
DOI: 10.37990/medr.1608602

MEDICAL RECORDS-International Medical Journal

Med Records 2026;1: 1608602

Review

The Role and Future of Synthetic Gbr Membranes in Modern Oral and Maxillofacial 
Surgery
    Betül Gedik,      Mehmet Ali Erdem

Istanbul University, Dentistry Faculty, Oral and Maxillofacial Surgery Department, Istanbul, Türkiye

Abstract
Guided Bone Regeneration (GBR) membranes play a crucial role in modern oral and maxillofacial surgery by providing a barrier to 
facilitate bone regeneration in challenging clinical scenarios. Synthetic GBR membranes, as alternatives to natural material-based 
membranes, offer significant advantages due to their biocompatibility, controlled biodegradation, mechanical stability, and ease of 
customization. These membranes are engineered to minimize inflammatory reactions, synchronize degradation with the bone healing 
process, and prevent soft tissue invasion into bone defects.
Materials such as polylactic acid (PLA), polycaprolactone (PCL), and polyglycolic acid (PGA) are commonly employed in their fabrica-
tion, with composite designs incorporating bioactive ceramics to enhance osteoconductive and osteoinductive properties. Advanced 
manufacturing techniques, including electrospinning and 3D printing, allow for patient-specific designs, multilayered architectures, 
and integration of bioactive molecules.
Clinical applications in oral and maxillofacial surgery include alveolar ridge preservation, peri-implant bone defect management, 
repair of defects following cyst or tumor resection, and sinus augmentation procedures. Synthetic membranes have demonstrated 
effectiveness in maintaining bone volume, stabilizing graft materials, and promoting osteogenesis, thereby optimizing outcomes for 
dental implant therapy and other reconstructive procedures.
This review explores the properties, material selection, and clinical applications of synthetic GBR membranes, emphasizing their role in 
advancing bone regeneration techniques. Additionally, future directions and innovations in membrane design, including biofunctional-
ization and multi-material approaches, are discussed to highlight the potential for improving clinical success in regenerative therapies.
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INTRODUCTION
Bone regeneration is one of the main goals of dentistry and 
oral and maxillofacial surgery, and is of critical importance in 
the treatment of bone loss, especially as a result of trauma, 
tumor resections, congenital anomalies, and periodontal dis-
eases. Guided bone regeneration (GBR) techniques devel-
oped in line with this goal have become an integral part of 
modern surgical practices in the repair of bone defects. GBR 
supports new bone formation by taking advantage of the dif-
ferent healing rates of bone and soft tissue through the use of 
a biocompatible barrier membrane (1). 

Barrier membranes are one of the most important components 
that guide the regenerative process in GBR procedures. These 
membranes prevent fibroblasts and other rapidly proliferating 
soft tissue cells from entering the bone regeneration area during 
the healing process, while supporting the proliferation and func-
tions of osteoblasts and other bone cells (2). The membranes 
used have features such as biocompatibility, mechanical durabil-
ity, appropriate degradation profile, and reduced risk of infection.
Synthetic GBR membranes stand out with their advantages 
such as lower cost, no risk of infection, and long shelf life 
compared to natural membranes. These polymer-based 
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membranes can adapt to different clinical needs thanks to the 
customizability of chemical and mechanical properties. Syn-
thetic membranes produced from polymers such as polylac-
tic acid (PLA), polycaprolactone (PCL), and polyglycolic acid 
(PGA) are promising in terms of biomechanical support and 
biodegradation profile required for bone regeneration (3).
In this study, the properties, advantages, and limitations of 
synthetic GBR membranes were comprehensively discussed 
and their application areas in jaw surgery were examined in 
detail. In addition, innovative approaches to increase the bi-
ological performance of membranes and future development 
areas were also discussed. In this direction, it was aimed to 
present suggestions that will increase the effectiveness of 
GBR applications in oral and maxillofacial surgery by bringing 
together the information in the existing literature.
PROPERTIES OF SYNTHETIC GBR 
MEMBRANES
Synthetic GBR membranes have been developed as an al-
ternative to existing natural material-based membranes and 
have the following features:
1. Biocompatibility: Minimizes tissue reactions and creates a 
favorable environment for bone regeneration. The biocompat-
ibility of synthetic GBR (Guided Bone Regeneration) mem-
branes is a critical factor for successful bone regeneration. 
Biocompatible membranes support the healing process by 
creating a minimal inflammatory response in host tissues. A 
study conducted in 2018 emphasized that the biocompatibility 
of membranes should not trigger the host immune response 
and should not negatively affect healing (4).
In addition, in studies conducted to increase the biocompatibili-
ty of atelocollagen-based photoactive membranes, photoactive 
atelocollagen systems functionalized with ethylenically unsat-
urated monomers have been shown to produce mechanical-
ly adequate materials in applications such as wound healing 
and inflammation control (5). Such membranes may contribute 
to better clinical outcomes in GBR treatment by reducing the 
problem of rapid degradation in the biological environment.
As a result, the biocompatibility of synthetic GBR membranes 
directly affects the success of bone regeneration by minimiz-
ing inflammatory reactions and supporting healing. Therefore, 
optimizing the biocompatibility properties of membranes is of 
great importance for successful applications in jaw surgery.
2. Controlled Biodegradation: Bone is degraded in a way that 
is compatible with the healing process, eliminating the need for 
a second surgical intervention. The controlled biodegradation 
properties of synthetic GBR (Guided Bone Regeneration) mem-
branes play a critical role in bone regeneration processes. The 
biodegradation rate of the membranes being compatible with the 
new bone formation process is essential for successful healing.
Membranes produced from synthetic polymers such as poly(lac-
tic-co-glycolic acid) (PLGA) are widely used due to the adjustable 
biodegradation rate (6). The degradation time of the membrane 
can be controlled by changing the lactic acid and glycolic acid 
monomer ratios of PLGA. For example, increasing the lactic acid 

ratio prolongs the degradation period, while increasing the glycolic 
acid ratio accelerates the degradation. This feature allows mem-
branes to be designed according to different clinical needs (7).
Controlled biodegradation preserves the structural integrity of 
the membrane for a sufficient period of time, preventing the 
invasion of soft tissues into the bone defect and allowing the 
proliferation of osteogenic cells. In addition, the degradation 
products of the membrane should be biocompatible and should 
not trigger inflammatory reactions. Therefore, biodegradation 
kinetics and biocompatibility of degradation products should be 
taken into account in the design of synthetic membranes.
3. Mechanical Strength: Provides sufficient strength to stabi-
lize bone grafts and prevent soft tissue invasion into the defect 
area. The mechanical strength properties of synthetic GBR 
(Guided Bone Regeneration) membranes play a critical role in 
preventing soft tissue invasion in bone regeneration processes 
and providing adequate support for bone formation (8). The 
mechanical strength of these membranes must adapt to the bi-
ological and mechanical requirements at the implantation site.
Mechanical strength is affected by many factors such as the 
thickness of the membrane, the materials used in its structure, 
the pore structure and the degree of cross-linking of the poly-
mer networks. Polymers such as poly(lactic-co-glycolic acid) 
(PLGA) are frequently preferred to provide controlled mechan-
ical properties (9). Changing the monomer ratios of PLGA has 
a direct effect on the elastic modulus and tensile strength of the 
membrane. In this way, membranes with mechanical proper-
ties suitable for different clinical needs can be produced.
Cross-linking methods in particular play an important role in 
increasing the mechanical stability of the membrane (Figure 1). 
Membranes produced using natural cross-linkers such as geni-
pin provide structures that are both biocompatible and durable. 
For example, PLGA membranes cross-linked with genipin have 
been shown to have a higher elastic modulus and longer-term 
stability compared to uncross-linked membranes (10).

Figure 1. Cross-linked structure of PCL membrane fabricated by 
electrospinning
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Control of the pore structure also has an important effect on 
mechanical strength. Large and irregular pores reduce the 
strength of the membrane, while optimized pore structures 
facilitate cell migration and increase mechanical stability. In 
addition, multilayer membrane designs optimize both dura-
bility and biological activity by providing different mechanical 
properties in different layers (11).
4. Easy Production and Customizability: They can be produced 
with desired properties thanks to their polymer structures. Syn-
thetic GBR (Guided Bone Regeneration) membranes have a 
wide range of use in clinical and research areas due to their 
easy production methods and customizable structures. The pro-
duction of these membranes from synthetic polymers allows the 
material properties and membrane design to be adapted accord-
ing to the desired biological and mechanical requirements (12).
Synthetic GBR membranes can be easily produced with 
advanced production techniques such as electrospinning, 
solvent casting, compression molding and 3D printing. In 
particular, the electrospinning method provides an ideal envi-
ronment for cell proliferation and vascularization by providing 
high porosity and controlled fiber dimensions (13). 3D printing 
technology enables the production of multilayer membranes 
with complex geometries and enables membrane designs for 
patient-specific applications (14).
Synthetic membranes allow properties such as biodegradabili-
ty, mechanical strength, and surface biocompatibility to be con-
trolled. For example, by using polymers such as polylactic acid 
(PLA) and poly(lactic-co-glycolic acid) (PLGA), the degradation 
time of the membrane can be optimized by changing the mono-
mer ratios. This allows biodegradation times compatible with 
the time frame required for bone regeneration to be achieved.
With the help of advanced production methods and biocom-
patible materials, GBR membranes can be customized ac-
cording to patient-specific needs. For example, 3D printing 
technology can produce specially shaped membranes suit-
able for tooth loss or bone defects. In addition, biological func-
tions can be increased by adding antimicrobial agents, growth 
factors, or osteoinductive molecules.Synthetic membranes 
enable the design of different layers according to mechanical 
and biological properties. For example, the outer layer can be 
optimized to prevent soft tissue invasion, while the inner layer 
can be optimized to promote bone cell proliferation and vas-
cularization. Such multilayered structures play an important 
role in accelerating bone regeneration.
MATERIAL SELECTION IN SYNTHETIC 
GBR MEMBRANES
The raw materials of synthetic GBR membranes are selected 
and combined according to biological and mechanical require-
ments. PLA (polylactic acid), PCL (polycaprolactone), PGA (poly-
glycolic acid), PU (polyurethane) and composite materials each 
offer solutions for different clinical needs. The development and 
use of these materials enable more effective and patient-cen-
tered treatment approaches in the field of bone regeneration.

Polylactic acid (PLA) is frequently preferred in the production of 
synthetic GBR membranes due to its high biocompatibility and 
controlled degradation properties. PLA’s biodegradability, hydro-
philic structure and crystallization capacity provide a suitable en-
vironment for bone regeneration. During degradation, it turns into 
lactic acid and forms a biologically tolerated byproduct. In addition, 
its mechanical strength is sufficient to support bone healing (15).
Polycaprolactone (PCL) is an ideal material in cases where 
long-term support is required, as it has a low degradation rate. 
It provides convenience in surgical applications thanks to its 
elasticity and flexibility. In addition, when combined with bio-
ceramic particles, osteoinductive properties can be provided 
(16). The controlled degradation rate of PCL provides advan-
tages in terms of cellular proliferation and tissue integration.
Polyglycolic acid (PGA) is known for its rapid biodegradation 
properties and is generally suitable for situations requiring 
short-term support. Due to its hydrophilic structure, it easily ab-
sorbs water during degradation, facilitating cell migration and 
proliferation (17). PGA-based membranes can rapidly react 
with biologically active molecules and accelerate regeneration 
processes. However, due to its low mechanical strength alone, 
it is usually used in combination with other polymers (18).
Polyurethane (PU) stands out as a polymer that provides 
long-term durability and elasticity. PU membranes have a 
wide range of uses with their controlled degradation times 
and high elasticity properties. In addition, biocompatibility can 
be increased and antimicrobial properties can be provided 
with surface modifications of PU (19). These properties make 
PU a suitable material for use in complex bone defects.
Composite membranes are produced by combining different 
polymers and bioceramics and provide both mechanical and 
biological advantages. For example, hydroxyapatite-rein-
forced PLA-PCL membranes optimize mechanical strength 
while increasing osteoconductive properties (20). In addition, 
the addition of bioceramics regulates the pore structure of the 
membrane, promoting cellular infiltration and vascularization. 
Another advantage of composite membranes is that their 
degradation profiles can be controlled using different com-
ponents. For example, combining fast-degrading PGA with 
slow-degrading PCL can provide optimal support at different 
stages of the regeneration process (21).
APPLICATIONS IN ORAL AND 
MAXILLOFACIAL SURGERY
Synthetic GBR membranes play a critical role in bone regen-
eration and defect management in oral and maxillofacial sur-
gery. Used in various indications, these membranes form an 
effective barrier to maintain bone stability, prevent soft tissue 
invasion, and promote osteogenic activity. In clinical applica-
tions, the selection of these materials should be made ac-
cording to the patient’s specific needs and should be used 
with the right techniques to provide optimal treatment results. 
The main areas of use of synthetic GBR membranes in jaw 
surgery are reviewed in detail below.
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1. Prevention of Alveolar Bone Resorption:
Losses in alveolar bone volume after tooth extraction are one 
of the common problems in oral surgery. Bone loss can make 
implant placement difficult and compromise long-term implant 
stability. Synthetic GBR membranes act as an effective bar-
rier to prevent this situation. It is known that while preventing 
soft tissue invasion into the bone defect, osteoblasts promote 
bone formation. Membranes produced from biodegradable 
polymers, especially polylactic acid (PLA) and polycaprolac-
tone (PCL), offer the advantage of being able to self-resorb 
without the need for surgical intervention (20). Clinical stud-
ies have shown that these membranes maintain bone volume 
and increase the success of implant treatment (22).
2. Treatment of Peri-Implant Bone Defects:
Synthetic GBR membranes are used together with graft ma-
terials to support bone regeneration in bone losses caused 
by peri-implantitis or trauma (Figure 2). These membranes 
optimize osteoconductive and osteoinductive processes by 
stabilizing the bone defect (23). The long-term durability of 
PCL-based membranes provides stability in the peri-implant 
region while adapting to biological processes provides an 
advantage (24). It has been reported that these membranes 
provide improved clinical results, especially in bone losses 
caused by peri-implantitis (23).

Figure 2. Application of syntetic membrane for treatment of 
peri-implant bone defects
3. Repair of Defects After Cyst and Tumor Resection:
In maxillofacial surgery, cyst or tumor resections can cause 
large bone defects. In the treatment of such defects, GBR 
membranes create a suitable microenvironment for bone re-
generation when applied together with graft materials. The 
mechanical durability and biological compatibility of compos-
ite membranes are the reasons why they are preferred espe-
cially in large defects (25). The application of membranes to 
the defect area encourages osteoblasts to become active and 
accelerates the bone formation process (25).

4. Sinus Lift Procedures:
Maxillary sinus augmentation is a procedure frequently used 
in cases where the amount of bone is insufficient. During the 
sinus lift procedure, synthetic membranes are used to stabi-
lize the graft material and prevent soft tissue invasion into the 
sinus cavity. Since these membranes support bone formation 
by increasing osteogenic activity in the sinus floor, it has been 
reported that PLA-based membranes in particular provide 
successful results in sinus augmentation procedures (26).
5. Repair of Traumatic and Congenital Defects: 
Maxillofacial traumas and congenital anomalies can lead to 
serious losses in bone tissue. Synthetic GBR membranes of-
fer an ideal solution for bone regeneration in the treatment of 
such defects. Membranes accelerate the bone healing process 
and improve treatment results when applied together with graft 
materials. In traumatic cases, the mechanical durability and 
biological compatibility of the membranes reduce the risk of 
complications and ensure successful clinical results. In recent 
years, in addition to traumatic and congenital defects, the use 
of GBR membranes has also been used in endodontic surgery 
indications. Various studies on the use of GBR membranes for 
better regeneration and flawless healing in defects in the apical 
region are included in the literature (27).
ADVANTAGES AND DISADVANTAGES OF 
SYNTHETIC GBR MEMBRANES
Synthetic membranes are becoming increasingly widespread 
in clinical applications due to their cost-effectiveness and 
ease of production. However, these membranes have some 
limitations as well as their advantages. The advantages and 
disadvantages of synthetic GBR membranes are examined 
in detail below.
1. More Economical Compared to Natural Membranes
The production processes of synthetic GBR membranes 
are less costly compared to naturally sourced membranes. 
Biodegradable polymers such as polylactic acid (PLA), poly-
caprolactone (PCL), and polyglycolic acid (PGA) are easily 
manufactured on an industrial scale. This makes synthetic 
membranes more economically accessible. Especially in the 
treatment of large bone defects, the cost factor is an import-
ant advantage for the patient and the clinician (28).
2. No Risk of Infectious Diseases
Natural membranes generally carry the risk of infection and 
pathogen transmission since they are obtained from animal 
sources. In contrast, synthetic membranes are produced en-
tirely in laboratory environments and do not contain animal 
products. Therefore, there is no risk of infectious diseases. 
In addition, this feature makes synthetic membranes a more 
attractive option for patient groups with ethical concerns.
In recent years, studies have focused on reducing the risk 
of infection, one of the most common complications encoun-
tered in surgeries with membrane indications (29). For this 
purpose, studies on synthetic membranes containing antibac-
terial agents, which are considered susceptible to infection in 
laboratory settings, have been focused on (29).
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3. Ease of Storage and Transportation
Synthetic membranes stand out with their long shelf life and 
stability properties. They are resistant to various temperature 
conditions and can be stored for long periods without deterio-
ration. This feature provides a significant logistical advantage, 
especially for large surgical centers and clinics in developing 
countries. In addition, unlike natural membranes, synthetic 
membranes require fewer special storage conditions.
4. Lack of Biological Activity
Natural membranes biologically support bone regeneration 
with the help of their osteoinductive and osteoconductive 
properties. However, synthetic membranes generally do not 
have this biological activity. For example, while natural col-
lagen-based membranes promote cell migration and tissue 
integration, synthetic membranes play a passive role in this 
process (30). Since this biological deficiency slows down the 
bone healing process in some cases, the results of osteogen-
ic factor additions to the membranes in studies on synthetic 
membranes are still being discussed by researchers (31).
5. Side Effects of Degradation Products
Products formed during the biological degradation of some 
synthetic polymers can cause inflammation in the surround-
ing tissues. For example, degradation products of materials 
such as polylactic acid (PLA) and polyglycolic acid (PGA) can 
create a local acidic environment and negatively affect the 
cellular response, which can sometimes last for months (32, 
33). This situation can increase the risk of complications, es-
pecially in sensitive patient groups, and limit the clinical effec-
tiveness of the membrane.
When evaluating the inflammatory potential of synthetic GBR 
membranes, it is important to consider factors such as the deg-
radation rates of the polymers, the nature of the degradation 
products, and the tissue response at the application site. In 
clinical applications, appropriate membrane selection and pa-
tient monitoring are critical to minimize the risk of inflammation.
THE FUTURE OF SYNTHETIC GBR 
MEMBRANES
In order to increase the clinical success rates of synthetic 
GBR membranes and address a wider range of applications, 
advances in biomaterial science and technology are shaping 
future innovations in this field. In particular, innovative ap-
proaches such as nanotechnology, bioactive coatings, and 
3D printing techniques offer promising solutions to optimize 
the performance of synthetic GBR membranes.
Nanotechnology is a powerful tool to improve the mechanical 
and biological properties of synthetic GBR membranes. Nano-
fibrous structures increase cellular adhesion, proliferation, and 
osteogenic differentiation (34). Such membranes allow cells to 
behave as they would in a natural extracellular matrix environ-
ment. Nanofibrous membranes, especially those produced by 
electrospinning, provide a combination of biomechanical and 
biological properties necessary for bone regeneration (35). 
Studies have shown that nanofibrous membranes support the 

adhesion and differentiation of osteoblast cells and accelerate 
bone regeneration (36). In addition, nanotechnological modifi-
cations optimize the degradation rate of membranes, thus pro-
viding a more controlled biological response.
The use of bioactive coatings to enhance the biological ac-
tivity of synthetic membranes is one of the most researched 
topics today. Membranes coated with growth factors (e.g., 
BMP-2 and VEGF), antibiotics, and other biomolecules can 
accelerate bone regeneration and reduce the risk of infection 
(37). Membranes enriched with growth factors enhance os-
teogenic activity while also optimizing tissue healing by pro-
moting neovascularization. For example, a study published in 
2015 reported that membranes containing heparin-stabilized 
growth factors significantly increased bone regeneration (38). 
In addition, antibiotic-coated membranes may offer an effec-
tive strategy to prevent surgical site infections. 
3D printing technologies are revolutionizing the production of 
synthetic GBR membranes to meet patient-specific treatment 
needs (Figure 3). Membranes produced by 3D printing can both 
improve anatomical fit and meet the mechanical and biologi-
cal requirements specific to individual patients’ bone defects. 
This technology optimizes the micro- and macrostructures of 
polymer matrices, increasing both the mechanical strength 
and biocompatibility of membranes (39). In addition, 3D-print-
ed membranes can make treatment processes more effective 
by providing controlled drug release. For example, there is ev-
idence that drug-loaded 3D-printed GBR membranes provide 
both antibacterial properties and osteogenic support (40).

Figure 3. 3D-printed membrane to meet patient-specific needs

Development studies are ongoing to further improve the per-
formance of existing materials in synthetic GBR membranes 
and to provide more effective solutions to clinical needs. In 
this context, innovations in smart materials, hybrid and com-
posite structures, and controlled degradation properties are 
other promising areas to increase the effectiveness of syn-
thetic GBR membranes.
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Materials that are sensitive to environmental stimuli (such as 
pH, temperature, or biochemical factors) are an innovative ap-
proach that can improve the application of GBR membranes 
in jaw surgery. For example, membranes that are sensitive 
to changing pH levels during inflammatory processes can 
provide controlled drug release at the target site. In addition, 
polymers that are sensitive to temperature or enzymatic ac-
tivity can optimize the treatment process by becoming active 
only in the areas where it is needed.
Combining different polymers and bioceramics is an effective 
strategy to increase the mechanical strength and biological 
activity of synthetic GBR membranes. For example, hybrid 
membranes consisting of a combination of polycaprolactone 
(PCL) and hydroxyapatite (HA) can offer both bone-like me-
chanical properties and osteoinductive capacity. In addition, 
bioceramic-added composite structures can increase the bio-
compatibility of the membrane, while promoting the adhesion 
and proliferation of bone cells. This approach has the poten-
tial to provide a more durable and biologically active barrier in 
the treatment of large bone defects. 
The compatibility of the degradation rate of synthetic mem-
branes with the regeneration process is critical for successful 
treatment. New formulations and material modifications can 
control the degradation times of membranes, allowing them 
to dissolve in parallel with the treatment process. For exam-
ple, slow-degrading polymers such as polylactic acid (PLA) 
can provide advantages in long-term regeneration process-
es, while faster-degrading polymers such as polyglycolic acid 
(PGA) are suitable for situations where a short-term barrier 
is needed. In addition, controlled degradation properties can 
reduce the risk of inflammation and minimize unwanted side 
effects during bone regeneration.
CONCLUSION
Synthetic GBR (Guided Bone Regeneration) membranes of-
fer an effective, reliable and versatile solution for bone regen-
eration and defect repair in oral and maxillofacial surgery. As 
a result of their superior properties such as biocompatibility, 
controlled biodegradation, mechanical durability and custom-
izability, they not only provide alternatives to existing natu-
ral materials but also bring innovative approaches to clinical 
applications. Controlled modification of polymer-based struc-
tures allows the design of membranes that are suitable for 
patient and treatment-specific needs.
Clinical studies and advances in advanced material science 
increase the effectiveness and applicability of synthetic GBR 
membranes. In particular, innovative studies on increasing bio-
compatibility, optimizing mechanical durability and expanding 
biological functions strengthen the future potential of these ma-
terials. In addition, production techniques such as 3D printing 
and electrospinning provide significant contributions to individ-
ualized treatment by offering patient-specific solutions.
In conclusion, the development of synthetic GBR membranes 
and the widespread use of their applications significant-

ly transform regenerative treatment approaches in oral and 
maxillofacial surgery. In the future, it is anticipated that these 
membranes will be enriched with antimicrobial agents, growth 
factors and other biological agents to further improve treat-
ment outcomes. Synthetic GBR membranes will continue to 
be one of the cornerstones of innovative and patient-centered 
treatment methods in modern oral and maxillofacial surgery.
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