] described two extractions.

* Root resorption: Two articles [41, 45] reported resorption in anchoring or anterior maxillary teeth.

e Mobility: Three studies [38, 45, 50] noted temporary tooth mobility that resolved over time.

Surgical side effects
Complications of surgical origin were largely confined to SARPE, except for a case reported by Choi et al. [33],
where a miniscrew perforated the nasal floor, leading to mucosal inflammation after MARPE.

e Pain: The most common finding, mentioned in six papers [34, 38, 39, 44, 47, 50], occurring either after
surgery or during expansion. Relief was achieved with protocol changes, analgesics, or expander
removal. Two additional studies [35, 47] described general discomfort during activation.

o Palatal trauma: Five articles [36, 37, 42, 53, 55] reported trauma from appliances, leading to inflammation,
ulceration, necrosis, fistulas, or mucosal sloughing.

¢ Bleeding: Noted in four publications [36, 39, 50, 53], either as mucosal bleeding or epistaxis. Nasal
complications included thickened mucosa [33], sinus perforation [36], and sinus infection [53].

e Minor sequelae: Hematomas (n = 2) [30, 53], edema (n = 3) [35, 38, 47], and swelling (n = 2) [30, 31]
were typically self-limiting. Williams et al. [53] additionally documented subcutaneous emphysema.

o Neurological issues: Four SARPE studies [36, 50, 53, 55] described altered sensation
(paresthesia/hypoesthesia) involving V2, infraorbital, or nasopalatine nerves.

e Other surgical issues: Infections, wound dehiscence, and lacrimation were reported only in SARPE cases
(n=6) [34, 39, 44, 50, 53, 55].
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Device-related problems
Technical failures were described in 8 studies [33, 34, 36, 39, 42, 45, 50, 54] and included both MARPE and
SARPE.

e For MARPE, Leyder ef al. [42] and Winsauer ef al. [54] noted screw deformation.

o Ploder et al. [45] reported screw loosening and fracture in 13% of cases.

o Winsauer et al. [54] also observed abutment loss during retention and further screw damage.

e Other issues included deformation, dislodgement, or loss of distractors, described in four reports [34, 36,

39, 50].

Synthesis of results

Considerable heterogeneity was present across the analyzed studies, with variations in device configuration,
activation strategy, evaluation methods, and other influencing factors.

Among the reported complications, dentoalveolar and surgical outcomes were most frequent. MARPE was more
commonly linked with dental effects such as tipping, whereas SARPE was mainly associated with surgical
sequelae.

Overview of the evidence

This systematic review aimed to examine adverse outcomes arising from two adult maxillary expansion
techniques: MARPE and SARPE.

Across the 26 eligible papers, side effects were organized into five groups: failed expansion, asymmetric
widening, dentoalveolar effects, surgical issues, and appliance-related complications. Dentoalveolar alterations
were the most frequently reported in both approaches. Though these events cannot be fully avoided, their intensity
is highly dependent on the technique applied. Expansion failure and asymmetry are among the most problematic
because they often require retreatment, thereby prolonging therapy and increasing biological risk. Such events are
influenced by patient-specific factors, including age and skeletal maturity, in addition to the expansion protocol.
Surgical complications are mostly seen with SARPE, reflecting its invasive nature, while appliance configuration
contributes significantly to both dental and device-related problems.

Dental tipping remains one of the most consistently described effects, found in both MARPE and SARPE cohorts
[32, 33, 40, 41, 43, 48, 51, 52]. Several authors even suggest that tipping is an inherent biomechanical response
rather than a true adverse outcome, since it often resolves during retention.

Lim et al. [43] observed, one year after MARPE expansion, that buccal inclination relapse was greater in dental
units than in alveolar segments, suggesting a more stable skeletal component long-term compared with immediate
post-treatment results. Similarly, Sygouros et al. [51] regarded tipping as a natural part of expansion that
diminishes spontancously during follow-up.

The absence of tipping in many reports likely reflects the predominance of SARPE in those studies. Basu et al.
[32] showed that conventional MARPE produced more tipping than MARPE combined with corticopuncture,
whereas Karabiber ef al. [40] found that unilateral osteotomy lessened tipping and alveolar bone loss on the
operated side. This may be due to the initial force transfer primarily through the teeth until the suture separates, a
factor countered by midpalatal osteotomy in SARPE or corticopuncture in MARPE.

Both tooth-borne and bone-borne expanders have been implicated in tipping, though prevalence is strongly tied
to appliance design. Ning et al. [56] found significant differences between hybrid and fully bone-borne devices.
Cozzani et al. [57] highlighted increased stress on anchor teeth with tooth-borne expanders, absent in skeletal-
borne appliances. Likewise, Lin ef al. [58] documented less alveolar bone loss and reduced tipping of premolars
in bone-borne designs.

More severe dental outcomes—including necrosis, discoloration, tooth loss, and mobility—were predominantly
seen in SARPE cases [36, 38, 39, 42, 44, 45, 50, 53, 55]. In every instance, a palatal osteotomy was part of the
surgical plan. Four studies also carried out pterygomaxillary disjunction (PMD) [44, 45, 50, 53], and one
incorporated a down-fracture via Le Fort I osteotomy [42]. This pattern suggests that the extent of surgical
intervention correlates with a higher risk of negative dental consequences.

Periodontal complications were identified in nine reports [34, 36, 41, 42, 43, 45, 46, 49, 50], most often gingival
recession, probing depth increases, and clinical attachment loss. Nearly all of these used tooth-borne expanders,
with the exception of Drobyshev et al. [36], who employed a bone-borne appliance and observed recession in
only 0.7% of patients. These findings emphasize that dental anchorage can impair hygiene and provoke gingival

e
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inflammation, echoing the meta-analysis by Bi ef al. [59], which advocates tailoring anchorage type to clinical
context and weighing periodontal risks when selecting hybrid or tooth-supported expanders.

Root resorption, reported in two studies [41, 45], occurred exclusively with dental anchorage. Though less
common in adults treated with skeletal anchorage [60], resorption remains a recognized complication regardless
of technique [61].

Asymmetric expansion, documented with both MARPE and SARPE, generally appeared in the sagittal plane with
a pyramidal pattern. This is attributed to greater posterior resistance at the pterygomaxillary suture and zygomatic
buttress, combined with the rotational center of the zygomaticomaxillary complex located above the
frontozygomatic suture [62]. Nonetheless, transverse asymmetry—where one side opens more than the other—
has also been described.

Such asymmetry is often tied to the surgical protocol and may necessitate corrective reintervention, causing
substantial patient burden [63]. In this review, the average rate of asymmetry in SARPE cases was 8.5%, higher
than the 4.4% reported by Carvalho et al. [64]. Carvalho attributed this difference to factors such as omission of
PMD and the use of slower activation. However, our synthesis did not find a consistent association, since
asymmetry was also seen with rapid activation and PMD protocols. These discrepancies point to the need for
further well-designed research to clarify risk factors for asymmetric expansion in SARPE.

Asymmetry and expansion failures

Although none of the papers reviewed here recorded asymmetry after MARPE, earlier reports in the literature
describe its occurrence. Kim et al. [65] attributed such outcomes not simply to uneven opening of the midpalatal
suture, but rather to irregular fractures of the circummaxillary articulations. Patients with facial asymmetries in
the frontal plane, such as chin deviation, appeared particularly vulnerable, and MARPE treatment could make
these irregularities less predictable. In that investigation, the incidence was 30% and considered unpredictable
[65].

Problems with incomplete or unsuccessful expansion were mentioned in eight studies [33, 36, 42, 43, 47, 53, 54,
55]. Of these, two specifically evaluated MARPE and reported failure in 16% [33] and 17% [43] of cases. These
figures mirror the overall success levels for MARPE (roughly 84-88%) documented in other sources [66, 67]. A
plausible explanation is that most MARPE investigations involved younger adults, whereas efficiency decreases
sharply with age. For instance, in individuals aged 30-37 years, where midpalatal sutures are commonly classified
as stage D or E, success drops to ~20% [68]. Yoon et al. [67] also observed that 68% of unsuccessful expansions
occurred in patients older than 25. Interventions such as corticopuncture prior to expansion appear to enhance
results. Similarly, Winsauer et al. [54] reported a 15% failure rate for MARPE, noting that the unsuccessful cases
(average age 41.3 years) required conversion to SARPE, underscoring the strong inverse relation between age and
MARPE predictability.

Comparison of MARPE and SARPE outcomes

In general, SARPE demonstrates lower rates of failure compared to MARPE. The exception is a trial by Sant’Ana
et al. [47], which found a 29% failure rate in patients treated without a palatal osteotomy. These findings suggest
SARPE may be more reliable for adults with advanced suture maturation (D or E) [8]. A modified strategy,
Distraction Osteogenesis Maxillary Expansion (DOME), described by Yoon et al. [55], integrates the Maxillary
Skeletal Expander (MSE) with SARPE but omits pterygomaxillary separation. This protocol, tested in patients
with a mean age of 30 years, yielded 100% success and also led to a measurable reduction in Apnea-Hypopnea
Index (AHI), pointing to improvement in Obstructive Sleep Apnea symptoms such as fatigue and disrupted
breathing—consistent with other MARPE reports [33].

Emerging, less invasive protocols

Recently, efforts have been made to refine expansion strategies and minimize complications. Haas Junior et al.
[21] presented a SARPE method completed in ~19 minutes under local anesthesia with a bone-supported
expander. Importantly, pterygomaxillary disjunction was excluded, which Sangsari et al. [69] had already
suggested was not strictly necessary for suture release. This approach shortened treatment time, decreased
operative trauma, and was better tolerated by patients. Despite the potential benefits—especially in adults with
higher MARPE failure—its evidence remains limited due to the small sample and lack of long-term monitoring.
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Reported surgical complications

Adverse surgical outcomes were primarily seen in SARPE procedures [30, 31, 33- 39, 42, 44, 47, 50, 53, 54].
Minor issues such as nasal bleeding, swelling, edema, or hematoma generally resolved spontaneously. More
severe consequences included paresthesia [36, 53, 55], necrosis of palatal mucosa [53], and wound breakdown
[34, 39]. Only one MARPE-related surgical issue was described, where Choi et al. [33] reported thickening of the
nasal mucosa due to a miniscrew piercing the nasal floor. Carvalho et al. [64] emphasized that surgical
complications appeared in studies both with and without PMD, indicating that no single surgical maneuver
predicts complications reliably. Nonetheless, the more invasive the surgery, the higher the risk of severe sequelae.
Further clinical trials are needed to refine SARPE so it combines predictability with minimal risk.

Technical and appliance-related issues

Mechanical complications were most frequently linked with bone-supported transpalatal distractors (TPDs) [36,
39, 45, 50], which are regarded as challenging to manage clinically. In MARPE studies, the leading problems
involved screw instability or deformation. Yoon et al. [67] associated screw loss mainly with peri-implant
inflammation and suboptimal hygiene, while Bud et al. [70] described tissue overgrowth, mucosal hyperplasia,
and loosening as typical MARPE-related problems.

One of the main triggers for mucosal irritation was contact of miniscrews or appliance arms with the palate. To
reduce this, a clearance of | mm between screw and palate, and 3—4 mm between the arms and the palatal vault,
has been recommended. Interestingly, many inflammatory reactions arose during the retention period, likely
because partial relapse of the palatal halves creates tissue pressure, while screw dimensions remain unchanged
[71].

Influence of appliance type

The analysis of selected studies demonstrates that the design of the expansion device strongly influences adverse
outcomes. Among them, transpalatal distractors (TPDs) are the most complex to manage clinically and show the
highest likelihood of mechanical failure. Tooth-anchored appliances negatively affect the supporting teeth, raising
the risk of periodontal deterioration, dental tipping, and root resorption. In contrast, miniscrew-supported bone-
borne expanders, although still producing some dental or alveolar side effects, seem to protect the dentition more
effectively. Thus, device choice must be individualized, taking into account the patient’s periodontal condition,
dental health, and oral hygiene capacity.

Both MARPE and SARPE carry risks when applied to adults. Careful evaluation of the patient before treatment
is therefore essential. Age is the most critical determinant: individuals younger than 25 years typically achieve
predictable midpalatal suture opening with MARPE [72], making it preferable as a conservative alternative that
avoids surgery and its possible complications. For patients older than 25, the likelihood of success decreases
substantially; for those above 30, the probability of opening the suture falls to around 20% [68].

Attempts to improve stability, such as adding extra miniscrews for MARPE [73], increase invasiveness and
potential complications without guaranteeing consistent outcomes. Skeletal maturation, which parallels
chronological age, is another key variable. CBCT can identify patients with D or E suture stages, for whom purely
orthopedic expansion is rarely sufficient; in such cases, surgery combined with expansion is advisable.

This review, in agreement with previous findings [72], indicates that gender does not influence success rates in
MARPE. From a clinical-economic perspective, surgical adjuncts should be prioritized in adults with advanced
suture stages (D or E) to reduce the risk of failure and re-intervention. In contrast, younger patients with stages
A—C benefit from MARPE due to its lower biological burden and avoidance of extensive surgery.

Future perspectives

Upcoming research should aim to optimize strategies for adult patients with transverse maxillary deficiency by
integrating skeletal anchorage expanders with minimally invasive surgical protocols. Such combinations could
increase effectiveness while reducing the morbidity classically associated with SARPE.

Key objectives include: establishing a standardized surgical protocol, defining clear guidelines for distraction, and
refining appliance design for skeletal anchorage. Research should specifically include adults with palatal suture
stages D or E [8] and incorporate long-term monitoring to assess treatment stability and relapse risk.

Because expansion protocols varied considerably among studies, it was impossible to directly link specific adverse
effects with a particular method. Although some prior reports suggested a greater tendency for asymmetry in slow
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expansion [64], the articles reviewed here found asymmetry in both rapid and slow protocols. Future
investigations comparing these modalities in detail are needed to clarify their distinct risk profiles.

Study limitations

To our knowledge, this is the first review that directly contrasts complications between MARPE and SARPE in
adults. Nevertheless, several important limitations should be acknowledged.

The included studies were highly heterogeneous, particularly in terms of expansion protocols and the criteria used
to evaluate complications. Moreover, the type of research group differed by technique: most SARPE studies
originated from maxillofacial surgery teams, while MARPE was primarily studied within dentistry. This
disciplinary divide likely shaped both the outcomes measured and the adverse events reported, complicating direct
comparisons.

Finally, this review did not employ a systematic methodology and therefore lacks qualitative assessment of
evidence quality [74]. As such, findings must be interpreted with caution. Future studies should adopt standardized
methodologies and include interdisciplinary collaboration to produce more consistent and reliable insights.

Conclusion

The purpose of this review was to evaluate complications associated with the two main skeletal expansion methods
in adults, providing clinicians with guidance for evidence-based treatment planning. Despite the heterogeneity of
existing literature, several conclusions can be drawn:
e Patient age is decisive: as age increases, reliance on SARPE rather than MARPE becomes necessary for
predictable success.
¢ Adjunctive techniques matter: weakening the midpalatal suture via corticopunctures, when combined with
MARPE or SARPE, reduces buccal tipping; spontaneous correction often follows during retention.
e Severe dental complications are rare with SARPE, but their likelihood rises with surgical invasiveness.
¢ Dentoalveolar risks can be minimized by using devices independent of dental anchorage.
¢ Appliance design remains crucial: poor design increases inflammation, which is the leading cause of miniscrew
failure.
Clinicians should ensure patients are fully informed about risks and alternatives for both methods. Yoon et al.
[67] provided a comprehensive informed consent model for MARPE, but no comparable guideline yet exists for
SARPE. Moving forward, standardized treatment protocols combining skeletal anchorage with minimally
invasive surgery are needed to enhance predictability while minimizing complications.
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