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Abstract

Background The purpose of this study is to investigate the long-term efficacy and stability of Miniscrew-assisted
Rapid Palatal Expansion (MARPE), including its primary outcomes, namely the nasomaxillary complex transverse skel-
etal and dental expansion, and related secondary outcomes.

Methods Electronic databases and manual literature searches, up to October 31, 2022, were performed. The eligibil-
ity criteria were the following: studies on patients with transverse maxillary deficiency treated with MARPE in adults
and adolescents over 13.5 years of age.

Results Ultimately, twelve articles were included in the analysis, one prospective and eleven retrospective observa-
tional studies. Five studies showed a moderate risk of bias, while the remaining seven studies were at a serious risk

of bias. The GRADE quality of evidence was very low. MARPE is an effective treatment modality for transverse maxil-
lary deficiency (mean success rate: 93.87%). Patients showed increased mean in the skeletal and dental transverse
expansion. The basal bone composition, mean alveolar bone and mean dental expansion accounted for 48.85, 7.52,
and 43.63% of the total expansion, respectively. There was a certain degree of skeletal and dental relapse over time.
MARPE could also cause dental, alveolar, and periodontal side effects, and have an impact on other craniofacial bones,
upper airway, and facial soft tissue.

Conclusions MARPE is an effective treatment for transverse maxillary deficiency, with a high success rate and a cer-
tain degree of skeletal and dental relapse over time.
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Background

Transverse maxillary deficiency is considered a relatively
common orthodontic problem [1, 2], reported with an
incidence rate of 7.9% in adolescents and 10% in adults
[3]. It is usually associated with unilateral or bilateral
posterior crossbite, dental crowding, deep and narrow
palate, vertical alveolar overgrowth, large buccal corri-
dors, facial muscular imbalance, as well as nasal stenosis
and airway stenosis [4—7]. It is necessary for orthodon-
tists to establish a normal transverse skeletal relationship
between the upper and lower jaws.

Optimal timing of treatment is critical to correct
transverse discrepancy of the maxilla [8], since its
success is related to mid-palatal suture (MPS) fusion.
Rapid maxillary expansion (RME) has proven to be a
conventional and widely accepted method to correct
transverse maxillary deficiency before the peak of skel-
etal growth [9], which can be used to widen the width
of the maxilla by applying a transverse force to the
maxillary teeth, in order to effectively open the pala-
tal suture of children and young adolescents. However,
as the suture fusion advances, the resistance to suture
opening increases [10, 11].

Limitations and adverse effects of conventional RPE
in people over 15 years of age are common, such as buc-
cal crown tipping, alveolar bone dehiscence, decrease of
thickness and level of the buccal and lingual bone, gin-
gival retraction, root resorption, pain, limited or failed
skeletal expansion, and post-expansion relapse [12].
Therefore, surgically-assisted rapid maxillary expansion
(SARME), an invasive surgical procedure performed to
correct transverse discrepancies in mid to late adoles-
cents and adults with skeletal maturation, is commonly
used to overcome the resistance of suture and limitations
of side effects [13]. Although SARME is considered a sim-
ple, safe and proven procedure, risks inherent in surgery,
high costs and various complications, such as epistaxis,
postoperative pain, periodontal problems, asymmetry
and incorrect expansion, may result in limitations on
patients undergoing such procedures [13].

In order to simplify the treatment procedure and
reduce the above adverse reactions, orthodontists began
to look for more minimally invasive treatments. Thus,
their search facilitated the development of the MARPE
procedure, which involves the use of a conventional RPE
device, rigid elements and miniscrews implanted in the
palate [14]. Compared with RPE, MARPE could deliver
the expansion force to the maxillary basal bone directly,
produce more skeletal effects and minimize unwanted
side effects [15]. A recent clinical study reported that
MARPE has a high success rate and causes less trauma,
thus it is recommended as an alternative method to sur-
gical expansion [16].
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MARPE has incomparable advantages in the treatment
of transverse maxillary deficiency, so it has attracted wide
attention from orthodontists, and some researchers have
conducted multi-dimensional research on this treat-
ment modality [17, 18]. Researchers have proposed that
the nasomaxillary complex and even the pterygoid bone,
zygomatic bones and temporal bones will change with
palatal expansion [19]. Previous studies have system-
atically reviewed the efficacy of MARPE in mid to late
adolescents and adults [20]. However, according to the
literature reviewed by our group, no systematic review on
the long-term evaluation of the efficacy of this procedure
has been reported.

Therefore, this study aims to investigate the long-term
efficacy and stability of the MARPE procedure, including
its primary outcomes, namely the nasomaxillary com-
plex transverse skeletal and dental expansion, and related
secondary outcomes, such as the success rate, duration,
buccal crown tipping, effects of alveolar bone, periodon-
tal side effects, root resorption, upper airway changes,
facial soft tissue effects, pain, post-expansion relapse, and
the possible factors that potentially affect post-expansion
changes.

Methods

Protocol and registration

This systematic review reports follows the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [21]. The review protocol was
registered at PROSPERO with the registration number
CRD42022323832. Detailed information of the protocol
can be found on the PROSPERO website.

Eligibility criteria
According to the research objectives, the eligibility crite-
ria were determined in advance. Studies of treating trans-
verse maxillary deficiency with the MARPE procedure in
adults and adolescents over 13.5 years of age, including
all types of MARPE appliance designs, were considered
eligible. At least one of the primary outcomes should be
reported (efficacy and stability of MARPE about the nas-
omaxillary complex transverse skeletal and dental expan-
sion), or any other secondary outcomes (success rate,
duration, buccal crown tipping, effects of alveolar bone,
periodontal side effects, root resorption, upper airway
changes, facial soft tissue effects, pain, post-expansion
relapse, and the possible factors that potentially affected
post-expansion changes) should be included. Addition-
ally, randomized clinical trials, non-randomized clinical
trials, prospective studies and retrospective studies, were
considered eligible.

Studies that included patients under 13.5 years of age,
patients with cleft lip or any other craniofacial syndrome



Zeng et al. BMC Oral Health (2023) 23:829

diagnosis, patients with a history of maxillofacial surgery,
or patients with systemic disease, were excluded. Case
reports and in vitro simulations, such as finite element
analysis (FEA), were also excluded.

Information sources and search strategy
A PICOS questionnaire was developed to select search
terms more accurately and comprehensively and was as
follows. Population: treating transverse maxillary defi-
ciency with MARPE. Intervention: miniscrew-assisted
rapid palatal expansion. All types of MARPE device
designs were accepted. Control and outcome were not
specified, in order to collect literature more extensively.
A comprehensive electronic database search of the lit-
erature was performed in the following databases: MED-
LINE (via PubMed), Embase, Cochrane Library, Web of
Science, Scopus, Chinese National Knowledge Infrastruc-
ture (CNKI), and Wanfang. In addition, we searched the
"grey" literature through a Google Scholar web search. A
search strategy was developed for MEDLINE, and cor-
responding modifications were made according to other
databases. Additionally, a manual search was also per-
formed for the bibliography of selected articles that may
have been omitted. There were no language or publica-
tion restrictions. All studies published before October
31, 2022 were included in the search. The details of the
searches are shown in Supplementary Table 1.

Study selection, data items and collection

Eligibility assessment was performed independently
without blinding by three reviewers. Two reviewers
(W. Z. and Y. Y.) screened the titles and abstracts of the
retrieved records based on the predetermined eligibil-
ity criteria and removed duplicates. Also, full text was
accessed to check for eligibility. Any disagreements
between reviewers were resolved through discussion
with the third reviewer (J.Z.). If the required informa-
tion was not provided, we would try to contact the cor-
responding author by e-mail.

The data collection and extraction: titles, study char-
acteristics (authors, publication year, country, journal,
and setting), methods (study design, data collection, and
measurements), population (sample size, sex, age range,
and mean age), intervention (type of MARPE device,
miniscrews, device location, expansion protocol, reten-
tion and duration) and outcomes (any primary outcomes
and secondary outcomes).

Risk of bias in individual studies and risk of bias

across studies

According to the Cochrane Handbook for Systematic
Reviews of Interventions [22], the Revised Cochrane
Risk of Bias Tool for Randomized Trials (ROB) [23] and
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the Risk Of Bias in Non-randomized Studies of Inter-
ventions (ROBINS-I) tool [24] were used for observa-
tional research to assess the risk of bias in the selected
studies. Seven components of bias were evaluated with
the ROB tool, namely (1) random sequence generation,
(2) allocation concealment, (3) blinding of participants
and personnel, (4) blinding of outcome assessment, (5)
incomplete outcome data, (6) selective reporting, and (7)
other bias. An overall assessment of bias (high, unclear,
low) was performed for each included study. Ultimately,
studies with high risk were excluded from the meta-anal-
ysis. Seven components of bias were evaluated in accord-
ance with the ROBINS-I tool, namely (1) bias due to
confounding, (2) bias in the selection of participants into
the study, (3) bias in the classification of interventions,
(4) bias due to deviations from the intended intervention,
(5) bias due to deviations from the intended intervention,
(6) bias in the measurement of outcomes, and (7) bias in
the selection of the reported result. An overall assess-
ment of bias (Low, Moderate, Serious, Critical) was made
for each included study. Studies with a risk of critical bias
were excluded from further analysis and synthesis. Any
differences between the reviewers were resolved through
discussion and consensus among all three reviewers.

The response options for an overall risk of bias were
obtained based on each evaluation tool.

Synthesis of results and summary measures

Mean differences (MDs) and corresponding 95% confi-
dence intervals (Cls) were calculated in millimeters for
the primary outcomes: maxillary transverse skeletal and
dental expansion. To evaluate the heterogeneity among
studies, a Q statistic and a I? statistics were calculated to
assess heterogeneity. A fixed-effects model was selected
when homogeneity was accepted, while a random-effects
model was used when homogeneity was rejected (P-value
of Q statistic<0.10, or/and I>>50%). The Stata software
version 12.0 (Stata Corporation, College Station, TX,
USA) was used for data analysis and synthesis by one
author (W.Z.).

Quality of evidence

The overall quality of the evidence was rated by using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) system [25]. Any differences
between the reviewers were discussed and resolved by
consensus among all three reviewers.

Sensitivity analyses and additional analyses

Robustness of the results was evaluated for meta-analy-
ses by sensitivity analysis. Sources of heterogeneity were
sought through sensitivity analysis and, if possible, were
further sought through subgroup analysis according to
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age, cervical spine staging (CVS), MPS, type of device,
retention and monocortical or bicortical anchorage. Pub-
lication bias was assessed with >8 studies by the Egger’s
test, and was considered statistically significant when
P<0.05.

Results

Study selection and characteristics

The electronic database search process is illustrated in
Fig. 1. A total of 3,059 studies were retrieved through
database searching (MEDLINE N=527, Embase
N=449, Cochrane Library N=373, Web of Science
N=786, Scopus N=830, CNKI N=51, Wanfang
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N=43) and no new articles were included through
manual search. After removal of duplicates, 1,517 stud-
ies were screened based on title and abstract and 105
studies were selected for full text screening (Supple-
mentary Table 2: exclusions). Ultimately, 12 articles
were included, and the main characteristics are sum-
marized and reported in Table 1. Most of the literature
was excluded, as the follow-up time did not meet the
preset criteria of this review or included patients under
13.5 years of age.

Among the 12 included studies, 1 was a prospective
observational study and the remaining 11 were retro-
spective observational studies [15, 19, 26-35].

Additional records identified
through manual search
(n=0)

A 4
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Full-text articles excluded,

> with reasons
(n=93)

Did not meet inclusion

criteria for:

(1) Study design ( n=63)
(2) Population ( n=30)

S
Records identified through
= .
= database searching
g (n=3,059)
-
D
=
L ¥
Records after duplicates
removed
— (n=1,517)
)
= v
g
o Records screened
& (n=1517)
—J
v
Full-text articles assessed
)
for eligibility
z (n=105)
=
S
— v
=
Studies included in
— qualitative synthesis
(n=12)
)
E Studies included in
% quantitative synthesis
= ( meta-analysis )
(n=12)
—/

Fig. 1 PRISMA flow diagram showing the study’s screening and selection process
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Domains:

D1: Bias due to confounding.
D2: Bias due to selection of participants.
D3: Bias in classification of interventions.

Judgement:

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Fig. 2 Results of the risk of bias assessment in the individual studies with the ROBINS-I tool

Risk of bias within studies

Since all of the included studies were observational stud-
ies, the ROBINS-I tool was used to assess the risk of bias
(Figs. 2 and 3). Five studies showed a moderate risk of
bias [19, 31, 32, 34, 35], while the rest seven studies were
at a serious risk of bias [15, 26—30, 33]. The main risk of
bias comes from bias due to confounding, selection of
participants, measurement of outcomes, and selection
of the reported results. Although some researchers have

recognized that a more scientific approach to maxil-
lary transverse expansion based on the state of the MPS
fusion is more appropriate, the vast majority of studies
were still grouped according to age, resulting in a con-
founding in most of the literature included in this review.
As for selection bias, the authors used the appropriate
methods to adjust for the selection bias, even though
the start of the follow up and the start of the interven-
tion do not coincide for all participants. Thus, bias due
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Fig. 3 Risk of bias percentage per domain of all included studies assessed with the ROBINS-I tool

to selection of the participants was found to be moder-
ate. Regarding the measurement of outcomes, since the
device was not removed in some of the studies when
the cone beam computed tomography (CBCT) was
taken, there was no guarantee that the measurer was not
affected by the intervention. Also, there was no clear evi-
dence (such as a pre-registered protocol) that outcome
measurements and analyses were consistent with an a
priori plan. Additionally, there was no indication of selec-
tion of the reported analysis from among multiple analy-
ses and selection of the cohort or subgroups for analysis
and reporting on the basis of the results.

Results of individual studies and meta-analysis

The results of all individual studies for the primary out-
comes are summarized in Tables 2 and 3, and the secondary
outcomes are included in Supplementary Tables 3, 4 and 5.

Skeletal transverse expansion of the nasomaxillary
complex

Six articles reported transverse expansion of the max-
illary basal bone, and all were statistically significant
[15, 19, 27-30]. One study was not synthesized due to
the use of posteroanterior cephalograms for measure-
ments, whose definitions of the landmarks were differ-
ent from those of the other studies [27]. In addition,
a relatively consistent measurement method, that is,
manipulated on CBCT images, was used in the remain-
ing five articles [15, 19, 28—-30]. The mean expansion of
the basal bone ranged from 1.67 to 4.04 mm. The sam-
ples of one study were divided into 3 groups accord-
ing to the pattern of insertion of the miniscrews used,
namely 4-all-bicortical penetration, 2-rear-bicortical
penetration, and non-4-bicortical penetration [30].
One study had follow-up time points at 6+ 1.9 months
and 13+2.18 months, and the results were statistically
significant at both time points. However, the change

between these two time points was a statistically sig-
nificant decreasing trend [19].

Transverse nasal bone expansion was reported in eleven
articles [15, 19, 27-30, 32-36], which were all statisti-
cally significant, five of which reported lateral wall of the
nasal cavity at the first molar (M1) [19, 28-30, 34], with a
mean range of 1.25 to 2.9 mm, five of which reported nasal
floor width at M1 [15, 28-30, 33, 34], with a mean expan-
sion ranged from 1.56 to 3.50 mm. Another study was not
synthesized for the same reasons described earlier [27].
Two articles measured the variation at the widest part of
the pear-shaped foramen, and were not synthesized [32,
35]. The aforementioned article, which was based on the
pattern of insertion of the miniscrews used in a subgroup
study, also reported nasal bone expansion. The results were
also statistically significant for studies followed up at two
time points, and the change between these two time points
was statistically significantly decreased [19] (Table 2).

Dental transverse expansion

Nine studies reported the changes in dental transverse
widths with nasomaxillary complex expansion [15, 27,
29-35]. Five studies included the intercanine width
(ICW) [31-35], five reported inter-first premolar width
(IP1W) [15, 29, 33-35], five reported inter-second pre-
molar width (IP2W) [15, 29, 33-35], and nine included
the intermolar width (IMW) [15, 27, 29-35]. The mean
ICW range was 2.30 to 5.83 mm, the mean IP1W range
was 3.00 to 5.33 mm, the mean IP1W range was 3.44 to
5.66 mm, and the mean IMW range was 3.46 to 7.33 mm.
The measurements were statistically significant in all but
two studies [32, 33] (Table 3).

Success rate of MARPE

All studies reported the success rate of the MARPE treatment,
with a mean success rate of 93.87%, which ranged from 82.9
to 100% [15, 19, 26-35]. In particular, eight studies reported a
success rate of 100% [15, 27, 28, 3033, 35] (Table 1).
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Table 2 Results of individual studies for skeletal maxillary expansion (at M1) by MARPE. Measurement, mean+SD (mm), 95% Cl, range

(mm), p-value and effect size were described when available

Measurement Study Mean£SD (mm) 95% Cl lower/ Range (mm) P value Effect size
upper
Maxillary basal bone width LiQetal. 2020 [28] 20+10 <.001
Yietal. 2020 [29] 1.67+1.17 0.000
LiN et al. 2020 [30] G1:46+12 G1:0.000
G2:43+10 G2:0.000
G3:32+1.1 G3:0.000
Linetal. 2015 [15] 1.99+1.18 0000
Tang et al. 2021 [19] 2.23+£1.08 <.001
Maxillary alveolar bone width Anetal. 2021 [27] 2.79+1.59 <0.001
Yietal 2020 [29] 1.76+1.19 0.000
LiN et al. 2020 [30] G1:68+1.3 G1:0.000
G2:69+1.1 G2:0.000
G3:72+14 G3:0.000
Linetal. 2015 [15] 238+1.17 0000
Calil et al. 2021 [33] 3.06+1.81 0.000
Tang et al. 2021 [19] 256+146 <.001
Lim et al. 2017 [34] 210+1.13 <0.001
Nasal floor width LiQ et al. 2020 [28] 23412 <.001
Yietal. 2020 [29] 1.77+148 0.000
LiN et al. 2020 [30] G1:42+12 G1:0.000
G2:40+1.1 G2:0.000
G3:23+1.1 G3:0.000
Linetal. 2015 [15] 1.87+1.13 .0000
Calil et al. 2021 [33] 282+154 0.000
Lim et al. 2017 [34] 1.56+1.02 <0.001
Nasal lateral width LiQetal. 2020 [28] 23412 <.001
Yietal. 2020 [29] 1.54+1.03 0.000
LiN et al. 2020 [30] G1:33+1.1 G1:0.000
G2:30+1.2 G2:0.000
G3:21+£10 (G3:0.000
Tang et al. 2021 [19] 2.12+1.08 <.001
Lim et al. 2017 [34] 1.25+0.80 <.0001
M1 first molar, Cl confidence interval, SD standard deviation, G group
Duration of expansion Retention

All studies described the expansion protocol in detail
except for one study. The condition for cessation of
activation was usually that the required expansion was
achieved. Two of them clearly stated that the expansion
was concluded when the width of the maxilla was no
longer less than the width of the mandible [28, 30], and
four of them were terminated when the maxillary molar
palatal cusp contacted with the lingual inclination of the
buccal cusp of the mandibular molar [27, 31-33]. Five
articles [19, 26-28, 34] reported the duration of activa-
tion measured in months, weeks or days. To compare the
results, the units of duration was converted into days,
and the mean duration of expansion protocol ranged
from 13 to 122.2 days (Table 1).

Eight articles reported the duration of retention after
activation [19, 26-28, 30, 33-35], except for one article,
which was at least six weeks [27], the duration of the
retention for the remaining studies was at least 3 months.
The longest retention was the study conducted by Tang
et al,, in which the jackscrew and four mini-implants
were kept in place as a passive retention until the brack-
ets were debonded, after about 3 months of retention
[19] (Table 1).

Dental side effects

For the buccal inclination of the teeth, different stud-
ies used different measurement methods, and the aver-
age value varies greatly. Six studies reported dental side



Zeng et al. BMC Oral Health (2023) 23:829

Page 14 of 22

Table 3 Results of individual studies for dental expansion by MARPE. Measurement, mean +SD (mm), 95% Cl, range (mm), p-value and
effect size were described when available

Measurement Study Mean£SD (mm) 95% Cllower/  Range (mm) Pvalue Effect size
upper

ICW Alsayegh et al. 2022 [31] 23+1.21 <0.001
McMullen et al. 2022 [32] 2719
Calil et al. 2021 [33] 3.04+2.03 0.036
Lim et al. 2017 [34] 295+243 <0.001
Clement et al. 2017 [35] 583+1.32 0.000

IPTW Yietal. 2020 [29] 3.00£2.36 0.000
Linetal. 2015 [15] 400+1.27 0.0000
Calil et al. 2021 [33] 3.81+£2.12 0377
Lim et al. 2017 [34] 499+224 <0.001
Clementet al. 2017 [35] 533+1.72 0.043

IP2W Yietal. 2020 [29] 3.61+£2.00 0.000
Linetal. 2015 [15] 344+£1.13 0.0000
Calil et al. 2021 [33] 344+2.21 0512
Lim et al. 2017 [34] 3.88+2.21 <0.001
Clement et al. 2017 [35] 566+1.36 0.000

IMW An et al. 2021 [27] 532+2.05 <0.001
Yietal. 2020 [29] 3924236 0.000
LiN et al. 2020 [30] G1:68+1.3 G1:0.000

G2:69+1.1 G2:0.000
G3:72+14 G3:0.000

Linetal. 2015 [15] 346+1.06 0.0000
Alsayegh et al. 2022 [31] 42+187 <0.001
McMullen et al. 2022 [22] 3.6+2.1
Calil et al. 2021 [33] 6.37+1.72 0.000
Lim et al. 2017 [34] 3.61+£3.22 <0.001
Clement et al. 2017 [35] 7.33+1.96 0.004

ICW intercanine width, IPTW interpremolar width at the first premolar, IP2W interpremolar width at the second premolar, IMW intermolar width, C/ confidence interval,

SD standard deviation, G group

effects [15, 30-34]. The reports of maxillary first molars
were the most common. And the results in two articles
were statistically significant [15, 30].

Among all the articles included, only one discussed the
root resorption, but Winsauer et al. did not report the
occurrence of root resorption, which included 33 cases
[26] (Supplementary Table 3).

Alveolar and periodontal side effects

Alveolar and periodontal side effects were reported
in four articles [15, 30, 33, 34]. Three articles reported
the buccal inclination of the alveolar bone [15, 30, 34],
three articles reported the change of the alveolar crest
level [15, 30, 34], and two articles reported the change
of the alveolar bone thickness on the buccal side and
(or) the palatal side [33, 34]. One article mentioned the
periodontal indicators [26]. For the buccal inclination of
the alveolar bone, the angle between the palatal alveo-
lar bone and nasal floor or palatal floor is commonly

used, with a mean range from 0.4° to 2.26°, and all were
statistically significant [15, 30, 34]. A mean decrease in
the buccal alveolar crest level at M1 ranged from 0.11
to 0.8 mm [15, 30, 34], which were statistically sig-
nificant in all but one studies [34]. The mean range of
the decrease of the buccal bone thickness was 0.10 to
0.33 mm [33, 34], and all were not statistically signifi-
cant (Supplementary Table 4a-c).

Expansion of other craniofacial bones

Five articles reported the changes of other crani-
ofacial bones, such as the sphenoid bone (which usu-
ally refers to lateral pterygoid plate), temporal bones
and zygomatic bones [19, 27, 30, 32, 35], and different
measurement methods were used in these studies. The
zygomatic bone was the most reported as having no sta-
tistical significance [27, 32, 35]. In addition, change of
the orbital point was only reported in one article [32],
and its change was not statistically significant. The other
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reported changes of skull markers were statistically sig-
nificant (Supplementary Table 5).

Changes in the upper airway

Two articles reported on the changes in the upper air-
way [28, 29]. The nasopharyngeal volume significantly
increased after MARPE treatment (P<0.05) [28, 29],
with an increase of 8.48% [29]. However, there were no
statistically significant changes in the oropharyngeal,
palatopharyngeal, glossopharyngeal and airway total vol-
ume (all P>0.05) [29]. The enlarged nasopharyngeal vol-
ume was correlated with the increased nasal width at the
posterior nasal spine (PNS) plane (P<0.05) [28]. There
were no correlations between the expanded volume and
the maxillary width [28]. The volume of the nasal cavity
increased significantly (P<0.05)[28].

Effects on soft tissue

Only one article reported the changes in facial soft tissue
[27]. The measurement was performed using the frontal
image, and included interpupillary distance, alar width,
nose length, upper lip length, lip chin length, upper lip
vermilion, and lower lip vermilion. Only the changes in
the alar width and the nose length were statistically sig-
nificant in the ranges of 1.18+1.52% and 0.98 +2.32%,
respectively.

Synthesis of the results and meta-analysis

There were great differences in methodology among the
included studies, such as device design, expansion proto-
col, measurement and factors that may affect the results.
However, the goal of the expansion is to match the width
of the maxilla and mandible. The main outcomes were
synthesized based on the specified age range and the rel-
atively consistent measurements. The results are shown
in Figs. 4 and 5. The increase of the bone width were
reported in 8 articles [15, 19, 27-30, 33, 34], including
the four indexes, namely the maxillary basal bone width,
maxillary alveolar bone width, nasal floor width and
nasal lateral width. The dental width was measured at the
maxillary canines (C), first premolar (P1), second premo-
lar (P2), and M1 [15, 27, 29-35]. All the synthetic data
showed a high heterogeneity (I*>50%), and a random-
effect model was selected. The mean maxillary basal bone
width increase was 2.34 mm (95% CI: 1.71-2.97 mm,
P=0.000, >?=85.3%), the mean maxillary alveolar bone
width increase was 2.70 mm (95% CI: 2.11-3.30 mm,
P=0.000, 1>=83.9%), the mean nasal floor width
increase was 2.18 mm (95% CI: 1.71-2.66 mm, P=0.003,
12=72.0%), and the mean nasal lateral width increase was
1.96 mm (95% CI: 1.43-2.49 mm, P=0.000, 1>=84.3%),
the mean ICW was 3.36 mm (95% CI: 2.03—-4.69 mm,
P=0.000, 1=92.8%), the mean IP1W was 4.23 mm
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(95% CI: 3.48—4.97 mm, P=0.011, I>=69.5%), the mean
IP2W was 4.01 mm (95% CI: 3.17-4.85 mm, P=0.000,
1=80.3%), and the mean IMW was 4.79 mm (95% CL:
3.35-6.23 mm, P=0.000, I>*=97.7%).

Since the increase of the IMW represented the com-
bined effect of the maxillary basal bone, maxillary alveolar
bone and dental expansion, the mean bone composition
accounted for 48.85% of the total expansion, the mean alve-
olar bone accounted for 7.52% and the mean dental expan-
sion accounted for 43.63% [15, 19, 27-31, 33, 34]. And
the mean basal bone composition accounted for 47.55%
of the total expansion, the mean alveolar bone accounted
for 10.02% and the mean dental expansion accounted for
42.43% in at least four months after expansion.

Risk of bias across studies and quality of the evidence
Subgroup analysis was performed according to the fol-
low-up time points, including the time points of data
collection mean of 2—4 months and at least 4 months,
respectively. Except for two outcomes (IP1M, IP2M), the
other outcomes showed that the effect of the expansion
was worse at the longer follow-up time point, which sug-
gested that the expansion would be accompanied by a
degree of relapse. However, no other subgroup analysis
was conducted due to the limited eligibility criteria and
the inadequacy of the conditions. Sensitivity analyses
were performed to search the sources of heterogeneity,
but were found to be insignificant.

Egger’s test was used to assess the publication bias for
the synthetic outcomes that included more than 8 arti-
cles. Egger’s test for the IMW was evaluated, and no sta-
tistical significance was found as all P-values were higher
than 0.05.

The overall quality of the evidence evaluated by GRADE
for the primary outcomes was very low, since observa-
tional studies started with a low level and all outcomes
downgraded. The main reasons for degradation are risk of
bias and inconsistency, and some outcomes showed indi-
rectness and imprecision (Supplementary Table 6).

Discussion

Summary of evidence

The aim of the present systematic review and meta-anal-
ysis was assessing the long-term efficacy and stability of
the MARPE procedure in adults and adolescents over
13.5 years of age. From an initial 3,059 studies, ultimately
12 studies were included according to the eligibility cri-
teria and the assessment of risk of bias [15, 19, 26-35].
Since there were great differences in methodology, device
design, expansion protocol, measurement and factors
that may affect the results, the main outcomes were syn-
thesized on the basis of the specified age range and the
relatively consistent measurements.
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Intercanine width increase (ICW ) (mm )

Study Mean (95% CI) Weight (%)
Interval of data collection mean at least 4 months
Alsayegh et al. 2022 - 230 (1.85,2.75) 2132
McMullen et al. 2022 . 2.70 (1.70, 3.70) 19.47
Calil et al. 2021 —— 3.04 (2.05,4.03) 19.47
Lim et al. 2017 . 2.95(1.98,3.92) 19.56
Clement et al. 2017 : —_— 5.83 (5.01, 6.65) 20.18
Subtotal (I-squared = 92.8%, p = 0.000) Q 3.36(2.03,4.69) 100.00
Overall (I-squared = 92.8%, p = 0.000) Q 3.36 (2.03, 4.69) 100.00
NOTE: Weights are from random effects analysis
T T
0 3.0 6.0
Interpremolar width increase of the first premolar (IP1W ) (mm )
Study Mean (95% CI) Weight (%)
Interval of data collection mean 2 - 4 months
Yi et al. 2020 — 3.00 (1.94, 4.06) 18.38
Lin et al. 2015 . 4.00 (3.36, 4.64) 24.06
Calil et al. 2021 —-.— 3.81(2.77,4.85) 18.67
Lim et al. 2017 —— 4.99 (4.09, 5.89) 20.58
Subtotal (I-squared = 63.5%, p = 0.042) <> 3.99 (3.25,4.73) 81.68
Interval of data collection mean at least 4 months :
Clement et al. 2017 —— 5.33(4.26, 6.40) 18.32
Subtotal (I-squared =.%,p=") <> 5.33 (4.26, 6.40) 18.32
Overall (I-squared = 69.5%, p = 0.011) <> 4.23 (3.48,4.97) 100.00
NOTE: Weights are from random effects analysis H
T T
0 4.0 8.0
Interpremolar width increase of the second premolar (IP2W ) (mm )
Study Mean (95% CI) Weight (%)
Interval of data collection mean 2 - 4 months :
Yi et al. 2020 — 3.61(2.71,4.51) 19.61
Lin et al. 2015 - 3.44(2.87,4.01) 22.67
Calil et al. 2021 — 3.44(2.36,4.52) 17.80
Lim et al. 2017 —— 3.88(3.00, 4.76) 19.76
Subtotal (I-squared = 0.0%, p = 0.866) O 3.56 (3.17,3.95) 79.84
Interval of data collection mean at least 4 months
Clement et al. 2017 ! ——— 5.66 (4.82, 6.50) 20.16
Subtotal (I-squared =.%,p=".) : O 5.66 (4.82, 6.50) 20.16
Overall (I-squared = 80.3%, p = 0.000) <> 4.01 (3.17, 4.85) 100.00
NOTE: Weights are from random effects analysis
T T
0 4.0 8.0
Intermolar width increase of the first molar (IMW ) (mm )
Study Mean (95% CI) Weight (%)
Interval of data collection mean 2 - 4 months
Anetal. 2021 —— 5.32(4.44,6.20) 11.07
Yi et al. 2020 — 3.92(2.86,4.98) 10.86
Li N etal. 2020 ‘ - 6.94 (6.60, 7.28) 11.47
Lin et al. 2015 - 3.46 (2.92, 4.00) 11.36
Subtotal (I-squared = 97.7%, p = 0.000) <> 4.93(2.91, 6.94) 44.76
Interval of data collection mean at least 4 months
Alsayegh et al. 2022 —-— 4.20(3.51, 4.89) 11.24
McMullen et al. 2022 — 3.60 (2.50, 4.70) 10.81
Calil et al. 2021 P —— 6.37(5.53,7.21) 11.10
Lim et al. 2017 - 2.10 (1.65, 2.55) 11.41
Clement et al. 2017 | —— 7.33(6.12,8.54) 10.67
Subtotal (I-squared = 96.7%, p = 0.000) 0 4.69 (2.76, 6.61) 55.24
Overall (I-squared = 97.7%, p = 0.000) <> 4.79 (3.35, 6.23) 100.00
NOTE: Weights are from random effects analysis :
T

Fig. 4 Forest plot of skeletal width increase after MARPE
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Maxillary basal bone width increase (mm)

Study Mean (95% CI) Weight (%)
Interval of data collection mean 2 - 4 months
Li Q et al. 2020 — 2.00 (1.58,2.42) 21.55
Yi et al. 2020 . 1.67 (1.14,2.20) 20.42
Li N et al. 2020 P 4.04 (3.27,4.81) 17.56
Lin et al. 2015 —— 1.99 (1.39,2.59) 19.61
Subtotal (I-squared = 88.9%, p = 0.000) 2.38(1.54,3.22) 79.14
Interval of data collection mean at least 4 months
Tang et al. 2021 — 223(1.74,2.72) 20.86
Subtotal (I-squared =.%,p=".) : 2.23(1.74,2.72) 20.86
Overall (I-squared = 85.3%, p = 0.000) 2.34 (1.71,2.97) 100.00
NOTE: Weights are from random effects analysis !
T T
0 2.5 5.0
Maxillary alveolar bone width increase (mm)

Study Mean (95% CI) ‘Weight (%)
Interval of data collection mean 2 - 4 months
An etal. 2021 —— 2.79 (2.11,3.47) 14.20
Yi et al. 2020 —— 1.76 (1.22,2.30) 1527
Li N et al. 2020 P 4.65 (3.80, 5.50) 12.86
Lin et al. 2015 _._._ 2.38(1.79,2.97) 14.87
Subtotal (I-squared = 90.8%, p = 0.000) <> 2.86(1.79,3.93) 57.20
Interval of data collection mean at least 4 months
Calil et al. 2021 —— 3.06 (2.17,3.95) 12.58
Tang et al. 2021 — 2.56(1.90, 3.22) 14.38
Lim et al. 2017 —— 2.10 (1.65, 2.55) 15.83
Subtotal (I-squared = 50.2%, p =0.134) ) 2.47 (1.94, 3.00) 42.80
Overall (I-squared = 83.9%, p = 0.000) Q 2.70 (2.11, 3.30) 100.00
NOTE: Weights are from random effects analysis

T T

2.5 5.0

Maxillary nasal floor width increase (mm)

Study Mean (95% CI) Weight (%)
Interval of data collection mean 2 - 4 months
Li Q etal. 2020 —-— 2.30(1.80, 2.80) 19.23
Yi et al. 2020 — 1.77 (1.10, 2.44) 16.53
Li N et al. 2020 — 3.50 (2.37,4.63) 1031
Lin et al. 2015 — 1.87 (1.30, 2.44) 18.07
Subtotal (I-squared = 62.7%, p = 0.045) <> 2.22(1.68,2.77) 64.14
Interval of data collection mean at least 4 months
Calil et al. 2021 S 2.82(2.07,3.57) 15.13
Lim et al. 2017 — 1.56 (1.15, 1.97) 20.73
Subtotal (I-squared = 87.9%, p = 0.004) S 2.15 (0.92, 3.38) 35.86
Overall (I-squared = 72.0%, p = 0.003) <> 2.18 (1.71, 2.66) 100.00
NOTE: Weights are from random effects analysis

T T

0 20 4.0
Maxillary nasal lateral width increase (mm)

Study Mean (95% CI) Weight (%)
Interval of data collection mean 2 - 4 months
LiQetal. 2020 —— 2.30(1.80,2.80) 19.98
Yi et al. 2020 —— 1.54 (1.08, 2.00) 20.51
LiN et al. 2020 — 2.80(2.09,3.51) 17.00
Subtotal (I-squared = 79.9%, p = 0.007) <> 2.18 (1.47,2.88) 57.49

Interval of data collection mean at least 4 months

Tang et al. 2021 — 2.12(1.63,2.61) 20.20
Lim et al. 2017 —_ 1 1.25(0.93, 1.57) 22.31
Subtotal (I-squared = 88.4%, p = 0.003) <> 1.67 (0.81,2.52) 42.51
Overall (I-squared = 84.3%, p = 0.000) <> 1.96 (1.43, 2.49) 100.00

NOTE: Weights are from random effects analysis |

20 4.0

Fig.5 Forest plot of dental width increase after MARPE
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Due to the limitations and the common adverse effects
of conventional RPE as the suture fusion advances in peo-
ple over 15 years of age [10, 11], such as buccal crown tip-
ping, alveolar bone dehiscence, decrease of thickness and
level of the buccal and lingual bone, gingival retraction,
root resorption, pain, limited or failed skeletal expansion
and post-expansion relapse [12], it is necessary to deter-
mine proper timing for palatal expansion. The interlaced
bone spines and "bone islands" begin to appear at the
edge of the palatal suture in stage C (2 radiopaque, wind-
ing, and parallel lines are separated by areas of low radio-
graphic density). These bone structures will produce the
resistance to maxillary transverse expansion, which may
be the reason for the poor effect of RME in some patients
with stage C [37]. The palatal suture in stages D and E is
partially or completely fused, and the resistance is large
at this time. Luo reported that the average age for stage
C was 13.55+3.29 years [37], and Tonello et al. reported
that stage D was more prevalent in 14- and 15-year-olds
[38]. Therefore, the present systematic review limited
the eligibility criteria to adults and adolescents over
13.5 years of age.

In all studies, an expander with four miniscrews was
implanted into the hard palate. There were usually slight
differences in the type of miniscrews, among which those
with a length of 11 mm and a diameter of 1.5 or 1.8 mm
were the most common. The design of the device and
the orientation of the jackscrew were similar but differ-
ent [15, 19, 26-35]. Li N et al. reported that the maxil-
lary skeletal expansion (MSE) with non-4-bicortical
penetration produced fewer orthopedic effects and more
unwanted dentoalveolar side effects, whereas MSE with
2-rear-bicortical and 4-all-bicortical penetration showed
similar skeletal effects, which means that 2-rear-bicor-
tical penetrating miniscrews were necessary for skeletal
expansion [30]. This finding suggests that orthodontists
should pay attention to the length of the miniscrew and
the depth of implantation.

The success of the expansion was defined slightly differ-
ent. The condition for cessation of activation was usually
that the required expansion was achieved. The expansion
was generally considered sufficient when the width of the
maxilla was no longer less than the width of the mandi-
ble [28, 30], or the maxillary molar palatal cusp contacted
with the lingual inclination of the buccal cusp of the man-
dibular molar [27, 31-33]. Five articles [19, 26-28, 34]
reported the duration of activation, which ranged from 13
to 122.2 days. The duration of the retention after activation
was reported in nine articles [19, 26-28, 30, 31, 33-35].
The duration of the retention was usually at least three
months, except for one article (at least six weeks) [27]. The
longest retention was reported in the study conducted by
Tang et al. in which the jackscrew and four mini-implants
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were kept in place as a passive retention until the brackets
were debonded, after about 3 months of retention [19].

The MARPE procedure proved to be a successful treat-
ment for transverse maxillary deficiency, with a mean
success rate of 93.87% [15, 19, 26—30, 32—35], which is
consistent with previous studies [20].

Skeletal transverse expansion of the nasomaxillary
complex was synthesized in four aspects: maxillary basal
bone width, maxillary alveolar bone width, nasal floor
width and nasal lateral width. The increase of the mean
maxillary basal bone width was 2.34 mm (1.71-2.97 mm),
the increase of the mean maxillary alveolar bone width
was 2.70 mm (2.11-3.30 mm), the increase of the mean
nasal floor width was 2.18 mm (1.71-2.66 mm), and the
increase of the mean nasal lateral width was 1.96 mm
(1.43-2.49 mm). The maxillary basal bone was closest to
the jackscrew, which can best represent the expansion of
the palatal suture. The increase of the maxillary alveolar
bone width was greater than that of the maxillary basal
bone width, while the increase of the nasal floor width
and nasal lateral width were in turn smaller. This suggests
that as other cranial bones and their suture attachments
have not been change, the skeletal transverse maxillary
expansion is embodied in "A" type.

According to the meta-analysis published by
Kapetanovi¢ et al. the mean skeletal expansion was
2.33 mm (1.63-3.03 mm) immediately after expansion
[20], which is consistent with the results of this study.
However, it is impossible to prove its long-term efficacy
due to the lack of direct evidence.

The dental transverse expansion was measured at the
maxillary canines, first premolar, second premolar, first
molar in 10 articles, and the mean ICW was 3.36 mm
(2.03-4.69 mm), the mean IP1W was 4.23 mm (3.48-
4.97 mm), the mean IP2W was 4.01 mm (3.17—4.85 mm),
and the mean IMW was 4.79 mm (3.35-6.23 mm). These
results indicated that the dental transverse expansion is
a "V" shaped expansion, which is anteriorly narrow and
posteriorly wide in the horizontal plane. In particular,
Kapetanovi¢ et al. reported that the mean IMW increase
was 6.55 mm (5.50-7.59 mm), which was greater than
the results reported in this study. This suggests that a cer-
tain degree of relapse occurs in the expansion over time.

Except for two outcomes (IP1M and IP2M), the other
outcomes (skeletal and dental expansions) showed that
the effect of the expansion was worse for the long follow-
up interval, which indicated that expansion would be
accompanied by a degree of relapse. Tang et al. reported
that the expanded skeletal width was generally stable
after the MARPE procedure, but a certain amount of
relapse occurred over time [19], which is consistent with
this study. Lim et al. also assessed the differences in den-
tal, alveolar, and skeletal measurements taken before,
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immediately after, and 1 year after MARPE. The changes
of intercusp, interapex, alveolar, nasal floor, and nasal
cavity widths; inclination of the first molar and its alveo-
lus; and thickness and height of the alveolar bone were
measured. The MARPE procedure showed stable out-
comes 1 year after expansion and produced significant
increases in 1 year after expansion, despite the relapse of
some measurements from immediately after expansion
to 1 year after expansion [34]. The two outcomes (IP1M
and IP2M) did not show a relapse trend, which may be
due to the small number of articles included.

The mean basal bone composition accounted for
48.85% of the total expansion, the mean alveolar bone
accounted for 7.52% and the mean dental expansion
accounted for 43.63% in at least two months after expan-
sion. The basal bone composition, mean alveolar bone
and mean dental expansion accounted for 47.55, 10.02,
and 42.43% in at least four months after expansion, indi-
cating that the changes in skeletal width are generally sta-
ble for two months and longer after MARPE treatment.
Kapetanovi¢ et al. reported that the mean skeletal com-
ponent of MARPE was 35.6% [20], which is worse than
that found in this study. The reason for this discrepancy
may be that the dental relapse degree is greater than that
of maxillary.

The definition of the buccal inclination of the teeth
varied slightly. Three studies measured the angle of the
tooth axis to the hard palate or nasal floor [15, 30, 34].
Alsayegh et al. measured the angle of intersection of the
lines drawn tangent to the mesio-facial and mesio-palatal
cusp tips of the maxillary first molars [31]. McMullen
et al. measured the angle change of the long axis of the
molars before and after treatment by constructing a 3D
coordinate system and superimposing the anterior cra-
nial bases [32]. Calil et al. calculated the angle between
the line passing through the long axis of the tooth and
the vertical line parallel to the midsagittal plane [33].
The maxillary first molars were the most common, with
a mean value ranging from 0.6° to 4.9°, and two were sta-
tistically significant [15, 30]. Compared with a previously
reported study of the buccal inclination of 2.07° to 8.01°
(all statistically significant) [20], there is a difference,
which may be mainly due to a certain level of relapse of
the dental width.

Alveolar and periodontal side effects were reported in
four articles [15, 30, 33, 34]. The buccal inclination of the
alveolar bone, reported in three articles, was commonly
calculated by measuring the angle between the palatal
alveolar bone and nasal floor or palatal floor, with a mean
range from 0.4° to 2.26°, and all were statistically signifi-
cant [15, 30, 34]. A mean decrease of the alveolar crest
level at M1 was reported in three articles, ranging from
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0.11 to 0.8 mm [15, 30, 34], and all but one were statisti-
cally significant [34]. Additionally, two articles reported a
decrease of the alveolar bone thickness on the buccal side
and (or) the palatal side, ranging 0.13 to 0.33 mm, which
were all not statistically significant [33, 34]. This finding
suggests that MARPE mainly causes buccal inclination
of the alveolar bone, but has little effect on the alveolar
bone thickness. However, it may make a difference in the
alveolar crest level. The risk of periodontal side effects
will increase in patients with a compromised periodon-
tal situation, which suggests that orthodontists should
beware of that.

The changes of other craniofacial bones were reported
in five studies, including the sphenoid bone (usually refers
to lateral pterygoid plate), temporal bones and zygomatic
bones [19, 27, 30, 32, 35]. However, the measurement
methods varied across studies. The zygomatic bone was
the most reported as having no statistical significance
[27, 32, 35]. McMullen et al. reported the change of the
orbital point, which was not statistically significant. The
changes in the other craniofacial bones were all statisti-
cally significant. This suggests that with the expansion of
the nasomaxillary complex, the connective tissues of the
sutures of the skulls will undergo a certain degree of bone
remodeling. Whether this is clinically significant needs
further research.

Changes of the upper airway were reported in two articles
[28, 29]. Yi et al. reported that the nasopharyngeal volume
was significantly increased by 8.48% after MARPE treat-
ment compared with that before the treatment (P<0.05),
but there was no statistically significant change in the oro-
pharyngeal, palatopharyngeal, glossopharyngeal and air-
way total volume (all P>0.05) [29]. According to Li Q et al.,
the volume of the nasal cavity and nasopharynx increased
significantly (P<0.05), and the enlarged nasopharyngeal
volume was correlated with the increased nasal width at the
PNS plane (P<0.05), but there was no correlation between
the expanded volume and maxillary width [28]. Based on
these studies, we can draw a conclusion that the MARPE
treatment can improve the upper airway ventilation.

An et al. reported changes in facial soft tissues at
2.91+0.59 months after expansion[27], and only the
changes in the alar width and the nose length were sta-
tistically significant in the range of (1.18+1.52) % and
(0.98+2.32) %, respectively. Ramieri et al. reported that
the magnitude of facial changes was limited but clini-
cally significant at 1 year after SARPE, with a cutane-
ous changes in the paranasal regions and cheeks (range
1-3 mm), and with a significant enlargement of the nasal
base [39]. In general, there was basically no significant
soft tissue change after MARPE, and further research on
the long-term facial changes is needed.



Zeng et al. BMC Oral Health (2023) 23:829

Limitations and future prospects

The limitations of the present systematic study using
meta-analysis are mainly in the following three aspects.
First, seven studies were at a serious risk of bias, and the
overall quality of the evidence was assessed as very low.
As a result of the observational studies included and the
lack of high-quality studies, it is not possible to draw
strong conclusions. In addition, the design of the device,
the orientation of the jackscrew, and the expansion pro-
tocol were similar but different, which may have a signifi-
cant impact. Furthermore, there were great differences in
methodology, measurement method, physiological age
of subjects and other factors that may affect the results.
High-quality studies are necessary to obtain a higher
quality of evidence on the efficacy of the MARPE treat-
ment. Most studies published before the search date typi-
cally have follow-up dates of 3—6 months, we are unable
to obtain longer term data after MARPE. We hope that
more research will be devoted to studying the long-term
efficacy of MARPE in the future.

Most studies were designed as observational studies that
cannot adjust for known confounding factors, resulting in
relatively low quality of evidence. Further and longer-term
research is needed to improve the quality of evidence.
The timing of palatal expansion is best determined by
the suture fusion. However, most studies typically group
based on age. In addition, the length of the miniscrew and
the depth of implantation, expansion protocol, indica-
tors for the success of the expansion, and measurements
all vary. We hope that more research will be conducted to
explore and obtain a more efficient and detailed MARPE,
in order to obtain higher quality research.

Conclusions
The systematic review and meta-analysis of the long-
term efficacy and stability demonstrated that:

(1) MARPE has proven to be a successful treatment for
transverse maxillary deficiency (mean success rate:
93.87%).

(2) Skeletal transverse expansion of the nasomaxillary
complex is embodied in "A" type in four aspects:
maxillary basal bone increased mean 2.34 mm
(95%CIL: 1.71-2.97 mm), maxillary alveolar bone
increased mean 2.70 mm (95%CI: 2.11-3.30 mm),
nasal floor width increased mean 2.18 mm (95%CI:
1.71-2.66 mm) and nasal lateral width increased
mean 1.96 mm (95%CI: 1.43-2.49 mm).

(3) Dental transverse expansion is a "V" shaped expan-
sion: the ICW increased mean was 3.36 mm
(95%CI: 2.03-4.69 mm), the IP1W increased mean
was 4.23 mm (95%CI: 3.48-4.97 mm), the IP2W
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increased mean was 4.01 mm (95%CI: 3.17-4.85
mm), the IMW increased mean was 4.79 mm
(95%CI: 3.35-6.23 mm).

(4) The basal bone composition accounted for 48.85%
of the total expansion, the mean alveolar bone
accounted for 7.52% and the mean dental expansion
accounted for 43.63%.

(5) Changes in skeletal and dental width were generally
stable after MARPE treatment, although a certain
degree of relapse occurs over time for both skeletal
and dental expansion with MARPE.

(6) MARPE may cause dental, alveolar and periodontal
side effects, and have an impact on other craniofa-
cial bones, upper airway, and facial soft tissue.
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Evaluation

CVS Cervical spine staging

CBCT Cone beam computed tomography

M1 First molar

ICW Intercanine width

IPTW Inter-first premolar width

IP2W Inter-second premolar width

IMW Intermolar width

PNS Posterior nasal spine

C Canines

P1 First premolar

P2 Second premolar

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-023-03574-y.

Additional file 1: Supplementary Table 1. Search strategy used for
electronic database search.

Additional file 2: Supplementary Table 2. List of excluded studies.

Additional file 3: Supplementary Table 3. Results of individual studies
for dental side effects at M1 by MARPE.

Additional file 4: Supplementary Table 4a. Results of individual studies
for periodontal side effects (buccal inclination of alveolar bone at M1) by

MARPE. Table 4b. Results of individual studies for periodontal side effects
(buccal alveolar crest level at M1) by MARPE.

Additional file 5: Supplementary Table 5. Results of individual studies
for craniofacial bone change by MARPE.

Additional file 6: Supplementary Table 6. Risk of bias assessment across
studies according to the GRADE methodology.



https://doi.org/10.1186/s12903-023-03574-y
https://doi.org/10.1186/s12903-023-03574-y

Zeng et al. BMC Oral Health (2023) 23:829

Acknowledgements
The authors report no commercial, proprietary, or financial interest in the
products or companies described in this article.

Authors’ contributions

Weigian Zeng contributed to conception and original draft preparation. Weigian
Zeng, Yating Yi, Hao Chen, Tongke Sun and Yimeng Zhang contributed to data
acquisition. All authors contributed to analysis and reviewed the manuscript.

Funding
This work was supported by the Natural Science Foundation of Shandong
Province, China [No. ZR2021QH340].

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

1Department of Orthodontics, School and Hospital of Stomatology, Cheeloo
College of Medicine, Shandong University & Shandong Key Laboratory of Oral
Tissue Regeneration & Shandong Engineering Research Center of Dental
Materials and Oral Tissue Regeneration & Shandong Provincial Clinical
Research Center for Oral Diseases, No.44-1 Wenhua Road West, 250012 Jinan,
Shandong, China. 2The Second Affiliated Hospital of Shandong University

of Traditional Chinese Medicine, Jinan, Shandong, China.

Received: 8 December 2022 Accepted: 24 October 2023
Published online: 03 November 2023

References

1. Kurol J, Berglund L. Longitudinal study and cost-benefit analysis of the
effect of early treatment of posterior cross-bites in the primary dentition.
Eur J Orthod. 1992;14(3):173-9.

2. Brunelle JA, Bhat M, Lipton JA. Prevalence and distribution of selected
occlusal characteristics in the US population, 1988-1991. J Dent Res.
1996;75:706-13.

3. Harrison JE, Ashby D. Orthodontic treatment for posterior crossbites.
Cochrane Database Syst Rev. 2000;12(2):CD000979.

4. McNamara JA. Maxillary transverse deficiency. Am J Orthod Dentofacial
Orthop. 2000;117(5):567-70.

5. Lagravere MO, Carey J, Heo G, Toogood RW, Major PW. Transverse, vertical,
and anteroposterior changes from bone-anchored maxillary expansion
vs traditional rapid maxillary expansion: a randomized clinical trial. Am J
Orthod Dentofacial Orthop. 2010;137(3):304.e1-305.

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

7. lsola G, Anastasi GP. Matarese G, et al. Functional and molecu-
lar outcomes of the human masticatory muscles. Oral Dis.
2018;24(8):1428-41.

8. Bishara SE, Jakobsen JR, Treder J, Nowak A. Arch width changes from 6 weeks
t0 45 years of age. Am J Orthod Dentofacial Orthop. 1997;111(4):401-9.

9. BaccettiT, Franchi L, Cameron CG, McNamara JA Jr. Treatment timing for
rapid maxillary expansion. Angle Orthod. 2001;71(5):343-50.

10. Angelieri F, Franchi L, Cevidanes LH, McNamara JA Jr. Diagnostic per-
formance of skeletal maturity for the assessment of midpalatal suture
maturation. Am J Orthod Dentofacial Orthop. 2015;148(6):1010-6.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 21 of 22

. Persson M, Thilander B. Palatal suture closure in man from 15 to 35 years

of age. Am J Orthod. 1977;72(1):42-52.

Cao Y, Zhou'Y, Song Y, Vanarsdall RL Jr. Cephalometric study of slow
maxillary expansion in adults. Publ Correction Appears Am J Orthod
Dentofacial Orthop. 2009;136(6):760 (Am J Orthod Dentofacial Orthop.
2009;136(3):348-354).

Carvalho PHA, Moura LB, Trento GS, et al. Surgically assisted rapid maxil-
lary expansion: a systematic review of complications. Int J Oral Maxillofac
Surg. 2020;49(3):325-32.

Lee KJ, Park YC, Park JY, Hwang WS. Miniscrew-assisted nonsurgical palatal
expansion before orthognathic surgery for a patient with severe mandib-
ular prognathism. Am J Orthod Dentofacial Orthop. 2010;137(6):830-9.
Lin L, Ahn HW, Kim SJ, Moon SC, Kim SH, Nelson G, Lin L, Ahn HW, Kim SJ,
Moon SC, Kim SH, Nelson G. Tooth-borne vs bone-borne rapid maxillary
expanders in late adolescence. Angle Orthod. 2015;85(2):253-62.

de Oliveira CB, Ayub P, Ledra IM, Murata WH, Suzuki SS, Ravelli DB, et al.
Microimplant assisted rapid palatal expansion vs surgically assisted rapid
palatal expansion for maxillary transverse discrepancy treatment. Am J
Orthod Dentofacial Orthop. 2021;159(6):733-42.

Mehta S, Arqub SA, Vich ML, Kuo CL, Tadinada A, Upadhyay M, et al.
Long-term effects of conventional and miniscrew-assisted rapid

palatal expansion on root resorption. Am J Orthod Dentofacial Orthop.
2022;161(3):235-49.

Salmoria |, de Souza EC, Furtado A, Franzini CM, Custodio W. Dentoskel-
etal changes and their correlations after micro-implant-assisted palatal
expansion (MARPE) in adults with advanced midpalatal suture ossifica-
tion. Clin Oral Investig. 2022;26(3):3021-31.

Tang H, Liu P, Liu X, Hou Y, Chen' W, Zhang L, et al. Skeletal width changes
after mini-implant-assisted rapid maxillary expansion (MARME) in young
adults. Angle Orthod. 2021;91(3):301-6.

Kapetanovic A, Theodorou Cl, Berge SJ, Schols J, Xi T. Efficacy of Miniscrew-
Assisted Rapid Palatal Expansion (MARPE) in late adolescents and adults: a
systematic review and meta-analysis. Eur J Orthod. 2021;43(3):313-23.
Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097.

Cumpston M, LiT, Page MJ, et al. Updated guidance for trusted systematic
reviews: a new edition of the Cochrane Handbook for Systematic Reviews
of Interventions. Cochrane Database Syst Rev. 2019;10:ED000142.

Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk
of bias in randomised trials. BMJ. 2019;366:14898 (Published 2019 Aug 28).
Sterne JA, Herndn MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk
of bias in non-randomised studies of interventions. BMJ. 2016,355:i4919
(Published 2016 Oct 12).

Guyatt GH, Oxman AD, Schiinemann HJ, Tugwell P, Knottnerus A. GRADE
guidelines: a new series of articles in the Journal of Clinical Epidemiology.
J Clin Epidemiol. 2011;64(4):380-2.

Winsauer H, Walter A, Katsaros C, Ploder O, Winsauer H, Walter A, Katsaros
C, Ploder O. Success and complication rate of miniscrew assisted
non-surgical palatal expansion in adults - a consecutive study using a
novel force-controlled polycyclic activation protocol. Head Face Med.
2021;17(1):50 (Published 2021 Dec 11).

An JS, Seo BY, Ahn SJ. Comparison of dentoskeletal and soft tissue
changes between tooth-borne and tooth-bone-borne hybrid nonsurgi-
cal rapid maxillary expansions in adults: a retrospective observational
study. BMC Oral Health. 2021;21(1):658 (Published 2021 Dec 18).

Li Q Tang H, Liu X, Luo Q, Jiang Z, Martin D, et al. Comparison of dimen-
sions and volume of upper airway before and after mini-implant assisted
rapid maxillary expansion. Angle Orthod. 2020;90(3):432-41.

YiF LiuS, Lei L, Liu O, Zhang L, Peng Q, et al. Changes of the upper
airway and bone in microimplant-assisted rapid palatal expansion: a
cone-beam computed tomography (CBCT) study. J Xray Sci Technol.
2020;28(2):271-83.

LiN, Sun' W, Li Q, Dong W, Martin D, Guo J. Skeletal effects of monocorti-
cal and bicortical mini-implant anchorage on maxillary expansion using
cone-beam computed tomography in young adults [published correc-
tion appears in Am J Orthod Dentofacial Orthop. 2020 Sep;158(3):318].
Am J Orthod Dentofacial Orthop. 2020;157(5):651-61.

Alsayegh E, Balut N, Ferguson DJ, et al. Maxillary expansion: a comparison
of damon self-ligating bracket therapy with MARPE and PAOO. Biomed
Res Int. 2022,2022:1974467 (Published 2022 May 9).



Zeng et al. BMC Oral Health

32.

33

34

35.

36.

37.

38.

39.

(2023) 23:829

McMullen C, Al Turkestani NN, Ruellas ACO, Massaro C, Rego MVNN, Yat-
abe MS, et al. Three-dimensional evaluation of skeletal and dental effects
of treatment with maxillary skeletal expansion. Am J Orthod Dentofacial
Orthop. 2022;161(5):666-78 (American journal of orthodontics and
dentofacial orthopedics : official publication of the American Association
of Orthodontists, its constituent societies, and the American Board of
Orthodontics. 2021).

Calil RC, Marin Ramirez CM, Otazu A, Torres DM, Gurgel JA, Oliveira RC,

et al. Maxillary dental and skeletal effects after treatment with self-
ligating appliance and miniscrew-assisted rapid maxillary expansion. Am
J Orthod Dentofacial Orthop. 2021;159(2):€93-101.

Lim HM, Park YC, Lee KJ, Kim KH, Choi YJL. Stability of dental, alveolar, and
skeletal changes after miniscrew-assisted rapid palatal expansion. Korean
J Orthod. 2017;47(5):313-22.

Clement EA, Krishnaswamy NR. Skeletal and dentoalveolar changes after
skeletal anchorage-assisted rapid palatal expansion in young adults:

a cone beam computed tomography study. APOS Trends Orthod.
2016;2017(7):113-9.

Choi SH, Shi KK, Cha JY, Park YC, Lee KJ. Nonsurgical miniscrew-assisted
rapid maxillary expansion results in acceptable stability in young adults.
Angle Orthod. 2016;86(5):713-20.

TG, [ & A BL S ESUE R B AR RDLIL AR K

2%,2021 https://doi.org/10.27272/d.cnki.gshdu.2021.001215.

Tonello DL, Ladewig VM, Guedes FP, Ferreira Conti ACC, Almeida-Pedrin

RR, Capelozza-Filho L. Midpalatal suture maturation in 11-to 15-year-olds:

a cone-beam computed tomographic study. Am J Orthod Dentofacial
Orthop. 2017;152(1):42-8.

Ramieri GA, Nasi A, Dell'acqua A, Verzé L. Facial soft tissue changes after
transverse palatal distraction in adult patients. Int J Oral Maxillofac Surg.
2008;37(9):810-8.

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

Page 22 of 22

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.27272/d.cnki.gshdu.2021.001215

	Long-term efficacy and stability of miniscrew-assisted rapid palatal expansion in mid to late adolescents and adults: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Protocol and registration
	Eligibility criteria
	Information sources and search strategy
	Study selection, data items and collection
	Risk of bias in individual studies and risk of bias across studies
	Synthesis of results and summary measures
	Quality of evidence
	Sensitivity analyses and additional analyses

	Results
	Study selection and characteristics
	Risk of bias within studies
	Results of individual studies and meta-analysis
	Skeletal transverse expansion of the nasomaxillary complex
	Dental transverse expansion
	Success rate of MARPE
	Duration of expansion
	Retention
	Dental side effects
	Alveolar and periodontal side effects
	Expansion of other craniofacial bones
	Changes in the upper airway
	Effects on soft tissue
	Synthesis of the results and meta-analysis
	Risk of bias across studies and quality of the evidence

	Discussion
	Summary of evidence
	Limitations and future prospects

	Conclusions
	Anchor 37
	Acknowledgements
	References


