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Abstract: The ideal jaw reconstruction involves the restoration and maintenance of jaw continuity, jaw
relations, joint alignment, and facial contour, and, most importantly, dental occlusal reconstruction.
One of the essential requirements of achieving a consistent functional outcome is to place the bony
reconstruction in the correct three-dimensional position as it relates to the other jaw segments and
dentition. A protocol of occlusion-driven reconstruction of prefabricated fibular free flaps that are
customized to the patient with surgical design and simulation (SDS)-planned osseointegrated implant
installation was developed by our institution. This innovation introduced significant flexibility and
efficiency to jaw reconstructions, but functional and cosmetic outcomes were dependent on the
accuracy of the final reconstructions when compared to the SDS plan. The purpose of this study
was to examine the accuracy of the SDS-planned fibular flap prefabrication in a cohort of patients
undergoing jaw reconstruction. All patients that had undergone primary jaw reconstruction with
prefabricated fibular free flaps were reviewed. The primary outcome of this study was the accuracy
of the postoperative implant positions as compared to the SDS plan. A total of 23 implants were
included in the analysis. All flaps survived, there was no implant loss postoperatively, and all the
patients underwent all stages of the reconstruction. SDS planning of fibular flap prefabrication
resulted in better than 2 mm accuracy of osteointegrated implant placement in a cohort of patients
undergoing jaw reconstruction. This accuracy could potentially result in improved functional and
cosmetic outcomes.

Keywords: personalized medicine; dental osseointegrated implants; prefabricated fibula free flap;
mandible and maxilla surgery; surgical design and simulation; virtual planning; additive manufacturing

1. Introduction

The ideal jaw reconstruction involves the restoration and maintenance of jaw continu-
ity, jaw relations, joint alignment, and facial contour, and, most importantly, dental occlusal
reconstruction. One of the essential requirements of achieving a consistent functional
outcome is to place the bony reconstruction in the correct three-dimensional (3D) position
as it relates to the other jaw segments and dentition. This occlusion-driven reconstruction
of the jaws was first described in 2003 by Rohner et al. [1].

The use of surgical design and simulation (SDS) in head and neck reconstruction has
increased over the past decade. Surgery is planned virtually and, once completed, the SDS-
planned reconstruction is translated back to a physical plan that can be implemented in the
operating room using various tools and guides. Studies have demonstrated that SDS can
reduce surgical time, ischemia time, and inaccuracies compared to analog planning [1–8].
SDS-assisted reconstructions maintain 3D spatial relationships of the reconstruction and
are essential when reestablishing dental occlusion with osseointegrated implants [9–11].
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An occlusion-driven reconstruction protocol of prefabricated fibular free flaps with
SDS-planned osseointegrated implant installation was developed by the Division of
Otolaryngology—Head and Neck Surgery at the University of Alberta and the Institute
of Reconstructive Sciences in Medicine in Edmonton, AB, Canada [12]. This innovation
introduced significant flexibility and efficiency to reconstructions. We also developed surgi-
cal tools which, in combination with a set of instruments and components (FIRST System,
Southern Implants, Irene, South Africa), allowed the transfer of the SDS plan as a custom,
fully guided resection and reconstruction procedure for the patient in the operating room.

The accuracy of the final reconstructions when compared to the SDS plan is essential
for achieving a functional occlusion and cosmetic outcomes [12]. The purpose of this study
was to examine the accuracy of the SDS modifications of fibular flap prefabrication in a
cohort of patients undergoing jaw reconstruction.

2. Material and Methods
2.1. Study Design

The University of Alberta Health Research Ethics Board approved this study on
26 November 2019. (Pro00096288). The cohort of patients were followed prospectively.

2.2. Patients

All patients that had undergone primary jaw reconstruction with prefabricated fibular
free flaps were reviewed. Six had completed their treatment protocol and were included in
the final analysis.

2.3. Virtual Surgical Planning

Each patient had a high-resolution helical Computed Tomography (CT) scan of the
facial bones and the fibula. Images were stored in an uncompressed Digital Communica-
tions in Medicine (DICOM) format. These files were imported into Mimics Medical 17.0
software (Materialise, Leuven, Belgium) and were then segmented and reconstructed into
3D digital models.

The virtual surgical planning was carried out using Geomagic Freeform software
(3D Systems, SC, USA) during a web-based online planning session between the primary
reconstructive head and neck surgeon, a maxillofacial prosthodontist, and a surgical simu-
lationalist at the Medical Modeling Research Laboratory at the Institute for Reconstructive
Sciences in Medicine, Misericordia Community Hospital, Edmonton, AB, Canada. During
this planning session, the resection planes of the jaw were established based on the sur-
geon’s clinical judgment. Participants in the planning session were able to simultaneously
view 3D representations of the patients’ anatomy, plan optimal implant positions based on
the patients’ native dentition, perform virtual resections of the jaws, and plan the fibular
reconstruction position based on the planned implant positions (Figure 1).

Using the virtual surgical plan, a patient-specific fibular implant guide was fabricated
for the Stage I surgery, and additional patient-specific surgical guides were fabricated for
the Stage II surgery. Specifically, a fibula osteotomy guide, patient-specific reference models
of the fibula, presurgical models, planned reconstruction models, and mandible or maxillo-
facial resection cutting guides, were created for Stage II. All models were manufactured
using 3D printers and sterilized for surgical use.

2.4. Surgical Procedure
2.4.1. Stage I: Flap Prefabrication

The surgical implant drilling guide was mounted on the fibula in the predetermined
position, and the osseointegrated dental implants were instilled. Next, an impression (with
dental impression materials) of the final positions of the implants was taken to aid in the
design of future dental prostheses. The fibula and implants were then covered with a
split-thickness skin graft and a Gore-Tex® patch (Preclude® Dura Substitute, W.L. Gore &
Associates, Inc., Flagstaff, AZ, USA) as described by Rohner et al. [1] (Figure 2).
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Figure 1. SDS planning. (A) Optimal implant positions based on the patient’s native dentition were
confirmed. (B) The resection planes of the jaw were established. (C) The position of the fibula
reconstruction based on the planned implant positions.

J. Pers. Med. 2022, 12, x FOR PEER REVIEW  3  of  9 
 

 

 

Figure 1. SDS planning. (A) Optimal implant positions based on the patient’s native dentition were 

confirmed. (B) The resection planes of the jaw were established. (C) The position of the fibula recon‐

struction based on the planned implant positions. 

Using  the virtual surgical plan, a patient‐specific  fibular  implant guide was  fabri‐

cated for the Stage I surgery, and additional patient‐specific surgical guides were fabri‐

cated for the Stage II surgery. Specifically, a fibula osteotomy guide, patient‐specific ref‐

erence models of the fibula, presurgical models, planned reconstruction models, and man‐

dible or maxillofacial resection cutting guides, were created for Stage II. All models were 

manufactured using 3D printers and sterilized for surgical use. 

2.4. Surgical Procedure 

2.4.1. Stage I: Flap Prefabrication 

The surgical implant drilling guide was mounted on the fibula in the predetermined 

position,  and  the  osseointegrated dental  implants were  instilled. Next,  an  impression 

(with dental impression materials) of the final positions of the implants was taken to aid 

in the design of future dental prostheses. The fibula and implants were then covered with 

a split‐thickness skin graft and a Gore‐Tex® patch (Preclude® Dura Substitute, W.L. Gore 

& Associates, Inc., Flagstaff, AZ, USA) as described by Rohner et al. [1] (Figure 2). 

 

Figure 2. (A) Three-dimension printed drilling guide is anchored to the fibula and osseointegrated
implants are placed in the planned location. (B) Split-thickness skin graft placed over the lateral
aspect of the fibula containing the implants.

2.4.2. Stage II: Jaw Reconstruction

Six months after Stage I, the jaw resection and fibula reconstruction were performed.
The fibula was re-exposed and removal of the Gore-Tex® membrane revealed the newly
attached epithelial tissue around the implants and along the lateral sides of the fibula
(Figure 3A). The flap was elevated and placed into a fibular holder (Southern Implants,
Irene, South Africa) to maintain vascularization and safe manipulation of the flap during
surgery (Figure 3B). The surgical cutting guide was repositioned on the implants, and
the fibula was further osteotomized as indicated by the patient-specific fibular cutting
guide produced by SDS based on the preoperative virtual surgical plan (Figure 3C). Proper
configuration of the bone segments according to the planned digital design was achieved
by mounting the interim dental prosthesis on the osseointegrated implants (Figure 3D)
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was repositioned on the implants, and the fibula was further osteotomized. (D) Proper configuration
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The flap and transfer template construct were relocated to the jaw, and the patient was
placed in occlusion, with the construct in the accurate spatial relationship. The bone seg-
ment(s) of the flap were plated to the jaw using mini plates. Finally, soft tissue adjustment
and microvascular anastomoses were performed.

2.4.3. Stage III: Prosthodontic Treatment

The definitive dental prosthesis was fabricated and delivered after healing was com-
plete (Figure 4).
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2.5. Primary Outcome

The primary outcome of this study was the accuracy of the postoperative implant
positions as compared to the SDS plan. Each patient had a high-resolution helical CT scan
of the facial bones using either a Somatom Sensation (Siemens, Germany) or a GE VCT (GE
Healthcare, Waukesha, WI) 64-slice CT select scanner via a 0.625 mm collimation with a
25.0 cm field of view and 0 degree gantry tilt. All patients had postoperative CT scans of
their facial bones 6–12 months after the Stage II procedure.

2.6. Data Analysis

The preoperative digital plan, referred to as “planned”, and the scans of the post-
operative results, referred to as “actual”, were used for our analysis. Digitally placed
spheres (1 mm diameter) were manually positioned in the geometric center of the planned
and actual implant positions along the occlusal surface of the fibula. The spheres defined
the reference point for measuring implant position. The X, Y, and Z coordinates of each
planned and actual implant position were obtained (Figures 5 and 6). The difference in
position of the dental implants between the preoperative planned and postoperative actual
CT scans was calculated in millimeters.
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3. Results
Patients

Six consecutive patients were included in the analysis. The patient demographics are
shown in Table 1. A total of 24 dental implants were inserted, 23 of which were included in
the statistical analysis. One implant was inserted at the time of the first stage of surgery but
was not planned using SDS and was excluded from our analysis. All flaps survived, there
was no implant loss postoperatively, and all the patients that underwent all stages of the
reconstruction maintained functional and stable occlusion.

Table 1. Demographics.

Patient Age (Years) Sex Diagnosis Jaw Defect

1 46 F Ameloblastoma Maxilla

2 27 M Hemangioma Maxilla

3 61 M SCC Maxilla

4 23 M Ameloblastoma Mandible

5 49 M Keratocyst Maxilla

6 56 F ORN Maxilla
F: female; M: male; ORN: osteoradionecrosis; SCC: squamous cell carcinoma.

When the postoperative scans were superimposed on the preoperative SDS plans,
the mean center-point distances between the actual and planned implant positions were
1.5 mm (SD ± 1.2 mm) in the X axis, 2.0 mm (SD ± 1.0 mm) in the Y axis, and 1.8 mm
(SD ± 1.1 mm) in the Z axis (Figure 7).
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Figure 7. (A) Superimposition of the planned (black circles) dental implant locations according to
virtual reconstruction planning and actual (red circles) implant locations on the postoperative CT.
(B) Registration of the preoperative 3D model and the postoperative 3D reconstruction, showing
overall deviation from the virtual plan.

4. Discussion

This study examined the accuracy of the SDS workflow and AM modifications of
fibular flap prefabrication in a cohort of patients undergoing jaw reconstructions. The mean
deviations in implant positions from the virtual surgical plans were 1.5, 2.0, and 1.8 mm in
the X, Y, and Z axes, respectively. Our findings suggest that the use of SDS in planning
osseointegrated dental implants in the prefabricated fibula achieves spatially accurate
results in patients undergoing jaw reconstruction. In addition, the minor deviations seen
in our cohort were not clinically significant, as they could easily be accommodated for in
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the final prosthesis. Specifically, all patients in the study developed and maintained good
functional occlusion.

Our findings are supported by evidence in the literature. Schepers et al. [13] evaluated
the accuracy of placement of fibular grafts and dental implants compared to a virtual
plan during a one-stage procedure involving the immediate installation of dental implants.
They found a mean deviation of 3.3 mm between the virtually planned implants and the
postoperative implants [13].

The use of vascularized bone free flaps has improved the functional and aesthetic
outcomes of osseous reconstructions [14,15]. The fibula flap most similarly resembles the
jaw, both dimensionally and biomechanically [16,17]. This similarity is why we chose
to assess the fibula free flap for our study and is why the fibula free flap is used in our
routine practice in caring for patients requiring reconstruction of the jaw for similar defects.
The fibula provides excellent bone stock, good soft tissue components, and has a long
pedicle that has good caliber vessels for anastomosis [18,19]. The fibula is composed of
strong bicortical bone, offering increased primary stability to an implant that is superior
to other donor sites [14,15,17,20–24]. Furthermore, the bone can be further augmented by
impacting the marrow of the donor fibula with demineralized bone or morselized fibular
bone, resulting in improved implant longevity [25,26].

This study reports the clinical accuracy of SDS for osseointegrated implant positioning
in prefabricated fibular free flap procedures. We showed that the use of SDS and person-
alized patient plans improve accuracy of osteointegrated implants and potentially may
improve the patients’ functional and cosmetic outcomes after jaw reconstruction. The study
had some limitations because it was a single-center study and, therefore, susceptible to
biases of such a design. Furthermore, the sample size was small so the results must be
interpreted with caution.

5. Conclusions

SDS planning of fibular flap prefabrication resulted in better than 2 mm accuracy of
osteointegrated implant placement in a cohort of patients undergoing jaw reconstruction.
This accuracy could potentially result in improved functional and cosmetic outcomes

Author Contributions: Conceptualization, S.I., H.L., P.T., M.O., S.N. and H.S.; methodology, S.I.,
H.L., P.T., M.O., S.N. and H.S.; software, S.I. and H.L.; formal analysis, S.I., H.L., P.T., M.O., S.N.
and H.S; data curation, S.I., H.L. and P.T.; writing—original draft preparation, S.I., H.L. and P.T.;
writing—critical review and editing, S.I., H.L., P.T., M.O., S.N. and H.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of University of Alberta Health Research Ethics
Board (Pro00096288, 26 November 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rohner, D.; Jaquiéry, C.; Kunz, C.; Bucher, P.; Maas, H.; Hammer, B. Maxillofacial reconstruction with prefabricated osseous free

flaps: A 3-year experience with 24 patients. Plast. Reconstr. Surg. 2003, 112, 748–757. [CrossRef] [PubMed]
2. Weitz, J.; Bauer, F.J.M.; Hapfelmeier, A.; Rohleder, N.H.; Wolff, K.D.; Kesting, M.R. Accuracy of mandibular reconstruction

by three-dimensional guided vascularised fibular free flap after segmental mandibulectomy. J. Maxillofac. Oral Surg. 2016, 54,
506–510. [CrossRef] [PubMed]

3. Toto, J.M.; Chang, E.I.; Agag, R.; Devarajan, K.; Patel, S.A.; Topham, N.S. Improved operative efficiency of free fibula flap
mandible reconstruction with patient-specific, computer-guided preoperative planning. Head Neck 2015, 37, 1660–1664. [CrossRef]
[PubMed]

http://doi.org/10.1097/01.PRS.0000069709.89719.79
http://www.ncbi.nlm.nih.gov/pubmed/12960855
http://doi.org/10.1016/j.bjoms.2016.01.029
http://www.ncbi.nlm.nih.gov/pubmed/26898519
http://doi.org/10.1002/hed.23815
http://www.ncbi.nlm.nih.gov/pubmed/24954814


J. Pers. Med. 2022, 12, 1766 8 of 8

4. Hanasono, M.M.; Weinstock, Y.E.; Yu, P. Reconstruction of extensive head and neck defects with multiple simultaneous free flaps.
Plast. Reconstr. Surg. 2008, 122, 1739–1746. [CrossRef]

5. Seruya, M.; Fisher, M.; Rodriguez, E.D. Computer-assisted versus conventional free fibula flap technique for craniofacial
reconstruction. Plast. Reconstr. Surg. 2013, 132, 1219–1228. [CrossRef]

6. Wu, J.; Sun, J.; Shen, S.G.; Xu, B.; Li, J.; Zhang, S. Computer-assisted navigation: Its role in intraoperatively accurate mandibular
reconstruction. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2016, 122, 134–142. [CrossRef]

7. Ochi, M.; Kanazawa, M.; Sato, D.; Kasugai, S.; Hirano, S.; Minakuchi, S. Factors affecting accuracy of implant placement with
mucosa-supported stereolithographic surgical guides in edentulous mandibles. Comput. Biol. Med. 2013, 43, 1653–1660. [CrossRef]

8. Zhang, N.; Liu, S.; Hu, Z.; Hu, J.; Zhu, S.; Li, Y. Accuracy of virtual surgical planning in two-jaw orthognathic surgery: Comparison
of planned and actual results. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2016, 122, 143–151. [CrossRef]

9. Okay, D.J.; Buchbinder, D.; Urken, M.; Jacobson, A.; Lazarus, C.; Persky, M. Computer-assisted implant rehabilitation of
maxillomandibular defects reconstructed with vascularized bone free flaps. JAMA Otolaryngol. Head Neck Surg. 2013, 139, 371–381.
[CrossRef]

10. Toro, C.; Robiony, M.; Costa, F.; Zerman, N.; Politi, M. Feasibility of preoperative planning using anatomical facsimile models for
mandibular reconstruction. Head Face Med. 2007, 3, 1006–1011. [CrossRef]

11. Zheng, G.-S.; Su, Y.-X.; Liao, G.-Q.; Liu, H.-C.; Zhang, S.-E.; Liang, L.-Z. Mandibular reconstruction assisted by preoperative
simulation and accurate transferring templates: Preliminary report of clinical application. J. Oral Maxillofac. Surg. 2013, 71,
1613–1618. [CrossRef] [PubMed]

12. Seikaly, H.; Idris, S.; Chuka, R.; Jeffrey, C.; Dzioba, A.; Makki, F.; Logan, H.; O’Connell, D.A.; Harris, J.; Ansari, K.; et al. The
Alberta Reconstructive Technique: An occlusion-driven and digitally based jaw reconstruction. Laryngoscope 2019, 129, S1–S14.
[CrossRef] [PubMed]

13. Schepers, R.H.; Raghoebar, G.M.; Vissink, A.; Stenekes, M.W.; Kraeima, J.; Roodenburgm, J.L.; Reintsema, H.; Witjes, M.J.
Accuracy of fibula reconstruction using patient-specific CAD/CAM reconstruction plates and dental implants: A new modality
for functional reconstruction of mandibular defects. J. Craniomaxillofac. Surg. 2015, 43, 649–657. [CrossRef] [PubMed]

14. Avraham, T.; Franco, P.; Brecht, L.E.; Ceradini, D.J.; Saadeh, P.B.; Hirsch, D.L.; Levine, J.P. Functional outcomes of virtually
planned free fibula flap reconstruction of the mandible. Plast. Reconstr. Surg. 2014, 134, 628e–6234e. [CrossRef] [PubMed]

15. Kramer, F.J.; Dempf, R.; Bremer, B. Efficacy of dental implants placed into fibula-free flaps for orofacial reconstruction. Clin. Oral
Implants Res. 2005, 16, 80–88. [CrossRef] [PubMed]

16. Seikaly, H.; Chau, J.; Li, F.; Driscoll, B.; Seikaly, D.; Calhoun, J.; Calhoun, K.H. Bone that best matches the properties of the
mandible. J. Otolaryngol. 2003, 32, 262–265. [CrossRef] [PubMed]

17. Ide, Y.; Matsunaga, S.; Harris, J.; O’Connell, D.; Seikaly, H.; Wolfaardt, J. Anatomical examination of the fibula: Digital imaging
study for osseointegrated implant installation. J. Otolaryngol. Head Neck Surg. 2015, 44, 1. [CrossRef] [PubMed]

18. Hidalgo, D.A. Fibula free flap. Plast. Reconstr. Surg. 1989, 84, 71–79. [CrossRef]
19. Hayden, R.E.; Mullin, D.P.; Patel, A.K. Reconstruction of the segmental mandibular defect. Curr. Opin. Otolaryngol. Head Neck

Surg. 2012, 20, 231–236. [CrossRef]
20. Matsuurra, M.; Ohno, K.; Michi, K.; Egawa, K.; Takiguchi, R. Clinicoanatomic examination of the fibula: Anatomic basis for

dental implant placement. Int. J. Oral Maxillofac. Implants 1999, 14, 879–884.
21. Niimil, A.; Ozekil, K.; Uedal, M.; Nakayama, B. A comparative study of removal torque of endosseous implants in the fibula, iliac

crest and scapula of cadavers: Preliminary report. Clin. Oral Implants Res. 1997, 8, 286–289. [CrossRef] [PubMed]
22. Ivanoff, C.J.; Sennerby, L.; Lekholm, U. Influence of mono- and bicortical anchorage on the integration of titanium implants. Int. J.

Oral Maxillofac. Surg. 1996, 25, 229–235. [CrossRef]
23. Seikaly, H.; Maharaj, M.; Rieger, J.; Harris, J. Functional outcomes after primary mandibular resection and reconstruction with the

fibular free flap. J. Otolaryngol. 2005, 34, 25–28. [CrossRef] [PubMed]
24. Logan, H.; Wolfaardt, J.; Boulanger, P.; Hodgetts, B.; Seikaly, H. Exploratory benchtop study evaluating the use of surgical design

and simulation in fibula free flap mandibular reconstruction. J. Otolaryngol. Head Neck Surg. 2013, 42, 42. [CrossRef]
25. Barber, B.R.; Dziegelewski, P.T.; Chuka, R.; O’Connell, D.; Harris, J.R.; Seikaly, H. Bone-impacted fibular free flap: Long-term

dental implant success and complications compared to traditional fibular free tissue transfer. Head Neck 2015, 38 (Suppl. S1),
E1783–E1787. [CrossRef]

26. Dziegielewski, P.T.; Mlynarek, A.M.; Harris, J.R.; Hrdlicka, A.; Barber, B.; Al-Qahtani, K.; Wolfaardt, J.; Raboud, D.; Seikaly, H.
Bone impacted fibular free flap: A novel technique to increase bone density for dental implantation in osseous reconstruction.
Head Neck 2013, 36, 1648–1653. [CrossRef]

http://doi.org/10.1097/PRS.0b013e31818a9afa
http://doi.org/10.1097/PRS.0b013e3182a3c0b1
http://doi.org/10.1016/j.oooo.2016.02.001
http://doi.org/10.1016/j.compbiomed.2013.07.029
http://doi.org/10.1016/j.oooo.2016.03.004
http://doi.org/10.1001/jamaoto.2013.83
http://doi.org/10.1186/1746-160X-3-5
http://doi.org/10.1016/j.joms.2013.02.018
http://www.ncbi.nlm.nih.gov/pubmed/23810619
http://doi.org/10.1002/lary.28064
http://www.ncbi.nlm.nih.gov/pubmed/31241771
http://doi.org/10.1016/j.jcms.2015.03.015
http://www.ncbi.nlm.nih.gov/pubmed/25911122
http://doi.org/10.1097/PRS.0000000000000513
http://www.ncbi.nlm.nih.gov/pubmed/25357057
http://doi.org/10.1111/j.1600-0501.2004.01040.x
http://www.ncbi.nlm.nih.gov/pubmed/15642034
http://doi.org/10.2310/7070.2003.41646
http://www.ncbi.nlm.nih.gov/pubmed/14587569
http://doi.org/10.1186/s40463-015-0055-9
http://www.ncbi.nlm.nih.gov/pubmed/25645158
http://doi.org/10.1097/00006534-198907000-00014
http://doi.org/10.1097/MOO.0b013e328355d0f3
http://doi.org/10.1034/j.1600-0501.1997.080406.x
http://www.ncbi.nlm.nih.gov/pubmed/9586475
http://doi.org/10.1016/S0901-5027(96)80036-1
http://doi.org/10.2310/7070.2005.03060
http://www.ncbi.nlm.nih.gov/pubmed/15966472
http://doi.org/10.1186/1916-0216-42-42
http://doi.org/10.1002/hed.24315
http://doi.org/10.1002/hed.23510

	Introduction 
	Material and Methods 
	Study Design 
	Patients 
	Virtual Surgical Planning 
	Surgical Procedure 
	Stage I: Flap Prefabrication 
	Stage II: Jaw Reconstruction 
	Stage III: Prosthodontic Treatment 

	Primary Outcome 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

