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Summary

Introduction > Midpalatal suture opening in young adults is often difficult to achieve, depending on
the suture maturation stage. It has been suggested that it is possible to avoid surgery and still
achieve a successful pure skeletal expansion if a bone-borne Miniscrew-Assisted Rapid Palatal
Expander is chosen (MARPE).
Case presentation > The following case report describes the use of a pure bone-borne miniscrew-
assisted rapid palatal expander followed by lingual fixed appliance to correct a severe transversal
discrepancy in an adult patient characterized by a hyperdivergent mandibular skeletal pattern.
Management and outcomes > All treatment phases were digitally planned, starting with the
miniscrews' insertion with a three-dimensionally printed surgical guided (Miniscrew Assisted
Palatal Application: MAPA system) and Tandem Skeletal Expander (TSE) appliance, to the lingual
indirect bonding. The final outcomes confirmed that this orthodontic approach represented a valid
alternative to orthognathic surgery, with a significant improvement of the patient's occlusion and
facial appearance.
Discussion > The Tandem Skeletal Expander (TSE) design and the expansion protocol applied
allowed to obtain a significant and stable skeletal increase of transversal diameters by digital
planning of the insertion of miniscrews, with lower risks and costs than other surgical approaches.
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Introduction
In the field of orthodontics, Rapid maxillary expansion (RME) has
been a widely accepted and well-established method in correct-
ing maxillary arch constriction to resolve the posterior crossbite,
as well as expanding the arch perimeter to facilitate the resolu-
tion of dental crowding [1].
Indeed, it is effective in opening the midpalatal suture when
applied before the peak in skeletal growth [2], with minimum
molar dental tipping and consequently vertical changes [3].
On the other hand, orthopaedic maxillary expansion can pro-
duce unwanted side effects when used in a skeletally mature
patient, such as extrusion, periodontal and alveolar bone bend-
ing, buccal root resorption, fenestration of the buccal cortex,
pain and instability of the expansion [4].
For this reason, for many years, surgical assisted rapid palatal
expansion (SARPE) represented the only treatment alternative
to facilitate correction of transverse discrepancies in adult
patients [5].
As several complications have been reported in literature,
including significant haemorrhage, gingival recession, infection,
pain, alar base flaring, palatal tissue irritation, and more or less
late relapse [6], the clinician and the patient must be aware of
all the risks related to this surgical procedure.
Recently, it has been suggested that it is possible to avoid
surgery and still achieve a successful pure skeletal expansion
if a bone-borne miniscrew-assisted rapid palatal expander is
chosen (MARPE) [7,8]. This appliance has a rigid element that
connects to the screws, which are inserted into the midpalatal
area, delivering the expansion force directly to the suture and
maximizing the skeletal effect [9]. MARPE has been successfully
used by different authors, which concluded that miniscrew-
assisted rapid palatal expander can be used as an effective
appliance for correcting maxillary transverse discrepancies in
young adults, showing stable outcomes by 1 year after expan-
sion [1,9,10].
An accurate pre-operative planning on volumetric tomography
along with the use of a dedicated software, allow the minis-
crews to be safely inserted in the appropriate position, by the
2

use of a surgical guide (Miniscrew Assisted Palatal Application,
MAPA System) [11]. It is possible to ensure bicortical anchorage
and parallelism, to become an efficient system in supporting
customized palatal expanders [12].
In some adult patients, a single expansion screw may not
provide optimal results. Although purely bone-borne MARPE
cases without any tooth-borne anchorage were already intro-
duced, this case suggested using double RPE screws called
Tandem Skeletal expander (TSE); both were anteriorly and pos-
teriorly to the mini-implants. This has the potential to expand
the maxilla more parallel. Moreover, because the palatal vault is
narrow and high, the proximity of four miniscrews would force
to place the expansion screw not in the centre of the palate. This
clinical situation could force the expansion screw to excessive
mechanical stress and consequently blockage of a MARPE.
The aim of the following case report is to describe the resolution
of a severe transversal skeletal malocclusion using a Tandem
Skeletal Expander (TSE) [13] and customized lingual fixed appli-
ance based on the lingual straight wire method in both arches
[14,15].

Diagnosis and aetiology
A 30-year-old woman requested an improvement of her smile
with no orthognathic surgery. The extra-oral photographs
(figure 1) show an accentuated mandibular deviation towards
the right and a centred dental upper midline with respect to the
facial midline. The predominance of the facial lower third and
the pronounced mandibular aspect characterized the frontal and
profile view. With respect to the Ricketts E-line, both the upper
and lower maxillary appeared in a retruded position. From a
clinical intraoral investigation (figure 1), the patient showed
irregular incisors' exposure, moderate dental crowding, with a
sagittal weak class I on the right and a Class III on the left side. In
the upper arch, the transversal skeletal contraction was severe,
with consequent reduced intra-arch diameters: intercanine and
intermolar widths were 18.5 and 25.5 mm respectively, causing
the presence of black buccal corridors during smile. Moreover,
the patient had a reduced overjet and overbite with a tendency
tome xx > 000 > xx 2020
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Figure 2
Initial dental casts

Figure 1
Initial extraoral and intraoral photographs
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to an anterior open bite for the increased third lower vertical
dimension. The lower dental midline was deviated by 3 mm to
the right, the Spee curve was flatted, while the Wilson curve was
pronounced (figure 2). A panoramic radiograph (figure 3)
showed impacted third molars. As expected, the cephalometric
analysis (table I) conducted on the laterolateral teleradiograph
(figure 3) revealed a biretrusion of the maxillaries, which pres-
ent a class III sagittal relationship (Wits appraisal: �6.6 mm),
and an hyperdivergent skeletal pattern (MP-SN: 44.98). The
upper incisors have a pronounced labioversion with respect
to the palatal plane (U1-PP: 1178), whilst the IMPA falls within
a normal range, with just a little compensation to the sagittal
malocclusion.
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Figure 3
Initial panoramic and lateral cephalometric X-rays
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Treatment alternatives
To correct the skeletal and dental malocclusion, different treat-
ment options were considered.
The main treatment choice is represented by a combined ortho-
dontic-orthognathic treatment, with a surgically assisted rapid
palatal expansion (SARPE) first, to achieve both skeletal and
dental ideal result. In this case, a first non-extractive orthodontic
phase is necessary to achieve a sufficient decompensation of the
sagittal malocclusion and the most suitable condition to the
surgery.
Considering the patient's great clockwise mandibular rotation
and anterior open bite, an alternative treatment could have
considered the first or second premolar extractions. However,
the wedge effect concept that extractions lead to a decrease of
FVD (Facial vertical dimension) is invalid [16].
Taking into account the patient's request of improving her smile
without orthognathic surgery, a miniscrew-assisted rapid palatal
expansion followed by a non-extractive orthodontic treatment
was chosen.
Figure 4
Panoramic radiograph after the 38 coronectomy
Treatment objectives
The primary objective was the orthopaedic correction of severe
transverse constriction of the maxilla by a skeletal palatal
expansion with minimum dental compensation. Then, the list
of objectives we aimed to achieve with fixed lingual appliance
included: molar and canine class I, resolution of the crowding,
anterior light contact with ideal overjet and overbite, and
improvement of facial aesthetic reducing the projection of upper
incisors.
4

Treatment progress
Firstly, as the initial CBCT revealed a close contact of 3.8's both
roots with the inferior alveolar nerve, a coronectomy was per-
formed as the complete removal of the tooth would have
caused a possible nerve damage (figure 4), [17].
After a thorough analysis of the initial records, a two-phase
treatment was planned. In the first phase there was a need to
obtain orthopaedic correction of the transverse deficiency in the
upper arch and decompensation of the Wilson Curve in the lower
arch, followed by a second phase with all the other objectives
previously set.
tome xx > 000 > xx 2020
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Figure 5
Virtual planning
a: miniscrew insertion sites based on Digital Imaging and Communication in Medicine (DICOM) and stereolithographic (STL) files.

b: Inclination and position of miniscrew insertion using DICOM images.
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The palatal thickness and width were precisely studied on the
Cone Beam Computed Tomography (CBCT) superimposed onto
the stereolithographic (STL) image of the digital model. The
safest anteroposterior sites to insert the four miniscrews were
identified to ensure a tricortical anchorage; a 3D surgical guide
was then printed based on the MAPA system (figure 5a).
Once the four miniscrews of 11 mm length and 2 mm diameter
(Spider Screw, HDC SRL, Thiene, Italy) were inserted according to
the digital planning (figure 5b), a pure Skeletal Expander (TSE)
was digitally designed and fabricated from the polyvinyl silox-
ane impression of the upper arch.
Figure 6
Tandem Skeletal expander (TSE)
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The peculiarity of the TSE is that it is formed by two 8 mm
expansion screws (Forestadent, Pforzheim, Germany), one at
the back and one at the front, which have to be activated
simultaneously (figure 6), reaching a potential expansion of
the middle palatine suture in its entire length, thus obtaining
a more parallel expansion than that which could have been
obtained with a single expansion screw.
The protocol we used was consequently 40-day activation, i.e.,
an 8 mm expansion of the screw, one round of activation for
each expansion screw. In the meantime, a lingual fixed appli-
ance was bonded in the lower arch in order to start the decom-
pensation of the Wilson Curve and move forward with the
alignment phase (figure 7).
Figure 7
Lower lingual bonding
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Figure 8
CBCT image showing the parallel opening of the midpalatal
suture after expansion
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As the maxillary contraction was severe, a second TSE was
planned to overcorrect the transversal diameters of the upper
arch. The activation protocol still comprised one round for each
expansion screw per day, up to the maximum allowed. At the
end of this first orthopaedic phase, the palatal vault changed its
aspect, becoming wider in all its length. The expansion reached
is totally skeletal, confirmed by the wide opening of the anterior
diastema. As figure 8 shows that the 8 mm of expansion of the
Figure 9
Comparison pre- post-expansion
a: Frontal and upper occlusal view at the beginning of treatment, at the end of the firs

b: CBCT pre- and post-treatment.

6

two screws, produced the opening of 7.20 mm in the posterior
and 6.55 mm in the anterior areas of the midpalatal suture.
Unfortunately, during the activation of the second expander, the
two miniscrews on the right folded, loosing part of their rigidity
and straightness (figure 9a). However, the upper jaw CBCT
performed at the end of the expansion (figure 9b) highlighted
that the opening of the median palatal suture was consistent
and parallel through its length (6.9 mm in average). The amount
of pure skeletal expansion was also very clear from the pre- and
post- comparison of the upper jaw CBCT.
In just two months, the severe open bite caused by an interfer-
ence of the right upper second molar improved thanks to the
partial relapse of the upper expansion and the achievement of
the alignment in the lower arch.
New digital scans were taken in order to start the second phase
of treatment and plan the indirect bonding of the upper lingual
appliance, given the aesthetic needs of the patient. The same
archwire sequence was conducted in both arches: 0.012 CuNiTi
and 0.014 CuNiTi for the alignment phase, 0.016 � 0.016 CuNiTi
and 0.018 � 0.018 CuNiTi for the levelling and coordination
phase. High collaboration with right sized class III elastics
was requested in the working phase to achieve good bicuspid
contacts, molar class I and an improved centring of the dental
midlines. A finishing phase was carried out with numerous
bends on 0.0175 � 0.0175 TMA arcs to give first- second-
and third order information where necessary. A Class III molar
relationship tendence remained on the left side, due to the
mandibular shift to the right. A possible correction was the
possibility of inserting a miniscrew placed on the left side of
the mandible and performing a total distalization. The midline
and left posterior relation would have improved, but it would
have been only a dentoalveolar compensation, not a solution to
the skeletal asymmetry.
t expansion and at the end of the second expansion.
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After 21 months from the first expander bonding, the ortho-
dontic appliance was removed, and a fixed lingual retainer was
added in the upper arch, in addition to removal essix to wear at
night in the lower arch.
Figure 11
Final dental casts

C

Treatment result
At the end of the orthodontic treatment, extraoral examination
highlighted a great improvement of the overall aesthetic and
smile appearance, thanks to the total elimination of lateral black
corridors and the achieved ideal incisors' exposure. The skeletal
mandibular deviation towards right was inevitably still present,
whilst the profile has improved thanks to a better projection of
the upper lip after expansion (figure 10).
Figure 10
Final extraoral and intraoral photographs
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Figure 12
A-C. Maxillary transverse width before the beginning of treatment, at the end of the first orthopaedic phase and at the end of the
lingual orthodontic treatment

Figure 13
Final panoramic and lateral cephalometric X-rays
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Even though we appreciated on intraoral examination that
partial dental compensation of the deviation of the mandibular
skeleton was achieved, the centring of the lower midline to the
upper was not perfect. Indeed, the sagittal relationship of class I
was obtained on both sides, although it remains weak on the
left at the end of the treatment.
The arches were aligned and levelled on the vertical plane, with
a correct anterior light contact thanks to the achieved ideal
anterior overjet and overbite ratios (figure 10).
As the final dental casts confirmed (figure 11), the severe
transversal constriction of the upper arch was corrected, with
the resolution of the initial bilateral crossbite.
The transversal canine and molar diameters increased after
skeletal expansion, and then stabilized after orthodontic
8

treatment. A wider and more oval dental arch form resulted
from the pure skeletal expansion obtained (figure 12).
On the final panoramic radiograph, the remains of the previously
extracted impacted third molars could be seen. The cephalo-
metric analysis done on the final latero-lateral teleradiography
(figure 13) highlighted a slight improvement of skeletal class III
(Wits: �4,2 mm). Thanks to the great increase of space avail-
ability after maxillary expansion, the upper incisors alignment
was performed with a normalization of their inclination with
respect to the palatal plane (U1-pp: 111.38). A slight inferior
dental Class III compensation is confirmed from the decrease of
IMPA value (table I).
Superimpositions of pre- and post-treatment cephalometric
tracings, generated according to the methodology developed
tome xx > 000 > xx 2020
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Figure 14
Structural general and local superimpositions of Pr. Arne Björk (stable anatomical structures of the anterior cranial base: � The inner
contour of the anterior wall of the sella turcica. � The mean intersection point of the lower contours of the anterior clinoid processes
and the contour of the anterior wall of saddle, i.e., Walkers's point. � The anterior contours of the middle cranial fossae. The contours
of the bilateral fronto-ethmoidal crests. � The cerebral surfaces of the orbital roofs. Stable structure in the maxilla: The anterior
contour of the zygomatic process). Stable structures of the mandible: � The anterior contour of the chin. � The inner cortical structure
at the inferior border of the symphysis. � Trabecular structures related to the mandibular canal.)

Figure 15
1-year follow up intraoral photographs
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TABLE I
Comparison of cephalometric values before and after treatment.

*Horizontal skeletal* Norm Pretreatment Posttreatment

SNA (8) 82.0 � 3.5 77.8 81.8

SNB (8) 80.0 � 3.0 75.7 77.3

ANB (8) 2.0 � 2.4 2.3 4.4

Maxillary Skeletal (A-Na Perp) (mm) 0.0 � 3.1 �1.0 �1.5

Mand. Skeletal (Pg-Na Perp) (mm) �4.0 � 5.3 �4.9 �10.2

Wits appraisal (mm) 0.0 � 1.0 �6.6 �4.2

*Vertical skeletal* Norm Pretreatment Posttreatment

FMA (MP-FH) (8) 26.6 � 5.0 33.3 35.4

MP - SN (8) 33.0 � 6.0 44.9 42.2

Palatal-Mand Angle (8) 28.0 � 6.0 31.0 32.7

Palatal-Occ Plane (PP-OP) (8) 10.0 � 4.0 11.7 13.9

Mand Plane to Occ Plane (8) 17.4 � 5.0 19.4 18.8

*Anterior dental* Norm Pretreatment Posttreatment

U-Incisor Protrusion (U1-APo) (mm) 6.0 � 2.2 9.0 5.9

L1 Protrusion (L1-APo) (mm) 2.0 � 2.3 5.3 3.3

U1 - Palatal Plane (8) 110.0 � 5.0 117.1 111.3

U1 - Occ Plane (8) 57.5 � 7.0 51.2 54.8

L1 - Occ Plane (8) 72.0 � 5.0 71.1 73.8

IMPA (8) 95.0 � 7.0 89.6 87.4
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by Arne Bjork [18,19], confirmed the dento-alveolar corrections
(figure 14) and the inclination of the upper incisor has been
reduced until its normalisation.
One-year follow up intra-oral photographs highlighted the great
stability of the skeletal expansion performed. The class I inter-
cuspation has also improved, especially in the left size, with
closer occlusal contacts (figure 15).

Discussion
The evidence of the efficacy of rapid maxillary expansion is
strongly related to the age in which the orthopaedic expansion
is performed [20]. To obtain a satisfactory result, the skeletal
expander has to be effective not only in separating the mid-
palatal suture, but also the circummaxillary sutures. These struc-
tures show greater resistance to expansion with age; thus, in
adult patients RPE produces predominantly dentoalveolar
effects, and may cause severe periodontal damages [21]. In
10
the previous case report, it was shown that miniscrews-assisted
RPE could offer an alternative approach for expanding the basal
bone without surgical intervention in adult patients with a pure
skeletal anchorage.
In this regard, Lim et al. [9] showed that the proportion of
skeletal expansion immediately after the end of the activation
with MARPE, was comparable to that previously reported in
adolescents with tooth-borne RPE and after SARPE. However,
because of the resistance of the midpalatal and circummaxillary
structures during expansion, stress would continue to increase
until the opening of the midpalatal suture, which might result in
dental and alveolar tipping, and deformation of the appliance.
For this reason, planning the position of the four miniscrews on
the CBCT represents the only way to ensure a stable skeletal
anchorage to support the application of the great forces needed
to open the midpalatal suture in an adult patient [11]. To have a
higher primary stability and lower risk of bending in the
tome xx > 000 > xx 2020
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activation of the appliance, we research a tricortical anchorage
in the initial planning, by involving the palatal plate, the cortical
of the maxillary sinus and last the nasal floor.
The appliance chosen is called Tandem Skeletal Expander and is
characterized by the simultaneous presence of two expansion
screws, supported by four miniscrews inserted with a 3D surgical
guide, properly fitting the palate morphology (MAPA System),
[11]. The four miniscrews digital planification on the initial CBCT
gains great importance in this case where the palatal vault is
narrow and high. As the palatal configuration forced to inserted
the four miniscrews with an increased inclination and very
closed to each other, the use of a single expansion screw off-
centred in the palate could have exposed the appliance to
excessive mechanical stress [12]. The advantage of the TSE
respect to other MARPE, is that overcomes these biomechanical
difficulties and allows an increased resistance to deformation
because of the presence of two off-centre expansion screws
[13].
The expansion screws are activated in the same time to obtain a
parallel opening of the median suture in all its length, as the
CBCT performed after confirms (figure 13).
1-year follow up confirmed the great stability of the final out-
comes and suggested that a pure bone-borne expander could be
used as an effective tool for correcting maxillomandibular trans-
verse discrepancies in young adults. This is also confirmed by
previous studies which analysed cone-beam computed tomog-
raphy (CBCT) images acquired before, immediately after and
1 year after expansion [9].
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Conclusions
The Tandem Skeletal Expander design and the expansion pro-
tocol applied allowed to obtain a significant and stable skeletal
increase of transversal diameters, with lower risks and costs
than other surgical approaches.
The CBCT control after expansion confirms that the opening of
midpalatal suture was obtained in all its length, with a parallel
and stackable trend from the anterior to the posterior maxillary
region.
The digital planning of the insertion of miniscrews first and the
lingual bonding next represented a key factor for the treat-
ment's success.
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Maria Cristina Ansaloni: clinical patient treatment.
Antonio Cremonini: clinical patient treatment.
B. Giuliano Maino: contributed in the treatment planning
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Emanuele Paoletto: orthodontic technician.
Federica Pellitteri: did the article text production.
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