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ABSTRACT 
 

Barrier membranes are fundamental in guided bone regeneration (GBR) because they 

prevent soft tissue invasion and promote new bone formation. Although conventional 

collagen membranes are widely used, they present limitations regarding mechanical 

strength and degradation rate. In recent years, membranes derived from xenogeneic 

cortical bone have emerged as a promising alternative. The aim of this narrative 

review was to analyze evidence on cortical membranes applied to GBR. Original 

articles published between 2015 and 2025 were retrieved from the PubMed database 

and stratified by origin, country, processing, and performance. Of the nine studies, 

porcine membranes predominated over bovine and equine membranes, with studies 

concentrated in the Global North and there was methodological heterogeneity 

regarding partial or enzymatic demineralizing processing for collagen preservation 

or exposure. They were reported favorable biological properties, including 
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biocompatibility, good clinical handling, mechanical strength, cell adhesion, and in 

vitro osteogenic differentiation, as well as evidence of in vivo osteopromotion. Partial 

preservation of laminar architecture and the benefits of collagen were highlighted as 

relevant factors for tissue integration and maintenance of regenerative space. 

However, important limitations persist, such as the small number of studies and lack 

of methodological standardization. It is concluded that xenogeneic cortical bone 

membranes, especially porcine ones, represent a sustainable alternative with 

osteopromotive potential for use in dentistry, although more robust clinical trials are 

needed. 

 
Keywords: Guided tissue regeneration. Heterografts. Cortical bone. 

 
RESUMO 

 
As membranas de barreira são fundamentais na regeneração óssea guiada (ROG), 

pois evitam a invasão de tecido mole e favorecem a neoformação óssea. Embora as 

membranas colágenas convencionais sejam amplamente utilizadas, apresentam 

limitações quanto à resistência mecânica e velocidade de degradação. Nos últimos 

anos, membranas derivadas de osso cortical xenógeno surgiram como alternativa 

promissora. O objetivo desta revisão narrativa foi analisar evidências sobre 

membranas corticais aplicadas à ROG. A partir da base PubMed, foram recuperados 

artigos originais entre 2015 e 2025 e estratificados por origem, país, processamento 

e desempenho. Dos nove estudos, houve predomínio das membranas porcinas sobre 

bovinas e equinas, concentradas no Norte Global e heterogeneidade metodológica 

quanto ao processamento desmineralizador parcial ou enzimático para preservação 

ou exposição colágena. Foram relatadas propriedades biológicas favoráveis, 

incluindo biocompatibilidade, boa manipulação clínica, resistência mecânica, adesão 

e diferenciação osteogênica in vitro, além de evidências de osteopromoção in vivo. A 

preservação parcial da arquitetura laminar e os benefícios do colágeno foram 

destacados como fatores relevantes para a integração tecidual e manutenção do 

espaço regenerativo. Contudo, limitações importantes persistem, como o baixo 

número de estudos e ausência de padronização metodológica. Conclui-se que as 

membranas de osso cortical xenógeno, especialmente as suínas, representam uma 

alternativa sustentável e com potencial osteopromotor para uso em Odontologia, 

embora ensaios clínicos mais robustos sejam necessários. 

 
Palavras-chave: Regeneração tecidual guiada. Xenoenxertos. Osso cortical. 
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INTRODUCTION 
 

Guided bone regeneration (GBR) is a set of therapeutic approaches used in the 

reconstruction of craniofacial bone defects, with the aim of restoring the form and 

function of lost bone structures (Elgali et al, 2017). Barrier membranes are 

fundamental in GBR, protecting blood clots from soft tissue invasion to promote 

osteogenesis and the beneficial effects can be enhanced when combined with mineral 

bone grafts, whether in small periodontal defects or large bone losses in the alveolar 

process (Araújo et al, 2023; Choi et al, 2023; Elgali et al, 2017). Ideally, these 

membranes should be biocompatible, easy to handle, moldable to the defect, exhibit 

cell occlusion, maintain regenerative space, and have a degradation rate compatible 

with bone neoformation (Araújo et al, 2023; Choi et al, 2023). 

Regenerative membranes generally have a natural xenogeneic or synthetic 

origin, a more heterogeneous composition within the classes of metallic, ceramic, 

polymeric, or composite biomaterials, and, depending on their interaction with 

biological tissue, can be bioinert, bioabsorbable, or bioactive (Araújo et al, 2020). The 

consumer market still offers a wide range of membranes according to their intrinsic 

characteristics (Sanz et al, 2019), such as non-resorbable PTFE membranes for small 

bone defects (Turri et al, 2021) and titanium meshes for large-size bone 

reconstructions (Roca-Millan et al, 2020). However, most GBR techniques involve 

collagen membranes due to their favorable biological properties, although they still 

face limitations such as functional fragility, variable immunogenicity, and rapid 

degradation, which drives improvements in their structure and processing 

(Almazrooa; Noonan; Woo, 2014; Toledano et al, 2021; Toledano-Osorio et al, 2021).  

In recent years, cortical bone sheets, manufactured from collagenized porcine 

bone, have gained prominence as an option in vertical and horizontal bone 

reconstructions, offering good handling and clinical performance for dental 

applications (Debortoli et al, 2024). However, there is a lack of state-of-the-art 

literature on the subject, focusing on its development, effectiveness for GBR, and 

efficiency compared to other membranes. The aim of this narrative review was to 

identify and describe the types of barrier membranes derived from xenogeneic 

cortical bone available in literature, their processing characteristics, biological 

properties, and osteopromotive potential. 
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METHODOLOGY 
 

Study Design 
 
A quantitative, descriptive, and cross-sectional study of a bibliometric-

documentary nature was conducted, using online document analysis in the form of a 

narrative literature review (Celestino; Lima; Ribeiro, 2024). 

For the construction of the search strategies, an adaptation of the strategy 

PICO (P: Population, I: Intervention, C: Comparation and O: Outcome) was used, to 

guide the formulation of the exploratory research question and the bibliographic 

search and allows the researcher to accurately locate the best available information 

(Menezes et al, 2015). 

PVO is an acronym proposed by two Brazilian researchers that constitutes an 

alternative for reviews that move away from the clinical nature of PICO, where: “P” is 

the description of the problem (population, context or disease), “V” is the definition 

of limits or variables and “O” is the definition of outcomes, whether desired or not 

(Menezes; Novaes, 2019). Considering this framework, the literature search adopted 

the following criteria: “P” for the context of xenogeneic cortical bone membranes for 

GBR; “V” for the categorical variables of study design such as in vitro, in vivo, or 

clinical ones, time limit of the last ten years, spatial or country origin, animal origin 

such as porcine, bovine or equine, anatomical removal site, such as femur, iliac, rib, 

jawbone or unknown, biomaterial composition considering collagen or collagen and 

apatite; and “O” for whether the results were satisfactory or not for use as a barrier 

membrane alone or associated with bone grafts. 

This research was conducted in accordance with the bioethical principles in 

force in Brazil for research considering the use of publicly accessible secondary data, 

in compliance with Resolution No. 510/2016 of the National Health Council. 

 
Guiding Question 
 
The guiding question for the following study was: "What scientific evidence 

has existed in the last decade, regarding the effectiveness of xenogeneic cortical 

membranes as barriers in GBR?". 

 
Eligibility Criteria 
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The methodology adopted followed the principles of the PRISMA 2020 

guideline for non-systematic reviews and sought to ensure scientific rigor in the 

selection and analysis of sources. 

The data collection process accessed the PubMed database 

(https://pubmed.ncbi.nlm.nih.gov/). The search strategy used the descriptors 

"cortical membrane" and "guided bone regeneration," combined using the Boolean 

operator AND. Inclusion criteria included articles published between 2015 and 2025, 

in English, with full text available, and that were original studies. Exclusion criteria 

included duplicate articles, systematic reviews, meta-analyses, and those that did not 

directly address cortical bone membranes or were off-topic content. 

The titles and abstracts of all articles were analyzed by two independent 

reviewers, with internal calibration by the research team. All studies that met the 

inclusion criteria were selected for full-text reading and included for data extraction, 

while the reasons for exclusion were recorded.  

 
Data Collection and Analysis 
 
The data from the selected articles were extracted and organized descriptively 

to allow for a comparative synthesis of the information. The analysis was conducted 

considering the elements defined in the PVO strategy, to evaluate the application 

context, the variables studied, and the outcomes related to the effectiveness of 

xenogeneic cortical membranes in guided bone regeneration. The level of scientific 

evidence of the included articles was categorized to identify frequencies and the most 

typical profile for the research object under analysis (Zhang et al, 2022). 

 
RESULTS 
 

One hundred and forty-eight records were found in the PubMed database, of 

which 55 articles remained after initial screening by title and abstract. After applying 

the eligibility criteria, 11 articles were selected for full reading and final analysis, two 

were excluded for deviating from the study's objective, resulting in nine studies 

included in this narrative review. (Figure 1). 
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Figura 1: Flowchart for study eligibility for narrative review. 

 
Source: Research data. 

 
Based on the selected literature, a growing trend of publications on the use of 

cortical membranes applied to GBR was observed. In 2017, only two relevant studies 

were identified. (Di Stefano; Garagiola; Bassi, 2017; Kamadjaja et al, 2017). From 

2020 onwards, the number of publications increased substantially, with the last five 

years accounting for 77.8% of the evidence, although the absolute number of articles 

is still small (Danieletto-Zanna et al, 2020; Debortoli et al, 2024; Di Stefano et al, 2020; 

Güney; Jaballah; Coulibaly, 2024; Nehal et al, 2024; Pierfelice et al, 2023; Rossi; 

Ghezzi; Tomecek, 2020). 

The analysis of the geographical origin of the studies demonstrated a clear 

predominance of 66.7% of the analyzed articles developed by institutions located in 

the so-called Global North, including Italy (Di Stefano et al, 2020; Di Stefano; 

Garagiola; Bassi, 2017; Pierfelice et al, 2023; Rossi; Ghezzi; Tomecek, 2020) and 

France (Debortoli et al, 2024; Güney; Jaballah; Coulibaly, 2024), equivalent to double 

that developed in the remaining 33.3% of countries belonging to the Global South, 
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including Indonesia (Kamadjaja et al, 2017), Brazil (Danieletto-Zanna et al, 2020) and 

India (Nehal et al, 2024). 

Regarding the biological origin of the membranes, the data showed that the 

majority or 56% of natural biomaterials were of porcine origin (Debortoli et al., 2024; 

Güney; Jaballah; Coulibaly, 2024; Nehal et al, 2024; Pierfelice et al, 2023; Rossi; 

Ghezzi; Tomecek, 2020), followed by bovine (Danieletto-Zanna et al, 2020; Kamadjaja 

et al, 2017) and equine (Di Stefano et al, 2020; Di Stefano; Garagiola; Bassi, 2017), 

both with 22% of the sample. When evaluating the anatomical location used to obtain 

the cortical bone membranes, none of the nine included studies explicitly provided 

this information, making it impossible to correlate the intraoral or extraoral origin of 

the bone segment or the morphotype of long, short, or flat bone (Danieletto-Zanna et 

al., 2020; Debortoli et al., 2024; Di Stefano et al., 2020; Di Stefano; Garagiola; Bassi, 

2017; Güney; Jaballah; Coulibaly, 2024; Kamadjaja et al, 2017; Nehal et al, 2024; 

Pierfelice et al, 2023; Rossi; Ghezzi; Tomecek, 2020).  

There was heterogeneity in the manufacturing processes of the xenogeneic 

cortical bone membranes, with all protocols employing conservative physicochemical 

treatments, and no report of complete demineralization (Danieletto-Zanna et al, 

2020; Debortoli et al, 2024; Di Stefano et al, 2020; Di Stefano; Garagiola; Bassi, 2017; 

Güney; Jaballah; Coulibaly, 2024; Kamadjaja et al, 2017; Nehal et al, 2024; Pierfelice 

et al, 2023; Rossi; Ghezzi; Tomecek, 2020).  

In most cases, the membranes underwent controlled cleaning and 

deproteinization steps, emphasizing the hard inorganic matrix portion due to its 

richness in hydroxyapatite over the slightly demineralized organic part. There are 

mentions of mild and controlled enzymatic treatment, although the authors did not 

specify the type of enzyme, concentration, or exposure time, concluding with 

sterilization for immediate use or storage (Danieletto-Zanna et al, 2020; Debortoli et 

al., 2024; Kamadjaja et al, 2017; Rossi; Ghezzi; Tomecek, 2020). The photodynamic 

protocol with light-emitting diode cited in one study could have a beneficial 

antibacterial effect on the use of porcine cortical laminae, without compromising the 

osteoconductive action for osteoblasts (Pierfelice et al, 2023).  

The demineralization protocols, when present, were superficial or partial, 

sufficient to expose the collagen and increase bioactivity without compromising 

mechanical strength, thus ensuring good stability, barrier function, and 

osteopromotive behavior, as reported in clinical and experimental studies (Debortoli 

et al, 2024; Di Stefano et al, 2020; Güney; Jaballah; Coulibaly, 2024).  
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In equine membranes, a simplified protocol was employed for the OsteoBiol® 

cortical plate, aimed at removing immunogenic proteins and preserving the 

structural integrity and collagen of the matrix (Di Stefano et al, 2020; Di Stefano; 

Garagiola; Bassi, 2017). In porcine bone sheets, collagenization and lyophilization 

have been reported to dually preserve the mineral phase and the organic matrix 

(Debortoli et al, 2024; Rossi; Ghezzi; Tomecek, 2020). In bovine sheets, the use of 

partially demineralized cortical bone was observed, achieved through the action of a 

strong acid at low concentration, with slight exposure of the organic matrix. This 

could be justified by the content of proteins and growth factors that promote 

osteoinduction, followed by a lyophilization process to preserve the functional 

architecture (Danieletto-Zanna et al, 2020; Kamadjaja et al, 2017). 

The frequency of clinical studies (Danieletto-Zanna et al, 2020; Debortoli et al., 

2024; Rossi; Ghezzi; Tomecek, 2020; Güney; Jaballah; Coulibaly, 2024) it was 

equivalent to in vitro studies (Di Stefano; Garagiola; Bassi, 2017; Kamadjaja et al, 

2017; Nehal et al., 2024; Pierfelice et al., 2023) and both outperformed in vivo studies 

(Di Stefano et al, 2020; Di Stefano; Garagiola; Bassi, 2017; Kamadjaja et al, 2017). 

Among the main findings regarding the performance of the cortical laminae, good 

clinical handling and mechanical resistance stand out (Debortoli et al, 2024; Rossi; 

Ghezzi; Tomecek, 2020; Güney; Jaballah; Coulibaly, 2024), partial preservation of the 

laminar architecture after conservative chemical processing (Kamadjaja et al, 2017), 

as well as the natural benefits of collagen present in the bone matrix, which contribute 

to the bioactivity and tissue integration of grafts (Nehal et al, 2024).  

Regarding performance in different biological systems, cortical laminae 

demonstrated maintenance of laminar architecture after conservative processing, 

showing favorable properties of cell adhesion and proliferation, mechanical 

resistance, and support for in vitro osteogenic differentiation (Di Stefano; Garagiola; 

Bassi, 2017; Pierfelice et al, 2023; Rossi; Ghezzi; Tomecek, 2020).  

In animal models, satisfactory biocompatibility and tissue integration were 

demonstrated, without tissue irritation or persistent acute or chronic inflammation, 

in addition to osteopromotive potential of bovine and porcine membranes favoring 

the anabolism of osteogenic cells and decreasing fibroplasia and fibrous tissue in the 

bone defect (Danieletto-Zanna et al, 2020; Rossi; Ghezzi; Tomecek, 2020). Evidence 

of in vivo osteopromotion was also observed, with effective isolation of soft tissue and 

stimulation of bone neoformation in critical defects (Di Stefano et al, 2020; Di Stefano; 

Garagiola; Bassi, 2017). 



 

 
 

142 

In the clinical field, case reports have confirmed the applicability of 

membranes in GBR procedures, with consistent results in preserving bone volume, 

closing complex defects, and stabilizing implants (Di Stefano et al, 2020; Di Stefano; 

Garagiola; Bassi, 2017; Güney; Jaballah; Coulibaly, 2024; Kamadjaja et al, 2017). In 

different protocols, moderate resorption with gradual turnover associated with 

clinical bone gains has been reported (Debortoli et al, 2024; Di Stefano et al, 2020; 

Rossi; Ghezzi; Tomecek, 2020).  

A summary of the scientific evidence and frontiers of knowledge regarding the 

scope of xenogeneic cortical lamina barrier membrane for GBR is found in Figure 2. 

 
Figure 2: State of the art on xenogeneic cortical lamina barrier membrane for GBR. 

 

 

Source: Research data. 
 

DISCUSSION 
 

This narrative review gathered and analyzed the scientific evidence available 

in the last decade on the use of barrier membranes derived from xenogeneic cortical 

bone. Although the topic is expanding, the research field on membranes derived from 

cortical laminae is still underexplored and presents ample potential for development. 

It can be inferred that, given the in vitro, in vivo, and clinical results, the evidence on 

cortical laminae is at the level of translational knowledge frontier research, between 

basic and applied research aimed at solving real-world problems (Zhang et al, 2022). 

The predominance of studies using membranes of porcine origin could be 

related to the wide availability of raw materials, economic viability, and the low 

immunogenicity of porcine bone (Araújo et al, 2023; Souza et al, 2022; Lopes et al, 
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2024). The lack of anatomical detail limits the comparative analysis regarding the 

influence of this variable on the biological and clinical performance of the biomaterial, 

since the anatomical site influences critical bone characteristics, such as cortical 

thickness, mineral density, and collagen content, which are implicated in mechanical 

resistance and the rate of resorption (Lopes et al, 2024). The diversity of approaches 

and the consequent lack of standardization in the description of cortical lamina 

processing also limit the reproducibility of studies (Araújo et al, 2023; Nehal et al, 

2024; Souza et al, 2022). 

In biological terms, cortical bone membranes have demonstrated relevant 

osteopromotive characteristics, such as the ability to effectively isolate soft tissue, 

provide support for new bone formation, and integrate appropriately into the 

recipient bed (Debortoli et al, 2024; Di Stefano et al, 2020; Di Stefano; Garagiola; 

Bassi, 2017; Güney; Jaballah; Coulibaly, 2024; Rossi; Ghezzi; Tomecek, 2020). These 

properties were reinforced by histological, morphometric, and immunohistochemical 

analyses in animal models, which confirmed biocompatibility and the induction of an 

osteogenic response (Danieletto-Zanna et al, 2020; Kamadjaja et al, 2017). Evidence 

suggests that these membranes can promote ossification through both 

osteopromotion, by stimulating cellular activity and osteoblastic differentiation, and 

osteoconduction, by maintaining space and acting as a physical barrier that guides 

bone tissue growth. This is favored by the Haversian system, with osteons that are 

more compactly packed than in the trabecular pattern (Nehal et al, 2024; Pierfelice et 

al, 2023).  

Cortical laminae could be a clinical alternative to conventional collagen barrier 

membranes, offering advantages such as easier manipulation, resistance to early 

resorption, and maintenance of space for bone neoformation (Debortoli et al, 2024; 

Güney; Jaballah; Coulibaly, 2024). These evidences support the promising role of 

xenogeneic cortical bone membranes in GBR, both in experimental and medium- to 

long-term clinical settings. 

The predominance of scientific production by institutions in the Global North 

reveals a significant gap in national literature. In Brazil, the only study retrieved 

focused on the performance analysis of membranes derived from bovine and porcine 

bone, with an emphasis on biocompatibility, osteopromotive potential, and structural 

characterization (Danieletto-Zanna et al, 2020). This scenario points to the need to 

expand national scientific production in clinical investigations with greater 

methodological robustness, to consolidate the translational application of these 

biomaterials and reduce dependence on foreign biotechnological research (Castro-



 

 
 

144 

Silva et al, 2021; Lopes et al, 2024). This scenario encourages innovation in GBR for 

dentistry, through accessible, safe, and effective materials (Castro-Silva et al, 2021). 

 
CONCLUSION 
 

Xenogeneic cortical bone membranes show promising performance in GBR, 

with good tissue integration and osteopromotive potential. Despite these results, the 

heterogeneity of methods and the scarcity of robust clinical trials still limit definitive 

conclusions. Future studies with methodological standardization, larger sample sizes, 

and strengthened national production are essential to consolidate the clinical 

evidence for these biomaterials. 
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