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Abstract: Craniomaxillofacial transplant surgery is a complex and challenging surgical technique aimed at reconstructing severe facial defects
and functional impairments caused by trauma, tumor resection, congenital malformations, or other pathological conditions. In-depth research
on the anatomical details of the craniomaxillofacial region, combined with the latest surgical techniques and immunological studies, is essen-
tial for improving the success rate of surgery and patient prognosis.
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1. Craniomaxillofacial Anatomy
1.1 Skeletal Anatomy

The skeletal anatomy of the craniomaxillofacial region is crucial for understanding craniomaxillofacial transplant surgery. The bones of
the craniomaxillofacial region not only form the basic framework of the head and face but also provide a robust barrier to protect vital organs
such as the brain, eyes, nasal cavity, and oral cavity. The skull and facial bones together constitute this complex anatomical system.!"".

The facial bones primarily include the maxilla, mandible, zygomatic bones, and nasal bones. These bones not only determine facial ap-
pearance but also play crucial roles in functions such as chewing, breathing, and speech.

1.2 Vascular Anatomy

The vascular anatomy of the craniomaxillofacial region is complex and crucial, providing rich blood supply to all tissues in the region
and playing a key role in craniomaxillofacial transplant surgery. The major arteries in the craniomaxillofacial region originate from the inter-
nal and external carotid arteries, which provide blood to the craniofacial area through their numerous branches. The internal carotid artery pri-
marily supplies the brain and eye regions, with branches including the ophthalmic artery, passing through the base of the skull to nourish the
anterior brain and eyes. The external carotid artery is responsible for supplying blood to the face, neck, and some parts of the skull base, with
major branches including the facial artery, superficial temporal artery, and maxillary artery. The facial artery, one of the important branches of
the external carotid artery, enters the face from near the mandible angle, travels upward along the inferior border of the mandible, supplying
blood to the oral cavity, lips, nose, and surrounding areas. Similarly, the superficial temporal artery, another major branch of the external ca-
rotid artery, runs along the lateral aspect of the temporal bone, supplying blood to the scalp and temporal region. The maxillary artery courses
deeper, passing through the infratemporal fossa, supplying blood to the midface, nasal cavity, maxillary sinus, and teeth. The venous system in
the craniomaxillofacial region is also complex, mainly draining through the internal jugular vein and external jugular vein.

1.3 Neural Anatomy

The craniomaxillofacial region is primarily innervated by the facial nerve and trigeminal nerve, and the course and branches of these
nerves determine the sensation and movement functions of the face.

The facial nerve, also known as the seventh cranial nerve, is the primary nerve responsible for the movement of facial expression mus-
cles. It extends from the pons of the brainstem, passes through the facial nerve canal into the temporal bone, and eventually branches out to
various facial expression muscles. Within the parotid gland, the facial nerve divides into five main branches: temporal, zygomatic, buccal,
marginal mandibular, and cervical branches, which respectively innervate the frontalis, orbicularis oculi, nasalis, muscles of the oral region,
and platysma. Any damage to the facial nerve can lead to facial paralysis, manifested as loss of facial expression, incomplete eyelid closure,
and drooping of the corners of the mouth, among other functional impairments. The trigeminal nerve, also known as the fifth cranial nerve, is
the major sensory nerve responsible for sensation in the face, mouth, and nasal cavity, as well as having partial motor functions. After extend-

ing from the brainstem, the trigeminal nerve divides into three main branches: ophthalmic, maxillary, and mandibular *!.
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2. Clinical Application of Craniomaxillofacial Transplant Surgery

2.1 Preoperative Preparation

Firstly, patients need to undergo comprehensive preoperative assessment, including detailed medical history collection and physical
examination. At the same time, physicians also need to assess the extent of the facial defect, including the range, size, and morphology of the
defect, as well as the condition of surrounding tissues. Imaging studies play a crucial role in preoperative preparation. Imaging examinations
such as CT scans, MRI, and angiography can provide detailed facial anatomical images, helping the surgical team accurately assess the extent
and structure of facial defects and plan surgical approaches. These imaging studies can also evaluate the vascular anatomy of patients, provid-
ing important references for intraoperative vascular anastomosis and the blood supply of transplants. In preoperative assessment, psychologi-
cal health assessment is also crucial. Psychological health assessment can help physicians identify potential psychological barriers and chal-
lenges that patients may face and provide corresponding psychological support and intervention”.

2.2 Surgical Techniques

The surgical technique involves multiple steps, including donor tissue procurement, recipient site preparation, vascular and nerve con-
nections, and tissue reconstruction and repair.

Firstly, donor tissue procurement is one of the key steps of the surgery. Donor tissues can come from other parts of the same patient (au-
tologous transplantation) or from organ donors (allogeneic transplantation). Donor tissue procurement typically occurs in the operating room,
where surgeons select appropriate donor tissues based on the surgical plan and requirements and obtain them through meticulous surgical pro-
cedures. Next, recipient site preparation is another important step of the surgery. The recipient site is usually the area of defect or deformity in
the patient's face, and surgeons need to thoroughly evaluate the anatomical structure and tissue condition of the recipient site before surgery
and formulate corresponding surgical plans. Recipient site preparation involves cleaning and disinfection to ensure the sterility of the surgi-
cal area and to prepare adequately for the transplantation of donor tissues. Subsequently, vascular and nerve connections are critical steps of
the surgery. Vascular anastomosis is often one of the most challenging aspects of surgery, where surgeons need to accurately identify and cut
the blood vessels of the donor and recipient and perform meticulous vascular anastomosis to ensure adequate blood supply to the donor tis-
sues. Nerve connection involves connecting the nerves of the donor and recipient to restore sensation and motor function. Nerve connection
requires delicate operation and high technical requirements, and surgeons need to have rich anatomical knowledge and minimally invasive
surgical techniques!.

2.3 Postoperative Management

Postoperative management is a crucial step in ensuring the stability of surgical outcomes and patient recovery, involving various aspects
including wound care, anti-rejection therapy, functional rehabilitation, psychological support, among others.

Firstly, wound care is the foundation of postoperative management. The surgical team needs to ensure the cleanliness and dryness of
the surgical incision to prevent infection. For patients with vascular anastomosis, maintaining vascular patency is also crucial to ensure an
adequate blood supply to the donor tissues. Secondly, anti-rejection therapy is one of the important components of postoperative management.
After craniomaxillofacial transplant surgery, patients need to take immunosuppressive drugs for a long time to prevent the occurrence of trans-
plant rejection reactions. These immunosuppressive drugs include corticosteroids, cyclosporine, tacrolimus, etc., and the dose and type need
to be adjusted according to the specific conditions of the patient to ensure the immunosuppressive effect while minimizing the occurrence of
side effects. In terms of functional rehabilitation, patients need systematic rehabilitation training after facial transplant surgery. This includes
speech rehabilitation, expression training, and restoration of chewing function, among others. Rehabilitation training needs to be guided and
assisted by a professional rehabilitation team to help patients adapt to new facial structures and functions as soon as possible and improve
their quality of life. Psychological support is also an important part of postoperative management. Facial transplant surgery not only has a
significant impact on patients' physical health but may also pose challenges to their psychological health and adaptation. Patients and their
families may face various psychological pressures and distress, such as acceptance of facial changes, uncertainty during the recovery process,

etc. Therefore, providing professional psychological support and counseling is crucial in postoperative management.

3. Technical Challenges and Solutions in Craniomaxillofacial Transplant Surgery

Firstly, the complexity of craniomaxillofacial transplant surgery is one of its main challenges. To overcome this challenge, surgical teams
need to conduct thorough preoperative planning and simulation operations, utilize advanced surgical instruments and equipment to enhance
the precision and safety of the surgery. Secondly, the compatibility of donor-recipient matching is also an important challenge in craniomaxil-
lofacial transplant surgery. Differences in anatomical structure and size between donors and recipients may lead to difficulties in surgery and

the occurrence of complications. To address this challenge, surgical teams need to thoroughly assess the compatibility between donors and
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recipients, select appropriate donor tissues and organs, and customize surgical plans as needed to ensure smooth progress and maximize the
effectiveness of the surgery. Vascular and nerve reconstruction is another important challenge in craniomaxillofacial transplant surgery. Nerve
connection requires delicate operation and high technical requirements, necessitating surgeons to have rich anatomical knowledge and mini-
mally invasive surgical techniques®.
4. Conclusion

This paper aims to provide the medical community with a systematic and comprehensive reference, promoting the technological ad-
vancement and clinical application of craniomaxillofacial transplant surgery. We believe that with the continuous development of science and
technology and the accumulation of clinical experience, craniomaxillofacial transplant surgery will bring new hope to more patients with fa-

cial defects and make greater contributions to the development of the medical field.
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