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Introduction

The free fibula flap (FFF), described by Hidalgo in 1989, is the gold standard for mandibular reconstruction [START_REF] Hidalgo | Fibula free flap: a new method of mandible reconstruction[END_REF]. Conformation of this free bone flap, without using a model, is often imprecise, resulting in a prolonged operative ischaemia time. One of the solutions currently used by surgical teams is the creation of resection guides, pre-drilling guides and custommade fixation plates [START_REF] Zhang | Evaluation of computer-assisted mandibular reconstruction with vascularized fibular flap compared to conventional surgery[END_REF][START_REF] Antony | Use of virtual surgery and stereolithography-guided osteotomy for mandibular reconstruction with the free fibula[END_REF]. These guides and custom-made plates are designed by CAD (computer-aided design) and CAM (computer-aided manufacturing), in collaboration with biomedical engineers, thereby allowing planning of conformation and fixation prior to surgery.

The objective of this article is to describe a method of in-house treatment planning of mandibular reconstruction by FFF to determine the number and angulation of osteotomies and to preconform the fixation plates. This method is performed entirely and exclusively by the surgical team using a dedicated 3D printer.

Technique

Planning technique

1.1. Printing of 3D models (Fig. 1) All patients scheduled to undergo FFF were assessed by preoperative CT angiography of the lower limbs to evaluate the donor fibular pedicle less than two weeks before the reconstruction. CT scan of the facial bones was also performed to provide recent data to plan the mandibular resection.

These radiological data, in DICOM (Digital Imaging and Communication in Medicine) digital format, were then used for 3D modelling of the patient's fibula and mandible, an essential prerequisite to 3D printing.

We use free software: 3D Slicer ® and OsiriX Lite ® for this procedure, allowing semiautomatic segmentation of the region of interest (mandible or fibula) by grayscale thresholding. After completing this segmentation, 3D modelling is performed by the software and this modelling is then converted to the STL (stereolithography) format used for 3D printing. A final preparation step can be performed in the presence of imperfections on the model using Meshmixer ® software, allowing smoothing and artefact suppression.

The prepared STL file is then imported into the printing software. A Raise3D ® model N2+ printer, at a cost of €4,450, is used. IdeaMaker ® printing software is provided with the printer. PLA (polylactic acid) is used as thermoplastic printing material. The position of the model on the print bed can be determined and print supports can be added to ensure stability during printing. After several trials using various settings, we adopted the following parameters:

for the mandible: anatomical position -support beyond an overhang of 30° -printing precision: 150 µm.

for the fibula: horizontal position -support beyond an overhang of 60° -printing precision: 150 µm.

The printing time is between 4 and 6 hours for the mandibular model and between 6 and 10 hours for the fibula. 1.2. Osteotomy planning and pre-conformation of fixation plates (Fig. 2) This step consists of planning the mandibular bone resection and fibula osteotomies to allow preconforming of the fixation plates and creation of fibula osteotomy guides. This planning is performed exclusively by the patient's surgeon 48 to 72 hours before the operation.

Resection margins are determined by the team on the basis of physical examination and recent mandibular CT scan (< 2 weeks). Resection margins are marked on the printed mandibular model (Fig. 2A) with a safety margin of at least 1 cm around the tumour, including the inferior alveolar canal, when it is involved.

A silicone impression of the basilar margin of the mandibular model is then performed to allow constant determination of the bigonial distance and the shape of the mandibular arch during simulation (Fig. 2B).

The zone to be resected is then sectioned together with its planned margins, and planning of the lateral and intermediate osteotomies of the fibula cutting guide can then be performed.

The length and angulations of fibular fragments are progressively adapted with the saw and the drill until the mandibular arch to be reconstructed has been precisely reproduced (Fig. 2C, 2D, 2E and 2F).

After completion of these steps, the "reconstructed" model is definitively repositioned in the silicone impression to allow conformation of the fixation plates, 1 to 1.25 mm thick with at least two holes on either side of the bridge. The conformed plates are then sent to the sterilization unit to be sterilized in the autoclave and packaged prior to surgery (Fig. 2G and2H).

Finally, paper tracings are performed to guide the fibula osteotomies during surgery. These tracings are cut to reproduce the osteotomy lines on the lateral, anterior and possibly posterior surfaces of the fibular fragments. They are then annotated to indicate their directions to avoid any confusion during surgery (Fig. 3). Intraoperative use of these guides is described in section 2.

2. Surgical technique (Fig. 4) Flap dissection and harvesting are performed according to classical techniques. Conformation osteotomies are systematically performed before harvesting the fibula flap, using paper tracing to guide these osteotomies, as a real cutting and predrilling guide is not available with this technique. The paper tracings, placed in a sterile adhesive, are then positioned on their respective surfaces of the fibula, to guide the osteotomies on at least two surfaces of the fibula (Figs. 4A and4B). The length of the bone fragment and the direction of the osteotomies are plotted on the fibula to reproduce those planned on the 3D printed fibular model.

Preconformed plates during planning are then used for fixation of the FFF.

Discussion

Conformation of the fibula performed extemporaneously presents several limitations, such as a long learning curve [START_REF] Hidalgo | Aesthetic improvements in free-flap mandible reconstruction[END_REF], a long conformation time, resulting in longer operating and ischaemia times and imprecise conformation, responsible for cosmetically and functionally suboptimal mandibular reconstruction.

The introduction of preoperative virtual planning has facilitated in situ conformation of the fibula before flap division [START_REF] Eckardt | Virtual planning of composite mandibular reconstruction with free fibula bone graft[END_REF]. More recently, the development of CAM has allowed the creation of custom-made cutting and pre-drilling guides with good results and excellent reproducibility [START_REF] Foley | Mandibular Reconstruction Using Computer-Aided Design and Computer-Aided Manufacturing: An Analysis of Surgical Results[END_REF].

In practice, these processes are often reserved for the most complex cases, especially for secondary reconstruction or for benign diseases, as most teams can only perform a limited number of procedures due to their high unit cost, ranging between €2,000 and about €6,000 depending on the study [START_REF] Toto | Improved operative efficiency of free fibula flap mandible reconstruction with patient-specific, computerguided preoperative planning: Preoperative modeling for free fibula flaps[END_REF]. Furthermore, the time required for design and manufacture of custom-made guides and plates is often incompatible with the need for urgent management of malignant lesions.

The major advantage of the technique described in this article is to allow very rapid planning of mandibular reconstruction by FFF at a limited cost. This technique therefore allows:

• A planning time of less than 72 hours after imaging.

• A medical planning time of less than one hour, compatible with the surgeon's clinical activity. 3D printing does not affect this parameter, as it does not require any particular surveillance and can be performed at night.

• Intraoperative conformation on the leg, before flap division, thereby allowing a shorter ischaemia time.

• A short modelling, printing and planning learning curve. This technique is also a good simulation teaching tool for junior surgeons, who are able to acquire experience on inexpensive models.

• A low planning cost: purchase price of the printer of €4,450, then price per patient of €2 to €4.

Seven patients with squamous cell carcinoma invading the mandible have been managed by this in-house planning method, with at least one fibular conformation osteotomy. The mean planning time was 53 minutes [range: 15-75]. The mean intraoperative conformation time was 89 minutes [range: 68-110] versus 104 minutes in a previous series of 25 patients operated without 3D planning and the mean ischaemia time was 55 minutes versus 101 minutes.

Our method does not allow the manufacture of real cutting and pre-drilling guides. Paper tracings are helpful, but cannot be used to guide osteotomies in three dimensions and osteotomies sometimes need to be corrected by drilling.

It must be stressed that this method remains less precise than other procedures described in the literature. For example, Bosc et al. use CAM cutting guides with preoperative conformation of fixation plates. They use Polyjet printing technologies and Fused Deposition Modeling (FDM), with mostly free software. All steps are performed entirely by the surgical team within the hospital department. The mean design time is longer (5.1 days), but with a trend towards marked reduction with learning (3 days for the last patient) [START_REF] Bosc | Mandibular reconstruction after cancer: an in-house approach to manufacturing cutting guides[END_REF].

Dupret-Bories et al. have established a partnership with a bioengineering school, also allowing the manufacture of CAM cutting guides in an average of 5 days [START_REF] Dupret-Bories | Contribution of 3D printing to mandibular reconstruction after cancer[END_REF].

Although the cost per patient for these two authors remained higher than that of our method, they demonstrated a marked cost saving compared to industrial processes (about €1,000 per patient) and the manufacture of true cutting guides ensures a higher degree of precision.

However, these cutting guides are considered to be "surgically invasive devices" (Annex IX of Directive 93/42/EEC). Each device used, particularly the planning software, must be validated by a CE mark, which is not the case for most free software reported in the literature.

As our method is not at all invasive, it is not subject to this regulation The procedure described here is not designed to replace more sophisticated methods, but it simply and inexpensively allows customized surgery, with a gain of time compared to the manufacture of cutting guides.

Conclusion

This in-house planning technique is not designed to replace cutting and pre-drilling guides, but constitutes a simple, inexpensive complementary method that can be performed routinely in the context of the surgeon's activity to plan bone fragment modelling by using a hospitalbased 3D printer, which facilitates conformation prior to flap division. 
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 1 Figure 1. OsiriX ® DICOM volume rendering image. B. OsiriX ® DICOM image after segmentation. C. Meshmixer ® STL image before cleaning D. Meshmixer ® STL image after cleaning. E. IdeaMaker ® STL image of the mandible on the printer bed with print supports. F.

Figure 2 .

 2 Figure 2. A. Marking of resection margins. B. Mandible model placed in the impression to
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 3 Figure 3. Preparation of tracings that are cut to reproduce the osteotomy lines on the lateral,
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 4 Figure 4. Identification and marking of the surfaces of the fibula. B. The tracing is positioned
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