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Abstract: Introduction: The present study evaluates the influence of virtual surgical planning with a
preoperative 3D resin model on aesthetic and functional outcomes in patients treated by segmental
mandibulectomy and reconstruction with fibula-free flap for oral cancer. Methods: All consecutive
patients who underwent segmental mandibulectomy and mandibular reconstruction with a fibula-
free flap using a 3D template at our department from January 2021 to January 2023 were included in
the study. “Patients control” were patients treated by reconstruction with a fibula-free flap without
using a 3D template. Three-dimensional modeling was performed by converting from preoperative
computed tomography to a stereolithography format to obtain the resin 3D models. Qualitative
analysis of anatomical and aesthetic results consisted of the evaluation of the patients’ aesthetic and
functional satisfaction and the symmetry of the mandibular contour observed at clinical examination.
Quantitative analysis was based on the assessment of the accuracy and precision of the reconstruction
by comparing preoperative and postoperative computed tomograms as objective indicators. Results:
Seven patients (five males and two females, mean age of 65.1 years) were included in the study. All
patients showed a symmetric mandibular contour based on the clinical examination. After recovery,
six patients (85.7%) considered themselves aesthetically satisfied. The quantitative analysis (assessed
in six/seven patients) showed that the mean difference between preoperative and postoperative
intercondylar distance, intergonial angle distance, anteroposterior dimension, and gonial angle
improved in the 3D template-assisted group. Conclusion: The 3D-printed template for mandibular
reconstruction with microvascular fibula-free flap can improve aesthetic outcomes in comparison
with standard approaches.

Keywords: mandibular reconstruction; free flap; 3D reconstruction; oral cancer

J. Pers. Med. 2024, 14, 512. https://doi.org/10.3390/jpm14050512 https://www.mdpi.com/journal/jpm

https://doi.org/10.3390/jpm14050512
https://doi.org/10.3390/jpm14050512
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jpm
https://www.mdpi.com
https://orcid.org/0000-0003-0125-6588
https://orcid.org/0000-0002-8887-0435
https://orcid.org/0000-0003-2163-454X
https://orcid.org/0000-0003-2870-3771
https://orcid.org/0000-0001-9835-3629
https://orcid.org/0000-0003-1846-0630
https://orcid.org/0000-0003-2829-0583
https://doi.org/10.3390/jpm14050512
https://www.mdpi.com/journal/jpm
https://www.mdpi.com/article/10.3390/jpm14050512?type=check_update&version=1


J. Pers. Med. 2024, 14, 512 2 of 13

1. Introduction

Oral squamous cell carcinoma (OSCC) is the most common head and neck cancer,
with an incidence of 389,846 new cases and 188,438 deaths in 2022 worldwide [1]. Stages III
to IV are considered locoregionally advanced [2] and their prognosis is generally poor [3].
The gold standard treatment in patients with OSCC is represented by primary surgery,
associated with adjuvant treatments in patients with risk factors [4]. Improvement in quality
of life in OSCC survivors is a major clinical challenge, especially in cases of mandibular
involvement [5], since segmental mandibulectomy and the subsequent reconstruction have
a crucial role in terms of aesthetic and functional outcomes [6]. Different modalities for
mandibular reconstruction have been reported but composite-free flaps are considered
the best options and nowadays, a fibula-free flap is often the first choice [7]. Usually, the
titanium plate used to stabilize the flap at the receiving site is molded intraoperatively
before osteotomies directly on the exposed mandible [8]. Virtual surgical planning has been
developed to optimize reconstructive outcomes. Preoperative 3D virtual modeling of skulls
created using preoperative computed tomography (CT) scans allows the surgeon to model
the titanium plate before surgery, simplifying the intraoperative steps and decreasing
operative time [8–12]. This protocol was first described in 1993 by Rose et al. [13] and it
became a milestone in the history of mandibular reconstruction.

The present study evaluated the impact of virtual surgical planning for free flap
reconstruction with preoperative 3D virtual modeling after segmental mandibulectomy
in patients with OSCC on both aesthetic and functional outcomes using subjective and
objective methods.

2. Materials and Methods

The study was approved by the Ethical Committee of our University Hospital (PG/
2021/14276). All consecutive patients who underwent segmental mandibulectomy and
computed assisted mandibular reconstruction with a fibula-free flap using a 3D template at
our department, from January 2021 to January 2023, were included in the study. “Patients
control” were patients treated by reconstruction with a fibula-free flap without using a 3D
template (12 patients, from January 2019 to December 2020). All patients had a diagnosis
of OSCC with clinical evidence of mandibular bone invasion and were “naïve”, without a
clinical history of previous head and neck cancer.

Preoperative evaluation included a complete head and neck (HN) examination, fiberop-
tic image-enhanced endoscopy [14], HN CT, magnetic resonance imaging (MRI), and CT
angiography of the lower limbs to evaluate the donor fibular pedicle.

Comorbidities and performance status (PS) were evaluated with the Charlson/Deyo
comorbidity score [15] and with the Eastern Cooperative Oncology Group (ECOG)
score, [16,17] respectively.

Patients were staged using the eighth edition of the TNM staging system [2] and all
cases were discussed by a multidisciplinary team. A comprehensive preoperative speech
and swallowing evaluation was performed for all patients.

Three-dimensional models were obtained from a volumetric set of CT scans of the
patients involved in the study. Preoperative 1.0-mm thick slices CT of the mandible and
maxilla (facial scan) and fibula (with concomitant CT-angiography) were performed at the
radiology department of our University Hospital.

The 3D modeling phase is performed at the 3D printing lab of the Orthopedics and
Traumatology Unit of our University Hospital.

DICOM (Digital Imaging and Communications in Medicine) files of the CT scans were
imported into the segmentation software, Mimics Innovation Suite (MIS) 25.0 (distributed
by Materialise, Leuven, Belgium).

The first phase, called segmentation, is needed to remove not-bony parts and to reduce
artifacts (scattering and noises) due to the presence of teeth and/or metal implants. Then, a
3D object file of the entire mandibula is exported in the 3D modeling software, Materialise
3-Matic, version 17.0 (Materialise, Leuven, Belgium), to perform further adjustments of the
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mandibular replica such as smothering of the surface or thickness analysis. Finally, after
surgeon approval, the model is exported in an .STL file format, ready for the 3D printer
software. Three-dimensional printing is performed via SLA (Stereolithography) printers
(Formlab 2, Formlabs®, Somerville, MA, USA). The 3D printing process took an average of
8.1 h for each model (range of 7.2–8.4 h), including all post-processing procedures (curing
and polishing).

Pre-conformation of fixation plates with the 3D template was always performed by the
same surgeon 48–72 h before the surgical procedure and both the fixation plate (MEDICON
ImplantArt Osteosyntesis, Medicon Instrumente, CMF Medicon Surgical, Jacksonville, FL,
USA) and 3D template were sent to the sterilization center to be accessible in the surgery
room the day of surgery.

The mandibular resection was tailored based on tumor extension and classified accord-
ing to Brown et al. [18] in class I (lateral), class II (hemi mandibulectomy), class III (anterior
mandibulectomy), and class IV (extensive) with the addition of “c” in case of condylectomy.
Tumor extension to the tongue required segmental mandibulectomy associated with the
glossectomy that was classified according to Ansarin et al. [19]. In our series, only class
II and class III mandibulectomies were performed and condyles were always preserved.
Surgical defects of the oral cavity were primarily reconstructed with microvascular fibula-
free flaps which have the advantages of consistent shape, wide length, and distant location
that allows a two-team approach at the same time and low donor-site morbidity [20–22]. A
fibula-free flap inset starts with the fixation of the plate previously modeled, followed by
the fitting of the fibular flap. Anastomoses were performed using an operative microscope
(ZEISS S7 Microscope, Carl Zeiss, New York, NY, USA; focal length 250 mm). The arterial
anastomosis was performed with synthetic nonabsorbable 8/0 or 9/0 nylon sutures. The
venous anastomosis was performed with a coupler device (Microvascular Anastomotic
Coupling System, Synovis Life Technologies, Minneapolis, MN, USA). All patients received
a single bolus of heparin sodium (1500 IU) at least 5 min before the transfer of the flap.

A temporary tracheostomy was performed in all patients to avoid postoperative
respiratory distress. A nasogastric feeding tube was inserted and kept in place until an
acceptable swallowing function was restored. An Ear, Nose, and Throat resident monitored
the free flap every hour during the first 48 h and every 4 h up to 5 postoperative days
according to the internal protocol to detect early signs of ischemia requiring surgical
exploration/revision of the anastomosis [23]. Postoperative complications were classified
according to the Clavien-Dindo system [24]. Speech and swallowing therapy started
10–12 days after surgery in patients with the regular postoperative course.

Patients with risk factors for recurrence underwent adjuvant therapy according to
NCCN guidelines [4].

All patients were postoperatively included in our oncological follow-up [25].
Aesthetic results were evaluated with qualitative and quantitative analysis. The qual-

itative analysis considered the personal aesthetical satisfaction and the symmetry of the
mandibular contour at clinical examination. Personal aesthetic satisfaction was expressed
by patients as YES or NO. Objective assessments of symmetry were performed by the
ENT and the plastic surgeons, according to the “4-point classification” of Katsuragi [26]:
4 (“excellent”), indicating a symmetrical mandibular and cheek outline; 3 (“good”), indicat-
ing slight asymmetries, such as depressed cheeks or lip deformities; 2 (“fair”), indicating
visible facial scars or an asymmetrical soft tissue outline; and 1 (“poor”), indicating an
asymmetrical mandibular outline, an exposed skin island with poor color match, and any
other defects.

Quantitative analysis was based on the assessment of the accuracy and precision of
the reconstruction, comparing preoperative and postoperative CT objective indicators,
as described by Zhang [27]. Three-dimensional virtual reconstruction of preoperative
and postoperative computed tomogram DICOM files was performed with OsiriXLite and
Meshmixer. Transverse dimensions, anteroposterior dimension, and the gonial angle were
measured and compared (Figure 1).
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and a tangent touching the posterior border of the ramus at two points, one at the condyle and one 
at the angle region. 

The accuracy and precision of the reconstruction were evaluated based on the 
difference between pre- and postoperative parameters. 

The evaluation of functional outcomes was based on the recovery of exclusive oral 
feeding. 

The validated and internationally approved European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire Version 3 (EORTC QLQ-C30) [28] and 
the University of Washington Quality of Life (UW-QOL v.4) survey [29] were used to 
assess postoperative quality of life of our patients. 

Statistical analysis was conducted with the T-student test for quantitative variables 
(unpaired and paired) and with the Chi-Quadro test for qualitative variables. 
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Seven patients were included in the present study. All patients’ features and 
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the 3D template. 

Variables  No of Patients (%) 
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Male 

Female 
Ratio (M/F) 

5 (71.4%) 
2 (28.6%) 

2.5 

Primary site of disease 
Alveolar ridge/Retromolar trigone 

Floor of mouth 
3 (42.9%) 
4 (57.1%) 

Tobacco use 
Yes 
No 

6 (90%) 
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Alcohol excess 
Yes 
No 

5 (71.4%) 
2 (28.6%) 

Tobacco and alcohol use --- 5 (71.4%) 
cTNM cT4aN0M0 6 (85.7%) 

Figure 1. Transverse and anteroposterior dimensions and gonial angle. Intercondylar distance: the
distance between the two condylar heads (transverse dimension). Intergonial distance: the distance
between the two gonial angles (transverse dimension). Anteroposterior distance: obtained using
a perpendicular line drawn from the mandibular midline to the center point of the intercondylar
length. Gonial angle: defined as the angle formed by a tangent to the lower border of the mandible
and a tangent touching the posterior border of the ramus at two points, one at the condyle and one at
the angle region.

The accuracy and precision of the reconstruction were evaluated based on the differ-
ence between pre- and postoperative parameters.

The evaluation of functional outcomes was based on the recovery of exclusive
oral feeding.

The validated and internationally approved European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Version 3 (EORTC QLQ-C30) [28] and
the University of Washington Quality of Life (UW-QOL v.4) survey [29] were used to assess
postoperative quality of life of our patients.

Statistical analysis was conducted with the T-student test for quantitative variables
(unpaired and paired) and with the Chi-Quadro test for qualitative variables.

3. Results

Seven patients were included in the present study. All patients’ features and proce-
dures are detailed in Table 1. The fibula-free flap was harvested by the plastic surgeon
simultaneously with the resection and the free flap inset was made by both ENT and plastic
surgeons after the confirmation of free margins from the frozen section.

Three patients underwent lateral hemi-pelvi-mandibulectomy (class II according to
Brown) and four patients underwent anterior pelvi-mandibulectomy (class III according
to Brown) [18] associated with type IVa glossectomy according to Ansarin et al. [19] for
the extension of tumor to the tongue. All patients underwent synchronous neck dissec-
tion, which was bilateral in four patients (57.1%) and unilateral in three patients (42.9%)
(see Table 1).

The median operative time was 495.7 min (range of 440–540 min) in the 3D group and
540 min (range of 480–600 min) in the control group.

Margins of resection were free from disease at definitive histology in all our patients.
Qualitative and imaging analysis was obtained in six/seven patients because one

patient died one month after surgery from other causes. In the qualitative analysis, six pa-
tients (85.7%) considered themselves aesthetically satisfied after reconstructive surgery. All
patients (100%) showed a symmetric mandibular contour based on the clinical examination.
Objective qualitative and quantitative results are detailed in Tables 2 and 3, respectively.
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Table 1. Patients treated with segmental mandibulectomy and fibula-free flap reconstruction using
the 3D template.

Variables No of Patients (%)

Age (median—range) 65.1 years—48–78 years

Gender
Male

Female
Ratio (M/F)

5 (71.4%)
2 (28.6%)

2.5

Primary site of disease Alveolar ridge/Retromolar trigone
Floor of mouth

3 (42.9%)
4 (57.1%)

Tobacco use Yes
No

6 (90%)
1 (10%)

Alcohol excess Yes
No

5 (71.4%)
2 (28.6%)

Tobacco and alcohol use --- 5 (71.4%)

cTNM cT4aN0M0
cT3N2bM0

6 (85.7%)
1 (14.3%)

Type of mandibular defect according
with Brown

Class II
Class III

3 (42.9%)
4 (57.1%)

Type of procedure

Anterior segmental pelvi-glosso-mandibulectomy
(mandibular defect class III according to Brown + type IVa

glossectomy according to Ansarin)
Segmental hemi-pelvi-mandibulectomy

(mandibular defect class II according to Brown)

4 (57.1%)
3 (42.9%)

Synchronous neck dissection Unilateral
Bilateral

3 (42.9%)
4 (57.1%)

Postoperative complications Clavien-Dindo IIIA
Clavien-Dindo IIIB

1 (14.3%)
1 (14.3%)

pTNM

pT4aN0
pT4aN1

pT4aN2b
pT4aN3b (ENE+)

3 (42.9%)
1 (14.3%)
1 (14.3%)
2 (28.5%)

Table 2. Katsuragi classification and our results.

Outline Symmetry,
Including Mental

Projection (Both Bony
and Soft Tissue)

Scarring in the Face
(Including Flap

Exposure)
Others Results (Number of

Patients and %)

4 (excellent) Completely symmetric No scarring No lip deformity or
facial paralysis 3 (42.9%)

3 (good) Slightly asymmetric No scarring Lip deformity/facial
paralysis 4 (57.1%)

2 (fair) Slightly asymmetric
Scarring including

exposed skin graft with
good color match

Lip deformity/facial
paralysis 0

1 (poor) Asymmetric or Poor
mental projection

Exploded skin island,
bad color match

Lip deformity/facial
paralysis 0
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Table 3. Mean scores (M)/standard deviations (SD) by different distances in the 3D template-assisted
group.

Domain Pre-Operative
3D-Group

Postoperative
3D-Group

Pre- and Postoperative
Absolute Difference

3D-Group

Intercondilar distance (mm)

M 107.74 108.9 3.02

SD 9.46 10.2 1.56

Intergonial distance (mm)

M 89.22 90.7 1.84

SD 7.46 6.21 2.11

Antero-posterior distance (mm)

M 117.8 118.35 2.41

SD 10.9 9.73 1.9

Gonial angle (◦)

M 113 111 3

SD 3.63 5.3 1.8

Domain Pre-Operative
No 3D-Group

Post-Operative
No 3D-Group

Pre- and Postoperative
Absolute Difference

No 3D-Group

Intercondilar distance (mm)

M 100 100.1 4.1

SD 4.4 4 3.04

Intergonial distance (mm)

M 84.8 88 5.28

SD 4.4 5.3 4.5

Antero-posterior distance (mm)

M 122.1 122.1 2.8

SD 7.1 6.3 1.5

Gonial angle (◦)

M 110.5 109.5 5

SD 8.8 6.9 3.7

Statistical analysis (3D vs. No 3D)

p = 0.46 p = 0.13 p = 0.74 p = 0.27

1 − a = 0.95 1 − a = 0.95 1 − a = 0.95 1 − a = 0.95

CI −9.735–7.57 CI −21.79–14.91 CI −4.64–3.96 CI −14.72–10.72

Five patients (71.4%) recovered a physiological oral feeding with solid and or semisolid
food after rehabilitation. One patient (14.3%), with mandibular defect class III and type
IVa glossectomy, slowly achieved oral feeding with soft food but required nutritional
support with gastrostomy. One patient (14.3%) with mandibular defect class III and type
IVa glossectomy had a worsening general global condition with poor functional outcomes:
gastrostomy was needed as the only way of food intake and he died one month after
surgery for other causes (Table 4).
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Table 4. Details on comparison between anterior and lateral defects.

Site of
Primary

Type of
Mandibular

Defect
According

with Brown

Type of
Procedure

Resection of
Tongue

Resection of
Skin

Adjuvant
Treatment

Functional
Results

Aesthetic
Results

Floor of the
mouth
n = 4

Class III

Anterior
segmental

Pelvi-glosso-
mandibulectomy

(n = 4)

Type Iva
glossectomy
according to
Ansarin et al.

[19]
(n = 4)

No
(n = 0)

YES n = 2
NO n = 2

No PEG n = 2
Temporary
PEG n = 1

Definitive PEG
n = 1

Katsuragi
classification

4
n = 1

Katsuragi
classification

3
n = 3

Alveolar
ridge/retromolar

trigone
n = 3

Class II

Segmental
Hemi-pelvi-

mandibulectomy
(n = 3)

No
(n = 0)

No
(n = 0)

YES n = 3
NO n = 0

No PEG n = 3
Temporary
PEG n = 0

Definitive PEG
n = 0

Katsuragi
classification

4
n = 2

Katsuragi
classification

3
n = 1

Pre- and postoperative EORTC QLQ-C30 questionnaire and the postoperative UW-
QOL v.4 questionnaires were available in six out of seven patients (Tables 5 and 6).

Table 5. European EORTC QLQ-C30 in a preoperative and postoperative setting. Mean scores
(M)/standard deviations (SD) by subscales.

Domain Pre-Operative Post-Operative

Function subscales
Physical function

M 77.8 78.9
SD 34.4 22.5

Role function
M 66.7 55.6
SD 51.6 46.7

Emotional function
M 41.7 80.5
SD 32.9 6.8

Cognitive function
M 83.3 94.4
SD 25.8 8.6

Social function
M 80.5 83.3
SD 24.5 18.3

Global health/Quality of Life
M 52.8 61.1
SD 41 22.1

Symptom subscales/items
Fatigue 44.4 44.5

M 50.2 32.2
SD

Nausea/vomiting
M 0 8.3
SD 0 20.4

Pain
M 47.2 33.3
SD 42.7 42.2
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Table 5. Cont.

Domain Pre-Operative Post-Operative

Dyspnea
M 38.9 11.1
SD 49.1 17.2

Insomnia
M 22.2 11.1
SD 34.4 27.1

Appetite loss
M 33.3 33.3
SD 36.5 42.2

Constipation
M 38.9 33.3
SD 49.1 36.5

Diarrhea
M 5.5 0
SD 13.6 0

Financial difficulties
M 0 27.8
SD 0 44.3

Table 6. The University of Washington Quality of Life (UW-QOL v.4) questionnaire in a post-operative
setting. Mean scores (M)/standard deviations (SD) by subscales.

Domain M SD Range

Pain 83.33 20.41 50 to 100
Appearance 95.83 10.21 75 to 100

Activity 83.33 25.82 50 to 100
Recreation 79.17 33.23 25 to 100

Swallowing 68.33 22.29 30 to 100
Chewing 41.67 20.41 0 to 50
Speech 68.33 36.56 0 to 100

Shoulder 90 15.49 70 to 100
Taste 61.67 39.71 0 to 100
Saliva 90 15.49 70 to 100
Mood 70.83 24.58 25 to 100

Anxiety 78.33 27.87 30 to 100
Health-related QOL compared to month before having cancer 45.83 18.82 25 to 75

Health-related QOL during the past 7 days 63.33 15.06 40 to 80
Overall QOL during the past 7 days 73.33 10.33 60 to 80

At the last follow-up visit (mean time of 2.01 years, range of 0.3 to 1.67 years), three
patients (42.85%) were alive and free of disease, one patient (14.3%) experienced distant
metastases and is alive with the disease under systemic treatment, and three patients
(42.85%) died for other causes (DOC). The five-year disease-specific survival (DSS), relapse-
free survival, and overall survival were 100%, 75%, and 57.1%, respectively, but the DSS
observed in our series overestimates the prognosis of patients with advanced OSCC because
of the three DOC patients within the first 6 months of follow-up for systemic diseases (one
for heart failure, one for hepatic failure, and one for complications of renal disease).

4. Discussion

Microvascular surgery in the 1980s revolutionized head and neck reconstruction, with
standing microvascular bone-free flaps as the gold standard for the reconstruction of the
mandible; nowadays, a fibula-free flap with titanium plate fixation is widely accepted as
the first choice because of its thickness, length, and bone uniformity, which make it the
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ideal support for eventual implants and a good match for the alveolar ridge [7,21,30,31].
The introduction of virtual planning and 3D-printing modeling using preoperative CT
data have been introduced to provide more accurate reconstruction and reduce operative
time [12,27,32]. The anatomic models can be used preoperatively and intraoperatively,
reducing the free flap ischemia time (in the literature, the risk of flap failure is increased
with each additional 5 min of ischemia) [33]. In our series, operative time was shorter in
patients treated with the aid of the 3D model (495.7 min versus 540 min).

There are three main factors during the preoperative planning that influence the accu-
racy of the mandibular reconstruction: the extent of the resection of the mandible (which
is related to the extent of the tumor and should not be influenced by the reconstructive
technique), the modeling of the plate on the 3D model, and the proper setting of the
screws [34]. As pointed out by Lu et al. [35], we observed that the pre-bending titanium
plate is helpful for restoring a more physiological curve of the mandible. With the aid of
the 3D template obtained from high-resolution CT scans, the titanium plate reflects exactly
the real preoperative mandibular bone profile, while the plate modeled intraoperatively
could be influenced by the presence of different structures such as the periosteum, the
muscles, the fascia, and the cancer. Our technique does not change the accuracy of the
setting of the screws, which could be further improved by computer-assisted surgery or
computer-aided design/computer-aided manufacturing (CAD/CAM) mandibular recon-
struction technology that allows osteotomies to be performed before the ischemia of the
fibular free flap with the use of cutting guides [33,36–38]. Since Hirsch’s description of
the technique in 2009 [39], CAD/CAM for mandibular reconstruction has gained popu-
larity due to its reproducibility and its benefits in improving surgeons’ performance and
patient satisfaction (both aesthetic and functional). This technique offers the ability to
plan osteotomies of both the resection and the donor sites, mirror the unaffected mandible,
evaluate the bone plate relationships for the positioning of dental implants, create surgical
resection guides, fabricate patient-specific reconstruction plates, and, most importantly,
restore correct occlusion [40,41]. However, barriers to the use of this technology include
the high costs and the delays in device manufacturing [37,42].

The evaluation of the accuracy of the mandibular reconstruction is based on cosmetic
and functional outcomes. In the literature, the personal aesthetic satisfaction of patients
is considered a key point in the evaluation of aesthetic outcomes [43]. All patients in the
study but one were satisfied with the aesthetic outcomes. Katsuragi et al. [26] underlined
the importance of objective assessment of aesthetic results and introduced the “four-point
classification”. The Katsuragi classification in our series of patients showed a mean score
of 3.42 (between good and excellent). Our analysis found a good correlation between the
patients’ perceived esthetic outcomes and the specialists’ assessments.

We evaluated the objective accuracy of the mandibular reconstruction using the four
indicators described by Zhang et al. [27]. Our data are comparable with those of the
computer-assisted surgery group of Zhang et al. [27], who confirmed the positive role of
computer-assisted surgery over conventional surgery. We compared the results of our
3D-assisted surgery group with those observed in patients who underwent conventional
reconstruction and, notwithstanding the limit represented by the small size of the se-
ries, we observed a greater accuracy of reconstruction in the computer-assisted surgery
group than in the conventional group. The same results were obtained by Ren et al. [44]
and Zheng et al. [45]. In our experience, the most critical parameters that obtained a
mean pre/postoperative difference ≥3 were the intercondylar distance and the gonial
angle. These results could be explained by the irreversible changes in the physiological
mechanical links between masticatory muscles and bone caused by the osteotomies and the
mandibular resection.

We observed that the site of the mandibular defect did not influence the accuracy of
reconstruction but, despite the good aesthetic results, the resection of the anterior site of the
mandible influenced functional outcomes. Different classifications of mandibular defects
have been proposed [45–48] but the most recent is the classification of Brown et al. [18]
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who distinguished the mandibular defects in a diagrammatic format from class I to class IV,
based on their size and complexity. The increased morbidity of the class III mandibular
defect in our series was probably due to the associated resection of the tongue. Similar
findings were reported by Gonzalez et al. [49] who observed that the extension of resection
to soft tissue, the percentage of the resected tongue, and the size of the skin paddle area
used for reconstruction were statistically associated with the postoperative need for a
gastrostomy tube. Similar results were reported by Atallah et al. [32] in the GETTEC study.
These parameters should be considered a short-term indicator of dysphagia to predict the
need for postoperative intensive swallowing therapy. In our study, 5 patients (71.43%)
achieved exclusive oral feeding after surgery without gastrostomy tube necessity, namely
all three patients (100%) with class II mandibular defects and two patients out of four
(50%) with class III mandibular defects. One patient with a class III mandibular defect
(25%) recovered oral feeding only after a long rehabilitation and temporary intake support
with a gastrostomy. One patient (25%) with a class III mandibular defect experienced poor
functional outcomes and a long-term gastrostomy was needed (p = 0.14, α = 0.05). In our
cohort, adjuvant treatment did not influence functional results in the two groups.

Subjective QOL outcomes can be quantified by personal questionnaires. The QOL of
head and neck patients is a field of growing interest but the majority of studies are based on
general head and neck populations. Zavalishina et al. [43] and Pamias-Romero et al. [50]
focused their attention on QOL following mandibular resection and reconstruction. In these
studies, QOL assessment was performed using the UW-QOL v.4 questionnaire [29]. In our
series, the “functional” postoperative components of EORTC QLQ-C30 had scores > 50 for
all subscales and the mean postoperative results were comparable with mean preoperative
scores for physical, role, cognitive, and social subscales. The mean postoperative global
health/quality of life score was comparable with the preoperative score, confirming that
mandibular reconstruction with a 3D template offered a good global quality of life to
our patients.

In the present study, according to the literature, we also investigated “oral-specific”
fields with the UW-QOL v.4 questionnaire. According to the literature [51–53], we observed
that patients rated speech, chewing, and swallowing as more important than the other UW-
QOL domains. Speech and swallowing domains obtained mean scores of 68.33 ± 22.29 and
68.33 ± 36.56, respectively, while the chewing domain obtained the lowest score of all the
UW-QOL subscales (41.67 ± 20.41). This result is probably caused by the delay in prosthetic
rehabilitation; in fact, even though prosthetic rehabilitation is not contraindicated after
major surgery [54–56], this is uncommonly performed due to concerns about placing dental
implants for the potential injuries to the fibula flap. In addition, prosthetic rehabilitation is
not covered by the national health system of our country.

Although the main limitations of the present study are the small number of patients
and the short postoperative follow-up, since long-term changes in condylar head posi-
tion may be observed [55], it shows the potentiality of the preoperative 3D modeling of
the graft.

5. Conclusions

The 3D-printed template for the mandibular reconstruction with a fibula-free flap
allows for better aesthetic and functional outcomes in comparison with the standard
approach, improving the postoperative overall quality of life.
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