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In the present case report, we present and discuss the digital workflow involved in the orthodontic/orthognathic combined
treatment of a skeletal malocclusion correction in a 17-year-old male patient affected by a skeletal class III, facial asymmetry,
sagittal and transversal deficiency of the medium third of the skull, dental crowding, and bilateral cross-bite. The first stage of the
treatment involved surgically assisted rapid palatal expansion and occlusal decompensation, using fixed self-ligating appliance.
An orthodontic software package (i.e., Dolphin 3D Surgery module) was used to perform virtual treatment objective evaluation
by integrating data from cone beam computer tomography acquisition, intraoral scan, and extraoral photographs. The software
allowed a comprehensive evaluation of skeletal, dento-alveolar, and soft-tissue disharmonies, qualitative and quantitative
simulation of surgical procedure according to skeletal and aesthetic objectives, and, consequently, the treatment of the
malocclusion. Using a specific function of the software, the surgical splint was designed according to the pre-programmed
skeletal movements, and subsequently, the physical splint was generated with a three-dimensional (3D) printing technology.
Once a proper occlusal decompensation was reached, a Le Fort I osteotomy of the maxilla and a bilateral sagittal surgical
osteotomy of the mandible were executed to restore proper skeletal relations. The whole treatment time was 8 months. The
orthodontic/orthognathic combined treatment allowed to correct the skeletal and the dental imbalance, as well as the
improvement of facial aesthetics. Accordingly, the treatment objectives planned in the virtual environment were achieved.
Virtual planning offers new possibilities for visualizing the relationship between dental arches and surrounding bone and soft
structures in a single virtual 3D model, allowing the specialists to simulate different surgical and orthodontic procedures to
achieve the best possible result for the patient and providing an accurate and predictable outcome in the treatment of challenging
malocclusions.

1. Introduction

Conventional orthognathic surgery plan includes clinical
examination and diagnostic tools, such as lateral cephalomet-
ric radiographs, plaster models, face-bow, articulators, and
photographs [1]. However, traditional planning procedure

based on plaster casts neglects the anatomical information
of the whole skull, which, in patients with severe deformities,
could leave a variation with unpleasant consequences that
could lead to significant problems [2].

For these reasons, it would be useful to evaluate not only
the occlusion but also the facial soft tissues, jaws, and the


https://orcid.org/0000-0003-3769-9786
https://orcid.org/0000-0003-3059-4981
https://orcid.org/0000-0003-4267-6992
https://orcid.org/0000-0001-6086-2348
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6413898

underlying skeleton. Three-dimensional (3D) virtual imag-
ing and planning techniques offer the advantage of combin-
ing information from the soft tissues of the face, skeleton,
and dentition [3]. This technology allows surgeons to design
individually appropriate osteotomy plans and orthodontists
to evaluate different therapeutic scenarios in a virtual com-
puter environment. In particular, the possibility to integrate
3D models of maxillary and mandibular arches with the
reconstruction of the skull form cone-beam computed
tomography (CBCT) generates a virtual reliable patient’s rep-
resentation, with realistic reproduction of the skeletal and
soft-tissue changes determined by the planned surgery [4].
In the present case report, we present and discuss the
orthodontic/orthognathic combined treatment of a skeletal
malocclusion correction in a 17-year-old male patient
affected by a skeletal class III, facial asymmetry, sagittal
and transversal deficiency of the medium third of the skull,
dental crowding, and bilateral cross-bite. In particular, the
present study will be focused on the effectiveness and advan-
tages of integrating 3D digital technology, from virtual treat-
ment plan to computer-aided design and computer-aided
manufacturing (CAD-CAM) systems, in treating complex
cases, such as malocclusion requiring orthognathic surgery.

2. Materials and Methods

2.1. Diagnosis and Etiology. A 17-year-old male patient
attended an orthodontic consultation to evaluate his cranio-
facial dysmorphosis and to improve his smile and facial
appearance. The extraoral examination showed a severe
skeletal class III, a severe lower third facial lengthening with
an aging appearance, thin lips with little represented vermil-
lion, and an underdevelopment of the middle third. On a
frontal view, the face was asymmetrical with the labial com-
missure tilted higher from the left side, the chin dislocated to
the left, and emimandibular elongation on the right side
(Figure 1). The intraoral examination revealed a class III
with total reverse bite extending throughout the arch, a
transversely reduced maxilla, and a dental crowding in both
upper and lower arches. The superior median line was devi-
ated to the right and the inferior median line to the left
(Figure 2). No clinically evident signs or symptoms of tem-
poromandibular dysfunction were reported.

The analysis of the 3D models (TRIOS 3Shape A/S,
Copenhagen, Denmark) was performed to deeply investigate
the occlusal characteristics and the presence of abnormal
contacts (Figure 3).

Dental panorex showed impaction of both upper and
lower third molars (Figure 4).

The cephalometric analysis confirms a severe class III
malocclusion in a hyperdivergent type subject with the fol-
lowing values SNA 79.4°, SNB 85.3°, ANB -5.9°, WITS -17,
FMA (MP-FH) 29°, IMPA 71.9°, MP-SN 37.9. A soft-tissue
cephalometric analysis was also performed to investigate the
vertical and anterior-posterior (AP) projection of the lips
and soft-tissue components, according to Arnett. The analy-
sis revealed a severe soft-tissue imbalance according to the

following parameters: A" point —1.6, B' point 2.1, Pog’-Sn
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3.9, naso-labial angle (Col-Sn'-ULA) 117.7°, upper lip length
(Sn'-ULI)17.5 [5] (Figure 5).

CBCT examination was also performed to investigate the
entity of the skeletal disharmony, facial imbalance, the loca-
tion and extension of the mandibular asymmetry, and a pre-
liminary integrated evaluation of soft-tissue imbalance with
skeletal components. The CBCT scans were acquired using
Scanora 3Dx (Soredex, Tuusula, Finland) equipment with
the following machine settings: fold of view (FOV) 130 mm
x 145mm, 6.3 mA.

2.2. Treatment Goals. The objectives of the treatment were
the correction of both maxillary and mandibular crowding,
the correction of both sagittal and transverse skeletal dys-
morphosis up to the achievement of class I, and obtaining
an improvement in smile aesthetics and facial profile.

2.3. Treatment Alternatives. The first therapeutic option
involved a multibracket orthodontic treatment with 3.4
and 4.4 extraction, space closure, and resolution of the supe-
rior dental crowding. However, this treatment would not
allow to achieve an improvement in the profile and middle
third aesthetic and the reduction of class III skeletal maloc-
clusion as requested by the patient.

The second option included the miniscrew-assisted rapid
maxillary expansion for correction of the transverse maxil-
lary deficiency, supported by the application of miniplates
in the lower arch to manage class III correction with the
usage of inter-maxillary elastics. However, considering the
amount of the sagittal discrepancy as well as the patient’s
age, this approach would have not assured to reach the aes-
thetic expectations of the patient. The third option involved
a combined surgical-orthodontic treatment consisting on a
first approach with multibrackets therapy to decompensate
the dysmorphosis and a following maxillofacial surgery with
LE FORT I and BSSO (bilateral sagittal surgical osteotomy)
for the skeletal correction of the dysmorphosis. However,
this path would not permit an adequate transverse expan-
sion of the middle third, limiting the treatment of the skele-
tal imbalance to the sagittal and vertical component.

The fourth and last option involved a surgically assisted
rapid palatal expansion (SARPE) to correct the transverse
dimension of the upper jaw, followed by a combined
orthodontic-surgical treatment with maxillofacial interven-
tion. LE FORT I and BSSO as reported above.

The patient, supported by the parents, decided for the
third option, in order to correct the dento-skeletal dysmor-
phosis, asymmetry, aesthetic appearance, crowding, and
asymmetry. Patient signed an appropriate consent form for
the treatment option chosen and for the availability of sensi-
tive data.

2.4. Virtual Treatment Objectives (VTO). The virtual plan-
ning was performed with the orthodontic software Dolphin
3D Surgery module, according to the objectives defined by
the orthodontist and surgeon. A comprehensive icono-
graphic description of the digital workflow for orthognathic
surgery performed with the Dolphin 3D Surgery software is
fully documented in the Supplementary Materials.
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FIGURE 1: Pretreatment extraoral photographs: (a) right profile view, (b) full face, and (c) smiling.

In particular, the virtual skeletal movements were per-  to monitor the changes of specific cephalometric parameters,
formed according to the following parameters: (1) correction  the SNA angle in this case, during the simulation movement;
of the midlines; (2) correction of the occlusal plane: down- (4) correction of the AP and vertical position of mandibular

ward pitch movement of the maxilla; (3) correction of AP jaw; (5) correction of the anterior facial proportion; (6)
position of the maxilla. In this regard, the software allows  achievement of soft-tissue balance [6, 7].
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FIGURE 2: Pretreatment intraoral photographs: (a) right lateral, (b) anterior, (c) left lateral, (d) maxillary occlusal view, and (e) mandibular

occlusal view.

2.5. Treatment Progress. First, the upper and lower third molars
were extracted in order to facilitate osteotomic surgical maneu-
vers, as well as repositioning and osteosynthesis maneuvers [8].

The first phase involves maxillary expansion with
SARPE, which consists of a surgical liberation of the sites

of resistance combined using orthopedic forces. In this
regard, intraoral scans (Trios 3Shape A/S, Copenhagen,
Denmark) were sent to an orthodontic digital laboratory
for the production of HYRAX maxillary expander, featuring
bands on 1.6 and 2.6 and with arms extended to the second
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FIGURE 3: Pretreatment digital dental casts.

FIGURE 4: Pretreatment panorex.

molars 1 mm above the gingival margin. The appliance was
cemented with glass ionomer cement (KETAC 3M, Saint
Paul, MN, USA) 2 days before surgery (Figure 6).

The surgical procedure was performed in the surgery
unit of private dental office in Catania; patient underwent

conscious intravenous sedation, successfully managed by an
experienced anesthetist, in order to reduce intraoperative stress.
General anesthesia has been usually advocated for these proce-
dures, with the concern that pterygomaxillary disjunction was
too traumatic to be performed under sedation. However, recent
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Group/Measurement Value Norm Std Dev Dev Norm

* HORIZONTAL SKELETAL *
SNA (°) 79.4 g2.0 3.5 -0.8
SNB (°) 85.3 80.0 3.0 1.8 %
ANB (°) -5.9 2.0 2.4 =3 .35 AxX
Maxillary Skeletal (A-Na Perp) (mm) -1.8 0.0 3. -0.6
Mand. Skeletal (Pg-Na Perp) (mm) 13.4 -4.0 5:3 3.3 xx%
Wits Appraisal (mm) -17.0 0.0 1.0 =17.0 XAANRA

* VERTICAL SKELETAL *

FMA (MP-FH) (°) 29.0 26.0 5.0 0.¢

MP - SN (°) 37.8 33.0 6.0 0.8
Palatal-Mand Angle (°) 8.5 8.0 6.0 0.1
Palatal-Occ Plane (PP-OP) (°) 8.0 10.0 4.0 -0.5
Mand Plane to Occ Plane (°) 20.5 S.¢ 5.0 0.4

Mx occlusal plane (MxOP-Na Perp) (°) 98.5 85.0 1.4 2.5 %%

A ANTERIOR DENTAL *

IMPR (°) TL:8 95.0 7.0 -3.3 Aax
U-Incisor Protrusion (Ul-APo) (mm) -1.7 .0 2.2 =3.5 ¥kk
Ul - NA (mm) 4.9 4.3 284 0.2

Ul - NA (°) 29.5 22.8 57 T2k
Ll - NA (mm) 11.8 4.0 2.0 3.8 %%
L1 - NA (°) 9 't 25.0 5.0 =3.2 A%
L1 Protrusion (L1-APo) (mm) 5.4 2.0 2.3 LS4
Interincisal Angle (Ul-L1) (°) 141.4 135.0 6.0 P8 [
Ul - Palatal Plane (°) 118.3 110.0 5.0 e
Ul - Occ Plane (°) 5357 59.0 7.0 -0.8
Upper Lip to E-Plane (mm) -13.1 -2.0 2.0 =2.6 XX
Lower Lip to E-Plane (mm) -4.9%9 -2.0 2.0 -1.5 *
L1 - Occ Plane (°) 8747 72.0 920, 3.1 *Ax%
Nasolabial Angle (Col-Sn-UL) 140.3 N/A N/R N/A
Soft tissue A pt to SnV (mm) 542 -2.0 N/A N/A
Soft tissue B pt to SnV (mm) -4.1 -5.0 N/A N/A
Upper lip anterior (ULA - Sn Vertical) (mm) -1.1 3.0 1.0 e 0 SRR
Lower lip anterior (LLA - Sn Vertical) (mm) 3Gk 3.0 1.0 0.1
Soft tissue B pt to SnV (mm) -4.1 -5.0 N/A N/A
Soft tissue Pogonion - Sn-7 (mm) 115.9 N/A N/A N/A
Soft tissue Lower lip - Sn-7 (mm) g1.0 N/A N/A N/A

(b)

FIGURE 5: Pretreatment cephalometric analysis (value, norm, standard, deviation, and deviation norm).
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(e)

FIGURE 6: Surgical procedures: (a) osteotomy underneath the zygomatic process bilaterally, (b) osteotomy in the anterior median region, (c)
suture, and (d and e) HYRAX maxillary expander pre- and post-activations.
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FIGURE 7: Pre-surgery extraoral photographs: (a) right profile view, (b) full face, and (c) smiling.

skeletonization (mucoperiosteal incision and dissection) of
the right and left alveolar processes was executed. Osteot-
omy margins were executed (1) underneath the zygomatic
process bilaterally and (2) in the anterior median region, in

evidences have suggested that conscious intravenous sedation is

adequate to avoid patient stress experience during SARPE [9].
Infiltration anesthesia (articaine) was administered

throughout the upper maxilla at the fornix level; afterward,
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FIGURE 8: Pre-surgery intraoral photographs: (a) right lateral, (b) anterior, (c) left lateral, (d) maxillary occlusal view, and (e) mandibular

occlusal view.

proximity to the anterior nasal spine, exactly 1 cm above the
interproximal contact point between central upper incisors
(Figures 6(a)—(c)). A straight dental elevator was used to
perform paramedian surgical distraction of the maxilla.
The surgical technique used sought to attain a balance
between maximum mobilization of the maxilla with a com-
plete liberation of all the buttresses and minimum morbidity
to avoid further complications.

Afterwards, 10 activations of the expander screw were
administered (Figures 6(d) and 6(e)). Two activations per

day were performed until the screw was completely open
(10mm); once the activations were completed, the screw
was blocked with passive stainless steel (SS) 0.010 mm. After
6 months of retention, a fixed 0.022 self-ligating appliance
with the Damon prescription (Ormco, Orange, CA, USA)
was bonded on the buccal surface of all erupted teeth.

Both maxillary and mandibular arches were treated with
the same arch-wire sequences, that is, 0.014 Cu 155 NiTj,
0.018 Cu NiTij, 0.014 x 0.025 Cu NiTij, 0.018 x 0.025 NiTj,
0.017 x0.025 TMA, and 0.019x0.025 SS posted. This
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FIGURE 10: Final splint: (a) STL files and (b) transparent biocompatible resin.

arch-wire sequence allowed to achieve alignment, leveling,
and coordination of the arches, up to pre-surgical prepara-
tion with SS rigid arches. In particular, the combination of
self-ligating brackets and thermal NiTi arch-wires generates
a low-force range biomechanics system, which allow the cor-

rection of the dento-alveolar discrepancy without causing
periodontal iatrogenic damage [10, 11].

Once the arch-wire sequence was completed (with fully
transmission of brackets prescription) and dento-alveolar
transverse and sagittal compensation eliminated, a pre-
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FIGURE 11: Post-treatment extraoral photographs: (a) right profile view, (b) full face, and (c) smiling.

surgery diagnostic check-up was performed, including the
acquisition of new extraoral and intraoral photographs
(Figures 7 and 8; Supplementary Figure 1), intraoral scans
(Figure 9), and CBCT scans with large FOV [12]. The intraoral

and CBCT scans were imported into Dolphin 3D Surgery
module and matched in order to obtain a virtual model of the
patient’s skull with the dental arches in high definition.
Moreover, the software allows to integrate the extraoral patient
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FIGURE 12: Post-treatment intraoral photographs: (a) right lateral, (b) anterior, (c) left lateral, (d) maxillary occlusal view, and (e) mandibular

occlusal view.

photographs in frontal view with the surface of the 3D rendered
skull model, allowing a comprehensive evaluation of patient
skeletal and soft-tissue characteristics before planning virtual
surgical jaw movement (Supplementary Figures 2-4).

Once the final position of both jaws was defined, the “Splint
tool” function of the 3D Dolphin software was used to design a
digital intermediate splint and final splints with the insertion of
the holes for intermaxillary fixation (Figure 10(a)). In particu-
lar, the tool allows selecting the width, thickness, and other
parameters of the splint based on your treatment plans. All

splint data files were generated in industry-standard STL files"
to be exported for final prototyping process.

The splints (file .STL) were prototyped with FORMLAB
3D printer (SLA technology, FORMLAB, Somerville, MA,
USA) in transparent biocompatible resin (Surgical Guide
Resin) with 50 yum of layer thickness (Figure 10(b)). The
post-curing process was managed according to the manufac-
turer’s instructions.

The surgical procedure follows the pre-planned settings
for LE FORT I and BSSO approaches for the skeletal
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FIGURE 13: Post-treatment digital casts.

correction of the dysmorphosis, and finalized with osteo-
synthesis plates and screws. After the healing of soft tissues,
an 8-week home physiotherapy is scheduled to increase
speech, chewing, and joint mobility. 10 months after maxil-
lofacial surgery, the case is concluded with rubber bands to
increase the intercuspation and finishing arches. The
restraint is carried out with upper and lower permanent
splint and Essix~ appliance during the night.

3. Results

The post-treatment records showed a significant enhancement
of both skeletal and dento-alveolar parameters; in particular,
facial photographs showed a remarkable improvement in the
patient smile and facial aesthetics (Figures 11-15). The com-
parison between post-treatment and pre-treatment lateral
cephalogram revealed that hyperdivergent skeletal pattern
(long face) was corrected to normo-divergency on the sagittal
plane, with a significant improvement in the ratio between
anterior and posterior facial heights, while on the frontal plane,
the facial proportions follow the golden proportions of the face
(Figure 16, Supplementary Figures 5-7) (Figure 17).

The final cephalometric analysis illustrates the changes
achieved by the orthodontic and the surgical treatment. In this
regard, it was obtained a correction and normalization of the
previous cephalometric values: SNA 83.2° (79.4°), SNB 82.3°
(8539, ANB 1° (=5.9°), WITS —5.7 (~17), FMA (MP-FH)
30.1° (29°), IMPA 84.5" (71.9°), MP-SN 38.6° (37.9°). The
improvement involved not only the skeletal part but also all
the aspects related to aesthetics and soft tissues, which now
appear very well proportionate in line with the current bench-
marks: A’ 210 point —2.4 (~1.6), B point —10.7 (2.1), Pog’-Sn
—5.8 (3.9), naso-labial angle (Col-Sn'-ULA) 122° (117.77),
upper lip length (Sn’-ULI) 20.5 (17.5; Figure 14). The superim-
position of pre-treatment and post-treatment cephalograms
show the effectiveness of the combination of orthognathic sur-
gery and orthodontic treatment in this patient (Figure 17).

The final orthopantomography shows adequate parallel-
ism and absence of significant root resorption (Figure 15).
The final models and intraoral photos show a class I canine
with normalization of overjet and overbite, with the achieve-
ment of an incisive and canine guide. However, the crowd-
ing correction did not predispose to the proinclination of
the incisors or periodontal problems (Figures 12 and 13).
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Group/Measurement Value Norm 5Std Dev Dev Norm

¥ HORIZONTAL SKELETAL *
SNA (%) 82.6 82.0 2.5 0.2
SNB (°) 8l.¢6 g80.0 3.0 0.5
ANB (%) 1.1 2.0 2.4 -0.4
Maxillary Skeletal (A-Na Perp) (mm) l.6 1.0 3.1 0.2
Mand. Skeletal (Pg-Na Perp) (mm) 79 =-2.0 5:3 1.8 »
Wits Appraisal (mm) -6.9 -1.0 1.0 =5.9 ¥hkAX

¥ VERTICAL SKELETAL *
FMA (MP-FH) (%) 30.3 26.0 5.0 0.9
MP - SN (°) 39.3 33.0 6.0 1.0 *
Palatal-Mand Zngle (°) 32.6 28.0 6.0 0.8
Palatal-Occ Plane (PP-0PB) () 11.2 10.0 4.0 6.3
Mand Plane to Occ Plans (°) 21.5 18.¢6 5.0 0.6
Mx occlusal plane (MxOP-Na Perp) (°) 8.8 95.0 1.4 2.7 *%

¥ BNTERICR DENTAL *
U-Incisor Protrusion (Ul-APo) (mm) 4.9 6.0 2.2 -0.5
Ll Protrusion (L1-APc) (mm) 2.3 1.0 2.3 0.¢
Ul - Palatal Plane (°) 112.4 110.0 5.0 0.5
Ul - Occ Plane () 56.5 559.0 7.0 -0.4
L1 - Occ Plane (°) 73.9 72.0 5.0 0.4
IMPL (°) 84.7 95.0 7.0 -1.5 ¥
Subnasale - ST Menton 77.1 N/A N/A N/A
Soft tissue A pt to SnV (mm) 6.2 -2.0 N/A N/A
Soft tissue B pt to SnV (mm) -10.9 -5.0 N/A N/A
Upper lip anterior (ULA - Sn Vertical) (mm) -1.2 3.0 1.0 -4.,2 KhAN
Lower lip anterior (LLA - Sn Vertical) (mm) -3.2 1.0 i I 4,2 Nhaw
Soft tissue Lower lip - Sn-7 (mm) 83.5 N/A N/A N/A
Soft tissue Pogonion - Sn-7 (mm) 110.5 N/A N/A N/A

()

FIGURE 14: Post-treatment cephalometric analysis (value, norm, standard, deviation, and deviation norm).
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F1GURE 15: Post-treatment panorex.
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FIGURE 16: Post-treatment and pre-treatment lateral cephalogram.

The new position of the upper jaw has improved the
frontal exposure of the incisal group, restoring muscle tone
to the upper lip, which appears well balanced both in frontal
and lateral views with a preserved and improved labial
competence.

The choice of the combined treatment has achieved all
the objectives set, and the patient is satisfied of the aesthetic,
functional, and chewing results obtained. The total treat-
ment time was 34 months.

4. Discussion

The present case report shows a patient with severe dysmor-
phosis, in which non-surgical treatment would have not be
able to achieve the correction of the dento-facial objectives.
Orthognathic surgery allows the correction of skeletal jaws
and facial disharmonies and the associated malocclusion,
ensuring also aesthetic changes and other benefits, such as
chewing, breathing, and speech improvement.
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1. Digitized Lateral Ceph, (12/01/2015), Initisl
2 Digitized Latersl Ceph, (19/092017), Finsl

FIGURE 17: Comparison between post-treatment and pre-treatment lateral cephalogram by anatomical superimposition.

The first treatment phase involved the SARPE, according
to the diagnosis of maxillary transverse skeletal discrepancy.
In this regard, it could be argued that microimplant assisted
rapid palatal expansion would have provided skeletal open-
ing of the midpalatal suture with less invasive procedure
[13, 14], increasing the skeletal and dento-alveolar maxillary
diameters. However, SARPE, even if it is associated with
more complex and longer post-operative stage, is the most
stable procedure in the long term since it favors an expan-
sion only of the alveolar processes, not affecting other adja-
cent maxillary sutures [15].

The second treatment phase involved the orthognathic
surgery for the correction of sagittal/vertical skeletal maloc-
clusion, and we referred to digital technology and 3D imag-
ing techniques for preliminary evaluation of the surgical
movements of the jaws. In this regard, virtual planning offers
new possibilities to visualize the relationship between dental
arches and surrounding bone structures in a single virtual
model. This approach offers several advantages over conven-
tional planning, including a diagnostic evaluation performed
on a 3D virtual model [3]. Virtual 3D planning allows the
surgeon and orthodontist to simulate different surgical pro-
cedures to obtain the best possible result for the patient, tak-
ing into account both skeletal and soft-tissue components,
which is fundamental for predicting and achieving adequate
aesthetic results [4]. 3D virtual planning facilitates the
assessment and correction of the centric relationship in the
temporomandibular joint, limiting pre-contacts and post-
surgical dislocations; virtual 3D planning is a valuable edu-
cational information tool for both the patient and the clini-
cal area [16-18].

For the present case report, we used the Dolphin 3D
Surgery software to perform virtual treatment planning. In
this regard, the virtual positioning method of the jaws for
surgery determines intraoperative success, especially in the
prediction of displacement, compared with classic VTO sys-
tems and management of gypsum models for several rea-
sons. In fact, this tool permits both planning and
presentation of the case showing the patient’s skeletal and

facial changes in real time and providing a precise surgical
guidance [19].

Comparing the photo of the 3D simulation with the final
result obtained after the orthodontic-surgical treatment, a
significant correspondence of the lateral profile is evident.
This is an example of how virtual treatment planning can
be reliable in a clinical setting; future studies are warmly
encouraged to comparatively assess the planned and post-
treatment craniometric and photographic parameters as well
as the 3D radiographic parameters.

In computer-aided surgical simulation systems, the vir-
tual occlusal plane is transferred to the patient using surgical
splints, which can be fabricated directly using CAD-CAM
techniques [20]. In this case, we used 3D printed surgical
splints since prototyping technology has been found to be
accurate in producing occlusal devices [21-24]. One of the
main advantages of prototyped splints is the possibility to
select the width, thickness, and other parameters of the
splint based on the treatment plans. Afterward, an interme-
diate splint can be created for the positioning of the maxilla
or mandible, according to the order of surgery preferred, and
finally, a final splint is generated.

All splint data files are generated in dental and non-
dental industry standard .STL files, in order to be produced
by the printing process with certified and biocompatible
resins. The possibility to directly prototyping surgical splints
streamlines the entire digital workflow as well as assures
comfortable and accurate occlusal appliance.

5. Conclusions

The orthodontic/orthognathic combined treatment allowed
to correct the skeletal and the dental imbalance, as well as
the improvement of facial aesthetics. Virtual planning allows
visualizing the relationship between dental arches and sur-
rounding bone and soft tissues in a single virtual 3D model;
thus, the specialists can simulate different surgical and
orthodontic maneuvers to achieve predictable outcomes in
the treatment of challenging malocclusions.
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Abbreviations

SARPE: Surgically assisted rapid palatal expansion

VTO: Virtual treatment objectives

CBCT: Cone beam computer tomography

BSSO: Bilateral sagittal split osteotomy

3D: Three-dimensional

CAD-CAM: Computer-aided drafting-computer-aided
manufacturing

FOV: Field of view

AP: Anterior-posterior

SS: Stainless steel

MARPE: Microimplant assisted rapid palatal expansion.
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Supplementary Materials

Supplementary Figure 1. On the 3D Surgery module, the
first step consists in delimiting the reference areas on the
virtual OPT: right and left maxilla, right and left body and
mandibular branch. Supplementary Figure 2. The software
generates the STL file of this anatomical areas that must
be cleaned (eliminating the external areas) in order to have
an anatomical section of the part that have to be moved.
Supplementary Figure 3. Mandibular and maxillary. STL file
with teeth in high definition. Supplementary Figure 4. Once
the virtual anatomical pieces have been obtained, the
desired osteotomy lines are determined: in this case is made
a Le Fort I for the maxilla and a BSSO for the mandible.
Supplementary Figure 5. At this point, it is necessary to
have the software recognize the cephalometric points by
assigning skeletal and soft-tissue points by performing the
3D cephalometry, the software producing the traces and it
is possible to start managing. Malocclusion. Supplementary
Figure 6. Now everything is ready to plan the displace-
ments. In this clinical case, the upper jaw is first moved as
it would be done during the surgery; the software in the
associated screen shows the real-time result of the move-
ment performed and determines the three-dimensional
parameters by recording them, including the variation in
the soft tissues. Then the mandibular position is corrected
too. This step can be managed manually or with the auto-
matic function PIGGY BACK: the intraoral scan can also
be done on the models and acquired in post correction cen-
tric occlusion. The software drags the teeth and the mandi-
ble according to the previously recorded occlusion. This
system seems to be the best for having the most reliable
and predictable guidance of case management. Supplemen-
tary Figure 7. Digital design (CAD) of prototyped surgical
splint, according to the simulated surgical movements.
(Supplementary Materials)
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