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Background: We aimed to describe a protocol and related surgical treatment for
mentoplasty using virtual surgical planning (VSP) and piezosurgery.

Methods: Twelve patients requiring mentoplasty underwent VSP based on preop-
erative computed tomography. Virtual osteotomy was defined and the bone frag-
ment was repositioned. Cutting and repositioning guides were exported as STL
files and created using a 3-dimensional (3D) printer with biocompatible material.
Plates were preblended on the printed model. Postoperatively, morphometric
analysis was performed by comparing the planned and postoperative 3D models:
distance between the apex of the cusp of 43 and 33 and lower edge of the chin; dis-
tance between the lower edge of the right and left mental foramen and osteotomy;
and distance between the mandibular lingual fossa and pogonion.

Results: Six cutting guides were made composite and six were monobloc. The
repositioning guides were all made monobloc. No adverse intraoperative events
were observed. Postoperative transient hypoesthesia was reported in 1 case. The
average distance between the planned and postoperative 3D models of the chin
was recorded in translation (1.91mm), rotation (right, 1.38 mm; left, 1.30 mm),
and cranial-caudal repositioning (right, 1.39 mm; left, 1.23 mm). VSP and 3D print-
ing have improved surgical precision and reproducibility; they help the surgeon
decide the extent of chin movement and the most suitable type of surgical guide
in advance.

Conclusions: Mentoplasty using 3D-printed guides and piezosurgery is simple,
accurate, and safe. The costs of guide production are reduced using 3D print-
ers by approximately €400—€800 per case compared with industrial printers. (Plast
Reconstr Surg Glob Open 2025;13:¢7218; doi: 10.1097/GOX.0000000000007218;
Published online 24 October 2025.)

INTRODUCTION

Mentoplasty and genioplasty are common surgical
procedures. Genioplasty not only allows correction of
chin deformities but is also a complementary procedure
to orthognathic surgery, which allows the restoration of
the structural and functional harmony of the middle and
lower third of the face.'™

The first surgeon to perform mentoplasty on a cadaver
using an extraoral approach was Otto Hofer.” Gillies
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and Millard" used the same extraoral approach on a liv-
ing individual. However, Trauner and Obwegeser'' were
responsible for the first codified genioplasty using an
intraoral approach to achieve advancement of the chin.
The relative simplicity of mentoplasty hides techni-
cal difficulties that can affect morphofunctional results.
The presence of a bone with high density and cortical-
ization (type D1) can increase osteotomy time, making
it more difficult. The proximity of the mental neurovas-
cular bundle and root tips of the dental elements, high
vascularization of the anterior oral floor, and presence of
muscular bundles of the mental muscles represent ana-
tomical obstacles that must be considered during men-
toplasty. Finally, correct repositioning and fixation of the
symphyseal bone segment must be considered to obtain
symmetry of the lower third of the face and adequate sup-
port for the soft tissues.® Mentoplasty is always performed
based on preoperative assessments, such as imaging and
cephalometric and clinical analyses. Surgery has been
conventionally performed freehand, with surgical drills
and the chin fixed using non-premodeled plates." This
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procedure introduced a series of errors. The acquisition
of DICOM files from a patient’s computed tomography
(CT) scans has allowed improvement by creating virtual
surgical planning. The simulation file can be converted
into STL data."™'*

From this data, custom-made 3-dimensional (3D) cut-
ting and, in some cases, repositioning guides can be cre-
ated; this has allowed, with the aid of piezosurgery, greater
predictability of the results, thereby reducing operator-
dependent errors and peri- and postoperative morbidity.
However, the scientific validation of these guides remains
debated.2,f5,1f5,13—2()

We aimed to develop a minimally invasive proto-
col to reduce perioperative complications; improve the
surgeon’s performance and the postoperative recovery
period (hematomas, edema, additional pharmacological
support, and length of hospital stay); assess different cut-
ting and repositioning guide shapes to facilitate the sur-
gery; and apply surgical drilling instruments to assess the
postoperative surgical results.

MATERIALS AND METHODS

Patients and Inclusion Criteria

This study was conducted over a 24-month period
and involved 12 patients who underwent surgery at the
Division of Maxillofacial Surgery, Citta Della Salute e Della
Scienza University Hospital (Turin, Italy).

The inclusion criteria were as follows: patients who
required mentoplasty under general anesthesia, comple-
mentary or otherwise to orthosurgical procedures for
dentoskeletal malocclusions. All patients provided
informed consent.

After the patient agreed to undergo mentoplasty, CT
was performed for 3D reconstruction. This was used to
assess chin morphology, which allowed planning of oste-
otomy and expected movements during surgery. An
overview of the characteristics of patients is shown in
Table 1.

Preoperatively, an objective dental examination was
conducted on the vitality of single-rooted dental elements
33-43 and a neurological objective examination of the
sensitivity of the innervation territory of the right and left
mental nerves. Perioperatively, the duration of surgery
and the possible occurrence of intraoperative adverse
events (nerve, vascular, and dental lesions) were recorded.

Two operators performed the mentoplasties.
Postoperatively, dental and neurological physical exami-
nations were performed. Fullface cone-beam CT was
performed postoperatively to verify the correspondence
between the planning and surgical intervention.

Procedures: Planning

1. Virtual model: Medical image data (DICOM) from
a preoperative CT scan of the patient’s mandible
were imported into the Mimics Innovation Suite
(Materialise, Leuven, Belgium) to segment the anat-
omy and create accurate 3D models. The 3D models
were then exported as STL files.

PRS Global Open ¢ 2025

Takeaways

Question: What is an application of virtual surgical plan-
ning and piezosurgery in mentoplasty?

Findings: Our findings demonstrated that mentoplasty
performed with printed cutting and repositioning guides
is a safe, predictable, and simple procedure.

Meaning: Three-dimensional -guides and piezosurgery
can obtain the best functional and aesthetic results in
mentoplasty with a multidisciplinary approach.

2. Virtual osteotomy: STL files were imported into
PROPLAN CMF (Mimics Innovation Suite). Through
the dedicated workflows of the software, the natural
head position was set, the osteotomy for genioplasty
was defined, and the bone fragment was repositioned
by setting rotations and translations to simulate the
desired position of the chin.

The planes for osteotomy were determined. The stud-
ies began with the identification of the mandibular struc-
tures, and then the osteotomy line was drawn according to
the surgeon’s indications, considering the position of the
mental foramen and teeth (Fig. 1). Once the virtual plan-
ning was validated, the final models exported from the
PROPLAN CMF were imported to SolidWorks (Dassault
Systémes, Vélizy-Villacoublay, France) to model the cut-
ting and repositioning guides using a parametric feature-
based approach.

3. Guide design: After defining the thickness of the
mandibular plane, the solid mandible was subtracted
to create a thick osteotomy plane that could be fitted
to the outer surface of the mandible. Two types of cut-
ting guides were planned: composite and monobloc.
The composite was made up of 2 pieces and planned
based on the anatomical fit of the mandible using
three anatomical landmarks: the lower interincisive
midline and the right and left mandibular borders.
The mandible was fixed with 2 holes and 2 screws
(Fig. 2). The monobloc was made as a single piece
and was planned based on the anatomical fit of the
mandible using 2 anatomical landmarks: the lower
interincisive midline and the lower mandible border.
The mandible was fixed with 1 or 2 holes and screws
(Fig. 3).

The repositioning guides were planned for 1 piece.
They were fixed with 1 or 2 screws using the same holes as
the cutting guides (Figs. 4).

4. Manufacturing the surgical cutting guides: The vir-
tual cutting guides for genioplasty and repositioning
guides were exported as STL files and applied using
a 3D printer. In our in-hospital 3D laboratory, print-
ing was performed using a 3D printer (Formlabs,
Somerville, MA). BioMed Clear Resin (Formlabs), a
transparent and rigid 3D-printing material with bio-
compatibility, was selected for printing. Parts printed
with BioMed Clear Resin are compatible with com-
mon sterilization methods.
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Table 1. Clinical and Surgical Characteristics of Patients

Genioplasty Sur-
Patient Diagnosis Type of Surgery gery Time, min Required Osteotomy and Movements
1 Disgnatia (I dentoskeletal class) Le Fort+BSSO+genioplasty 63 Sliding osteotomy-anteroposterior
augmentation (8.35mm)
2 Disgnatia (III dentoskeletal class) Le Fort+BSSO+genioplasty 55 Sliding osteotomy-anteroposterior
augmentation (5mm)
3 Disgnatia (II dentoskeletal class) Le Fort+BSSO+genioplasty 52 Sliding osteotomy-anteroposterior
augmentation
(5mm)
4 Disgnatia (hemimandibular elonga-  Le Fort+BSSO+genioplasty 66 Asymmetrical osteotomy-anteroposterior
tion) augmentation
(1.9mm dx-5mm AP)
5 Disgnatia (II dentoskeletal class) Le Fort+BSSO+genioplasty 48 Sliding osteotomy-anteroposterior
augmentation
(5bmm)
6 Disgnatia Le Fort+ 50 Sliding osteotomy-anteroposterior
(III dentoskeletal class) genioplasty augmentation
(5mm)
7 Disgnatia Le Fort+BSSO+genioplasty 40 Sliding osteotomy-anteroposterior
(IT dentoskeletal class) augmentation (8 mm)
8 Disgnatia (III dentoskeletal class) Le Fort+BSSO+genioplasty 46 Sliding osteotomy-anteroposterior
augmentation-vertical reduction
(3mm AP-5mm VR)
9 Disgnatia (II dentoskeletal class) Le Fort+BSSO+genioplasty 45 Sliding osteotomy-anteroposterior
augmentation (8 mm)
10 Disgnatia (III dentoskeletal class) Le Fort+BSSO+genioplasty 53 Sliding osteotomy-anteroposterior
augmentation
(5mm)
11 Disgnatia (II dentoskeletal class) Genioplasty 40 Sliding osteotomy-anteroposterior
augmentation
(10 mm)
12 Aesthetic reasons (III dentoskeletal ~ Secondary genioplasty 47 Sliding osteotomy-anteroposterior

class)

augmentation-vertical reduction
(bmm AP-3mm VR)

AP, antero-posterior; BSSO, bilateral sagittal split osteotomy; VR, vertical reduction.

Fig. 1. Virtual osteotomy.
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Fig. 2. Virtual composite cutting guide.

Fig. 3. Virtual monobloc cutting guide.
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Fig. 4. Virtual repositioning guide.

Fig. 5. Printed model with prebending plate.

5. Model surgery: The mandible with the osteotomy and
the final position of the chin were printed (model sur-
gery). In all cases, the plates were preblended with
the printed model (Fig.5). The plates were pre-
blended into the models to achieve greater precision
and anatomical adaptability. No custom plates from
the virtual models were used, to reduce costs.

Procedures: Surgical Technique

The procedure was performed under general anes-
thesia. Ten minutes before surgery, local anesthesia
was given through bilateral nerve block injections and
infiltrative anesthesia of an anesthetic solution (artic-
aine) that contained a vasoconstrictor (epinephrine),
in a ratio of 40mg/mL of articaine with 0.005mg/mL

5
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Fig. 6. Virtual distance between the cusp of 43 and 33 and the lower edge of the chin.

of epinephrine, was administered to the alveolar region
between both lower premolars and to the mentocervical
region. Subsequently, an incision was made in the alveo-
lar mucosa at the first premolar at the level of the ves-
tibular mucosa, at least a couple of millimeters below the
adherent gingiva, for proper placement of sutures at
the end of surgery. The periosteum was then elevated off
the chin bone and the exit of the mental nerves was iden-
tified and dissected.

When performing simple osteotomies, a minimally
invasive approach can be carried out by means of a lon-
gitudinal incision, which allows the osteotomy to be per-
formed safely thanks to the guide, thus enabling a faster
recovery and preventing myofascial disturbances in this
muscle.?’?* Cutting guides, both monobloc and compos-
ite ones, allow a minimal incision; controlled detach-
ment of the soft tissues; creation of a “surgical tunnel”;
and, finally, controlled osteotomy of the chin through
the use of piezosurgery (Mectron Medical, Carasco,
Italy).

After reaching the surgical plane, a customized cut-
ting guide was positioned and fixed for virtual planning.
Osteotomy was entirely guided by the splint and per-
formed using piezosurgery.

6

After the osteotomy, the fragment was fixed to the cus-
tomized plate using predrilled screw holes in the splint,
which facilitated and ensured perfect positioning and
fixation of the chin in all 3 dimensions.

After thorough hemostasis, the incision was closed in 2
planes to ensure proper muscle adaptation. Irrigation with
physiological saline or chlorhexidine was performed, and
a compression dressing was placed on the chin for 3 days
to reduce edema and potential postoperative hematoma.
Postoperative medications were limited to antibiotics, anti-
inflammatory drugs, and corticosteroids for 5 days.

Procedures: Morphometric Analysis
Morphometric analysis was performed by comparing
3D models of the planned and postoperative mandibles.
To perform the analysis, a set of landmarks and related
distances was defined as follows:

® Distance between the apex of the cusp of 43 and 33 for
the right and left sides, respectively, and at the lower
edge of the chin. Two points on the lower edge of the
chin, chinR and chinL,, were obtained from the inter-
section of 2 vertical lines passing through the cusps of
the canines, as shown in Figure 6.
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Fig. 7. Virtual distance between the mental foramen landmarks and the osteotomy.

* Distance between the lower edges of the right and left
mental foramen, that is, foramenR and foramenL, and
the osteotomy. As shown in Figure 7, the shortest dis-
tances between the mental foramen landmarks and the
osteotomy were determined by drawing 2 segments per-
pendicular to the osteotomy passing through the points.

® Distance between the mandibular lingual fossa and
pogonion, as shown in Figure 8.

The same set of distances, summarized as 43-chinR,
33-chinl,, foramen-chinR, foramen-chinl, and lingual
fossa-pog, was computed for the 12 case studies in both
planned and postoperative 3D models. The difference in
absolute values was then calculated for the accuracy analy-
sis (Table 2).

RESULTS

Overall, 12 patients were evaluated: 11 were operated
on for dysgnathia and 1 underwent surgery for aesthetic
reasons. Nine patients underwent combined maxillo-
mandibular surgery (Le Fort I and bilateral sagittal split
osteotomy) associated with genioplasty, 1 patient each
underwent a Le Fort I operation associated with genio-
plasty, isolated genioplasty, and secondary genioplasty,
respectively. Among the 12 patients, the average dura-
tion of genioplasty conducted with piezosurgery was
50.41 minutes. Sliding osteotomy and anteroposterior

augmentation were performed in 9 patients. In 2 patients,
sliding osteotomy and anteroposterior augmentation were
associated with vertical reduction. In 1 patient, asymmetric
osteotomy was performed in combination with anteropos-
terior augmentation. The extent of the anteroposterior
augmentation ranged from 3 to 10 mm, with an average of
6.02mm. The extent of vertical reduction was 3mm in 1
case and 5mm in the other.

In 6 cases, the cutting guides were made composite,
and in 6 cases, they were made monobloc (Figs. 9, 10).
The repositioning guides were all made monobloc
(Fig. 11). The guides broke in 2 cases; one owing to incor-
rect positioning and the other because of inadequate
thickness.

No intraoperative adverse events (vascular, nervous,
or dental lesions) occurred. Intra- and postoperative
bleeding were reduced, as were postoperative edema and
hematoma at surgeon’s subjective assessment. Patients
were discharged home an average of 2 days after sur-
gery. None of the patients required additional nonste-
roidal anti-inflammatory drugs or corticosteroid therapy.
Hypoesthesia of the mental nerve occurred in 1 patient
during genioplasty. The vitality of dental elements in the
interforaminal area was maintained.

From the morphometric analysis comparing 3D mod-
els of the planned and postoperative mandibles, we found
that the mean and SD were computed to describe the

7
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Fig. 8. Virtual distance between mandibular lingual fossa and pogonion.

Table 2. Differences Between the Selected Distances to Evaluate Accuracy, Reported for Each Patient, Mean, and SD (o)
Patient No. A 43-chinR (mm) A 33-chinL. (mm) A lingual fossa-pog (mm) A foramenR-chinR (mm) A foramenL-chinL (mm)

1 2.8 1.8 3.3 1 1
2 1.1 0.7 0.3 1.4 1.3
3 1.2 1 0.6 0.4 2.5

4 3.1 2.4 1.8 4.2 1
5 1.1 0.1 0.2 1.1 0.6
6 1.9 0.6 3.1 1.8 2.7
7 0.8 2 3.1 2.5 3.3
8 0.8 1.4 1.8 1.6 0.7
9 0.8 1.5 3.6 0.2 0.1
10 0.9 1.1 1.4 0.3 0.2
11 1.4 1.5 2.6 1.1 0.9
12 0.8 0.7 1.1 1 1.3
Mean 1.39 1.23 1.91 1.38 1.30
o 0.80 0.66 1.22 1.10 1.01

Mean and SD of planned and postoperative distances defined for each patient: apex of the cusp of 43 and 33 for the right and left sides and the lower edge of the
chin (A 43-chinR; A 33-chinL); lower edge of the right and left mental foramen and the osteotomy (A foramenR-chinR; A foramenI-chinL); mandibular lingual
fossa and pogonion (A lingual fossa-pog).

entire set of observations, with a single value representing  the sample data distributions and look for outliers, an

the center of the data and measuring how spread-out the  individual value plot of multiple variables was created
data were from the mean. Then, to assess and compare  because the sample size was less than 20. As shown in

8
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Fig. 9. Intraoperative composite cutting guide.

Fig. 10. Intraoperative monobloc cutting guide.

Figure 12, unlike in a boxplot, each value is displayed sep-
arately, which is particularly useful with few observations.
An outlier can be identified by analyzing the difference
between the foramen-chinR distance on the planned and
postoperative 3D models of the mandible, which is prob-
ably due to technical difficulties during surgery. As
reported in Table 2, considering the 12 patients analyzed
in the current study, the arithmetic averages of the dis-
tance between the cusp of the crown of 43 and 33 of the
planned and postoperative mandibular edge were 1.39
and 1.23mm, respectively; the arithmetic average of the
distance in the anteroposterior augmentation was
1.91mm; and the arithmetic averages of the distance
between the lower margin of the right and left mental
foramen and the upper margin of the planned and post-
operative osteotomy were 1.38 and 1.30 mm, respectively.

All patients were satisfied with the genioplasty procedure.
All operators were satisfied with the cutting and reposi-
tioning guides created based on their requests.

DISCUSSION

The use of technology has made it possible to create
custom devices for maxillofacial surgery.'**?"* Patients
who require mentoplasty expect an improvement in their
quality of life by minimizing the intraoperative risks and
postoperative complications related to the surgical pro-
cedure, resulting in excellent aesthetic and functional
results.”~** Mentoplasty performed using traditional meth-
ods is affected by a series of errors owing to limited preop-
erative planning. Few studies have adequately described
the mentoplasty procedure with the aid of 3D technologies

9



in a standardized manner."'"*" Mentoplasty per-

formed using rotary instruments causes a series of com-
plications, including irregular osteotomies with sharp
bone margins, and the risk of neurovascular and dental
lesions.™ Piezoelectric surgery allows for micrometric and
selective cutting of the bone, minimizing the risk of dam-
age to the soft tissues, and creating a cavitation effect that
allows for the reduction of intraoperative bleeding with
consequent improvement in tissue healing.***’

P ETEI
vl

Fig. 11. Intraoperative repositioning guide.
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We analyzed 12 mentoplasties performed using cut-
ting and repositioning guides designed based on experi-
ence and partnership with the 3D Lab at Politecnico of
Turin. This procedure is an innovative methodology based
on surgeons’ indications. The advantages of mentoplasty
conducted with 3D cutting and repositioning guides are
greater accuracy and minimal invasiveness compared with
the traditional method and the possibility of creating inte-
grated design systems and simulation of the position of the
soft tissues during planning. The surgical procedure was
simplified, with higher-quality results. The design of these
guides has not been described in the literature,!!9-%-5741=4

Cutting guides (composite or monobloc) are designed
to facilitate planned osteotomy and have holes for fixation
in the same location as the repositioning guides. In verti-
cal reduction, the cutting guides contain the correct size
of the symphyseal bone segment, which must be removed
to allow impaction of the chin. A monobloc cutting guide
allows complex osteotomies with a minimally invasive
incision, less periosteum removal, and less postoperative
edema. However, a composite cutting guide is simple to
place and allows for linear and accurate osteotomy. The
repositioning guides are made considering the amount of
advancement of the chin and have space to allow the inser-
tion of the osteosynthesis plate that has previously been
preblended on the STL model to improve the surgical
procedure and reduce operating times. The repositioning
guides allow the chin to be fixed in the correct planned
position, thereby avoiding asymmetry or unexpected
results.”! The repositioning guides were fixed to the same
holes as the cutting guides to determine the controlled

Individual Value Plot
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Fig. 12. Individual value plot of multiple variables.
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movement of the chin bone segment according to the
three planes of space. The same procedure could be per-
formed without the aid of the repositioning guides, but
with less precision and accuracy. The literature reports
that osteotomy of the chin conducted without 3D-printed
guides exposes complications in 3%-12% of cases.??04-#

The mentoplasty procedure described in our study
reduces intraoperative bleeding, ptosis of the soft tissues
of the chin, and the risk of dental and vascular lesions
affecting the mental nerve, owing to the correct oste-
otomy design and less periosteal removal and traction.
3D-guided mentoplasty conducted with piezosurgery
allows for personalized surgical procedures. Consequently,
the aesthetic and functional results are more predictable.
Three-dimensional-guided mentoplasty allows complex
osteotomies such as vertical reduction in cases of asymme-
try or in cases of secondary surgical intervention.

Nevertheless, our technique presents some disadvan-
tages: the greater time required for preoperative planning
and the need for surgeon training. Certified medical res-
ins occasionally do not resist torsional movements during
insertion and fixation. However, the use of resins reduces
costs compared with other materials (eg, titanium).

The limitations of our study are its small sample size,
the absence of a control group (to compare other tools
with objective data), the lack of follow-up, and the need to
standardize the shape of the guides.

Compared with reciprocating saws, piezosurgery
is used in various fields of maxillofacial surgery. The
results have been mixed in terms of patient morbidity.
Some authors have affirmed that there is no statistically
significant difference in the sensitivity of the labiomen-
tal area regarding the instrument used to perform the
osteotomy.” In contrast, functional sensory recovery of
the inferior alveolar nerve following sagittal split oste-
otomy may be enhanced when a piezoelectric saw is used
to perform cortical cuts.”” According to others, piezosur-
gery is an effective method for minimizing intraoperative
blood loss; operative duration; and postoperative pain,
edema, and patient morbidity, and increasing patient
satisfaction.”’” Conventional burrs and microsaws pro-
long the duration of facial edema.”” Other authors have
affirmed that the choice of the osteotomy tool does not
influence the rate of bad fractures.”* The results of our
study encourage the use of 3D cutting and repositioning
guides with piezosurgery, not only in the execution of
mentoplasties, but also in the daily practice of maxillo-
facial surgery.

CONCLUSIONS

Mentoplasty performed with 3D-printed guides and
piezosurgery is simple, accurate, and safe; has excellent
functional and aesthetic results; and avoids complica-
tions. The costs involved in the creation of the guides are
reduced by using 3D printers by approximately €400—€800
per case compared with those outsourced to third-party
companies. Cost reduction was calculated based on an
average of those provided by major companies.

This process reduces healthcare system costs, allowing
access to mentoplasty procedures by a greater number of
surgeons (including neophytes), in a multidisciplinary
manner, that is, involving engineers.
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