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Abstract  

 

Xenografts, derived from animal tissues, have emerged as a valuable solution in bone tissue 

reconstruction due to their osteoconductive properties and wide clinical applicability. These 

biomaterials are extensively used in dentistry, maxillofacial surgery, and orthopedics, 

addressing challenges such as bone defects caused by trauma, tumors, or degenerative 

diseases. The processing of xenografts involves antigen removal and sterilization, ensuring 

biocompatibility and reducing the risk of immunological reactions. Their availability and 

adaptability in various forms, such as granules, blocks, and pastes, make them suitable for a 

range of defect sizes and locations. The advantages of xenografts include cost-effectiveness, 

elimination of the need for a second surgical site, and compatibility with other biomaterials, 

allowing for hybrid applications in complex cases. Despite their benefits, limitations exist, 

such as slower integration rates and potential biomechanical fragility. However, 

advancements in tissue engineering and the combination of xenografts with growth factors 

and synthetic materials hold promise for improving their clinical outcomes. This review 

explores the biological characteristics, clinical applications, advantages, limitations, and 

future perspectives of processed xenografts, emphasizing their potential to revolutionize bone 

tissue reconstruction and expand treatment possibilities. 
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Introduction 

 

Bone reconstruction represents a significant challenge in modern medicine, being 

essential in the treatment of conditions such as congenital bone defects, severe trauma, 

infections or degenerative diseases. In these cases, the regeneration of lost bone tissue requires 

the use of materials that provide structural support and facilitate the healing process. The 

biomaterials used for these purposes range from synthetic materials to natural grafts, each with 

specific advantages and limitations [1,2]. 

Xenografts are materials derived from animal tissues used for medical purposes, 

including bone reconstruction. They undergo complex processing processes that remove cells 

and antigens to reduce the risk of immunological rejection. By preserving the mineral structure 

and collagen, xenografts provide a favorable osteoconductive environment for bone 

regeneration [2,3]. 

The use of xenografts has gained popularity due to their high availability, lower costs 

compared to autografts, and the elimination of the need for additional surgery for harvesting. 

These materials offer a promising alternative for treatments that require extensive bone 

reconstruction. However, their processing requires rigorous standards to ensure safety and 

efficiency, which underlines the importance of continuous research and development in this 

area [1-4]. 
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This review aims to analyze the use of processed xenografts in bone reconstruction, 

focusing on processing methods, clinical applications, and their advantages and limitations. The 

future prospects and potential for integration of xenografts with other types of biomaterials are 

also discussed. This synthesis provides a comprehensive look at the role and importance of 

xenografts in contemporary medical practice [2-4]. 

 

Features of xenografts 

 

Xenografts are biomaterials derived from bone tissues of animal origin, widely used in 

bone reconstruction. They are valued for their properties similar to human bone and for their 

ability to support the bone regeneration process, undergoing complex processing methods to 

ensure their biocompatibility and safety in clinical use [2-5]. 

The origin of these materials is diverse, the most common sources being cattle and pigs, 

due to their wide availability and structural characteristics compatible with human bone tissue. 

The bone tissue of these animals exhibits a mineral composition and a three-dimensional 

architecture that can be used effectively to provide structural support and osteoconductivity, 

both of which are essential for integration into the host bone [2-6]. 

The processing of xenografts is a critical aspect, as the raw tissues are not usable in their 

natural form. The first stage of processing consists of removing antigens and living cells from 

the tissue, thus reducing the risk of immunological rejection and minimizing inflammatory 

reactions. This stage involves the use of enzymes, chemical solutions, and sometimes heat 

treatment to completely remove the organic material. After removing the antigenic components, 

the tissues undergo a sterilization process to destroy any pathogenic microorganisms. 

Sterilization can be achieved by various methods, including gamma radiation, heat treatment, or 

the use of chemicals, each method having its advantages and limitations [3-7]. 

The structural and biological characteristics of xenografts make them ideal for use in 

regenerative medicine. Due to their mineral composition similar to that of human bone, they are 

able to quickly integrate with host bone tissue, supporting the formation of a strong and durable 

bond. In addition, preserved collagen contributes to cell adhesion and supports osteoblastic 

activity, which accelerates the regeneration process [5-8]. 

Another major advantage of xenografts is their adaptability. They are available in a wide 

range of shapes, including granules, blocks, or pastes, allowing for customization according to 

the size and shape of the bone defect that needs to be reconstructed. Their versatility makes 

them suitable for a variety of clinical applications, from bone augmentation in implantology to 

the restoration of complex bone defects in orthopedic or maxillofacial surgery [5-9]. 

 

Clinical indications for the use of xenografts 

 

Processed xenografts play an important role in various medical fields, being successfully 

used for bone reconstruction in complex cases. These biomaterials are valued for their 

osteoconductive properties and biocompatibility, and their adaptability makes them ideal for a 

wide range of clinical applications [7-10]. 

Xenografts are most commonly used in procedures that require bone tissue restoration or 

augmentation. In oral and maxillofacial surgery, they are used for alveolar ridge augmentation, 

post-extraction bone defect repair, treatment of periapical defects, and restoration of bone 

defects caused by cysts or tumors. In implantology, xenografts are essential for bone 

augmentation prior to dental implant insertion, providing adequate support for their long-term 

stability [8-11]. 

In orthopedics, xenografts are used to treat bone defects caused by trauma, tumor 

resections, or degenerative diseases. They are also used in spinal fusion surgeries, where they 

create a solid support for the vertebrae to join, supporting the healing process and reducing pain 
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associated with abnormal mobility. In the case of large bone defects requiring extensive 

reconstruction, xenografts can be combined with other biomaterials, such as autogenous bone 

matrix or synthetic materials, to enhance clinical outcomes [8-12]. 

Clinical studies demonstrate that xenografts are able to effectively integrate into the host 

bone tissue, supporting the regeneration process. Biological integration depends on factors such 

as particle size, porous structure, and the degree of purification of the material. Most processed 

xenografts exhibit a porous structure that allows osteogenic cells to migrate and proliferate, 

promoting the formation of new bone (Figure 1) [9-12]. 

 

 
 

Fig. 1. Positioning of the xenograft on the resorbed bone area. 

 

For example, in maxillary sinus augmentation, the use of bovine xenografts has shown 

positive clinical results, with the formation of a sufficient amount of bone for the insertion of 

dental implants. In vertical and lateral alveolar ridge augmentation procedures, xenografts have 

proven effective in restoring lost bone volume, providing a solid foundation for implants and 

other prosthetic restorations [9-12]. 

Compared to autografts, xenografts have the advantage of eliminating the need for 

additional surgery to harvest the bone, thus reducing patient discomfort and associated risks. 

They are also more accessible than allografts and easier to store and transport. Compared to 

synthetic biomaterials, xenografts offer a biological advantage due to their natural composition, 

which mimics the structure of human bone and better supports integration into the host tissue 

[10-13]. 

Although they are versatile and effective, xenografts may have limitations in certain 

clinical settings. In very large bone defects or in conditions of compromised healing, integration 

may be slower. Also, some cases may require combinations with other materials to achieve 

optimal results. Despite these limitations, xenografts remain a valuable option due to their 

multiple benefits and versatility in use [10-14]. 

The clinical applicability of xenografts is vast, and their success in dental, maxillofacial 

and orthopedic procedures demonstrates their potential to become a standard in bone 

reconstruction. Their adaptability, availability, and efficiency make them an indispensable tool 

for clinicians, providing viable solutions for a wide range of medical conditions and needs [11-

15]. 

 

Advantages of xenografts 

 

Xenografts offer numerous benefits that make them a valuable choice in bone 

reconstruction. These advantages are evident in various clinical fields, due to their biological 

characteristics, high availability and ease of use (Table 1) [10-18]. 
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Table 1. Advantages of xenografts [10-18]. 

 

Category Description Clinical 

examples/applications 

Impact 

Availability and 

accessibility 

Xenografts are sourced 

from widely available 

animal tissues, such as 

bovine and porcine, 

without requiring 

harvesting from the 

patient's body. 

Bone augmentation in dental 

implantology. Spinal fusion 

in orthopedics. 

Reduced costs, shorter 

preparation time for 

surgery, suitable for 

patients with limited 

resources. 

Avoidance of a second 

surgical procedure 

Does not involve 

harvesting bone from the 

donor site of the patient, 

eliminating the risks of 

post-operative 

complications. 

Bone reconstruction after 

tumor resections. Sinus 

augmentation for implant 

placement. 

Reduction of pain and 

infection risk, beneficial 

for elderly patients or 

those with multiple 

comorbidities. 

Favorable biological 

properties 

Mineral composition 

(hydroxyapatite) similar to 

human bone ensures 

osteoconductivity and 

biocompatibility. Porous 

structure facilitates 

vascularization. 

Augmentation of large or 

small bone defects. Repair 

of post-traumatic bone 

defects. 

Rapid integration with 

host tissue, acceleration of 

new bone formation, long-

term stability for implants. 

Safety and advanced 

processing 

Antigen removal and 

rigorous sterilization 

reduce the risk of 

immunological rejection 

and infectious 

complications. 

Dental and orthopedic 

procedures where 

biocompatibility is crucial. 

Increased confidence in 

clinical use of the 

material, with a low rate 

of complications. 

Flexibility in use Available in various forms: 

granules, blocks, and 

pastes. Can be adapted to 

different sizes and 

locations of bone defects. 

Bone reconstruction in 

maxillofacial and orthopedic 

surgery. 

Allows personalized 

treatments, improving 

clinical outcomes based 

on specific patient needs. 

Lower costs compared to 

other options 

More affordable than 

autografts or allografts, as 

they do not require 

additional procedures and 

the sources are easily 

available. 

Treatment of bone defects in 

patients from diverse 

economic backgrounds. 

Improved accessibility to 

treatments, especially in 

regions with limited 

resources or for patients 

with low budgets. 

Compatibility with other 

biomaterials 

Can be combined with 

synthetic materials, 

allografts, or autografts to 

enhance osteoconductive 

and osteoinductive 

properties. 

Complex reconstructions 

requiring hybrid materials 

for stability and extensive 

bone regeneration. 

Enhanced efficiency and 

adaptability in complex 

treatments, expanding 

clinical indications. 

 

Xenografts offer multiple advantages that make them an attractive option in bone 

reconstruction. Availability, favorable biological properties, safety and low costs are just some 

of the reasons why these biomaterials are increasingly used in clinical practice. By eliminating 

some limitations associated with other types of grafts, xenografts contribute to improving 

clinical outcomes and increasing patients' quality of life [18-23]. 
 

Conclusions 

 
Xenografts are a valuable solution in bone reconstruction, due to their availability, 

favorable biological properties and adaptability in various clinical applications. These 
biomaterials provide excellent osteoconductive support and integrate effectively with host bone 
tissue, supporting bone regeneration in complex procedures such as bone augmentation in 
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implantology or reconstruction after tumor resections. In addition, by eliminating the need for a 
second surgery, xenografts reduce patient discomfort and associated risks. 

However, their limitations, including the residual risk of immune reactions, mechanical 
fragility in some cases, and slower pace of integration, underscore the need for continuous 
improvement.  

Emerging technologies, such as tissue engineering, and combinations with synthetic 
materials and growth factors offer significant opportunities for optimizing these biomaterials. 

Xenografts play a critical role in regenerative medicine, and recent advances and future 
research will help expand clinical indications and maximize their effectiveness. By balancing 
the benefits and limitations, these biomaterials can become a standard in bone reconstruction, 
improving patients' quality of life and long-term outcomes. 
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