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Fibula transplantation plays an irreplaceable role in restoring the function and morphology of the defected mandible. However, the complex load-bearing environment of the mandible makes it urgent to accurately reconstruct the mandible, ensure the position of the condyle after surgery, and restore the patient’s occlusal function and contour. The intervention of digital design and three-dimensional (3D) printed titanium mesh provides a more efficient method and idea to solve this problem. Digital design guides the accurate positioning, osteotomy, and simultaneous implant placement during surgery, and 3D printed titanium mesh ensures stable condyle position after surgery, restoring good mandibular function. The double-layer folded fibula maintains the vertical height of the mandible and a good facial contour, and simultaneous implant placement can establish a good occlusal relationship. This study conducted a retrospective analysis of five patients with jaw defects who underwent digital fibula reconstruction over the past 3 years. It was found that the surgical protocol combining digital design, 3D printed intraoperative guides, 3D printed titanium mesh, free fibula flap, immediate implant, and occlusal reconstruction to repair jaw defects had more ideal facial appearance and biological function. It will provide a more reliable surgical protocol for clinical management of large mandibular defects.
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1 INTRODUCTION
The mandible is a bone tissue with a “U-shaped” shape that plays an important role in chewing, swallowing, articulation, and other functions, and constructs the basic shape of the face. Trauma, tumors, infections, and other diseases often lead to mandibular defects, which have a serious impact on the patient’s life and reduce their quality of life (Chim et al., 2010). For patients with large mandibular bone defects, the common clinical treatment is segmental mandibular resection and vascularized free flap reconstruction. However, in the actual operation process, the repositioning of the mandibular stump, the restoration of the condyle position, the height and shape of the transplanted bone segment, and the restoration of the occlusal relationship are the key points and difficulties in mandibular reconstruction (Pamias-Romero et al., 2023). Therefore, it is urgent to develop new treatment methods to repair the mandibular bone defects, reconstruct a good facial contour, and restore the occlusal relationship for patients.
Since Hidalgo introduced free tissue transplantation to restore jaw defects (Hakim et al., 2015), vascularized fibula flaps have been widely considered the gold standard for mandibular reconstruction (Srivastava et al., 2022) due to their multiple advantages. When the vascularized upper layer of the double-layer fibula is suitable for implantation, the lower layer can effectively restore facial contour and provide better support for soft tissues (Li et al., 2023a). However, mandibular reconstruction is a complex task. Because the mandible consists of bilateral ramus and body, after the mandibular segmental resection, the mandibular osteotomy stump is unstable and loses the reference point for accurately reconstructing the bone defect. In addition, the condyle does not have an anatomical shape that can be used as a stable landmark, making it difficult to track its position and movement. Changes in the position of the condyle relative to the joint socket can lead to changes in the occlusion relationship (Tang et al., 2021). Surgical osteotomy destroys the three-axis relationship between the temporomandibular joint, occlusion, and muscles, making it necessary to spend a long time checking the position of the bone segments during mandibular reconstruction surgery. More importantly, it is difficult to determine the position of the condyle after osteotomy. Using preoperative Oral cone beam CT (CBCT) data, a titanium mesh consistent with the shape of the defect area is prepared through 3D printing. 3D printing titanium mesh is considered to be an effective way (Gao et al., 2019) to locate the position of the postoperative condyle because of its matching with the preoperative mandibular shape and low stress response. Relevant research has confirmed that 3D printed titanium mesh can ensure a more stable condyle position compared to titanium plates and reconstruction plates, and can also facilitate bone healing by inserting crushed bone fragments into the titanium mesh during surgery, which promotes early mandibular function (Li et al., 2023b).
Simultaneous implant surgery during the operation can restore the patient’s bite and chewing function early, reduce surgical trauma, and shorten the repair time (Srivastava et al., 2022). Simultaneous implant surgery can not only restore the patient’s chewing, articulation, and other functions early, but also play a positive role in slowing down the absorption of transplanted fibula, promoting bone tissue regeneration and reconstruction. Digital design is applied before surgery to print digital surgical guides, thus determining the range of osteotomy, surgical boundaries, and developing mandibular reconstruction schemes and methods. The surgical osteotomy guides are printed, which can significantly shorten the operation time, reduce surgical errors (Al-Sabahi et al., 2022), and accurately determine the range of osteotomy and implant implantation.
In recent related studies, the above-mentioned treatment methods have been introduced, but few cases include a complete treatment plan. A systematic approach to restoring the appearance and function of the mandible and facial appearance is currently lacking. In this situation, we provide a feasible solution for mandibular reconstruction, including digital design, 3D printing surgical guides, 3D printing titanium mesh, free vascularized fibula flaps, immediate dental implantation, and occlusal reconstruction.
2 PATIENTS AND METHODS
This study received approval from the Ethics Committee at the Affiliated Hospital of Qingdao University, Qingdao (ethics number, QYFY WZLL 28268). This study was conducted at the Affiliated Hospital of Qingdao University from January 2020 to October 2023. Patients undergoing digital design-guided double-layer folded fibula transplantation and concurrent implant surgery in the department of oral and maxillofacial surgery were included in the cohort. The cohort included three females and two males. All patients suffered from extensive mandibular defects due to tumors, two of whom had mandibular defects after resection of malignant tumors and required restoration of facial appearance. All surgeries had completed preoperative digital surgical design; 3D printed titanium mesh was used to guide double-layer folded fibula transplantation and concurrent implant surgery to complete mandibular reconstruction. The dual-team approach was maintained throughout the study.
2.1 Preoperative digital design, 3D printing osteotomy guide plate, and 3D printing titanium mesh preparation
Before surgery, all patients underwent lower limb arteriovenous color ultrasound evaluation of lower limb blood flow, routine pre-operative 3D CT scanning of the fibula (SOMATOM Force CT, slice thickness 0.625 mm) and CBCT (KaVo i-CAT 17-19) examination of the jaw. 3dMD (3dmdface.t system, England) was used to complete pre-operative 3D facial scanning. The obtained jaw, fibula, and facial data were analyzed using Mimics 17.0 software (Materialise, Leuven, Belgium). The software is used to simulate the resection of the primary tumor, fibula osteotomy, mandibular reconstruction scheme design, osteotomy guide plate and implant placement position design. In the design, the osteotomy guide plate and reconstruction guide plate always use the same set of screw trajectories to minimize errors and bone block displacement. After mandibular reconstruction, the 3D facial data were fitted to evaluate the degree of facial contour change. After the surgical design is completed, the designed guide plate is printed using a 3D printer (LITE-450HD), at the same time, the 3D titanium mesh (stema Germany) is printed using the above data.
2.2 Tumor resection and mandibular reconstruction
After the surgical team completes the preoperative digital design, a team of doctors cuts the skin and muscle layer, and places the osteotomy guide plate according to the preoperative design. According to the preoperative virtual surgical design, partial mandibulectomy and tumor resection are performed. Another team of doctors extracts the fibula with a vascular pedicle. After complete tumor resection, two sets of recipient vessels are prepared to complete fibula transplantation. At this time, the repair team enters the operation room and determines the implant placement position and depth under the guidance of the preoperative design implant guide plate. The simultaneous implant surgery is completed on the transplanted fibula, and the incision is closed. After the surgery, the patient will be sent to the intensive care unit (ICU) for close observation of the general condition and respiratory condition. The patient is transferred back to the general ward on average within 2–3 days after the surgery. All patients need to receive an enteral fluid diet combined with intravenous nutritional support treatment within 1 week after the surgery. Subsequently, the transition to an oral fluid diet, semi-liquid diet, and normal diet is gradually carried out. The patient is expected to return for follow-up surgery for the second stage of implant treatment 6 months after the surgery. Each patient was followed up for at least 1 year, during which surgical and medical complications were recorded. A patient satisfaction questionnaire was designed to provide subjective evaluations of chewing, articulation, and facial appearance, which were divided into three levels: very satisfied, satisfied, and dissatisfied. To determine objective evaluations, facial symmetry, facial height, articulation, chewing, swallowing, mandibular movement, and other factors were evaluated. A Likert scale was used for scoring (where 1 = very abnormal and 5 = completely normal).
3 RESULTS
The five patients in our study ranged in age from 18 to 47 years, with an average age of 29.4 years. Two of the patients had previously suffered from oral squamous cell carcinoma, and are now 7 and 12 years after tumor resection, respectively. Three patients had mandibular ameloblastoma. All five patients underwent bilateral fibular folding for repair, with fibular lengths ranging from 109.15mm to 191.42 mm (average value of 138.25 mm). The average number of implants placed during the same period was 3.6. The anastomosis involved recipient arteries, including the facial artery, the superior thyroid artery, and the lingual artery; recipient veins included the facial vein, the superior thyroid vein, the internal jugular vein, and the external jugular vein, and donor arteries and veins included the fibular artery and the fibular vein. The duration of these surgeries ranged from 500 to 830 min, with an average of about 640 min, and no vascular crisis or pedicle fibula flap necrosis occurred after surgery. The average follow-up time for the 5 patients was 15.8 months (range: 12 months–19 months). Patient satisfaction assessment showed that 3 patients were very satisfied with the appearance after surgery, 2 patients were satisfied with the appearance after surgery, and the completion time of the repair for the 5 patients was 11.2 months (range: 9 months–15 months). After the operation, the facial CBCT soft tissue data was mirror-fitted, and the maximum difference value of bilateral soft tissue after fitting was 4.45 mm on average. What is impressive is that all 5 patients recovered their chewing function within 1 month after surgery, and had a good facial appearance (Table 1).
TABLE 1 | Patient data.
[image: Table 1]3.1 Case presentation
A 27-year-old female patient presented to the Affiliated Hospital of Qingdao University with a 4-month history of swelling in the right lower posterior region. The outpatient doctor removed the 47 and performed a pathological examination, which revealed that the patient had an ameloblastoma in the right mandible (Figure 1). In addition to the mandibular tumor, the patient also suffered from schizophrenia for 8 years and was taking oral medication. The patient’s condition is now under good control.
[image: Figure 1]FIGURE 1 | Preoperative facial photos and CBCT.
Preoperative examination revealed asymmetry in bilateral oral and maxillofacial regions, with a slightly longer height of the right mandibular ramus than the left, and a 47 missing. A bone swelling could be felt on the lingual side of the right mandible, with a dark red fistula on the surface. A slight squeeze showed a small amount of yellow liquid exudation. The opening degree was 4.5cm, and the opening type was normal. The occlusion relationship was acceptable. No obvious enlarged lymph nodes were felt in the bilateral submandibular region and neck. Complete CBCT showed that the tumor size was 51.46 mm × 42.28 mm × 26.83mm, involving 44-47 teeth, and the right cortical bone of the mandibular body was damaged. The right mandibular nerve tube was damaged (Figure 2). Complete 3DMD was performed before surgery, and CT data was fitted with facial data.
[image: Figure 2]FIGURE 2 | Preoperative tumor size and extent of involvement.
According to the patient’s condition and needs, the surgical plan was formulated as a comprehensive treatment strategy encompassing mandibular tumor excision, mandibular reconstruction, and dental rehabilitation. This encompassed the utilization of free vascularized bilateral fibula grafting for the reconstruction of mandibular defects, 3D-printed titanium mesh reconstruction of the mandible, prompt implant placement, and the utilization of implant-supported fixed dentures for restoration.
Design a digital surgical plan for the patient using Mimics software. The mandibular osteotomy range was: the distance from the right mandibular ascending branch osteotomy line to the tumor was approximately 5.46–5.13mm, approximately 16.31 mm from the posterior edge of the right ascending branch, and approximately 35.55 mm from the right coronoid process. The right body osteotomy line was located at 44 teeth, approximately 5.23 mm from the tumor, and approximately 6.89 mm from the root of 43 teeth. Preoperative preparation of 3D printed mandibular body osteotomy guides, chin-support osteotomy guides, and chin-tooth support osteotomy guides were used to accurately guide the osteotomy range. The fibula was taken from 80.22 mm above the left lateral malleolus, with a total length of approximately 109.15 mm. The fibula was divided into four segments, placed in two layers, with the upper layer pedicled and the lower layer free. The proximal end was placed from the right mandibular angle, and the distal end was close to the chin. The lateral side of the fibula corresponded to the lateral side of the jawbone. After fitting with the preoperative digital design, a 3D titanium mesh was printed to fix the fibula segment. The distance between the transplanted fibula and the maxillary cusp was approximately 7.68–8.89 mm (Figures 3, 4).
[image: Figure 3]FIGURE 3 | (A) Osteotomy range of the right mandibular ramus. (B) extent of mandibular body osteotomy. (C, D, E) Three-dimensional view of the extent of mandibular osteotomy.
[image: Figure 4]FIGURE 4 | (A) Segmentation and arrangement of fibular segments. (B) fibular osteotomy and osteotomy guide plate. (C) Implant size. (D, E, F) Three-dimensional view of implant placement.
According to the preoperative design plan, the mandibular tumor was completely removed under the guidance of the osteotomy guide plate, the vascularized bilateral fibula was transplanted, and the mandible was reconstructed with 3D-printed titanium mesh. During the operation, three implants were implanted in the transplanted fibula. First, the surgeons were divided into two groups and performed the surgery simultaneously. One group cut the left vascularized fibula, while the other group cut part of the right mandible. When cutting the left vascularized fibula, firstly, the tourniquet was used to stop the bleeding, and the skin, subcutaneous tissue, deep fascia, and muscles were separated along the preoperative design to find the fibula. Avoid injury to the superficial peroneal nerve and anterior tibial blood vessels during the operation and the long and short muscles on the fibula were cut. After accurately placing the fibula osteotomy guide plate in the designed position, a wire saw was used to cut the mandible at a distance of 8 cm above the lateral malleolus, and then the required fibula segment was cut. The fibular vascular pedicle and posterior tibial artery branch of about 3 cm proximal to the fibula were preserved and cut, and the vascular anastomosis was prepared. The tourniquet was loosened and the surgical wound was closed. Wash the proximal artery and two veins with heparin saline to separate them. The repaired fibula segment is wrapped in saline gauze for backup.
Mandibular partial resection and reconstruction. The intraoral incision is designed from the center of the lower lip to the 33 gingiva along the gingival margin. The extraoral incision is designed from the center of the lower lip outward to the submental region and continues along the right mandibular inferior margin for 2 cm to the right mandibular angle. After accurately placing the fibula osteotomy guide plate in the predetermined position, the skin and superficial fascia are incised, the muscles are separated, and the mandible is exposed. The 44, 45, 46, and 48 teeth are extracted, and the osteotomy guide plate is placed on the mandibular body and chin, respectively, for precise osteotomy. The right mandible and tumor are completely removed, and the specimen is sent for pathological examination. Under the guidance of the guide plate, the free fibula is divided into four segments. Under the guidance of the titanium mesh and positioning guide plate, the four segments of fibula are placed at the reconstruction site of the mandible and then fixed with titanium mesh and titanium screws. Under the operating microscope, the superior thyroid artery is anastomosed with the fibular artery, and the internal jugular vein is anastomosed with two fibular veins. The implant guide plate is placed on the fibula, and the positioning is performed using a spherical drill under the guidance of the guide plate. The pioneer drill is used to prepare the implant site, and determine the direction and depth. After detecting the planting site with a pointer, the planting site was enlarged with a pioneer drill. Finally, implants 45(Nobel Active 4.3 × 11.5 mm), 46(Nobel Active 4.3 × 11.5 mm), and 47(Nobel Active 4.3 × 11.5 mm) were implanted into the fibula and covered with screws. The muscles were anastomosed to the soft tissue of the floor of the mouth, and the incision was closed layer by layer. After surgery, the patient’s facial appearance recovered well (Figure 5).
[image: Figure 5]FIGURE 5 | Intraoperative photographs: (A–F) Mandibular tumor resection. (G–L) Mandibular reconstruction. (M–P) Implant placement.
The patient returned for a 1-month follow-up after surgery and was seen to have stable occlusion, good recovery of the surgical area, and a generally symmetrical facial appearance. The patient returned for a 3-month follow-up after surgery, and the appearance of the maxillofacial region was well-restored, with basic symmetry on both sides; the intraoral occlusion was stable. CBCT showed a first-stage healing of the implant, the condyle was accurately positioned, ang the bone block was well-aligned, with no absorption or displacement, and the patient could open their mouth early to eat and restore the occlusal function (Figure 6).
[image: Figure 6]FIGURE 6 | Preoperative and postoperative contrast: (A) Preoperative facial features. (B). Preoperative facial soft tissue mirror image fitting was performed. (C). Preoperative panoramic radiographs. (D). Postoperative facial features. (E). Postoperative facial soft tissue mirror fitting. (F). Postoperative panoramic radiographs.
After a 6-month follow-up following surgery, the implants have healed well. However, the mucosa after fibula grafting is non-keratinized, which may increase the risk of peri-implantitis. When the second stage of implant surgery is performed, we plan to increase the keratinized mucosa using acellular allogeneic dermis (ADM). During the surgery, the mucosa was incised, the medium-thick skin flap was sharply separated, and some connective tissue and periosteum were retained to expose the screw cover. The screw cover was replaced with a healing abutment (45, 46 were 5.0 × 5.5mm, 47 was 5.0 × 3 mm), and ADM was fixed to the sides of the abutment, adhering to the periosteum and sutured to the medium-thick gingival flap and periosteum. The ADM was stabilized using iodoform gauze stuffing. A follow-up after 1 month revealed that the ADM did not properly bond with the non-keratinized mucosa on the buccolingual side, so we decided to perform a free gingival graft (FGG) to widen the keratinized gingiva. The free gingival on the 23–26 palatal side was removed and an absorbed gelatin sponge was used to fill the donor area of the keratinized gingiva, with sutures fixed to the sponge. The corresponding position of the free gingiva was drilled and inserted into both sides of the healing abutments and sutured. Finally, a hemostatic plate was made to compress and protect the keratinized gingiva donor area.
Two months after the FGG surgery, the gum healed well and entered the final stage of implant restoration. 44, 45, and 46 were selected for fixed bridge crown restoration, and 47 was selected for single crown restoration. We selected a window-type personalized tray and corresponding implant transfer rod made of silicone rubber to take the final impression. Due to the stable occlusion relationship of the patient’s left teeth, we sent the model and recorded occlusion relationship to the processing factory to produce a resin temporary tooth. To ensure that the resin temporary tooth has stable occlusion during centric occlusal movement and lateral jaw movement, and improve chewing efficiency. After wearing the temporary tooth for 2 months, the patient’s temporomandibular relationship was comfortable and the chewing function was good.
Finally, the final restoration stage was carried out, with the installation of personalized abutments in 45 and 46, and the installation of the original abutment-integrated crown in 47. The final restoration in 44, 45, 46, and 47 selected zirconia all-ceramic crowns. Through facial comparison, the patient’s appearance was effectively rehabilitated. CBCT soft tissue mirror fitting showed no significant changes in the facial soft tissue before and after surgery, and the maximum difference in soft tissue between the affected and healthy sides after surgery was only 2.88 mm. Imaging comparison of condyle position showed no significant displacement of the condyle. The facial scan results indicated that the patient’s appearance was effectively rehabilitated through mandibular reconstruction and dental implant placement. The patient expressed profound satisfaction with the final outcome (Figure 7).
[image: Figure 7]FIGURE 7 | Condition of occlusion: (A–D) Preoperative occlusion. (E–H) occlusion at 3 months after operation. (I–L) occlusion at 6 months after operation. (M, N, O) ADM transplantation. (P) FGG transplant follow-up 2 weeks after surgery. (Q–T) occlusion was performed at 10 months after operation.
4 DISCUSSION
Mandibular reconstruction and dental restoration are complex tasks that are influenced by multiple factors and involve technologies from different fields. Currently, there are still some inevitable limitations in digital design and 3D printing technology (Al-Sabahi et al., 2022). The design and 3D printing of preoperative guides consume a lot of time, which may delay the treatment opportunity. The accuracy of CT scanning may be affected, as CT scanning cannot accurately capture the occlusal anatomical structure, which may also affect the final surgical design effect. Design errors of surgeons and engineers are still inevitable (Anuja et al., 2011). The success of treatment depends on the close cooperation of multidisciplinary teams including oral and maxillofacial surgery, oral implantology, prosthetics, and computer engineers.
After tumor resection, segmental mandibular defects are accompanied by many physiological problems, including poor occlusal function, changes in mandibular morphology, changes in mandibular motion trajectory, language dysfunction, chewing and swallowing difficulties, and facial deformities. Mandibular reconstruction not only restores the continuity of bone tissue and facial appearance, but also restores normal chewing, swallowing, and vocalization functions to achieve coordination between oral function and facial appearance (Moiduddin et al., 2019). The repair of segmental mandibular defects is of great significance in improving the quality of life of patients.
The transfer of a double-layer folded vascularized fibula flap can construct a good vertical height of the face, slow down the absorption of the fibula, and provide sufficient and safe bone tissue for simultaneous implantation. Simultaneous implantation can provide patients with good occlusal relationships and mandibular functions (Tumuluri et al., 2023), and restore the patient’s chewing function as early as possible.
The goal of mandibular reconstruction is to restore chewing, speech function, and acceptable appearance. Using digital immediate implant restoration, dental implants are implanted into the transplanted fibula and can be restored using removable dentures or fixed dentures. A large number of studies have shown that 3D printing digital implant guides combined with preoperative rational planning of implant position can achieve precise and minimally invasive surgery (Londono et al., 2018). In previous clinical studies, most mandibular reconstructions required an interval of about 1 year before undergoing implant surgery, delaying the repair treatment cycle and seriously affecting the patient’s quality of life. Immediate implant effectively solves the above problems (Miljanovic et al., 2022). Due to the precise preoperative planning of the implant position, the implant is embedded into the fibula after immediate implantation, which can avoid infection from saliva and microorganisms in the oral cavity and form good osseointegration.
In addition, soft tissue reconstruction has a significant impact on the prognosis of implants with fibula grafts. In general, after fibula grafting, the peri-implant soft tissue does not adequately replicate keratinized mucosa, which increases peri-implantitis risk (Nakaue et al., 2020). For this reason, we may need to perform soft tissue reconstructions to improve the condition of the soft tissues around the implants. Compared with FGG, ADM has the advantages of a single surgical site, no need to create a second surgical area, less postoperative pain and discomfort, better aesthetics, and integration with surrounding tissues. Patients have less psychological burden and the surgical trauma is smaller. ADM does not have cellular and tissue-inducing abilities, and the repair process mainly relies on the migration of adjacent tissue cells to integrate with surrounding tissues (Shan et al., 2022). It is possible that the excessive pressure of the tamponade affected the blood supply, resulting in the inability of the ADM graft to completely fuse with the fibular mucosa. Therefore, in the subsequent treatment of FGG, we made improvements to this part. Besides, it may be related to the position of the implant, the size and thickness of the gingiva in the donor area, the adaptability of the graft, the preparation of the recipient area, and the oral hygiene maintenance around the implant (Shan et al., 2022). Clinicians should strengthen the guidance of patients’ oral hygiene maintenance and professional implant maintenance treatment to reduce the risk of peri-implantitis.
Despite the complex anatomical structure of the mandible, 3D virtual surgical planning provides a platform for surgeons and engineers to collaborate to develop surgical plans. During the operation, the precise intraoperative osteotomy position is determined to minimize the extent of bone removal and preserve important anatomical landmarks. Currently, digital design and 3D printing have been widely used in mandibular reconstruction, maxillofacial trauma, implantology, temporomandibular joint reconstruction, orthognathic surgery, and other fields, providing powerful technical support for preoperative diagnosis, surgical plan development, disease analysis, and surgical implementation (Moiduddin et al., 2019) in oral and maxillofacial surgery. 3D-printed titanium mesh is based on digital design and maximally adapts to the mandible contour. With the help of digital design and 3D-printed surgical guides, surgeons minimize the extent of osteotomy and reconstruct the mandible contour before the disease to the greatest extent possible.
It can be seen that the advantages of digital surgical design and 3D printing technology are as follows: 1) digital design transfers surgical design to the preoperative stage, reduces the cost of trial and error, simplifies surgical steps, and shortens surgery time (Succo et al., 2015), especially for the repair of large mandibular defects (Liu et al., 2014). 2) Full digital design has good shaping effects in repairing mandibular defects with double-layer folded fibula muscle flaps (Gao et al., 2021), establishing good occlusal relationships and mandibular functions. 3) In conventional surgery, repeated grinding of fibular fracture ends by doctors can increase the damage to the fibular blood supply and surrounding tissues. The use of 3D technology can avoid these problems, thereby reducing intraoperative bleeding (Anuja et al., 2011). 4) Digital design can more accurately guide implant placement sites and depths, providing a good foundation for early repair and reconstruction (Schepers et al., 2013). 5) Compared to titanium plates or reconstruction plates, 3D printed titanium mesh can implant crushed bone fragments into bone defect areas during surgery (Shan et al., 2015), promote early healing of the bone tissue, and have excellent mechanical properties (Li et al., 2023c), ensuring accurate positioning of the condyle, and the titanium mesh reduces the hardness of internal fixation devices by wrapping the lower third of the jaw, reducing stress shielding. Moreover, due to its advantages in shape and stress, the 3D printed titanium mesh avoids the trauma of secondary surgery for removal (Liu et al., 2019).
5 CONCLUSION
In summary, the combined use of digital design, 3D printed titanium mesh, double-layer folded fibula, and simultaneous implant placement provides a systematic clinical solution for segmental mandibular defects. The application of full-process digital design in mandibular reconstruction and simultaneous implant placement is of great value. The use of 3D printed titanium mesh, double-layer vascularized fibula, simultaneous implant placement, and the establishment of good occlusal relationships can achieve the goal of early restoration of chewing function and facial appearance, providing clinical practice for precise mandibular reconstruction. However, the broader three-point and long-term effects of this solution still need to be further verified by expanding the patient cohort.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The studies involving humans were approved by Ethics Committee of Qingdao University Affiliated Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
SL: Investigation, Writing–original draft. LM: Visualization, Writing–original draft. LB: Visualization, Writing–original draft. ZL: Data curation, Investigation, Validation, Writing–review and editing. LL: Conceptualization, Methodology, Writing–original draft. YW: Data curation, Software, Writing–review and editing. LC: Conceptualization, Methodology, Writing–review and editing. NB: Validation, Writing–review and editing. JS: Formal Analysis, Writing–review and editing. YL: Funding acquisition, Resources, Writing–review and editing.
FUNDING
The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The author (s) declares financial support for research, authorship, and/or publication of this article. This study was funded by Qingdao Medical and Health Research Program (Funding number: 2021-WJZD193), Clinical Medicine + X Research Program of the Affiliated Hospital of Qingdao University (funding number: QDFY + X202101041, QDFY + X2023207), and Shandong Medical and Health Science and Technology Development Program (Funding number:202208020979/202308020875), Science and Technology Program of Shinan District of Qingdao (Grant No.: 2023-2-005-YY) and the Qingdao Pan Feng Project of Oral Medicine.
ACKNOWLEDGMENTS
This study thanks AIBEI Medical Technology (Shenzhen) Co., LTD. for the help of digital design.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Al-Sabahi, M. E., Jamali, O. M., Shindy, M. I., Moussa, B. G., Amin, A. A.-W., and Zedan, M. H. (2022). Aesthetic reconstruction of onco-surgical mandibular defects using free fibular flap with and without CAD/CAM customized osteotomy guide: a randomized controlled clinical trial. BMC Cancer 22, 1252. doi:10.1186/s12885-022-10322-y
 Anuja, A., Wei, C., Antonia, K., Weimer, K. A., and Cohen, M. N. (2011). Use of virtual surgery and stereolithography-guided osteotomy for mandibular reconstruction with the free fibula. Plastic Reconstr. Surg. 128, 1080–1084. doi:10.1097/prs.0b013e31822b6723
 Chim, H., Salgado, C. J., Mardini, S., and Chen, H. C. (2010). Reconstruction of mandibular defects. Semin. Plast. Surg. 24, 188–197. doi:10.1055/s-0030-1255336
 Gao, H., Li, X., Wang, C., Ji, P., and Wang, C. (2019). Mechanobiologically optimization of a 3D titanium-mesh implant for mandibular large defect: a simulated study. Mater. Sci. Eng. C 104, 109934. doi:10.1016/j.msec.2019.109934
 Gao, N., Fu, K., Cai, J., Chen, H., and He, W. (2021). The role of folded fibular flap in patients’ reconstruction of mandibular defects: a retrospective clinical study. Sci. Rep. 11, 23853. doi:10.1038/s41598-021-03331-7
 Hakim, S. G., Kimmerle, H., Trenkle, T., Sieg, P., and Jacobsen, H. C. (2015). Masticatory rehabilitation following upper and lower jaw reconstruction using vascularised free fibula flap and enossal implants—19years of experience with a comprehensive concept. Clin. Oral Investig. 19, 525–534. doi:10.1007/s00784-014-1247-9
 Li, J., Li, X., Ma, K., Sun, J., Bai, N., and Liu, Y. (2023a). Rehabilitation of long-term mandibular defects by whole-process digital fibula flap combining with implants: a case report. J. Prosthodont. 32, 187–195. doi:10.1111/jopr.13627
 Liu, B.-Y., Cao, G., Dong, Z., Chen, W., Xu, J.-K., and Guo, T. (2019). The application of 3D-printed titanium mesh in maxillary tumor patients undergoing total maxillectomy. J. Mater. Sci. Mater. Med. 30, 125–127. doi:10.1007/s10856-019-6326-7
 Liu, Y.-F., Xu, L.-W., Zhu, H.-Y., and Liu, S. S.-Y. (2014). Technical procedures for template-guided surgery for mandibular reconstruction based on digital design and manufacturing. Biomed. Eng. online 13, 63–15. doi:10.1186/1475-925x-13-63
 Li, Y., Liu, H., Wang, C., Yan, R., Xiang, L., Mu, X., et al. (2023b). 3D printing titanium grid scaffold facilitates osteogenesis in mandibular segmental defects. NPJ Regen. Med. 8, 38. doi:10.1038/s41536-023-00308-0
 Li, Y., Liu, H., Wang, C., Yan, R., Xiang, L., Mu, X., et al. (2023c). 3D printing titanium grid scaffold facilitates osteogenesis in mandibular segmental defects. NPJ Regen. Med. 8, 38. doi:10.1038/s41536-023-00308-0
 Londono, J., Tadros, M., Salgueiro, M., and Baker, P. S. (2018). Digital design and 3D printing of an implant-supported prosthetic stent for protecting complete arch soft tissue grafts around dental implants: a dental technique. J. Prosthet. Dent. 120, 801–804. doi:10.1016/j.prosdent.2018.01.009
 Miljanovic, D., Seyedmahmoudian, M., Horan, B., and Stojcevski, A. (2022). Novel and accurate 3D-Printed surgical guide for mandibular reconstruction with integrated dental implants. Comput. Biol. Med. 151, 106327. doi:10.1016/j.compbiomed.2022.106327
 Moiduddin, K., Mian, S. H., Alkhalefah, H., and Umer, U. (2019). Digital design, analysis and 3D printing of prosthesis scaffolds for mandibular reconstruction. Metals - Open Access Metallurgy J. 9, 569. doi:10.3390/met9050569
 Nakaue, K., Horita, S., Imada, M., Yamamoto, K., Sugiura, T., Ueda, N., et al. (2020). Study of treatment methods for surrounding soft tissues of implants following mandibular reconstructions with fibula-free flaps. Dent. J. 8, 67. doi:10.3390/dj8030067
 Pamias-Romero, J., Saez-Barba, M., De-Pablo-Garcia-Cuenca, A., Vaquero-Martinez, P., Masnou-Pratdesaba, J., and Bescos-Atin, C. (2023). Quality of life after mandibular reconstruction using free fibula flap and customized plates: a case series and comparison with the literature. Cancers (Basel) 15, 2582. doi:10.3390/cancers15092582
 Schepers, R. H., Raghoebar, G. M., Vissink, A., Lahoda, L. U., Van Der Meer, W. J., Roodenburg, J. L., et al. (2013). Fully 3-dimensional digitally planned reconstruction of a mandible with a free vascularized fibula and immediate placement of an implant-supported prosthetic construction. Head neck 35, E109–E114. doi:10.1002/hed.21922
 Shan, X.-F., Chen, H.-M., Liang, J., Huang, J.-W., and Cai, Z.-G. (2015). Surgical reconstruction of maxillary and mandibular defects using a printed titanium mesh. J. Oral Maxillofac. Surg. 73, 1437.e1–1437.e9. doi:10.1016/j.joms.2015.02.025
 Shan, X., Han, D., Ge, Y., Zhang, H., and Lu, R. (2022). Clinical outcomes of keratinized mucosa augmentation in jaws reconstructed with fibula or iliac bone flaps. Int. J. Oral Maxillofac. Surg. 51, 949–956. doi:10.1016/j.ijom.2021.11.013
 Srivastava, G., Padhiary, S. K., Nayak, T. K., and Mishra, N. (2022). Rehabilitation using implants in free fibula flap of a patient with ameloblastoma: case report with 4-year follow-up. Natl. J. Maxillofac. Surg. 13, S194–S198. doi:10.4103/njms.njms_239_20
 Succo, G., Berrone, M., Battiston, B., Tos, P., Goia, F., Appendino, P., et al. (2015). Step-by-step surgical technique for mandibular reconstruction with fibular free flap: application of digital technology in virtual surgical planning. Eur. Arch. Otorhinolaryngol. 272, 1491–1501. doi:10.1007/s00405-014-3078-3
 Tang, Q., Li, Y., Yu, T., Chen, X., Zhou, Z., Huang, W., et al. (2021). Association between condylar position changes and functional outcomes after condylar reconstruction by free fibular flap. Clin. Oral Investig. 25, 95–103. doi:10.1007/s00784-020-03338-w
 Tumuluri, V., Leinkram, D., Froggatt, C., Dunn, M., Wykes, J., Singh, J., et al. (2023). Outcomes of immediate dental implants in vascularised bone flaps for mandibular reconstruction. ANZ J. Surg. 93, 1682–1687. doi:10.1111/ans.18427
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Li, Mi, Bai, Liu, Li, Wu, Chen, Bai, Sun and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fbioe-12-1350227-g005.gif





OPS/images/fbioe-12-1350227-g006.gif





OPS/images/fbioe-12-1350227-g003.gif





OPS/images/fbioe-12-1350227-g004.gif





OPS/images/fbioe-12-1350227-g007.gif





OPS/images/fbioe-12-1350227-t001.jpg
Pathogenesis Time of Length of Repair Follow-up Likert

operation the completion period scale
(min) fibula time (month) (month scores
(mm)
0-50
1 18 F AME 640 134.76 1 18 | 43 | 346
2 23 M scc 500 11738 9 14 ‘ 47 ‘ 193
3 2 F AME 830 19142 15 16 |4 | 7n
\
\' i i T i T
4 47 M sce 710 138.54 10 19 B es
| |
5 7 M AME 520 109.15 1 12 Cw ‘ 288
Average | 294 | — - 640 13825 12 158 | ome aas

AME:ameloblastoma SCC:squamous cell carcinoma.
Leniath of fit: the soft tiasue mitror Was Bitted o the marimus gis ienath.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Application of 3D printed titanium mesh and digital guide plate in the repair of mandibular defects using double-layer folded fibula combined with simultaneous implantation		1 Introduction

		2 Patients and methods		2.1 Preoperative digital design, 3D printing osteotomy guide plate, and 3D printing titanium mesh preparation

		2.2 Tumor resection and mandibular reconstruction





		3 Results		3.1 Case presentation





		4 Discussion

		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Bioengineering and Biotechnology

Application of 3D printed
titanium mesh and digital guide
plate in the repair of mandibular
defects using double-layer
folded fibula combined with
simultaneous implantation





OPS/images/fbioe-12-1350227-g001.gif





OPS/images/fbioe-12-1350227-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





