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Abstract:

Introduction: Treating cleft abnormalities, infections, and tumors are only a few of the problems that need
maxillofacial repair. Effective rehabilitation approaches are necessary because mandibular anomalies, whether
they are the result of trauma, tumors, or other circumstances, have a substantial influence on face appearance
and oral function. Recent developments in bone repair methods and biomaterials for mandibular defect
rehabilitation in oral and maxillofacial surgery are examined in this review.

Methodology: ScienceDirect, Google Scholar, PubMed, and other databases were used to do a thorough search.
Recent English-language research on cutting-edge methods and biomaterials in bone healing for mandibular
abnormalities was the primary focus of the inclusion criteria. For analysis, 58 relevant publications in total were
chosen.

Results: Studies examined several bone-repairing materials, such as xenografts and allografts, and emphasized
the benefits and drawbacks of each. Although they provide health issues, metal compounds like titanium alloys
have exceptional mechanical strength. Magnesium alloys are one example of a biodegradable metal that shows
promise but needs further investigation. Scaffold building involves the use of many materials such as bioinks,
polymers, bioceramics, and composites, each having specific uses and characteristics. Digital navigation
technology, distraction osteogenesis, and microvascular restoration are some of the techniques that improve
surgical results.

Conclusion: In conclusion, the development of biomaterials and procedures provides a potential route for the
rehabilitation of mandibular defects. Upcoming studies in oral and maxillofacial surgery have to concentrate on
enhancing material qualities, perfecting surgical methods, and enhancing patient results.
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I. Introduction.

Among other ailments, maxillofacial restoration is essential in the treatment of cleft malformations,
infections, and head and neck tumors. When it comes to tumors, maxillofacial reconstruction seeks to return the
shape and functionality of the facial tissues damaged after tumor removal, giving patients their lives back and
their self-worth back (1). Surgeons may improve speech, mastication, and facial aesthetics by reconstructing
abnormalities and optimizing functional results via the use of many procedures, including bone grafting, tissue
flaps, and implantology. Similarly, maxillofacial reconstruction is necessary to rectify orofacial clefts, allowing
the afflicted tissues to grow and develop normally and enhancing their look and function (2). When dealing with
infections, maxillofacial reconstruction plays a critical role in maintaining the integrity of the injured tissues,
promoting the best possible recovery, and lowering the possibility of functional and aesthetic problems (3). All
things considered, maxillofacial reconstruction is essential for tackling the intricate problems brought on by a
variety of diseases, providing patients with better functional results, superior aesthetics, and an improved quality
of life overall.

The mandible, which makes up the bottom third of the face, is a scaffold made of bones. It has a direct
bearing on the patient's ability to eat, articulate, and speak in addition to maintaining the patient's face form and
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contour. Loss of bone tissue in the oral cavity can be caused by injury, tumor, infection, congenital disease,
periodontitis, and iatrogenic injuries (e.g., excessive osteotomy in the mandible hypertrophy plastic surgery),
which can have varying effects on the patient's facial appearance and oral function (4). Patients will unavoidably
experience trauma and a great psychological load from these; many may exhibit symptoms of pain, inferiority,
eccentricity, etc. Most of these individuals have heightened sensitivity to strong, delicate emotions of beauty,
which may even manifest as suicidal thoughts in dejection. Reconstruction of the mandible flaws has long been a
worry, and the study aim has always been how to repair the defects better (5)(6). Associated fields have been
working on finding the best way to fix bone defects for a long time. The gold standard for bone grafting is the
conventional autologous bone transplant (7). Nevertheless, their use is restricted, and they run the risk of
subsequent bone resorption due to a lack of sources and donor problems (such hypofunction and persistent pain)

(8).

Allograft and xenogeneic procedures are now often used in clinical settings. Allogeneic bone is often
frozen, freeze-dried, decalcified, or treated with various chemicals to lessen the induction of severe immunological
rejection in the host; as a result, many of its cell components are necrotic. As a result, there are several ways in
which allogeneic differs from autograft in terms of osteogenesis, healing process manifestation, and immune
response (9). Osteoconductive, osteoinductive, biocompatible, bioresorbable, physically comparable to bone,
simple to use, and reasonably priced would be the characteristics of an ideal bone-graft alternative.
Simultaneously, it may develop early into a bone bonding interface with bone tissue, break down over time, and
ultimately be totally replaced by autologous bone tissue (10).

Scholars have been increasingly interested with the study of bone replacement biomaterials used to
mandibular abnormalities in recent years due to the fast development of biological materials and the necessity for
contemporary regenerative medicine. Biomaterials possess strong biocompatibility in addition to carrying out
certain biological activities. Nonetheless, a wide range of biomaterials with customizable qualities are used to
treat mandibular abnormalities. With an emphasis on mandibular defect rehabilitation, this narrative review
examines current advancements in bone repair for oral and maxillofacial surgery. We explore novel approaches
to surgery as well as developments in biomaterials, including polymers, bioceramics, etc. This study offers useful
ideas for physicians to maximize patient care and achieve good outcomes in difficult settings by thoroughly
analyzing the literature and clinical data.

Il. Material And Methods

Using an integrative approach, this review systematically gathers and examines pertinent material from
reliable sources such as ScienceDirect, Google Scholar, and PubMed. Relevant literature was found by using
search phrases like "biomaterials,” "bone reconstruction techniques,” and "mandibular defect rehabilitation.” To
improve search queries and concentrate on relevant material, Boolean operators (AND, OR) were used.

Inclusion and exclusion criteria:

The selection of high-quality research addressing current developments in bone repair methods and
biomaterials for mandibular defect rehabilitation was ensured by the establishment of inclusion and exclusion
criteria. The emphasis of the eligible research had to be on novel techniques in diagnosis and treatment, and they
had to have been published in English over the previous five years (2018-2023). Research with non-English,
unimportant results, or inadequate methodology were not included. Using exploratory searches, 1512 articles were
found at first. A total of 110 articles were taken into consideration for full-text analysis after the inclusion and
exclusion criteria were applied. Following a comprehensive evaluation process, 32 articles were chosen to be
included in this narrative review.

The findings of the literature study on new developments in biomaterials and bone restoration methods
for the rehabilitation of mandibular defects were categorized using a systematic methodology. To guarantee
uniformity and clarity in the presentation of cutting-edge methods and technology, analytical categories were
created. Microvascular reconstruction, tissue engineering, digital navigation technology, and 3D printing were
among the advanced techniques. Biomaterials include polymers, artificial biomaterial, bioink material, bio
ceramics, and composites employed in scaffold building were classified as innovative biomaterials. A thorough
grasp of the many developments in bone repair methods and biomaterials in oral and maxillofacial surgery is made
easier by this organized classification.
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I11. Results.
Materials from animal and human:
Allograft materials:

The term "allograft” describes the transplantation of tissue obtained from one member of a species into
another. They also have potential antigenic reactions, poor osteogenic properties, unstable bone induction, limited
supply, and their biological and mechanical properties can be altered by processing and preparation (11). An
increasing number of surgical practitioners are becoming worried and using autologous bone grafts to simplify
surgical procedures and prevent further procedures due to the treatment of mandibular abnormalities using
allograft. In clinical practice, allograft is a kind of bone replacement material that is often used. Nevertheless, the
impact of its individual use is still far from therapeutic standards because of its gradual “creeping substitution"
approach (12). Currently, autologous stem cells, bone morphogenetic protein (BMP), and allogeneic bone
composite immunosuppressants are thought to lower the risk of post-transplant problems; however, the exact
cellular and molecular processes behind these effects remain unknown.

Materials for xenogeneic bones:

A xenograft is an animal transplant that uses tissues from one species to another. Examples of these
tissues include ostrich, bovine, and pig bone, which may be freeze-dried, demineralized, deproteinized, or
decellularized before being utilized to treat bone abnormalities (13). Even though xenografts are readily available,
have good physical qualities, and are inexpensive, they also carry the risk of spreading zoonotic diseases like
PERV (porcine endogenous retrovirus) and BSE (bovine spongiform encephalopathy), and their rejection
response is stronger than that of allografts. Furthermore, some experts hypothesize that after months of implanting
frozen allografts, a component known as proteoglycans degrades greatly, slowing the regeneration of the
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vasculature and the formation of new bone, which may even become loose. Other researchers, however, contend
that the osteogenesis impact is significantly increased upon transplantation and that the drawbacks of xenograft
may be addressed by combining allograft and autologous bone marrow. They even go so far as to say that
spongiform xenograft could provide an appropriate culture medium for bone marrow cell osteogenesis (12).

Avrtificial biomaterials
Metal materials

Because of their remarkable mechanical strength and biological healing ability, metallic materials such
titanium alloys, cobalt-based alloys, and stainless steel are often employed for mandibular defect implantation
surgical procedures (12). However, since they produce toxic metal ions, they increase the risk of cancer, allergic
reactions, and inflammation. The danger of fracture and the difficulty to build suitable three-dimensional porous
structures are challenges. Future studies seek to create low-cost metal materials with advantageous properties such
as bioactivity, tissue compatibility, stability, and simplicity of use (12).

Materials made of indegradable metal

Currently, titanium and its alloy—which are often used in clinics—are the non-biodegradable metal
materials for mandibular defects. Because of its low toxicity, high strength-to-weight ratio, good corrosion
resistance, and small weight, titanium is one of the few materials that can naturally be used for human implantation
(12). Three-dimensional (3D) technology advancements have made it possible to use selective-laser sintered
titanium implants to synchronize mandibular reconstruction with computer-aided design/computer-aided
manufacturing (CAD/CAM) bimaxillary orthognathic surgery. For example, Sang-Woon Lee et al. manufactured
customized implants for rabbit mandibular defects using CAD/CAM technology. The implants were made from
titanium powder. The rabbits in the experimental group recovered their daily food intake more quickly and had
less screw looseness than those in the 5-hole micro-plate without bone graft (14). A personalized 3D titanium
implant was created using the computer-aided simulation approach in successful instances to address defects after
mandibular tumor removal (15).

Titanium meshes and 3-D scaffolds are still the gold standard for load-bearing defect locations in
mandible restoration. Although employing titanium meshes or titanium 3-D scaffolds to insert dental implants
during mandible repair is challenging (12). Thus, the following should be the focus of future research on titanium
and its alloys: (1) avoid using toxic elements like vanadium in alloys; (2) investigate titanium alloys with higher
fatigue strength and lower elastic modulus to reduce the stress shielding effect and encourage fracture healing;
and (3) further design modification would be necessary for the installation of the customized 3D titanium implant
in dental implants.

Biodegradable Metal Substances:

Magnesium and its alloys are utilized as implants in the mandible because they can deteriorate and
prevent the need for removal of the implants after a second operation, in addition to having the mechanical strength
of metal materials. However, since magnesium is very soluble, there is a danger of overdose poisoning because
of the significant release of magnesium ions in magnesium and its alloy materials (12). Furthermore, the current
research focuses on the mechanical stability and deterioration of the magnesium (Mg) alloy. To verify if
magnesium and its alloy may aid in the mandible defect area's restoration, When Guo et al. used magnesium and
calcium alloy to repair the dog's jaw, they discovered that although the alloy could retain a sizable osteogenic
space and accelerate the creation of new bone, it was unable to produce the necessary quantity of bone to repair
the defect region (16). Furthermore, Wang et al. discovered that mg-sr alloy has strong osteogenesis and
biocompatibility, both of which may aid in the healing of dogs' mandibular abnormalities (17). The exceptional
all-around mechanical qualities, high biocompatibility with the human body, and biodegradable absorbability of
magnesium alloys are their defining characteristics. Magnesium alloys have the potential to produce new medical
tools with a wide market reach. From the development of products to the management of the corrosion degradation
rate of magnesium and its alloys, mechanical property degradation, and the creation of biocompatibility evaluation
criteria for degradable metals, there are still a lot of issues that need to be resolved.

Bioink material:

Materials that exhibit bioinert behavior and biocompatibility—that is, that do not cause an
immunological response or rejection—are among the first generation of bioinks. Conversely, the body reacts by
generating a dense fibrous capsule; hence, the scaffold—which consists of metals like titanium and stainless steel
and polymers like silicone and polymethylmethacrylate—remains implanted without deteriorating (18). The
materials that exhibit both biocompatibility and bioactivity are the second generation of bioinks. They enable the
production of mineralization, or hydroxyapatite, and they may be biodegradable so that repairing cells can take
the place of the scaffold (19). Bio responsive materials, which include growth factors and stimulatory chemicals
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like fibroblast growth factors (FGF) and bone morphogenetic proteins (BMP) that promote osteoblast
development, are the third generation of bioinks (20). In the modern era, a multicomponent bioink is used since it
integrates the mechanical and functional qualities to satisfy the intricate requirements inside the substituted tissue
(21).

Biomaterials used in the building of scaffolds:
Polymers:

Polymers are organic materials constituted mostly of carbon atoms that are linked together by covalent
connections between repeating subunits known as monomers (22). They are a flexible material that can modify
its mechanical characteristics by changing its chemical structure. Research has demonstrated that they are both
biocompatible and biodegradable. Like hydrogel polymer, it may be very fluid, or like polycaprolactone (PCL),
it can be stiffer to provide a stronger scaffold. However, the kind of 3D printing used and the tissue that the
polymer is replacing determine its mechanical qualities (23). Stiff bioink has the potential to block the printer's
nozzle during the ink deposit process when utilized with inkjet printing. One way to deal with this would be to
apply unpolymerized ink that solidifies and forms crosslinks upon deposition.

Materials made of polymers may be synthetic or natural. Natural polymers include polysaccharides (like
alginate, agarose, and chitosan) and proteins (like silk, gelatin, and collagen). In comparison to protein polymers,
polysaccharide polymers are less antigenic and have worse mechanical characters (24). Conversely, synthetic
polymers such polyglycolic acid (PGA), polylactic acid (PLA), and polylactic-glycolic acid (PLGA) are examples
of polyhydroxy acids (25). Although they are effective in creating a porous scaffold, they biodegrade to create
carbon dioxide and lactic acid after being implanted. Although these byproducts are readily expelled from the
body, they also create an acidic environment that promotes inflammation rather than healing (26). Unlike
polyhydroxy acid polymers, polycaprolactone (PCL) is a synthetic polymer that is proven to biodegrade safely
via hydrolysis degradation, hence not adversely influencing the tissue environment. Additionally, because of its
low melting point, living cells may be encapsulated in it during deposit without losing any of their vitality.

Bio ceramics:

Ceramics are inorganic materials that have been created for use in dentistry and medicine as a substitute
for bone, such as bioactive glass (BG), metal oxides, or bioactive ceramics (27). Calcium oxide, phosphorus,
sodium dioxide, and silicon dioxide, or silicate, make up BGs (28). After coming into touch with biological fluid,
they stimulate the synthesis of hydroxyapatite (Hap), which promotes osteogenesis and bone repair (29).
Conversely, bioactive glass ceramics (such tricalcium phosphate and Hap) make a direct connection with bone
without the need for the development of an intermediary fibrous connective tissue layer (30). Because of their
brittleness, limited mechanical strength, and low fracture toughness, bioceramic materials cannot be employed
exclusively to build scaffolds.

Composites:

A composite material is made up of two or more separate materials mixed with the goal of using the
original components' qualities to influence the final material's mechanical properties (31). Polymer mixes or
polymer-ceramic mixtures are used to make the composite. For instance, adding PCL to Hap increases the latter's
brittleness and reduces the former's hydrophobicity, which promotes cell adhesion and penetration into the
scaffold (32).

Stem cells and bioactive molecules:

For a biomaterial to qualify as a bioink, it must include stem cells that possess the ability to develop into
several lineages and facilitate the process of bodily repair and regeneration (33). There are ethical issues associated
with extracting stem cells from embryos if they are embryonic (ESC) in origin. As an alternative, adult stem cells
may be discovered in certain adult body niches such the bone marrow, umbilical cord, dental pulp, amniotic tissue,
and adipose tissue. Mesenchymal stem cells (MSCs) produced from the amniotic membrane and umbilical cord
tissue had the best osteogenic potential when compared to other MSC-derived cells, according to a comparison of
the osteogenic differentiation capacity of various MSC sources conducted by Shen et al. (34). The bioink contains
bioactive molecules such as VEGF (vascular endothelial growth factor), BMP, FGF, and insulin-like growth
factor-1 (IGF-1), which are growth factors that promote angiogenesis or may possibly boost osteogenic
differentiation and bone production.

Techniques:
Tissue engineering for Bone Regeneration:

Significant defects in the maxilla and mandible that require surgery are caused by infections, surgical
resection of benign or malignant tumors, congenital abnormalities, and unintentional traumatic injuries. The
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restoration of large bony defects resulting from trauma or post-resection presents the greatest challenge for the
maxillofacial surgeon. Even though autologous grafting has numerous drawbacks, it remains the gold standard
technique for the standard reconstruction of maxillofacial bone defects (35).

Despite several clinical attempts in recent years, the ideal method and material for bone reconstruction
have not yet been identified. With sufficient vascularization, autologous bone grafts can be used to repair large-
scale bone defects in the oral and maxillofacial region thanks to bone tissue engineering techniques. Wu et al.'s
review of novel approaches to enhance the vascularization of engineered bone tissue included potential clinical
uses for stem cells (SCs), primarily MSCs derived from bone marrow or adipose tissue as well as dental tissues
(36). Because MSCs can mimic biological processes to induce bone regeneration, they are an important
component in bone regeneration (37).

MSCs can be directed to differentiate into osteoblasts, which ultimately start the mineralization process,
after being seeded into freshly regenerated tissue. MSCs' secretion of growth factors and cytokines can enhance
bone regeneration in an indirect manner. There are two approaches: MSCs are isolated from the patient and
expanded ex vivo, and they are seeded onto appropriate internal 3D scaffolds where they proliferate and pre-
differentiate under controlled culture conditions (38). Alternatively, the MSCs are directly transplanted into the
defect bone site and combined with an external scaffold. The most promising combination, as recently summarized
by Chocholata et al., is cells with scaffolds made of various materials and technologies (39). Various MSC types
combined with different scaffolds have been reported in several bone tissue engineering investigations as
potentially suitable for regeneration for oral and maxillofacial surgical procedures.

Human GMSCs have recently been explored as a potential treatment option for trauma or unintentional
surgical injuries, particularly involving the cranium. GMSC-complexed three-dimensional scaffolds may offer a
novel therapeutic strategy for enhancing bone tissue regeneration (40).

Using bone-marrow-derived MSCs, Gjerde et al. performed regeneration of severe mandibular ridge
resorption in a less invasive manner than traditional bone grafting (41). Human platelet lysate was used to expand
the bone marrow and plastic adherent cells that were aspirated from the posterior iliac crest and placed in culture
medium. Biphasic calcium phosphate granules were then added to the defect along with the cells. A sizeable
amount of newly generated bone was created, suitable for the implantation of dental implants.

Microvascular reconstruction:

Large tissue defects may be repaired, transplanted bone and soft tissue get an instant blood supply,
healing can occur quickly, and resistance to radiation and infection can be strengthened with the use of autologous
vascularized tissue, especially microvascular grafts (42). These grafts are essential for severe deficits that arise
after hemimaxillectomy or hemimandibulectomy. Larger bone deficiencies often need grafts from the scapula,
iliac crest, or fibula, while augmentation procedures are mostly used to correct lesser faults in the mandible and
maxilla (43).

Because of its considerable length, long and wide vascular pedicle, and adaptability for a two-team
approach, the fibula flap is used for mandibular and maxillary reconstruction. With the least amount of donor site
morbidity—typically, stiffness, ankle instability, and sensory abnormalities—it makes the placement of dental
implants easier and results in occlusion, mastication, and speech (44). Nevertheless, these techniques come with
a high equipment need and may result in significant flap problems and donor site morbidity.

Preoperative and postoperative CT scan reconstructions document the use of a fibula-free flap in
mandibular reconstruction for a female patient who had medication-induced osteonecrosis of the jaws (45). While
the fibula flap has benefits including the ability to remove soft tissue for repair and three-vessel leg flow, it also
has drawbacks such a thin skin paddle. As an alternative, the iliac crest flap supplies enough bone for maxillary
and mandibular restoration; nevertheless, it has a high donor site morbidity, with the maxilla being largely
supported because of its ability to regenerate bone and separate oronasally. Another approach is the scapula free
flap, which has a low morbidity and high amount of soft tissue but requires realigning the patient for flap
harvesting, which presents some complications.

Conventional free-hand techniques are being replaced by virtual planning and computer-aided surgery
using customized devices for microvascular repair of bone segments (46). The steps in this process are planning,
modelling, surgery, and postoperative assessment. First, CT images are obtained for preoperative fabrication and
planning using computer-aided design and manufacturing (44). This workflow allows for the preoperative
determination of cutting routes and angles and the shaping of osteosynthesis material, which reduces operating
times and improves precision. Nevertheless, it also entails substantial additional costs and might make
intraoperative modifications to the surgical plan more difficult (47).

Large tissue defects may be repaired with autologous vascularized tissue, especially microvascular grafts,
which can feed transplanted bone and soft tissue with blood right away, speed up the healing process, and increase
resistance to radiation and infection (42). For severe deficits that occur after hemimaxillectomy or
hemimandibulectomy, these grafts are essential. Smaller deficiencies in the mandible and maxilla are usually
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treated using augmentation procedures, however major bone defects sometimes need grafts from the scapula, iliac
crest, or fibula (43).

Distraction:

Although technique was first utilized to treat mandibular deficits, distraction osteogenesis has also been
employed to treat maxillary hypoplasia (44). Osteotomy, delay, distraction, and consolidation are its constituent
steps. Between the two segments, new bone grows during distraction osteogenesis, which lasts until the callus
tissue progressively distracts. Consequently, a new bone will grow parallel to the vectors of the distractions (44).
The major purpose of distraction osteogenesis is to treat craniomaxillofacial abnormalities that are either
congenital or acquired. Most of the literature on the reconstruction of jaw abnormalities consists of case studies,
case series, and brief comparative analyses that report vertical gains of up to 15 mm along with a gradual extension
of the surrounding soft tissues (48). Distraction osteogenesis is often a dependable method with positive clinical
outcomes.

Nevertheless, several disadvantages must be considered, such as distraction osteogenesis. The size of the
osteotomies and the distraction devices may restrict the use of distraction osteogenesis, and it may not be possible
to concurrently address vertical and horizontal defects with it. In addition, broken devices and issues with the
intended vectors might happen (44).

Digital navigation technology

The fast advancement of computer technology and imaging in recent years has led to a widespread use
of computer aided navigation system (CANS) technology in hard tissue repair surgery. The combination of
customized titanium stent insertion, bone transplantation, and computer-aided design and manufacture
(CAD/CAM) technologies has become more advanced and produced excellent outcomes. Its benefits include the
ability to simulate different surgical plans prior to surgery, design digital guides, reconstruct titanium plates, and
determine the optimal location for titanium screw fixation, optimize prosthesis biomechanics (protecting
ligaments and muscle attachments to maintain chewing function and encourage bone healing), streamline the
surgical procedure, and reduce operating time (12). During the follow-up two years (and in most cases less than
six months) after titanium plate reconstruction surgery, Gutwald R et al. found that the incidence rate of titanium
plate nail loosening and fracture caused by excessive stress (either by strength or fatigue) in the reconstruction
area was 2.9%-10.7% (12).

To address the issues, Hoefert et al. simulated the changes in stress following the reconstruction of the
mandible defect in the titanium plate and assessed the biological performance of the plate using computerized
three-dimensional finite element analysis software. To lower the risk of both the titanium plate and nail breaking,
additional titanium plate fixation was used to lessen the tension in the stressed region. Nevertheless, the existing
body of research is theoretical in nature, and further evidence is required for the practical use (49).

The technique of 3D printing:

One kind of CAD/CAM fast prototyping technology is 3D printing. Extrusion-based, inkjet, laser-assisted,
and stereolithography (SLA) bioprinting are the major bioprinting methods utilized for the deposition and
patterning of biological materials employing various bioink designs (50). Laser printing technology led to the
development of two more conventional 3D printing techniques. Using the first approach, layers of substrate are
extruded onto the build platform, often with additional energy applied to promote melting, fusion, or
polymerization. The second technique uses a powdered substrate that is layered, then energy is added to trigger
polymerization or other chemical processes including melting, selective laser sintering, or crystallization to the
required shape. With the use of a computer, layer-by-layer stacking creates three-dimensional things based on the
discrete stacking principle. Prior to surgery, Julius et al. performed a CT scan of the heads of cats that had mandible
osteosarcoma (12). They then used CAD/CAM processing technology to 3D print a customized titanium plate for
reconstruction. Mandible periodic resection was then performed, and the defect was then intraoperatively repaired
using the specially made titanium plate. Aside from pulp damage in the lesion region, no indications of feeding
difficulties were discovered during the postoperative follow-up. Fourteen months after surgery, the cat remained
healthy and living (12). Moiduddin et al. created a matching titanium plate model for the restoration of mandibular
deformities using computerized three-dimensional finite element analysis and additive manufacturing (51). Shao
et al. created CSi-Mg10 bioceramics scaffolds using 3D printing technology. These scaffolds have good
mechanical strength, outstanding biological activity, and the right capacity to biodegrade (52). They can exactly
fit the model of a rabbit mandibular defect in both macro and micro dimensions. Without the aid of any osteogenic
agents, they could readily promote bone repair. Additionally, a unique 3D-printed bioactive ceramic scaffold with
osteoconductive capabilities was suggested by Christopher et al. to treat segmental mandibular abnormalities in a
rabbit model (53). Su et al. evaluated the effectiveness of alveolar bone defect regeneration in beagle dogs by
customizing a 3D polycaprolactone (3D PCL) scaffold and implanting tricalcium phosphate powder in it. This
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was done using 3D printing technology. They discovered that 3D-printed porous PCL scaffolds may encourage
the regeneration of alveolar bone to aid in the repair of dental defects (54).

IV. Discussion

With an emphasis on mandibular defect rehabilitation, the narrative review delves deeply into
developments in bone repair methods and biomaterials for oral and maxillofacial surgery.

For the rehabilitation of mandibular defects, many surgical approaches are emphasized, such as
microvascular repair (42), distraction osteogenesis (44), and digital navigation technology (12). Large tissue
defects may be restored, and recovery can be accelerated by microvascular restoration, particularly when
autologous vascularized tissue like the fibula flap is used (42). By promoting the formation of new bone,
distraction osteogenesis offers a useful treatment for congenital or acquired craniomaxillofacial defects (44). By
combining digital navigation technology with CAD/CAM and customized titanium stent insertion, surgical
planning, implant placement accuracy, and biomechanical optimization are improved, which in turn improves
patient outcomes (12).

Various materials utilized in scaffold building, such as polymers, bioceramics, composites, and bioink
materials, are explored in biomaterials. Because polymers are biocompatible and biodegradable, they may be used
to adjust mechanical characteristics with flexibility, which makes them appropriate for scaffold construction (38).
Bioceramics, like bioactive glass and ceramics, encourage osteogenesis and bone mending, but there are
drawbacks, including their brittleness and low mechanical strength (16). Composites improve scaffold
characteristics including cell adherence and penetration by fusing the best features of many materials (32). Stem
cells and bioactive compounds found in bioink materials promote tissue regeneration and repair, opening exciting
new research directions (58).

Despite tremendous progress, mandibular deformity rehabilitation still faces difficulties. To further
enhance surgical outcomes, concerns including immunological responses, donor site morbidity, and scaffold
mechanical characteristics need to be addressed (177-179). The development of novel biomaterials with improved
mechanical strength, bioactivity, and biocompatibility should be the main goal of future research (58).
Furthermore, developments in bioprinting and tissue engineering technologies provide hope for customized and
regenerative methods of mandibular defect repair (58).

V. Conclusion

This narrative review concludes by highlighting the noteworthy developments in biomaterials and bone
rebuilding methods for the treatment of mandibular defects in oral and maxillofacial surgery. Novel techniques
including microvascular reconstruction, CAD/CAM technology, and the utilization of polymers and bioceramics
have been clarified by a methodical examination of recent research. These developments provide exciting new
opportunities to improve surgical results, patient care, and the quality of life for those with mandibular
abnormalities.

It is important, therefore, to recognize the limits of the existing corpus of study. The review may have
excluded pertinent research outside of these limitations since it mainly focuses on published material that falls
within a certain period and language. Furthermore, even if the procedures and biomaterials that have been found
have potential, further research and clinical validation are necessary to ensure their broad acceptance and long-
term effectiveness.

Future studies should focus on overcoming these constraints and investigating novel technologies and
biomaterials for the rehabilitation of mandibular defects. To evaluate these advances' efficacy, safety, and
longevity in a range of patient groups, long-term clinical trials are required. Furthermore, the advancement of oral
and maxillofacial surgery will depend heavily on multidisciplinary cooperation between surgeons, engineers, and
biomaterial scientists, opening the door to more individualized treatment plans and better patient results.
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