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RESUMO:

Introdugao: A Expansao Rapida Palatina Assistida por Mini-implante (MARPE) é uma técnica
recente que permite a correcao de deficiéncias maxilares enquanto limita os efeitos
secundarios da Expansao Rapida Palatina e da Expans3ao Rapida Palatina Assistida

Cirurgicamente em jovem-adultos.

Objetivos: O objetivo desta revisao sistematica é avaliar, através da literatura cientifica, as
alteragoes das estruturas dsseas da face e as suas possiveis repercussoes nos tecidos moles

faciais apos tratamento MARPE em jovem-adultos.

Material e Métodos: Foi realizada uma pesquisa bibliografica utilizando as seguintes bases
de dados eletronicas: MEDLINE/PubMed, EBSCO host e Cochrane Library. Os critérios de
inclusdo foram: artigos em inglés; ensaios clinicos aleatorios ou n3o aleatdrios e estudos

/n-vivo em humanos.
Resultados: De 137 artigos, 5 foram selecionados ap6s uma leitura completa.

Discussao: Os complexos zigomatico-maxilares fazem um movimento circular de
lateralizarao em torno de dois pontos de rotagao: um em torno dos processos zigomaticos
dos ossos frontais perto da sutura zigomatico-frontal num plano coronal e outro em torno
das partes proximais dos processos zigomaticos dos 0ssos temporais num plano axial. A
maxila expande-se lateralmente, para cima e para a frente. O |3bio superior, a regido péri-
nasal e as bochechas seqguem a expansao descrita pela maxila. O nariz expande-se

lateralmente, para baixo e para a frente.

Conclusao: MARPE tem de facto um impacto nos ossos faciais que se reflete nos tecidos

moles faciais.

Palavras-chave: "MARPE"; "facial soft-tissues"; “facial bones"; "anatomic modifications";

“transversal maxillary deficiency”; "orthodontic treatment”.



) INSTITUTO UNIVERSITARIO

DE CIENCIAS DA SAUDE

ABSTRACT:

Introduction: Miniscrew-Assisted Rapid Palatal Expansion (MARPE) is a recent technigue
that allows the correction of maxillary deficiencies while limiting the side effects of Rapid

Palatal Expansion and Surgically Assisted Rapid Palatal Expansion in young adults.

Objectives: The objective of this systematic review is to evaluate, through the scientific
literature, the alterations of the superficial bone structures of the face and their possible

repercussions on the soft tissues of the face after MARPE treatment in young adults.

Material and Methods: The documentary search was performed using the following
electronic databases: MEDLINE/PubMed, EBSCO host and the Cochrane Library. The
inclusion criteria were: articles in English; randomized or non-randomized clinical trials and

/n-vivo studies in humans.
Results: Of 137 articles, 5 were selected after full reading.

Discussion: The zygomatico-maxillary complexes make a circular lateralizing movement
around two points of rotation: around the zygomatic processes of the frontal bones near
the zygomatico-frontal suture in a coronal plane and around the proximal parts of the
zygomatic processes of the temporal bones in an axial plane. The maxilla expands laterally,
upward and forward. The upper lip, the peri-nasal region and the cheeks follow the

expansion described by the maxilla. The nose expands laterally, downward and forward.

Conclusion: MARPE does indeed have an impact on the facial bones reflected in the facial

soft tissues.

Keywords: "MARPE"; "facial soft-tissues”; "facial bones"; "anatomic modifications";

“transversal maxillary deficiency”; "orthodontic treatment”.
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LIST OF ABBREVIATIONS AND ACRONYMS:
RPE — Rapid Palatal Expansion.

SARPE - Surgically Assisted Rapid Palatal Expansion.

MARPE — Miniscrew-Assisted Rapid Palatal Expansion.

CBCT — Cone Beam Computed Tomography.
MSE — Maxillary Skeletal Expander.

TBAT — Articular Tubercle of the Temporal Bone.
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1. INTRODUCTION:

The absence of a transverse deficiency between the maxilla and mandible is necessary to
achieve a correct dental occlusion. We speak of transverse deficiency when the distance
between the central fossae of the maxillary first molars and the distance between the
distal-buccal cusps of the mandibular first molars is not equal. The prevalence of maxillary
transverse deficiency in children is 8-21% and 10% in adults."? Maxillary transverse
deficiencies may be misdiagnosed in clinical practice, which would imply higher actual

percentages than those reported.?

In children, Rapid Palatal Expansion (RPE), introduced into practice by Haas in 1961, is the
treatment of choice for restoring skeletal transverse dimension. It involves separating the
midpalatal suture followed by orthopedic skeletal expansion with a palatal disjunction
appliance with muco-dental support (Haas type) or, more recently, only with dental support

(Hyrax type).6”

However, in adults, due to obliteration of the midpalatal suture,®® conventional expansion
can result in non-opening of the midpalatal suture and multiple side effects, such as

periodontal lesions and root or alveolar resorption.’®™

To overcome these side effects, Surgically Assisted Rapid Palatal Expansion (SARPE) is an
alternative to open the midpalatal suture in adults.™™ However, SARPE also has many
disadvantages: the high cost of the operation, post-treatment morbidities, and the patients’

reluctance to undergo surgical treatment.”

In 2010, Dr. Lee proposed the Miniscrew-Assisted Rapid Palatal Expansion (MARPE), a
procedure designed to address the side effects of RPE and SARPE in patients with advanced
skeletal maturation. His study showed effective separation of the midpalatal suture in an

adult patient.”

The manufacturing protocol for the MARPE disjunction appliance consists in modifying a
conventional expander: The Hyrax-type expander is manufactured in a plaster mold of the
patient's palate where 4 loops intended to receive the mini-screws are added to the body
part. The appliance is then placed on the palate and bonded to the patient's first premolars

and molars.” Using CBCT, the mini-screws sizes are selected and the screws installed so
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that the fixation is bi-cortical to optimize separation of the midpalatal suture.’®” The
expander is activated once a day for 6 weeks until disjunction occurs and is then passively
kept in the oral cavity for at least 3 months to allow bone formation in the disjunction

space.”

A retrospective study of 69 adults after MARPE treatment demonstrated an opening of the
midpalatal suture in 87% of cases and post-treatment stability after 30 months of follow-
up.?® Today, MARPE is recognized as a valid alternative for the treatment of maxillary

transverse deficiency in young adults.”

Because this technique is recent, scientific studies are generally focused on the analysis of
oral structures and few studies have yet been conducted on the changes in the bony and
soft tissue structures of the face. However, we know that MARPE, like RPE, produces a
skeletal orthopedic expansion involving several facial bones.” These possible facial changes
can be camouflaged by growth and puberty and therefore can go unnoticed in children, but
in adults, where growth has already stopped, these changes can have several visible impacts

on the patient's face and influence the aesthetic perception.2?

2. OBJECTIVES AND HYPOTHESES:

The aim of this systematic review is to evaluate, through scientific literature, the changes
in the bone structures of the face and their possible repercussions on the facial soft tissues

after MARPE treatment in young adults.

3. MATERIAL AND METHODS:

3.1 ELIGIBILITY CRITERIA

The studies included in this integrative systematic review were selected according to the

following criteria, following the PICOS strategy.
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PICOS:

Patients: teenagers/young adults treated with MARPE.

Intervention: the MARPE technique.

Comparison: before-after treatment.

Outcomes: facial changes.

Study design: /n-vivo prospective or retrospective studies in humans.

3.2 INCLUSION CRITERIA

English language.

No time limits.

Clinical trials, randomized clinical trials, prospective and retrospective studies.
In-vivo study in human beings.

Articles that discuss changes in the soft tissue and bones of the face after a MARPE

treatment.

3.3 EXCLUSION CRITERIA

Other languages than English.

Systematic reviews, meta-analyses, narrative reviews or book chapters.

Articles who do not fit the topic addressed in this study: do not discuss the MARPE
technique or facial changes, discuss only airways, compare results of different
techniques, post-mortem studies or computer simulations.

Articles that do not describe their material and methods or the selection criteria.
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3.4 DATA SOURCES

A literature search was conducted using the following electronic databases through
February 28, 2021: MEDLINE/PubMed, EBSCO host and Cochrane Library.

The following search terms were used:

For PubMed and EBSCO:

((MARPE) OR (miniscrew assisted rapid maxillary expansion) OR (miniscrew assisted rapid
palatal expansion) OR (micro implant supported skeletal expander) OR (miniscrew assisted
rapid palatal expander)) AND ((bone) OR (face soft tissue) OR (nasal) OR (maxilla) OR

(zygomatic) OR (nose) OR (maxillofacial)).

For Cochrane:

(MARPE) OR (miniscrew assisted rapid maxillary expansion) OR (miniscrew assisted rapid
palatal expansion) OR (micro implant supported skeletal expander) OR (miniscrew assisted

rapid palatal expander)
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4. RESULTS:

41 STUDY SELECTION

According to the databases consulted and according to the search strategy, 137 articles

were found. Duplicate articles were excluded, leaving 77 articles. After reading the title and

abstract, 72 articles were excluded because they did not match the inclusion criteria. The

remaining 5 articles, after full reading, were included in this integrative systematic review,

which are shown in the following flowchart (Figure 1).

Figure 1- PRISMA Flow diagram.
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4.2 QUALITY ANALYSIS

The assessment of risk of bias in eligible studies was analyzed according to criteria detailed

in the Cochrane Collaboration Manual ROBINS-I (Table 1).

Table 1- Assessment of the risk of bias by the ROBINS-I tool.

Pre-intervention domains At- Post-intervention domains
/ intervention /
domain
Bias dueto | Biasin Bias in Bias due to Bias Bias in Bias in Overall bias
confoundin | selection of | classificatio | deviations dueto | measurem | selection
/ g participant | n of from missin | ent of the of the
s into the intervention | intended gdata | outcome reported
study s intervention result
s
Park et LOW Low MODERATE Low LOW MODERATE Low MODERATE
al.s 2017
Cantarell
aetal2 LOW Low LowW LowW LOW LOW Low LowW
2018
Abedini
et al.«0 LOW Low Low Low LOW LOW MODERA | MODERATE
2018 TE
Paredes
et al.33 LOW Low LowW MODERATE LOW MODERATE Low MODERATE
2020
Lee et LOW Low Low Low LOW LOW Low Low
al.37 2020
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4.3 DATA ITEMS

The following information was gleaned from the selected articles: author/year of publication, type of study, the aim of the study, the population, the

measurement points, the results obtained, and the conclusions (Table 2).

Table 2- Description of included studies

Author/year

Park et al.=s
(2017)

Type of study

Retrospective.

Aim

To evaluate skeletal
and dentoalveolar
changes after MARPE in
young adults using
CBCT.

Population

14 patients
with 8 mean
age of 20.1
years (16-26
years).

Measurement points

4 linear measurements: the inter-
zygomatic arch distance, the distance
between the right and left most lateral
points of the zygomatic arch; the inter-
nasale distance, the distance between the
right and left most lateral points of the
nasal cavity; the inter-maxillary distance,
the distance between the right and left
points at the junction between the
maxillary tuberosity outline and the
zygomatic  process; and the inter-
mandibular distance, the distance between
the right and left points of the antegonial
notch.

12 reference points: the right and left alar
point, the most infero-lateral point of the
nasal aperture in a transverse plane; the
right and left A-point, the posterior-most
and deepest point of the anterior contour
of the maxillary alveolar process in the mid-
sagittal plane; the right and left zygomatic
process point, the most infero-lateral point
of the maxillary zygomatic process; the
right and left ecto-canine point, the most
infero-lateral point on the alveolar ridge
opposite the center of the maxillary canine;

Results

Inter-zygomatic arch distance: +0.8 +
0.5 mm (p<0.05).

Inter-nasale distance: +1.4 £ 1.0 mm
(p<0.07).

Inter-maxillary distance: +2.0 + 1.4 mm
(p<0.07).

Inter-mandibular distance: 0.0 + 1.3 mm
(p>0.05).

The expansion decreased with the
superior positioning of the anatomical
structures, indicating a pyramidal
pattern of maxillary expansion.

Inter-alar distance: +1.4 mm (p<0.01).
Inter-A-point  distance: +3.0 mm
(p<0.07).

Inter-zygomatic process distance: +2.8
mm (p<0.01).

The x, y, and z axis correspond
respectively to the sagittal, vertical, and
transverse axis. Positive values indicate
forward (z-axis), upward (y-axis)
movements. Negative values indicate
the opposite. For the x-axis, absolute
values were used.

Conclusions

MARPE may be an effective
treatment modality for the
correction  of  transverse
deficiency of the maxilla in
young adults by separating
the midpalatal suture.

The maxillary  expansion
achieved  with MARPE
exhibits a pyramidal pattern.
In this study, the degrees of
skeletal, alveolar and dental
expansion were  37.0%,
222% and 40.7%,
respectively.

Buccal tipping of the upper
teeth in MARPE leads to the
decrease in buccal alveolar
bone thickness and crest
height. Orthodontists should
be aware of these changes.
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Author/year

Type of study

Population

Measurement points

Results

Conclusions

the right and left ecto-molare point, the
most infero-lateral point on the alveolar
ridge opposite the center of the maxillary
first molar; and the right and left prosthion
point, the most antero-inferior point of the
maxillary alveolar margin in the mid-
sagittal plane.

Axis x: right and left alar point (0.8 mm),
right and left A-point (1.6 mm), right and
left zygomatic process point (1.2 mm),
right and left ecto-canine point (0.8
mm), right and left ecto-molare point
(1.6 mm), right and left prosthion point
(1.6 mm) (p<0.01).

Axis y: right and left ecto-molare point
(+0.8 mm), right and left prosthion point
(+0.7 mm) (p<0.01).

Z-axis: right and left alar point (+0.4
mm), right and left ecto-canine point
(+0.8 mm) (p<0.01).

The reference points established in the
bony tissues showed a tendency toward
lateral and protrusive movements.

Cantarella
et al.24
(2018)

Retrospective.

To analyze the changes
in the zygomatic bone,
maxillary bone and
zygomatic arches and
to locate the center of
rotation of the
zygomatic-maxillary
complex in the
horizontal plane after
treatment with MSE
using CBCT.

15  patients
with a mean
age of 17.2
years  (13.9-
26.2 years).

3 linear measurements: the anterior inter-
maxillary distance, from the most anterior
point of the right maxilla to the most
anterior point of the left maxilla; the
posterior  inter-zygomatic  distance,
between the outermost points on the right
and left zygomatico-temporal sutures; and
the posterior inter-temporal distance,
between the most posterior point of the
right and left articular tubercle of the
temporal bones (TBATSs).

4 angular measurements: the right and left
zygomatico-temporal angle, formed by the
most anterior point on the maxilla, the
most external point on the zygomatic-
temporal suture, and the most posterior
point on the TBAT; and the angle of the
zygomatic process of the right and left
temporal bone angle, formed by a line
connecting the most posterior point of the

Anterior inter-maxillary distance: +2.76

mm (p<0.01).
Posterior inter-zygomatic distance: +2.4
mm (p<0.01).
Posterior  inter-maxillary  distance:

+0.02 mm (p>0.05).

Angles of the zygomatic process of the
temporal bone: +1.7° (right) and +2.1°
(left) (p<0.01).
Zygomatico-temporal  angle:
(right) and -0.04° (left) (p>0.05).

-0.10°

In the horizontal plane, the
maxillary and  zygomatic
bones and the entire
zygomatic arch were
significantly displaced in a
lateral direction after
expansion using MSE.

The center of rotation for the
zygomatic-maxillary complex
was located near the
proximal portion of the
zygomatic process of the
temporal bone, more
posteriorly and more laterally
than described in the
literature for tooth-borne
expanders.

A significant bone bending
takes place in the zygomatic
process of the temporal bone
during the  mini-screw-
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Author/year

Type of study

Population

Measurement points

Results

Conclusions

right and left TBATSs, and a line connecting
the most posterior point on the TBAT to the
most external point on the zygomatico-
temporal suture.

supported
expansion.

maxillary

locations and applying

a new angular
measurement  system
using CBCT.

6 linear measurements: the right and left
zygomatico-maxillary ~ distance,  the
distance  between the zygomatico-
maxillary suture and the sagittal plane
(passing through the anterior nasal spine,
posterior nasal spine, and nasion); the right
and left alveolar distance, the distance
between the alveolar bone surface at the

(p<0.07).

Right dental distance: 0.91 + 0.73 mm
(p<0.07) and left: 1.11 + 0.6 mm (p<0.01).
These values suggest 60.16% and
56.83% (right and left sides) of skeletal
expansion in relation to the total
expansion (skeletal + alveolar + dental).

Abedini et | Retrospective. | Analyze and quantify | 25  patients | 3D facial imaging was used to capture | The 3D maps between TO and T1 show | The developed protocol can
al.f0 (2018) MSE-induced soft | with @ mean | facial images, generating 3D soft tissue | that statistically significant changes | be used to assess and
tissue facial changes | age of 213 | meshes before expansion (T0), just after | (p<0.05) and (p<0.01) are located in the | guantify soft tissue changes
using years  (14.8- | expansion (T1) and 1 year at retention (T2). | circummaxillary area (paranasal, lips | due to different treatment
stereophotogrammetry. | 25.1 years). and both cheeks). The vector map shows | modalities.
3 mean displacement of 1.36 mm in the | Expansion with MSE has a
paranasal area. The right cheek shows a | statistically significant
mean magnitude of displacement of | impact on the soft tissues of
2.46 mm, while the left cheek has a | the face, particularly the
mean of 2.95 mm. The direction of the | paranasal and cheek area.
vectors is lateral-anterior with anterior | The changes are stable after
direction more dominant. These | the 1-year retention.
changes do not relapse after 1 year | The mean magnitude of
(p<0.05). change is higher around the
cheeks compared to the
paranasal area.
The soft tissue expands in a
forward and lateral direction,
primarily in the forward
direction.
Paredes et | Retrospective. | Quantify the | 39  patients | 2 _reference points: the right and left | Right zygomatico-maxillary distance: | MSE produced almost pure
al.3 (2020) differential with a mean | fulcrum, localized slightly above the | 2.31 £ 1.02 mm (p<0.01) and left: ,37 = | skeletal rotational movement
components of the MSE | age of 18.2 | external surface of the fronto-zygomatic | 1.18 mm (p<0.01). of the midcranial structures.
expansion by | years  (13.3- | suture. Right alveolar distance: 0.65 + 0.44 mm | Alveolar bone bending and
calculating the fulcrum | 27.3 years). (p<0.01) and left: 0.69 + 0.46 mm | dental tipping were not

statistically significant with
MSE.
The angular measurement

system  from  fulcrums
provided much different
results than the linear

measurement system. The
conventional linear
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Author/year

Type of study

Population

Measurement points

Results

Conclusions

disto-buccal root tip of the upper first
molar and the sagittal plane; and the right
and left dental distance, the distance
between the occlusal point located at the
central groove of the upper first molar and
the sagittal plane.

6 angular measurements: the right and left
fronto-zygomatic angle, the angle between
the inter-frontal distance (distance
between the most external and lower
points of the zygomatic processes of the
frontal bones) and the line extending from
fulcrum to the zygomatico-maxillary
suture; the right and left fronto-alveolar
angle, the angle between the inter-frontal
distance and the line extending from
fulcrum to the alveolar bone surface at the
disto-buccal root tip of the upper first
molar, and the right and left fronto-dental
angle, the angle between the inter-frontal
distance and the line extending from
fulcrum to the occlusal point located at the
central groove of the upper first molars.

Right fronto-zygomatic angle: 2.82° +
126 (p<0.01) and left: 2.93° + 149
(p<0.07).

Right and left fronto-alveolar angle:
0.01° + 0.03 (p<0.01).

Right fronto-dental angle: 0.09° + 0.17
(p<0.01) and left: 0.13° + 0.12 (p<0.01).
These values represent 96.58% and
95.44% (right and left sides) of the
skeletal expansion in relation to the
total expansion (skeletal + alveolar +
dental).

measurements can falsely
exaggerate the alveolar and
dental components of MSE
treatment.

To correctly differentiate the
expansion pattern of the
rotating zygomaticomaxillary
complex, a localization of the
fulcrum should be the first

step, then the angular
measurements should be
performed.

Fulcrum position may vary
depending on the design of
the expander and the
activation protocol, and a
true  fulcrum  for  each
appliance should be
identified for the proposed
angular measurement
system.

Lee et al¥ | Prospective. To evaluate nasal soft | 30  patients | 10 reference points: the pro-nasale point, | The x, y and z axis correspond | The majority of soft tissue
(2020) tissue changes, | with a mean | the most anterior midpoint of the nasal tip; | respectively to the sagittal, vertical and | landmarks around the nasal
including landmark | age of 20.46 | the right and left alar point, the most Iateral | transverse axis. Positive values indicate | region  show  significant

movements, changes in | years  (17.4- | point on the right and left side alar contour; | forward (z-axis), upward (y-axis), and | positional changes after

linear distances, and | 42.2 years). the right and left alar base point, the most | leftward (x-axis) movement. Negative | MARPE in adults. The nose

volumetric  changes, lateral points of the alar base; the right and | values indicate the opposite. tends to widen and move

using three- left alar curvature point, the point located | X-axis: left (+0.584 mm) and right (- | forward and downward.

dimensional on the facial insertion of the right and left | 0.407 mm) alar, left (+0.589 mm) and | Post-treatment nasal volume

stereophotogrammetry side alar base; the right and left inferior | right (-0.619 mm) alar base, left (+0.505 | may also show a significant

after MARPE in adult nostril point, the most inferior points of the | mm) and right (-0.550 mm) alar | increase from the initial

patients. right and left nostril; and the sub-nasale | curvature, left (+0.286 mm) and right (- | volume. Clinicians should

point, the midpoint on the nasolabial soft- | 0.313 mm) inferior nostril (p<0.01); pro- | explain  thoroughly  the

nasale and sub-nasale (p>0.05). anticipated  changes to

10
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tissue contour between the columella crest
and the upper lip.

4 linear measurements: the alar width, the
distance between the right and left alar
points; the alar base width, the distance
between the right and left alar base points;
the nostrils inferior width, the distance
between the right and left inferior nostril
points; and the alar curvature width, the
distance between the right and left alar
curvature points.

1_volumetric measurement: the upper
boundary, the plane that includes the
endocanthion on both sides and is parallel
to the horizontal reference plane; the lower
boundary, the plane that includes the sub-
nasale and is parallel to the horizontal
reference plane; and the Iateral boundaries,
the plane that includes the alar and
endocanthion and is parallel to the z-axis.

Y axis: pro-nasale (-0.245 mm), sub-
nasale (-0.325 mm), right (-0.183 mm)
and left (-0.184 mm) alar (p<0.01); left
and right alar base, left and right alar
curvature, left and right inferior nostril
(p>0.05).

Z axis: pro-nasale (+0.253 mm), left
(+0.249 mm) and right (+0.312 mm) alar,
left (+0.479 mm) and right (+0.576 mm)
alar base, left (+0.422 mm) and right
(+0.442 mm) alar curvature, left (+0.328
mm) and right (+0.447 mm) inferior
nostril (p<0.01); sub-nasale (p>0.05).
The reference points established in the
nasal soft tissues showed a tendency
toward lateral, protrusive, and inferior
movements.

Alar width: +0.932 mm (p<0.01).

Alar base width: +1.214 mm (p<0.01).
Inferior nostril  width: +0.572 mm
(p<0.07).

Alar curvature width: +0.987 mm
(p<0.07).

Mean volume change: +993.33 mm3
(p<0.01) or an increase of 2.96%.

patients
initiation.

before  MARPE

"
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5. DISCUSSION:

5.1 SKELETAL CHANGES
First, let's compile the information collected about bone tissue and its interpretations.

In an axial plane, Cantarella et al. show that the anterior inter-maxillary and posterior inter-
zygomatic distances increased significantly by an average of 2.7 mm and 2.4 mm, respectively,
after expansion. Their results show that the maxillary and zygomatic arches moved laterally after
treatment. The temporal bones, on the other hand, did not seem to be affected by the treatment,

as the measured values were not significant.

In the same plane, Park et al. found that the expansion of the midpalatal suture was similar from
anterior to posterior when separation is complete.?> A pyramid-shaped separation with the base
of the pyramid facing forward is only observed when the pterygoid processes of the sphenoid

bone are not completely separated.™>?6-28

In a coronal plane, Park et al. show that the inter-zygomatic arch, inter-nasal and inter-maxillary
distances also increased significantly by an average of 0.8 mm; 1.4 mm and 2 mm respectively.
These results also demonstrate that the measured structures move laterally following a pyramidal

pattern with the base of the pyramid facing downward.?

Measurements on the mandible were found to be non-significant. Therefore, it appears that
MARPE does not affect the mandible.?®

The separation of the midpalatal suture and the expansion of the bony structures adjacent to the
nasal cavity result in an increase in the nasal cavity volume.? Enlargement of the nasal cavity and
widening of the piriform orifice have been shown to result in increased airflow and improved nasal

breathing in patients.62-

Relative to the angular measurements in an axial plane of Cantarella et al., the angles of the
zygomatic processes of the temporal bone increased significantly by on average 1.7° on the right
and 2.1° on the left. The changes in the zygomatic-temporal angle being negligible and without
statistical significance, show that the zygomatico-maxillary complex and the zygomatic process

of the temporal bone have maintained their angulation during expansion. Both rotate around a

12
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common fulcrum located in the proximal part of the zygomatic process of the temporal bone.

The pivot is located there because it is the thinnest part of the zygomatic arch and therefore

offers less resistance to torsional forces during expansion (Figure 2).32

Figure 2- Superimposed 3D images of the MSE patient showing the rotation of the zygomatico-maxillary complex with a center
of rotation (CR) located near the proximal aspect of the zygomatic process of the temporal bone. (Blue: pre-expansion. White:
post-expansion). Image by Cantarella et al 2

On the other hand, Paredes et al., in a coronal plane, place the fulcrum in the external and inferior
part of the zygomatic processes of the frontal bones near the zygomatic-frontal suture. The
sutures are weak points of the bony structures and, as in the previous case, therefore offer less
resistance to the forces exerted during expansion.® Cantarella et al., in another study, position

the center of rotation at the same point (Figure 3).3

The linear measurements of Park et al. and Paredes et al. indicate respectively a skeletal, alveolar
and dental expansion rate of 37,1%, 22.2% and 40.7% and 58.495%, 16.35% and 25.155%.2>%
According to Paredes et al, using linear measurements when the movement of the expansion is
circular would necessarily lead to assessment errors. In fact, the movement of a structure further

away from the fulcrum will appear to be more displaced when linear measurements are used.

13
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Using angular measurements, Paredes et al. show respectively a skeletal, alveolar and dental

expansion rate of 96.01%, 0.335% and 3.655%.3

Paredes et al. also show in their study that MARPE minimally affects the dento-alveolar structures:
alveolar bone flexion and tooth inclination are not statistically significant. According to their

results, MARPE would involve an almost purely skeletal expansion.*

Figure 3- Superimposed 3D model of an MSE patient displaying the rotational pattern of the zygomatico-maxilary complex.
(Yellow: pre-expansion. Blue: post-expansion. rF: right fulcrum. IF: left fulcrum). Image by Paredes et al.32

14
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Based on the measurements and interpretations made by the authors above, we can describe the
movements of the facial bone tissues as follows: the two zygomatico-maxillary complexes, after
complete separation of the midpalatal suture and the pterygoid processes, will rotate around their

respective fulcrums in an outward direction, following a pyramidal pattern.?:*

The structures located medially and above the coronal fulcrums, as well as the structures located

to the posterior of the axial fulcrums remain stable.?3

The circum-maxillary sutures, in particular the zygomatico-maxillary and fronto-maxillary
sutures; the spheno-occipital synchondroses and the orbital structures appear to be affected by

maxillary expansion.34-36

Regarding the 3D analysis of the maxilla, Park et al. found a trend in the lateral, forward and
upward displacement. Specifically, all landmarks placed on the maxilla significantly moved
laterally by an average of 0.8 to 1.6 mm. Alar and ectocanine points moved significantly forward
by an average of 0.4 and 0.8 mm, respectively, while ectomolar and prosthion points moved

significantly upwards by an average of 0.7 and 0.8 mm, respectively (Figure 4).25

Figure 4- Superimposition of three-dimensional CBCT images acquired before (white) and after (blue) MARPE. (1and 2, alare, right
and left; 3 and 4, A-point, right and left; 5 and 6, prosthion, right and left; 7 and 8, ectocanine, right and left; 9 and 10, ectomolare,
right and left; 11 and 12, processus zygomaticus, right and left). Image by Park et al.5

15
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5.2 SOFT TISSUE CHANGES

In view of the fact that there are skeletal changes to the face after treatment with MARPE, the

soft tissue impact following these changes will be described next.

Concerning the nose, the 4 linear measurements of the nasal base made by Lee et al. increased
significantly by an average of 0.6 to 1.2 mm, which explains its Iateral widening. Its volume also
increased significantly by an average of 993.33 mm3, which represents a 2.96% increase from
the initial volume.?”3 This increase in the volume of the soft and cartilaginous tissues of the nose

leads to increased airflow from the airways.*®

Regarding the 3D analysis of the nose, all landmarks except those closest to the midline (the pro-
nasal and sub-nasal) significantly moved laterally by an average of 0.48 mm. All landmarks moved
forward by an average of 0.39 mm except the sub-nasal and moved down by an average of 0.24
mm except the most Iateral ones (the alar base points, the alare curvature points and the inferior
nostril points). After a MARPE treatment, the contours of the nose move mainly laterally and

forward. To a lesser extent, some points move downwards (Figure 5).

16
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Figure 5- Displacement of landmarks measured by stereophotogrammetry after MARPE. The length of the arrows indictes the
amount of change. (Red: x-axis. Green: y-axis. Blue: z-axis). Image by Lee et al.¥7

Abedini et al. show in their study that statistically significant facial soft tissue changes (p<0.05)
are located in the peri-nasal area, upper lip, cheeks and zygomatic arch area with the most
significant changes (p<0.01) concentrated around the midline. The peri-nasal area, upper lip and
cheeks show a lateralization movement, slightly upward and more predominantly forward. The
peri-nasal area shows a mean displacement of 1.36 mm while the medial part of the right and

left cheeks show a mean displacement of 2.46 and 2.95 mm respectively (Figure 6).°

Abedini et al. consider that the changes are not symmetrical in individuals and remain stable after

one year post-treatment.“0
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Figure 6- Vector map presents the direction of the changes between TO (initial, right before MSE placement) and T1 (immediately
after expansion) time points. Blue arrows denote vectors with p<0.05, and the red ones denote vectors with p<0.01. Image by
Abedini et al.«0

Then, it can be seen that soft tissue movements closely follow the movements of the underlying
bony tissues: the upper lip, cheeks and peri-nasal region describe the same movements as those
described by Park et al. in their 3D analysis of the maxilla. Both studies show lateral, forward and

upward movements.2>4041

As far as the nose is concerned, there is no underlying bony support. Note that it follows the same
movements of |aterality and protrusion but the tip of the nose and the top of the nasal philtrum

show a downward movement.*”

It is important to note that these soft tissue changes are measurable and observable. Therefore,
it is essential to inform the patient of these changes prior to treatment in order to limit their
perception as negative side effects. The enlargement of the nose in people with a thin nose can
be beneficial for the final aesthetic aspect. Conversely, for adult patients who may already have a

wide nose, even a small increase may have a negative impact.

18
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5.3 LIMITATIONS

Because the treatment of tranverse deficiencies with MARPE is a relatively recent treatment, the
number of studies available on the subject studied in this systematic review is still very limited. It
would be interesting to observe in the near future whether new studies with larger samples
followed up in the long term could confirm or refute the previous results, thus bringing more

scientific weight to the study of changes in facial soft and bony tissues after MARPE treatment.

Moreover, the fact that there is no Mesh-Term associated with the MARPE method complicates

the documentation search and may lead to loss of information.

6. CONCLUSIONS:

e MARPE leads to skeletal changes of the middle third of the face, which in turn influences
the soft tissue changes of the face.

e MARPE produces a circular movement of the bone tissue in an axial plane around a
fulcrum located in the proximal part of the zygomatic process of the temporal bone. All
structures behind this point are not affected by the procedure.

e MARPE produces a circular movement of bone tissue in a coronal plane around a fulcrum
located in the outer and lower part of the zygomatic processes of the frontal bones near
the zygomatic-frontal suture. All structures above and medial to this point are not affected
by the procedure.

e With the separation of the mid-palatal suture and the pterygoid processes, the circular
expansion leads the zygomatico-maxillary complexes outward following a pyramidal
pattern with the base of the pyramid facing downward in a coronal plane.

e The mandible is not affected by the MARPE technique.

e The maxilla expands laterally, upward and forward.

e The soft structure of the nose expands laterally, downward and forward.

e The upper lip, peri-nasal area and cheeks expand laterally, upward and forward.

The authors report no commercial or financial conflict of interest in this work.
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