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Summary

Background: Miniscrew-Assisted Rapid Palatal Expansion (MARPE) is a non-surgical treatment for
transverse maxillary deficiency. However, there is limited evidence concerning its efficacy.
Objectives: This systematic review aims to evaluate the efficacy of MARPE in late adolescents and
adults by assessing success rate and skeletal and dental transverse maxillary expansion, as well
as treatment duration, dental and periodontal side effects and soft tissue effects.

Search methods: Seven electronic databases were searched (MEDLINE, Embase, Cochrane Library,
Web of Science, Scopus, ProQuest and ClinicalTrials.gov) without limitations in November 2020.
Selection criteria: Randomized and non-randomized clinical trials and observational studies on
patients from the age of 16 onwards with transverse maxillary deficiency who were treated with
MARPE and which included any of the predefined outcomes.

Data collection and analysis: Inclusion eligibility screening, data extraction and risk of bias
assessment were performed independently in duplicate. When possible, exploratory meta-analyses
of mean differences (MDs) with their 95% confidence intervals (Cls) were conducted, followed by
the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) analysis of
the evidence quality.

Results: Eight articles were included: two prospective and six retrospective observational studies.
One study had a moderate risk of bias, whereas seven studies had a serious risk of bias. GRADE
quality of evidence was very low. MARPE showed a high success rate (mean: 92.5%; 95%Cl: 88.7%—
96.3%), resulting in a significant skeletal width increase (MD: 2.33 mm; 95%CI: 1.63 mm-3.03 mm)
and dental intermolar width increase (MD: 6.55 mm; 95%Cl: 5.50 mm-759 mm). A significant
increase in dental tipping, a decrease in mean buccal bone thickness and buccal alveolar height,
as well as nasal soft tissue change was present (P < 0.05). The mean duration of expansion ranged
from 20 to 126 days.

Limitations: One of the main drawbacks was the lack of high-quality prospective studies in the
literature.

Conclusions and implications: MARPE is a treatment modality that is associated with a
high success rate in skeletal and dental maxillary expansion. MARPE can induce dental and
periodontal side effects and affect peri-oral soft tissues. Given the serious risk of bias of the
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included studies, careful data interpretation is necessary and future research of higher quality

is strongly recommended.
Registration: PROSPERO (CRD42020176618).

Funding: No grants or any other support funding were received.

Introduction

Transverse maxillary deficiency is a relatively frequently encoun-
tered orthodontic problem, with a prevalence of approximately
10% in adults, and is often characterized by a unilateral or bilat-
eral posterior crossbite (1, 2). The discrepancy between the maxillary
and mandibular arches is associated with a deep and narrow palate,
crowding, excessive vertical alveolar growth, large buccal corridors,
as well as dental attrition, periodontal damage and facial muscular
imbalance. To achieve a stable occlusion and avoid these detrimental
effects, it is essential to establish a normal transverse skeletal rela-
tionship (3).

Transverse maxillary deficiency is effectively treated with Rapid
Palatal Expansion (RPE) in children and young adolescents (4). The
RPE-hyrax device transmits bilateral forces from the expansion
screw via the first upper molars and premolars to the palatal bone,
indirectly leading to separation of the midpalatal suture, which is
not fully fused (5).

The optimal timing for RPE is considered below the age of 15,
as with older age the midpalatal suture and adjacent articulations
start to fuse and become more rigid, leading to a higher resistance
to expansion forces (6-8). Besides the pursued maxillary expansion,
this may cause undesired effects such as buccal crown tipping, root
resorption, gingival recession, alveolar bone dehiscence, reduction in
buccal bone thickness, marginal bone loss, pain, limited skeletal ex-
pansion or failure and post-expansion relapse (9-11).

In late adolescents and adults, more force is required to open
the midpalatal suture due to its increased degree of interdigitation.
Treatment with a conventional RPE could lead to unwanted dental
side effects (12). Therefore, from the age of 16 onwards, surgically-
assisted RPE (SARPE) is commonly applied to overcome these
limitations by surgically releasing the interdigitated suture prior to
maxillary expansion with an RPE device, such as a hyrax or a Trans-
Palatal Distractor (TPD) (12, 13). However, the inherent risks of a
surgical operation, together with the cost, the hospitalization and
attendant morbidity may pose a constraint for patients to undergo
this procedure (14).

The ensuing quest for a non-surgical treatment for maxillary
transverse deficiency in patients who would normally apply for a
SARPE stimulated the development of Miniscrew-Assisted Rapid
Palatal Expansion (MARPE) by Lee et al. in South Korea and by
Moon et al. in the USA (15, 16). MARPE is either a tooth-bone-
borne or a solely bone-borne RPE device with a rigid element that
connects to miniscrews inserted into the palate, delivering the ex-
pansion force directly to the basal bone of the maxilla (15). It was
designed to maximize skeletal effects and to minimize dentoalveolar
effects of expansion, based on the findings of previous histological
studies revealing that the midpalatal suture does not fully ossify in
humans even at an elderly age, possibly due to the constant mech-
anical stress that it undergoes (17, 18). MARPE has received wide-
spread attention in recent years and several researchers have studied
the efficacy of MARPE (19, 20). However, to our knowledge, a sys-
tematic review on this topic has not yet been published.

This review aims to investigate the efficacy of MARPE by as-
sessing two primary outcomes: the success rate and the achieved
skeletal and dental expansion. Secondary outcomes related to the
efficacy, such as treatment duration, dental and periodontal side ef-
fects and soft tissue effects will also be assessed.

Materials and methods

Protocol and registration

This systematic review reports in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (21). The review protocol was registered at
PROSPERO under the unique number CRD42020176618. Details
of the protocol can be found at https://www.crd.york.ac.uk/
prospero.

Eligibility criteria

Based on the study objectives, the eligibility criteria were prede-
fined. Studies on adults and late adolescents from the age of 16 on-
wards with transverse maxillary deficiency, treated with MARPE,
including all types of MARPE appliance designs, whether hybrid
tooth-bone-borne or only bone-borne, and all types of expansion
protocols, were considered eligible if any of the main outcomes
were reported: the success rate of the treatment of transverse max-
illary expansion (dental or skeletal), or any of the additional out-
comes: duration, side-effects (dental or periodontal) or soft tissue
effects. Both randomized and non-randomized clinical trials and
observational studies, either prospective or retrospective, were con-
sidered eligible.

Studies including patients under the age of 16, patients with cleft
lip and palate or craniofacial anomalies, patients with a history of
maxillofacial surgery, and in vitro simulations such as FEM analysis
were excluded.

Information sources and search strategy

A comprehensive search strategy was developed in collaboration
with an experienced health science librarian. To aid the selection of
search terms, a PICOS question was formulated, including the fol-
lowing elements: Procedure: maxillary expansion or palatal expan-
sion; Intervention: non-surgical techniques; while Control, Outcome
and Study design were deliberately left open to produce a search that
would be as broad as possible.

Seven electronic databases were searched: MEDLINE (via
PubMed), Embase (via OVID), Cochrane Library, Web of Science,
Scopus, ProQuest and ClinicalTrials.gov. The search terms were de-
veloped for MEDLINE and modified accordingly for the other data-
bases. No language or publication date restrictions were applied.
All studies published until 20th November 2020 were considered.
Additionally, a hand search was performed and the grey literature
was searched through a Google Scholar web search. Supplementary
Table 1 illustrates the details of the searches.
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Study selection
Three investigators were involved in the study selection process
(AK., C.T. and J.S.). The selection process was carried out using
Covidence (Veritas Health Innovation, Melbourne, Australia.
Available at https://www.covidence.org), a Web-based software plat-
form that streamlines the production of systematic reviews. After
removal of duplicates, each retrieved record was assessed by two
independent observers based on the predefined eligibility criteria.
All articles were screened by title and abstract first. The re-
maining articles were carefully evaluated and assessed based on
their full texts. Furthermore, the reference lists of the selected art-
icles were searched manually for additional relevant publications.
Authors were contacted if the information was lacking or unclear.
Disagreement regarding any entry was resolved by consensus by all
three investigators.

Data items and collection
Data extraction was conducted independently by two researchers
(AK. and C.T.). Any differences between the two researchers were
discussed and resolved by consensus. Data from one included article
in Chinese were extracted by the fourth researcher (T.X.), who is pro-
ficient in Chinese. The data extraction included: study identification
(authors name, publication year, setting, institution, country, e-mail,
address and sponsorship source), methods (study design, data col-
lection, measurements, number of investigators, blinding, reliability
and statistical analysis), population (inclusion and exclusion criteria,
sample size, sex, age range, and mean age), intervention (MARPE ex-
pansion device, miniscrews used, appliance location, and expansion
protocol) and outcomes (any of the aforementioned main or add-
itional outcomes). The extracted data were recorded in Covidence.
Transverse maxillary expansion was defined as the midpalatal
suture opening in millimetres or maxillary width increase in milli-
metres (skeletal expansion) and intercanine, interpremolar or inter-
molar width in millimetres (dental expansion). Success rate of the
treatment was the percentage of patients achieving the required
maxillary width. Duration was expressed in days of expansion until
the required width was achieved. Dental side effects were defined
as post-treatment dental tipping measured in degrees, periodontal
side effects were defined as post-treatment change in buccal bone
thickness or buccal alveolar height measured in millimetres, and soft
tissue effects were defined as post-treatment facial changes measured
in millimetres.

Risk of bias assessment in individual studies

To estimate the risk of bias, two observers (A.K. and C.T.) evaluated
the individual studies independently, except for one article written
in Chinese, which was evaluated by T.X. and A.K. These assess-
ments were conducted with validated instruments as described in
the Cochrane Handbook for Systematic Reviews of Interventions
(22), including the Revised Cochrane Risk of Bias Tool for random-
ized trials (23) and the Risk Of Bias in Non-randomized Studies —
of Interventions (ROBINS-I) tool for observational research (24).
According to the ROBINS-I tool, potential studies assessed with a
critical risk of bias were excluded from further analysis and synthesis
(24). Any differences between the observers were discussed and re-
solved by consensus.

Synthesis of results and summary measures
Mean differences (MDs) and their corresponding 95% confidence
intervals (Cls) were calculated for the main outcomes: success rate,

skeletal width increase and dental intermolar width increase. The
heterogeneity among studies was tested using a y>-based Q statistic.
Heterogeneity was further quantified by the t* or the I? statistics.
A random-effects model was used when homogeneity was rejected
(p-value less than 0.10). The analyses were performed in R-version
3.6.3. for Windows (Available at https://www.r-project.org) (25).

Risk of bias assessment across studies

The Grading of Recommendations, Assessment, Development and
Evaluation (GRADE) assessment was performed to estimate the
overall quality of evidence (26). Three observers (A.K., C.T. and
T.X.) carried out this analysis and any differences between the ob-
servers were discussed and resolved by consensus.

Results

Study selection and characteristics

The selection process is summarized in Figure 1. 1352 articles were
identified through database searching (MEDLINE N = 319, Embase
N =253, Cochrane Library N = 53, Web of Science N = 263, Scopus
N =440, ProQuest N = 9, ClinicalTrials.gov N = 15) and no articles
were included through the hand search. After duplicate removal, 612
studies underwent title and abstract screening and 27 studies under-
went full-text screening. The reference screening of the full-text art-
icles resulted in one additional relevant publication, while the grey
literature search did not yield any new articles. Nineteen full-text
articles were excluded, the vast majority of which because of the in-
clusion of patients under the age of 16 (see Supplementary Table 2:
exclusions). One article was excluded to avoid result overestimation,
as the authors failed to reply to an e-mail regarding the outcome
data (27). A remaining total of nine articles (28-36), two prospective
(29, 30) and seven retrospective observational studies (28, 31-36)
met the inclusion criteria of this review. A Cohen’s Kappa analysis
was performed for assessment of inter-rater reliability, which proved
to be good (k = 0.82). The main characteristics of the included stud-
ies are shown in Table 1. There was no grouping of the results based
on MARPE design as in all studies a tooth-bone-borne appliance
was used.

Risk of bias within studies

The ROBINS-I tool was used for the risk of bias assessment of all the
included studies, all of which were observational studies (see: Figures
2 & 3). One study (30) showed a moderate risk of bias and seven
studies (28, 29, 31-35) had a serious risk of bias, mainly because
of bias due to confounding, selection of participants and measure-
ment of outcomes. One study (36) had a critical risk of bias and was
thus excluded from further analysis according to the ROBINS-I tool
(24), bringing the final number of included studies down to eight.
Six out of eight studies (29, 30, 32-35) reported no potential conflict
of interest.

Results of individual studies

The outcomes of all individual studies for the primary outcomes
are summarized in Tables 24 and for the secondary outcomes in
Supplementary Tables 3—4.

Success rate of MARPE

All eight studies (28-35) reported the success rate of the MARPE
treatment, which ranged from 80.65% to 100% (see: Table 2). Three
studies reported a success rate of 100% (29, 31, 33).
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Figure 1. Literature search Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagram.

Skeletal transverse maxillary expansion

Skeletal transverse maxillary expansion was reported in seven art-
icles (28, 29, 31-35). A variety of different measurements was used
across these studies (see: Table 3a). The mean skeletal expansion
ranged from 1.11 mm to 4.5 mm and was statistically significant
in all five articles (28, 29, 31, 32, 34) where the p-value was calcu-
lated. One study differentiated between a midpalatal suture separ-
ation group and a non-separation group and reported results for
both groups separately and combined (35).

Additionally, the percentage of skeletal versus non-skeletal
(dental, alveolar or dentoalveolar) expansion achieved by MARPE
was reported in five out of eight included studies (28, 29, 32-34)
and is shown in Table 3b. The skeletal component of expansion by
MARPE ranged from 25% to 61% immediately post-expansion.

Dental transverse maxillary expansion

Five studies reported on dental transverse maxillary expansion (28,
29, 32-34). Table 4 gives an overview of the intermolar widths
(IMW), and, when available, the intercanine (ICW) and interpremo-
lar (IPW) widths. The mean ICW ranged from 2.86 mm to 5.83 mm,
the mean IPW ranged from 5.33 mm to 6.09 mm and the mean IMW
ranged from 5.4 mm to 8.32 mm. Measurements in all but one study
(33) were statistically significant.

Duration of expansion

Seven studies reported on the duration of expansion that was meas-
ured in months, weeks or days (28, 30-335). To compare the results,
the duration was converted into days (see: Supplementary Table 3).
The mean number of days of expansion ranged from 20 to 126 until
the necessary amount of expansion was achieved. Different expan-
sion protocols were used across the studies. The mean duration of
expansion in those studies with a rapid expansion protocol ranged
from 20 to 35 days (30, 32, 34, 35).

Dental side effects

Four studies reported on dental side effects (29, 32-34).
Supplementary Table 4 gives an overview of the dental tipping of
the upper first molars. All studies reported a statistically significant

amount of dental tipping. There was a wide variation in the mean
amount of dental tipping, ranging from -5.5° to 8.01° and the exact
methods of measurements varied across the studies.

Periodontal side effects

The periodontal side effects were studied in three articles (32-34).
More specifically, Supplementary Table 5 gives an overview of either
buccal bone thickness at the mesiobuccal root of first upper molars
(32-34) or buccal alveolar crest level/buccal alveolar height (32, 34).
There was a decrease in the mean buccal bone thickness in all three
studies, ranging from -0.36 mm to -0.60 mm, and a decrease in
buccal alveolar height/crest level ranging from 0.74 mm to 1.7 mm.
The changes were statistically significant in all studies except for
mean buccal bone thickness at the left mesiobuccal first molar root
in one study (33).

Soft tissue effects

One article (30) studied soft tissue effects, more specifically the short-
term impact on the nasal soft tissues, the majority of which showed
significant positional changes. The nose tended to widen and move for-
ward and downward and the post-treatment nasal volume exhibited
an increase relative to the initial volume (see: Supplementary Table 6).

Synthesis of the results

There were considerable differences between the studies in meth-
odology, appliance design, expansion protocol, and other factors
that could influence their results. Hence, only a meta-analysis on an
exploratory basis was deemed appropriate for the main outcomes:
success rate (eight contributing studies) (28-35), skeletal width in-
crease (seven studies) (28, 29, 31-35) and dental intermolar width
increase (five studies) (28, 29, 32-34). The results are shown in
Figures 4 and 5. The heterogeneity of data was relatively low for
success rate (P = 0.124), and was judged as very high regarding
skeletal (P < 0.0001) and dental (P < 0.0001) width increase (see:
Supplementary Table 7). The mean success rate was 92.5% (95%
CI: 88.7%-96.3%), while the mean skeletal width increase was
2.33 mm (95% CI: 1.63 mm-3.03 mm) and the mean dental inter-
molar width increase was 6.55mm (95% CI: 5.50 mm-7.59 mm).
Given that the increase in IMW represented the combined skeletal,
dental and alveolar expansion, the mean skeletal component ac-
counted for 35.6% of the total expansion (28, 29, 32-34).

Risk of bias across studies

The overall GRADE rating of the quality of evidence for the three
meta-analyses was very low since observational studies start off
with a GRADE rating of low and downgrading occurred for all
three outcomes. The main reason for downgrading was the inclu-
sion of studies with serious risk of bias, but inconsistency, indir-
ectness and imprecision were also present for some outcomes (see:
Supplementary Table 8).

Discussion

Summary of evidence

The aim of the present systematic review was to assess the efficacy
of MARPE from the age of 16 onwards, in non-growing patients.
A total of eight studies (28-35) met the eligibility criteria and were
included in a qualitative analysis after the risk of bias assessment.
Due to methodological differences between the articles, a meta-anal-
ysis on an exploratory basis was conducted for the main outcomes.
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The definition of successful expansion varied slightly across the
included studies, but it was commonly considered adequate when
the occlusal aspect of the lingual cusp of the maxillary first molars
contacted the occlusal aspect of the buccal cusp of the mandibular
first molars (32). MARPE demonstrated to be a highly successful
treatment modality, with a mean success rate of 92.5% (28-35).
Three studies reported a success rate of 100% (29, 31, 33), but one
of them (31) only included patients with a successful opening of the
midpalatal suture.

Skeletal transverse maxillary expansion was statistically signifi-
cant in five out of seven studies (28, 29, 31, 32, 34). The mean skel-
etal expansion of 2.33 mm (1.63 mm-3.03 mm) was statistically
but less so clinically different from the mean skeletal expansion by
SARPE of 3.3 mm (2.8 mm-3.9 mm), as found by Bortolotti ez al. in

Risk of bias domains
D1 [ b2 [ D3 [ D4 | D5 | D6 | D7 overall

wun (@ ODOOO@O@
cnnan 7 @ O @@ OO @
a0 @ @OOOOO
e (P@OOOOC®
s |(@@POOOOO®
wasan @ OOCOOO@
oo (@G@POOOOO®
s (@GP OO OOO@
w0 Q@GO QOO @

Study

Domains: Judgement
D1: Bias due to confounding. »

D2: Bias due to selection of participants. . Critical
D3: Bias in classification of interventions. . Serious
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. = Moderate
Dé: Bias in measurement of outcomes. . Low

D7: Bias in selection of the reported result.

Figure 2. Results of the risk of bias assessment in the individual studies with
the Risk Of Bias in Non-randomized Studies - of Interventions (ROBINS)-I
tool.

their systematic review (37). Considerable variation was present in
the measurements performed to evaluate skeletal expansion across
the studies, including midpalatal suture expansion (29, 32, 34), max-
illary basal bone width increase (28, 33), width increase at the hard
palate (31) and width increase at the nasal floor (32).

Furthermore, five studies reported on dental transverse maxillary
expansion and found that the mean IMW increase was 6.55 mm
(5.50 mm-7.59 mm) (28, 29, 32-34). Different records were used
for measuring interdental distances, including dental casts (28), cor-
onal slices of CBCT images (29), and volumetric CBCT images (32,
34), thus complicating an accurate comparison of the results. In
comparison, the mean IMW increase achieved by SARPE was statis-
tically larger (MD: 7.0 mm, 95% CI: 6.1 mm-7.8 mm), but did not
clinically differ from that achieved by MARPE (37).

The mean skeletal component of expansion following MARPE,
35.6% (28,29, 32-34), was comparable to that of expansion following
RPE and SARPE, ranging from 40% to 55% (38, 39) and 21.5% to
46.3% (40-43), respectively. Based on the mean skeletal and dental ex-
pansion Bortolotti et al. concluded that transverse maxillary expansion
is mostly due to dental movements at the molar level, while the skeletal
effects were significant but contributed less to the total expansion (37).

From the additional outcome measures, duration of expansion was
reported in seven studies (28, 30-35) and there was a clear association
between duration and the expansion protocol that was used. In the ma-
jority of studies, a rapid protocol with a speed of 1-2 turns per day was
applied and expansion took approximately 3-7 weeks (20-35 days)
(30, 32, 34, 35). Choi et al. (28) and Li et al. (31) applied a slow ex-
pansion protocol of 1-2 turns every other day and, consequently, re-
ported the longest duration. Ngan et al. reported that their ‘appliance
activation varied with the severity of transverse discrepancy between
the upper and lower jaws’, but there was no further elaboration (33).

Dental side effects were reported in four studies (29, 32-34), all
of which describe the post-treatment angulation as buccal dental tip-
ping. Dental tipping of the first molar was statistically significant and
ranged from 2.07° to 8.01°, which is comparable to previous studies
reporting 2.5° to 7.04° of buccal tipping when RPE or SARPE is
applied (44-47). Nevertheless, there were important methodological
differences, with three studies measuring the angle of the tooth axis
to the hard palate (29, 32, 33), but only one of them, Lim ez al.,
reported the absolute change in tooth inclination, which was cal-
culated by subtracting the change in alveolar inclination from the
change in tooth inclination (32).

Three studies (32-34) reported periodontal side-effects, more
specifically by measuring buccal bone thickness (32-34) and buccal
alveolar height/crest level (32, 34), defined as the distance from the
buccal/mesiobuccal cusp tip to the buccal alveolar crest (34). The
changes observed after MARPE were similar to those observed after
conventional RPE (9, 10, 48) and, even though they were statistically

Bias due to confounding [ I

Bias due to selection of participants ~EEEE

Bias in classification of interventions [N ]

Bias due to deviations from intended interventions [N ]

Bias due to missing data
Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

0%

25% 50% 75% 100%

Figure 3. Risk of bias percentage per domain of all included studies assessed with the Risk Of Bias in Non-randomized Studies - of Interventions (ROBINS-I) tool.

2202 AN 1z uo 1sanb Aq £29v¥29/ LE/E/Ev/a1oIMe/0fe/Woo"dno-oiwapese/:sdny Wwoly papeojumoq



320

European Journal of Orthodontics, 2021, Vol. 43, No. 3

significant in all three studies, they can be considered clinically insignifi-
cant for patients with a healthy periodontium at the start of treatment

Table 2. Results of individual studies for MARPE success rate.

Study N (successful/total) %
Choi et al. (2016) (28) 60/69 86.96
Clement et al. (2017) (29) 10/10 100
Lee et al. (2020) (30) 43/46 93.48
Liet al. (2020) (31) 22/22 100
Lim et al. (2017) (32) 33/38 86.84
Ngan et al. (2018) (33) 8/8 100
Park et al. (2017) (34) 16/19 84.21
Shin et al. (2019) (35) 25/31 80.65

MARPE = Miniscrew-Assisted Rapid Palatal Expansion.

Study Skeletal width increase (mm) Mean 95% ci
Choi et al. (2016) —— 2.11 [1.55;2.67]
Clement et al. (2017) — 4.50 [3.83;5.17]
Li et al. (2020) . 3 2.00 [1.58;2.42]
Lim et al. (2017) = 2.20 [1.80;2.60]
Ngan et al. (2018) B 2.55 [2.06; 3.04]
Park et al. (2017) — 2.00 [1.27;2.73]
Shin et al. (2019) = 1.11 [0.81;1.41]
Random effects model - 2.33 [1.63; 3.03]

I T T 1

-2 0 2 4 6

Figure 4. Forest plot of skeletal width increase after Miniscrew-Assisted
Rapid Palatal Expansion (MIARPE).

Study Dental width increase (mm) Mean 95% ci
Choi et al. (2016) —=—  8.32 [7.29;9.35]
Clement et al. (2017) — . 7.33 [6.12; 8.54]

Lim et al. (2017) E = 5.63 [4.87;6.39]

Ngan et al. (2018) B = 6.26 [5.35;7.17]

Park et al. (2017) - 5.40 [4.51;6.29]

Random effects model l | : I <|> : | 6.55 [5.50; 7.59]
-2 0 2 4 6 8 10

Figure 5. Forest plot of dental intermolar width increase after Miniscrew-
Assisted Rapid Palatal Expansion (MARPE).

(33). However, patients with a compromised periodontal situation may
be at increased risk of unwanted periodontal side effects (33).

Finally, only one study with a moderate risk of bias evaluated soft
tissue changes of the nose, mainly suggesting that MARPE tends to
produce slight nasal widening (30). This corresponds with findings
from studies on SARPE where, among other changes, the alar width,
alar base width and subnasal width also increased after treatment
(49, 50). Patients, therefore, need to be informed about these effects.

Limitations

One of the main limitations at outcome level was the serious risk
of bias detected in seven out of eight studies (28, 29, 31-35), and
consequently, the very low quality of evidence of the meta-analyses.
This was primarily due to the observational nature of the included
articles. As a consequence of the absence of high-quality literature,
strong conclusions could not be drawn.

Furthermore, two groups of MARPE appliances could be dis-
tinguished: the modified hyrax-type MARPE expander (29-31, 33),
and the Maxillary Skeletal Expander (MSE) (28, 32, 34, 35), both
methods applied in 50% of the studies. Differences in the choice of
MARPE appliance, but also appliance location, expansion protocol

Table 3b. Results of individual studies for contribution to expan-
sion immediately post-treatment of each maxillary area: skeletal,
dental, alveolar (or dentoalveolar).

Study Maxillary area %
Choi et al. (2016) (28) Skeletal 25.4
Dentoalveolar 74.6
Clement et al. (2017) (29) Skeletal 61
Alveolar 20
Dental 19
Lim et al. (2017) (32) Skeletal 39.1
Alveolar 7.1
Dental 53.8
Ngan et al. (2018) (33) Skeletal 41
Alveolar 12
Dental 47
Park et al. (2017) (34) Skeletal 37
Alveolar 22.2
Dental 40.7

Table 3a. Results of individual studies for skeletal maxillary expansion by MARPE. Measurement, mean + SD (mm), 95% CI (mm),

range (mm), P-value and effect size were described when available.

Study Measurement Mean = SD (mm) 95% CI lower/upper Range (mm) P value Effect size
Choi et al. (2016) (28)  J-J width 2.11 1.54/2.68 <0.001
Clement et al. Suture opening at M1 4.5 3.62/4.98 0.000 4.53
(2017) (29)
Li et al. (2020) (31) Maxillary width at hard palate 2.0=+1.0 <0.001
Lim et al. (2017) (32) Nasal floor width 2.20 = 1.01 <0.001
Ngan et al. (2018) (33) Midpalatal suture expansion at the 2.55 = 0.71 2.03 -4.06
middle of the palate
Park et al. (2017) (34)  J-J width on PA ceph 20=1.4 0.000

Shin et al. (2019) (35)  Midpalatal suture opening width

0.90 = 0.81 (Total)

1.11 = 0.76 (Separation

group)

0.001 = 0.02 (Non-
separation group)

MARPE: Miniscrew-Assisted Rapid Palatal Expansion; J-] width: basal bone width; PA ceph: posteroanterior cephalogram; SD: standard deviation.
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Table 4. Results of individual studies for dental expansion by MARPE. Measurement, mean + SD (mm), 95% CI (mm), p-value and effect

size were described when available.

Study Measurement Mean = SD (mm) 95% CI lower/upper P value Effect size
Choi et al. (2016) (28) ICW 2.86 2.07/3.64 <0.001
IPW 6.09 5.37/6.81 <0.001
IMW 8.32 7.2719.37 <0.001
Clement et al. (2017) (29) ICW 5.83+1.32 3.76/5.44 0.000 3.92
IPW 533+1.72 3.47/5.53 0.043 3.14
IMW 7.33 £1.96 5.69/8.31 0.004 3.83
Lim et al. (2017) (32) ICW 3.02+1.25 <0.001
IPW 5.96 = 1.20 <0.001
IMW 5.63£1.90 <0.001
Ngan et al. (2017) (33) IMW 6.26 = 1.31
Park et al. (2017) (34) IPW 55=14 0.000
IMW 54+17 0.000

MARPE: Miniscrew-Assisted Rapid Palatal Expansion; ICW: inter-canine width; IPW: inter-premolar width; IMW: inter-molar width CI: confidence interval;

SD: standard deviation.

and number and features of the miniscrews could have significantly
impacted the resulting success rate, transverse maxillary expansion,
treatment duration, soft tissue and other side effects. In the study of
Ngan et al. there was even variation in appliance design and features
within the same study sample (33). In addition, there were large
methodological differences in measurements across the studies, as
previously mentioned, as well as in record collection. Six out of eight
studies (29, 31-35) used CBCT images, but lateral (31, 35) and pos-
teroanterior cephalograms (28), dental casts (28), maxillary anterior
periapical radiographs (35) and 3D stereo-photogrammetry (30)
were used for measurements as well. Moreover, the timing at which
these records were collected was the same for all studies before and
at the beginning of the expansion, but varied widely after expansion.
The heterogeneity limited the meta-analysis to be performed on an
exploratory basis, rather than to achieve conclusive results.

Conclusions

This systematic review demonstrated that MARPE is a successful
treatment modality for maxillary expansion (mean success rate:
92.5%), inducing both skeletal (MD: 2.33 mm) and dental (MD:
6.55 mm) transverse maxillary expansion. These results are clinic-
ally comparable to the expansion achieved by SARPE. Furthermore,
there is limited evidence showing that, despite its relatively short
treatment duration, MARPE may induce dental and periodontal side
effects and affect peri-oral soft tissues.

Due to the serious risk of bias in the majority of the included
studies, careful data interpretation is necessary. High-quality stud-
ies in the form of randomized clinical trials and prospective cohort
studies with a well-defined appliance design and treatment protocol
are strongly recommended to deliver a higher quality of evidence on
the efficacy of MARPE.

Supplementary material

Supplementary material is available at Euwropean Journal of
Orthodontics online.
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