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A b s t r ac t
Aim: This paper presents a prototyped surgical guide for placement of MARPE—mini-implant-assisted rapid palatal expander.
Background: Investigations conducted in the last decades have increased the technological resources used in orthodontics. This scientific
advance applies to several clinical procedures, including the planning of devices used in guided surgeries, using computed tomography images
and intraoral scanning.
Case description: This case report presents maxillary expansion in an adult patient (18 years and 5 months), using the MARPE technique, by
virtual planning and fabrication of a surgical guide (laser-printed on a 3D printer MoonRay D225—SprintRay, 2014), after merging of 3 files:
digital file of the expander (.stl), computed tomography of the suture, and intraoral scanning of the patient, using the planning software
NemoStudio (version 20122, 16.50.0.56).
Conclusion: Fabrication of a surgical guide for the MARPE technique provides an accurate transfer of the virtual planning to the surgical
procedure. It allows three-dimensional orientation of the expander position and perforations of mini-implants, which are necessary to establish
anchorage in areas with sufficient bone, assuring the system stability and a successful procedure.
Clinical significance: The mini-implant assisted rapid palatal expansion (MARPE) has been investigated as a promising option for correction of
malocclusion related with maxillary atresia in adult patients and is an option to orthognathic surgery. Digital treatment planning is fundamental
to establish individual, reproducible, and accurate parameters, as in the present case, which evidenced significant benefits in both occlusal
and respiratory aspects.
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Technological advances and detailed imaging studies have
allowed the utilization of virtual planning. The digital workflow
in orthodontics consists of the triad digital models, orthodontic
software, and 3D printer, and allows faster digital planning of cases,
enhancing the communication between professionals and patients
without the need to store physical documents. Also, the accessibility
and easy utilization of this technology allows its broad utilization
for diagnosis and treatment planning.1,2 
The virtual models in Standard Triangle Language (STL)
derivated from the intra-oral scanners, associated with cone beam
computed tomography (CBCT) and a software for virtual planning
are fundamental for 3D orthodontic preparation.2
Virtual planning in orthodontics is used for fabrication of guides
for indirect bonding, virtual positioning of brackets, fabrication of
aligners, setups, surgical simulations, and for fabrication of guides
for orthodontic mini-implants, bone implants, or orthognathic
surgery.3– 6 However, utilization of this protocol is still limited in the
planning of posterior transverse malocclusions.
The prevalence of maxillary transverse deficiency ranges from
8% to 23% in mixed and deciduous dentitions and less than 10%
in adults and it may worsen over time, impairing the facial growth
and development.7In growing patients, the elective treatment of
maxillary atresia is performed by rapid maxillary expansion (RME).
However, in adult patients, the technique indicated is the surgically
assisted rapid palatal expansion (SARPE).8
The literature reports that Hyrax and Haas expanders are most
often used for RME. However, these devices present some side
effects because they do not provide a purely skeletal expansion, also
promoting tooth inclinations and rotation of maxillary segments,
relapse, excessive compression of the periodontium, gingival

recession, fenestrations of the buccal bone plate, necrosis of palatal
tissue, pain, and edema.9 – 11
 
More recent studies described that it is possible to perform
palatal expansion without surgery, even in individuals after the
growth period, by a technique known as mini-implant assisted
rapid palatal expander (MARPE), initially developed by Won Monn
at the University of California at Los Angeles (UCLA). The main
difference is that MARPE applies forces directly on the maxillary
bone segments and midpalatal suture, while in RME the forces
act on the pterygomaxillary, nasomaxillary, and zygomaxillary
regions. Therefore, the MARPE device is an option to the SARPE
technique.10,12,13
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MARPE Surgical Guide
Aiming to assure a predictable and less complex surgical step,
this study presents a 3D surgical guide for placement of MARPE
expander and mini-implants.

Case Description
Patient EPC, aged 18 years and 5 months, with the chief complaint of
posterior skeletal bilateral crossbite, was presented for orthodontic
treatment at the Specialization Course of the Brazilian Orthodontics
Association—ABO at Brasília (Taguatinga, Brazil). The patient had
not been previously referred for orthodontic treatment. After
considerations about the objectives, limitations, and possible side
effects, the proposed treatment was accepted.
The MARPE surgical guide and adequacy of position of expander
and mini-implants were performed on the software NemoStudio
(version 20122, 16.50.0.56), a Spanish planning software developed
for utilization of bone implants, which was adapted to fabricate
the MARPE guide.
For digital planning, it was necessary to obtain and merge
the digital files of the expander (.stl), computed tomography of
the midpalatal suture, and intraoral scanning of the patient. The
scanned digital model of the patient was obtained using an intraoral
scanner (CS3600®, Carestream, Rochester, NY, USA). The .stl file of
the MARPE expander was provided by the company PecLab (Belo
Horizonte, Brazil).
The DICOM file of cone beam computed tomography, with lip
soft tissue retraction, was obtained using a tomography machine
Prexion with 0.1 mm voxel, 0.5 mm focal point, and 360-degree
rotation.14Therefore, the coronal and axial tomographic sections
allowed a more detailed evaluation of the degree of bone
maturation of the midpalatal suture and its interdigitation.15
Following, intraoral scanning of the maxilla was superimposed
to the computed tomography, using points at the teeth region as
reference to allow determination of the correct position between
intraoral scanning and the tomography. After this initial merging,
the third digital file, namely the stereography of the MARPE
expander, was also merged. After merging of the three files
(tomography, scanning, and .stl file of the expander), the expander
and four mini-implants were positioned using the software
NemoStudio (Fig. 1).
Concerning the expander position, the first step is to select
the most adequate size to the patient’s palate, since it is available
in different sizes (6 mm, 9 mm, or 11 mm). Treatment planning

is important to avoid tissue compression around the expander,
requiring analysis throughout the appliance, adapted to the palatal
curvature.8,16
For selection of mini-implants, the thickness of bone and
palatal mucosa are individually calculated to determine the length
of screw and transmucosal collar of each device, according to each
site of placement no. 1, 2, 3, and 4. In positions I, II, and III, 15 mm
mini-implants were used (22 mm screw and 8 mm transmucosal
collar), and a 9 mm mini-implant was used in position IV owing to
bone limitation (5 mm screw and 4 mm transmucosal collar), using
mini-implants of the company PecLab (Belo Horizonte, Brazil, Fig. 1).
This stage aimed to assure anchorage to allow primary stability of
mini-implants and a better relationship of the transmucosal collar
with the surrounding tissue and also the expander.17,18
After determining the MARPE position on the digital model of
intraoral scanning, the stereography files (.stl) were exported from
NemoStudio to the software Autodesk Meshmixer (Autodesk, Inc.
20122—version 3.2.322), in which the merging tools were used
between the.stl files to stitch the two files into one.
After this stage, this single file was imported back to
NemoStudio. This allows achievement of a guide with a laser 3D
printer (SprintRay, 2014), using an autoclavable resin (Surgical
Guide—MoonRay) (Fig. 2).
After surgery, it was possible to observe maxillary expansion
in the patient outside the growth period (18 years and 5 months),
with activation of 2/4 turns per day, for 12 days (6 mm), without the
need of bands (Fig. 3).
Finally, cone-beam computed tomography (CBCT) images were
obtained before (Fig. 4) and after expansion (Fig. 5), which clearly
show opening of the midpalatal suture throughout its extent.

Discussion
The new technologies available in orthodontics are fundamental
to add resources for diagnosis and planning, since they provide
real benefits to the patient. The manipulation of three-dimensional
images allows virtual planning using CAD (computer-aided
design) software, as well as customization of orthodontic devices
by CAM (computer-aided manufacturing), such as for fabrication
of surgical guides, which were initially used in implantology and
endodontics.19,20
 
The surgical guide is an important tool for correct positioning
of fixtures, aiming to achieve a perfect interrelation of digital

Figs 1A and B: Digital model presenting planning of positioning of the MARPE expander and mini-implants HS—PecLab (Belo Horizonte, BRAZIL).
(A) Expander positioning at 6 mm in mesiodistal and axial directions, without compression of surrounding tissues; (B) Planning of 15 mm miniimplants in position no. II (anterior region, 6.95 mm of bone and 8.03 of transmucosal collar), and 9 mm in position no. IV (posterior region, 5.05
mm of bone and 4.06 mm of transmucosal collar), due to the little bone quantity
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Figs 2A to C: Surgical guide printed in 3D using autoclavable resin (MoonRay). (A and B) The guide adapted to the orthodontic expander; (C)
Occlusal photograph of the device at the moment of surgery and without utilization of orthodontic bands, because the rods were removed from
the body of the original expander

Figs 3A to D: Successful maxillary expansion. (A and B) Initial frontal and occlusal photographs; (C and D) Frontal and occlusal photographs after
expansion; (C) Presence of interincisal diastema without inclination of posterior teeth

planning for actual placement. For this guide to adequately
perform its functions, it should be adapted to the surgical site
without impairing the surgeon’s observation and access. This
reverse planning involves stages previous to placement of specific
devices.
Concerning orthodontics, all records may be digitally obtained
and sent to the laboratories for fabrication of appliances, guides for
indirect bonding or aligners, allowing the orthodontists to initiate
the treatment considering the final objective, thus simplifying the
mechanics toward a pre-established outcome.1,2 ,4 The placement of
1104

brackets in a single session or the fabrication of a series of aligners
allows faster and customized treatments.21
The prognosis of RME in adult individuals is extremely doubtful
and contraindicates utilization of the technique (RME) owing to
the increased interdigitation of maxillary sutures and stiffness of
adjacent structures.9,11Therefore, it is important to combine the
knowledge of basic sciences and the evolution of new technologies,
aiming to establish safer therapeutic approaches.18
By direct force application on the palatal bone, the rapid
palatal expansion anchored on orthodontic mini-implants
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Figs 4A and B: Initial CBCT based on axial (A) and coronal (B) images. (A) Sections 41.9, 42.0, and 42.1: observe the presence of hypodense images
compatible with non-calcified intermaxillary suture at the posterior middle region (white arrows), while the anterior region exhibits isolated
calcification areas (green arrows); (B) Sections 17.0 and 18.0 and 19.0: observe the presence of slightly calcified intermaxillary suture (green
arrows), and non-calcified at the inferior and superior regions (white arrow)

(MARPE—mini-implant assisted rapid palatal expansion) presents
as an effective option for the treatment of maxillary atresia and
crossbite, especially in adult patients. This allows achievement of
purely skeletal expansion, even in cases with some degree of palatal
suture closure.18,22
 
The MARPE technique is the option of choice in relation to
the SARPE technique,12providing more reliable results compared
to the traditional procedure (REM). It presents several benefits
and advantages: greater vertical control in dolichofacial patients,
minimum tooth inclination, lower risk of periodontal side effects
as gingival retraction and root resorption, increased maxillary
protrusion when associated with facial mask therapy, greater
stability, reduced relapse, direct action of forces on the midpalatal
suture, and enhanced nasal flow.12,13,23
 ,24
 
Initially, there are two fundamental aspects concerning
planning for placement of Marpe: suture evaluation by CBCT to
assess the possibility of expansion,15, 25 and three-dimensional
positioning of both expander and mini-implants to assure insertion
in an area with bone support, since the broad anatomical variability
of the palate and soft tissues, in regions with reduced or absent
bone thickness, contraindicates its placement leading to procedure
failure.18
The technique of mini-implant-assisted rapid palatal expansion
became safer by assessment of the midpalatal suture on cone beam

tomography machines. Using an iCAT machine, it is possible to score
the stage of suture maturation (A–E), using axial sections,25or on a
tomography machine with better image resolution (Prexion), using
axial and coronal sections.15
Concerning the expander position, its body should be parallel
and distant from the palate in 1–2 mm to avoid contact with
the mucosa, and it is necessary to achieve parallelism between
the expander long axis and the suture to avoid unleveling of
the occlusal plane when the device is activated. Additionally, it
should be inserted in a more posterior region, slightly before the
limit between hard and soft palate.8,16The mini-implants should
be positioned at the region with a greater quantity of the bone
available, on the cortical plates of oral and nasal cavities, to favor
the primary stability and force dissipation, which should be efficient
and uniform.8,12,16
Usually, positioning of the expander and mini-implants is
planned in the laboratory, 8,16 with the possibility of errors in
the manual accomplishment, owing to stages of transference
impression and welding of bands. The difficulty to precisely
reproduce the ideal position of MARPE may reduce the clinical
effectivity of the device, owing to inflammation of the palatal
mucosa and risks of infection of mini-implants.13These situations
may be minimized by an efficient and safe digital planning, also
reducing the chair time.
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Figs 5A and B: CBCT after expansion presenting axial (A) and coronal (B) sections, evidencing opening of the midpalatal suture throughout the
maxilla extent (white arrows)

It should be mentioned that, in more severe cases, prefabricated
expanders present restricted utilization, especially concerning
the adjustment in height. This limitation may be compensated
by the fabrication of adequate devices by experienced laboratory
technicians;18however, the technological advances may overcome
this obstacle.
Digital planning in orthodontics using softwares allows
simulation of placement of expander and mini-implants,
determining the shape, length, diameter, and angulation; it also
allows measurement and location of anatomical structures,
evaluation of bone density, and visualization of planning on axial,
transverse and coronal sections, and also on 3D images.
Utilization of the surgical guide for placement of MARPE is
an effective and a new option for treatment with rapid maxillary
expansion in patients at the end stage of growth and adults,
assuring adequate positioning for placement of mini-implants.

C o n c lu s i o n

and

Clinical Significance

The 3D technological processes assure efficient, accurate, and
predictable orthodontic planning, since they standardize the
technique and reduce the risks, considering that all processes
are digitally prepared, as demonstrated in the present report of
fabrication of the MARPE surgical guide, providing better occlusal
and respiratory conditions for the patient.
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