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Abstract

Craniofacial defects arising from congenital 
anomalies, trauma, or oncologic resection can 
profoundly affect facial aesthetics, functional 
ability, and psychological well-being. When surgical 
reconstruction is not feasible or is declined by the 
patient, facial prosthetic rehabilitation serves as 
a predictable and minimally invasive treatment 
alternative. This narrative review summarizes 
current concepts in facial prosthetics, including 
patient selection, implant placement planning, 
prosthesis design, biomaterials, psychological 
considerations, and recent digital advancements. 
Silicone elastomers continue to be the material of 
choice due to their favourable esthetic qualities, 
flexibility, and biocompatibility, while implant-
supported prostheses provide superior retention, 
stability, and patient satisfaction compared with 
adhesive-retained options. The integration of 
computer-aided design, three-dimensional imaging, 
and additive manufacturing has significantly 
enhanced diagnostic accuracy, surgical precision, 
and prosthesis fabrication; however, challenges 
remain in achieving optimal durability and 
replicating dynamic facial expressions. Successful 
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Introduction

Craniofacial defects represent complex clinical 
challenges that compromise both function and 
social identity. Common etiologies include 
oncologic resection, traumatic injury, and 
congenital malformations, often resulting 
in impaired speech, mastication, and facial 
expression1-3. Although reconstructive surgery is 
frequently considered the definitive treatment, its 
success may be limited by systemic conditions, 
previous radiation therapy, defect size, or patient 

rehabilitation relies on a multidisciplinary approach, 
realistic patient expectations, and long-term 
maintenance protocols. Continued progress in 
biomaterials and digital technologies is expected 
to further improve functional and esthetic outcomes, 
ultimately enhancing the quality of life for individuals 
with craniofacial defects.
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preference3,4. Facial prostheses therefore, remain 
an indispensable component of maxillofacial 
rehabilitation, offering predictable esthetic 
restoration with relatively low morbidity5. Early 
prostheses relied primarily on adhesives or 
mechanical retention; however, the introduction 
of osseointegrated implants revolutionized 
retention by improving stability, comfort, 
and long-term clinical outcomes6,7. Survival 
rates exceeding 90% have been reported 
for craniofacial implants, supporting their 
reliability5,11. Recent decades have witnessed a 
paradigm shift toward digital prosthodontics. 
CAD-CAM technology allows precise transfer of 
anatomical data into virtual designs, improving 
reproducibility while reducing fabrication 
time28. Simultaneously, additive manufacturing 
has enabled patient-specific prostheses with 
enhanced accuracy and customization33,34.

Extraoral Facial Prosthetics
Facial prosthetics is a specialized discipline 
focused on restoring structures such as 
the auricle, orbit, and nose1. Successful 
rehabilitation requires multidisciplinary 
collaboration among prosthodontists, surgeons, 
radiologists, and psychologists to address 
both functional and emotional consequences 
of facial disfigurement27. Implant-retained 
prostheses are widely considered the standard 
of care due to superior retention and reduced 
soft-tissue irritation compared with adhesive-
retained prostheses6,22. Studies evaluating 
patient satisfaction consistently report improved 
comfort, confidence, and prosthesis wear time 
following implant therapy24,25. Computer-assisted 
surgical planning further enhances treatment 
predictability by enabling prosthetically driven 
implant positioning and fabrication of surgical 
guides28.

Patient Selection and Indications
Appropriate patient selection is fundamental 
for successful outcomes. Typical candidates 

include patients with defects secondary to 
malignancy, trauma, or congenital anomalies2,3. 
Prosthetic rehabilitation is particularly beneficial 
when surgical reconstruction is impractical 
or declined.4 Beyond restoring physical 
appearance, facial prostheses contribute 
significantly to psychosocial well-being. 
Improvements in self-esteem, social interaction, 
and overall quality of life have been widely 
documented 24,25. Conversely, contraindications 
include inadequate bone volume, uncontrolled 
systemic disease, poor hygiene, and unrealistic 
expectations15.

Implant Placement Planning
Advances in three-dimensional imaging have 
revolutionized craniofacial implant planning. 
Computed tomography enables detailed 
visualization of bone anatomy, allowing 
clinicians to select optimal implant positions 
while avoiding critical structures8. Virtual 
planning combined with surgical guides 
improves placement accuracy and reduces 
intraoperative complications12. Long-term follow-
up studies confirm favourable survival rates 
for extraoral implants when proper planning 
protocols are followed26. Zygomatic implants 
may serve as alternative anchorage in patients 
with severe midfacial defects where conventional 
implant sites are unavailable9.

Prosthesis Design and Digital 
Workflow

3-Dimensional Facial Scanning
Three-dimensional scanning technologies 
have largely replaced conventional impression 
techniques by improving patient comfort and 
minimizing distortion31. These systems allow 
rapid acquisition of facial morphology and 
facilitate digital prosthesis design.

Computer-Aided Design
Digital sculpting software enables mirrored 
reconstruction using contralateral anatomy 

Facial Prosthetic Rehabilitation of Craniofacial Defects: Current Concepts, Materials, and 
Digital Advances — A Narrative Review
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or pre-defect records, enhancing symmetry 
and esthetic outcomes28. Hybrid workflows 
integrating digital design with conventional 
silicone processing remain the most predictable 
clinical approach32.

Biomaterials in Facial Prosthetics
Silicone elastomers remain the gold standard 
for facial prostheses because of their flexibility, 
durability, and lifelike appearance16,18. 
Nevertheless, environmental exposure, 
ultraviolet radiation, and daily handling 
contribute to progressive discolouration and 
mechanical degradation17,19.

Pigments and opacifiers have been shown to 
influence colour stability, while ongoing material 
modifications aim to improve tear strength and 
longevity15,20. Despite these advancements, most 
silicone prostheses require replacement every 
1.5–2 years5.

Polyetheretherketone (PEEK) and 
Advanced Polymers
PEEK has emerged as a promising biomaterial 
for craniofacial reconstruction due to its high 
strength-to-weight ratio, radiolucency, and 
chemical resistance37. Mechanical studies 
demonstrate that manufacturing parameters 
such as build orientation can significantly affect 
material performance36. Clinical investigations 
report favourableesthetic and functional 
outcomes with patient-specific PEEK implants, 
particularly in complex craniofacial defects21. 
However, the bioinert nature of PEEK may 
limit osseointegration, prompting research 
into surface modifications to enhance bone 
interaction37.

Psychological Considerations
Facial disfigurement is strongly associated with 
depression, anxiety, and social withdrawal. 
Prosthetic rehabilitation has been shown to 
substantially improve psychological health and 
interpersonal relationships24. However, clinicians 

must emphasize that most facial prostheses are 
static devices incapable of replicating natural 
movement, making expectation management 
essential for long-term satisfaction15.

Multidisciplinary Care and Clinical 
Outcomes
Patients requiring facial prostheses often 
undergo ablative surgery for head and 
neck malignancies, making coordinated 
multidisciplinary care essential3. Preservation 
of anatomical landmarks during surgery can 
significantly enhance prosthetic retention and 
esthetics27.

Additionally, removable prostheses permit 
visualization of surgical sites, facilitating early 
detection of disease recurrence1. Although 
prostheses cannot perfectly replicate native 
tissues, they enable patients to function 
confidently in social environments5.

Recent Advances in Facial Prosthetics

Artificial Intelligence
Artificial intelligence is increasingly being 
explored for automated prosthesis design, 
diagnostic support, and predictive treatment 
planning, potentially improving efficiency and 
personalization35.

Additive Manufacturing
Rapid prototyping technologies have 
transformed fabrication workflows by enabling 
precise, patient-specific prostheses29. Systematic 
reviews confirm the growing clinical efficacy of 
3D printing in maxillofacial prosthodontics32.

Bioprinting
Bioprinting represents a future direction in which 
tissue-engineered constructs may integrate 
biologically with host tissues, offering the 
possibility of functional restoration rather than 
purely cosmetic replacement38.
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Implant Survival Evidence
Recent meta-analyses continue to support 
high survival rates for craniofacial implants, 
reinforcing their role in modern rehabilitation39,40.

Future Directions
The future of facial prosthetics is expected 
to be shaped by fully digital workflows, AI-
assisted prosthesis design, smart biomaterials, 
and tissue-engineered scaffolds. Continued 
interdisciplinary research will be critical to 
translate these innovations into routine clinical 
practice.

Conclusion

Facial prosthetic rehabilitation remains a 
cornerstone of contemporary maxillofacial care. 
Advances in implantology, biomaterials, and 
digital technologies have significantly improved 
treatment predictability and patient satisfaction. 
Nevertheless, challenges related to material 
durability, cost, and technical complexity persist. 
Future progress will depend on integrating 
emerging technologies with patient-centred 
treatment strategies to achieve optimal functional 
and psychosocial outcomes.
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