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ABSTRACT

Barrier membranes have emerged as crucial tools in guided tissue regeneration (GTR) and guided bone
regeneration (GBR) procedures, specially transforming the landscape of implant dentistry. An overview
of the key characteristics, types, and clinical implications of barrier membranes in implant dentistry
has been described. These membranes create a controlled environment that facilitates tissue and bone
regeneration around dental implants, enhancing treatment outcomes. The article delves into the ideal
attributes of barrier membranes, including biocompatibility, mechanical stability, selective permeability,
and more. It also explores various forms of barrier membranes, such as expanded polytetrafluoroethylene
(ePTFE), collagen, and pericardium membranes, highlighting their unique advantages and considerations.
The clinical applications, drawbacks, and future directions of these membranes are discussed, shedding
light on their role in managing complex cases. The evolving landscape of advanced biomaterials, bioactive
coatings, patient-specific approaches, and smart membranes points toward an exciting future for barrier
membranes in implant dentistry, promising further advancements in guided regeneration techniques.
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1. Introduction irregularities, fostering the healing process in a controlled

d directed 3
In the dynamic field of implant dentistry, the quest for and directed mannet

successful and lasting outcomes has led to the evolution of
innovative techniques and materials. One such advancement
that has significantly influenced the practice of implantology
is the utilization of barrier membranes.' These specialized
membranes play a pivotal role in creating a conducive
environment for guided tissue and bone regeneration,
crucial for achieving optimal osseointegration and implant
stability.?

Barrier membranes act as protective shields, separating
the implant site from surrounding soft tissues and
encouraging the growth of bone-forming cells while
impeding the infiltration of unwanted cells. They offer
a strategic solution to addressing bone defects and

Guided bone regeneration (GBR) reigns supreme as
the go-to method for addressing bony defects. A pivotal
aspect of the GBR process involves the incorporation
of barrier membranes. In the present day, a plethora of
diverse membrane substances are at the disposal of implant
clinicians, contingent upon the specifics of each clinical
scenario.” Nevertheless, making the optimal choice among
these membranes can occasionally prove to be a daunting
and bewildering task.

Hence, this article aims to offer an overview of the
diverse range of membranes accessible and explore their
applicability in different clinical scenarios.
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2. What is the purpose of utilizing a membrane?

The purpose of using a barrier membrane in implant
dentistry is to create a controlled environment that promotes
guided bone regeneration & guided tissue regeneration.
Membranes find their application in GBR procedures to
function as both biological and mechanical barriers. They
serve to slow down the infiltration of non-bone forming cells
like epithelial cells while facilitating the gradual migration
of bone-forming cells into the affected areas. As bone
defects undergo healing, a competition unfolds between
soft-tissue and bone-forming cells to populate the surgical
site.2 However, soft-tissue cells exhibit a considerably faster
migration rate compared to their bone-forming counterparts.
As aresult, the core objective of utilizing barrier membranes
revolves around enabling specific cell repopulation, thereby
directing the diverse tissue proliferation that transpires
throughout the healing journey.*

Beneath the membrane’s presence, the process of
regeneration unfolds, characterized by angiogenesis and
the migration of osteogenic cells. The initial blood clot
supersede by the woven bone as vascular ingrowth takes
place, leading to its eventual transformation into resilient
lamellar bone capable of withstanding loads. 5 This, in turn,
facilitates the comprehensive regeneration of both hard and
soft tissues. In cases where a barrier membrane is omitted,
the absence of proper space preservation could lead to the
integration of soft tissues and hindered bone development.

3. Ideal Characteristics of Membrane

1. Biocompatibility: Membranes should be well-
tolerated by the surrounding tissues, minimizing the
risk of adverse reactions or inflammation. ¢

2. Selective permeability: The membrane’s selective
permeability is fundamental in allowing the diffusion
of essential nutrients, oxygen, and growth factors while
preventing the infiltration of undesirable cell types.
This property supports the desired cell population, such
as osteoblasts, to promote bone formation. 7

3. Mechanical stability: The membrane should exhibit
mechanical stability throughout the healing process. It
must retain its structural integrity to provide a physical
barrier between the soft and hard tissues, safeguarding
the regenerating site from external forces.*

4. Cell-exclusion properties: An effective barrier
membrane should prevent the migration of non-
osteogenic cells, such as epithelial cells, from
populating the defect site. This property encourages
the selective growth of bone-forming cells, ultimately
contributing to successful regeneration.’

5. Degradation rate: Resorbable barrier membranes
should degrade at an appropriate rate, aligning with the
healing process.?

6. Ease of Handling: Barrier membranes should be user-
friendly and easy to manipulate to a desirable shape &
size during surgical procedures. 8

7. Compeatibility with graft materials: Barrier membranes
are often used in conjunction with bone graft materials.
An ideal membrane should exhibit compatibility with
various graft types and remain effective in maintaining
space and guiding tissue regeneration when combined
with these materials.

8. Biodegradability: ~ For resorbable = membranes,
biodegradability is essential. The membrane should
break down into biocompatible byproducts that can
be absorbed by the body without causing adverse

reactions.
9. Promotion of angiogenesis: An ideal barrier
membrane should encourage angiogenesis, the

formation of new blood vessels. This supports the
delivery of nutrients and oxygen to regenerating
tissues, aiding in their development and vitality.>

10. Clinically predictable: The membrane’s performance
should be predictable and consistent across
different clinical scenarios. This ensures that dental
professionals can confidently choose and use the
membrane for a variety of cases.

4. Types of Membranes

1. Non-resorbable membranes

(a) Expanded polytetrafluoroethylene
(b) High-density polytetrafluoroethylene
(c) Titanium mesh

(d) Titanium-reinforced PTFE

2. Resorbable membranes

(a) Polymeric membranes
(b) Collagen membranes
(c) Pericardium membranes
(d) Platelet rich-fibrin

(e) Acellular dermal matrix

4.1. Non-resorbable membranes

Non-resorbable = membranes  showcase  remarkable
biocompatibility, elevated mechanical potency, and
heightened rigidity. They typically excel in maintaining
space more effectively than resorbable counterparts.
Nonetheless, non-resorbable membranes tend to experience
a higher occurrence of wound dehiscence, and they bear
the drawback of necessitating a subsequent second surgical
intervention.” This subsequently leads to heightened
morbidity, escalated expenses, and increased discomfort for
the patient. Non-resorbable membranes include:-
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4.1.1. Expanded polytetrafluoroethylene
The expanded PTFE membrane (e-PTFE), a pioneer
in implant dentistry, and the gold standard for bone
regeneration.” Its origins trace back to 1969, and by the
early 1990s, it had firmly established itself as the go-to
for bone regeneration protocols. The e-PTFE membrane
undergoes a sintering process that weaves pores ranging
from 5 to 20 um into the very fabric of the material. '°

The e-PTFE membranes unfold with distinct
characteristics on each side: on one facet, a thickness
of around 1 mm coupled with 90 percent porosity acts as a
shield against epithelial growth; while on the opposite side,
a sleeker 0.15 mm thickness therefore 30 percent porosity
create a nurturing haven for burgeoning bone and halt the
intrusion of fibrous tissue. -4

The e-PTFE membrane act as a protective barrier. It
stands as a guard, blocking fibroblasts and other connective
tissue cells from entering the bone defect. ! This gives room
for the cells with bone-growth potential to slowly fill the
defect, like a slow but steady wave of restoration. '°

A prevalent drawback associated with e-PTFE is
its relatively large pore size, which can facilitate the
movement of microorganisms and consequently result in
infections. '>!7 With an average pore size ranging from 5
to 20 um, and pathogenic bacteria typically being less than
10 um in diameter, the potential for microorganisms to
traverse the highly porous e-PTFE membrane when exposed
becomes a common complication. %19

4.1.2. High-density polytetrafluoroethylene

Due to the complications associated with e-PTFE
membranes, a higher density material, measuring less
than 0.3 microns, was developed in the early 1990s,
known as Cytoplast. This high-density PTFE, often termed
dense PTFE or d-PTFE, emerged as a response. Notably,
d-PTFE exhibited a lower susceptibility to bacterial
colonization compared to e-PTFE membranes, leading to
a decreased risk of infections. The inherent advantages of
these membranes lie in their high density and small pore
sizes obviating the need for soft-tissue closure.?’ This
membrane’s composition prevents the passage of bacteria
while facilitating oxygen diffusion and the movement
of minute molecules.?! Furthermore, due to the absence
of tissue ingrowth, the removal process for d-PTFE
membranes is notably simplified.

According to Bartee, the utilization of d-PTFE proves
particularly advantageous when achieving primary closure
poses challenges due to tension. This scenario is often
encountered in procedures like alveolar ridge preservation,
managing substantial bone defects, and performing
immediate post-extraction implant placements.'? In such
instances, d-PTFE membranes offer the benefit of being
left exposed, effectively preserving both soft tissue and the
position of the mucogingival junction. This approach could

potentially contribute to enhanced healing outcomes, as it
eliminates the necessity for extensive releasing incisions
that might compromise blood supply and lead to the loss
of keratinized tissue.!” Employing d-PTFE membranes
could, therefore, serve as a means to promote more effective
healing in these scenarios.??

4.1.3. Titanium mesh
Titanium, a widely favored material in dentistry and various
medical domains, finds applications both in its pure metallic
form and as an alloy blended with non-precious metals
like aluminum, vanadium, or nickel.?> Both the pure metal
and its alloys exhibit excellent biocompatibility, robust
mechanical strength, long-lasting durability, low density,
and resistance to corrosion.?* Moreover, titanium stands as
a bioinert substance, capable of serving as a steadfast metal
due to its swift development of a protective passive layer.

The primary benefits of the titanium mesh lie in its
ability to uphold and conserve the targeted regeneration
space without collapsing. Notably flexible, it can be
bent and molded to accommodate diverse requirements. >
This adaptability enables its utilization in aiding bone
regeneration even in situations where space preservation
isn’t a concern. The mesh’s perforations ensure it doesn’t
obstruct the direct blood supply originating from the
periosteum to the underlying tissues and the bone grafting
material. Furthermore, it boasts full biocompatibility with
oral tissues, contributing to its suitability for use in oral
procedures. >3

The application of titanium mesh extends to two distinct
approaches: It can be employed prior to dental implant
insertion (known as the staged approach) to augment bone
volume. Alternatively, it can be utilized alongside dental
implant placement (referred to as the non-staged approach).

4.1.4. Titanium-reinforced PTFE

In order to enhance the firmness of both e-PTFE and d-
PTFE membranes, titanium was incorporated into the PTFE
membrane structure. This infusion of titanium resulted in
heightened structural stability, rendering these membranes
more amenable to customization for a precise fit within
the defect. Such membranes prove especially valuable in
managing sizable bony defects.?®

4.2. Drawbacks of non-resorbable Membranes

While both clinical and experimental studies have
showcased remarkable treatment outcomes through the
utilization of non-resorbable membranes in GTR and GBR
procedures, it’s important to acknowledge that there exist
specific complications associated with their usage.’

1. Wound dehiscence can arise due to incomplete

coverage or gingival recession during the healing

process. 2
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2. Premature exposure of barrier membranes to the oral
environment, followed by bacterial colonization, might
lead to the early removal of these membranes. 2

3. Wound infections that occur after the exposure of e-
PTFE membranes have the potential to undermine the
outcomes of grafting procedures.

4. The requirement for a secondary surgical intervention
to extract the bio-inert membrane. >’

5. Because of the inherent rigidity of non-resorbable
membranes, additional stabilization through the use of
mini screws and tacks is frequently necessary. 8

5. Resorbable Membrane

Resorbable membranes gradually degrade over time,
eliminating the need for a second surgical intervention to
remove the membrane. They are particularly suited for
smaller defects and cases where extended barrier function
is not required.? The advantage of resorbable membranes
lies in their ability to integrate with surrounding tissues,
promoting natural healing processes. One significant
drawback is its unpredictable rate of resorption, which
could potentially impact the extent of bone formation.’
Resorbable membranes crafted from xenogeneic collagen
have gained prominence and are extensively employed
in contemporary implant dentistry for guided bone
regeneration (GBR) procedures.® Resorbable membranes
include:-

5.1. Polymeric membranes

Polymeric membranes are integral components of modern
implant dentistry, playing a pivotal role in guided tissue
regeneration (GTR) and guided bone regeneration (GBR)
procedures.?’ These membranes are constructed from
various biocompatible polymers and have revolutionized
the way clinicians approach complex cases involving bone
defects and implant placements. 3°

Polymeric membranes consist of synthetic polymers
such as polyesters, polyglycolides (PGAs), polylactides
(PLAsS), or their copolymers. The beauty of these artificial
substances lies in their ability to be reliably replicated
in nearly limitless quantities.3! Polymeric membranes
demonstrate their significance by adeptly preserving
alveolar bone within extraction sockets and preventing the
onset of alveolar ridge defects. Additionally, they play a
crucial role in elevating the process of ridge augmentation
around exposed implants. >?

PGA, PLA, and their copolymers offer a significant
clinical benefit: they have the capacity to undergo full
biodegradation, ultimately breaking down into carbon
dioxide and water via the Krebs cycle.?? This unique
characteristic negates the need for a subsequent surgical
procedure for their removal.

5.2. Collagen membranes

Collagen barrier membranes stand as an essential
component in the realm of implant dentistry, specifically
within the realm of guided tissue regeneration (GTR)
and guided bone regeneration (GBR) procedures. These
resorbable membranes, crafted from type 1 or combination
of Typel & Type3 collagen, a protein abundant in the
body, hold significant promise for promoting successful
tissue regeneration and enhancing the outcomes of implant
treatments.

Collagen materials for use as barrier membranes
offer a multitude of advantages. These encompass
capabilities like hemostasis,?* inducing chemotaxis in
periodontal ligament fibroblasts and gingival fibroblasts, >
minimal immunogenicity, straightforward manipulation and
adaptation, direct impact on bone formation,3® and the
potential to enhance tissue thickness. As a result of these
qualities, collagen material emerges as an optimal selection
for a bioresorbable GTR or GBR barrier.

Collagen takes up more than half of the protein content
within the human body. The degradation of a collagen
membrane, executed through enzymatic reactions, mirrors
the natural turnover of tissue.’’ In contemporary times,
collagen membranes predominantly stem from allogenic or
xenogeneic sources, gaining significant traction in the realm
of implant dentistry.>* These membranes serve as support
structures for osteoconduction, bolster platelet aggregation,
ensure clot stability, and even draw fibroblasts for effective
healing.* The resorption of collagen membranes transpires
at varied rates, influenced by the degree of cross-linking,
a manipulation achieved during the manufacturing process.
This carefully controlled resorption occurs by way of
inflammatory cell biodegradation.

An array of forms awaits when it comes to collagen
barriers:

1. Collagen plugs:- They find their primary application in
managing bleeding and sustaining the blood clot within
extraction sites. Collagen plugs typically possess a
soft, pliable, sponge-like texture that swiftly soaks
up blood, effectively generating an artificial clot.
Within this collagen structure, platelet aggregation
takes place, leading to the discharge of bone-growth
factors through platelet degranulation. These collagen
plugs are designed to be resorbed within approximately
10-14 days.”

2. Collagen tape:- A delicate and flexible version of
collagen serves a purpose in promoting haemostasis
and is well-suited for minor graft sites. Additionally,
collagen tape takes on significance in sinus graft
procedures, frequently serving as the foundational
layer in grafting techniques.?

3. Regular collagen membranes:- These collagen barriers
typically undergo resorption within a span of three to
four months. They find their primary application in
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guided bone regeneration for bony defects of small
to medium sizes Ideally, achieving primary closure is
advisable to minimize graft-related complications.

4. Extended collagen membranes:- These collagen
barriers have a resorption timeline of four to six
months and are best suited for addressing more
extensive bony defects that demand extended healing
durations. To accommodate this, these membranes
undergo modification by elevating their cross-link
density. Nonetheless, it’s important to note that
collagen membranes designed for prolonged action
have demonstrated a heightened host-tissue reaction,
compromised vascularization, and a potential for tissue
dehiscence.

5.3. Pericardium membranes

Pericardium membranes, derived from the pericardial sac
surrounding the heart, represent a distinctive biomaterial
finding application in the realm of implant dentistry. These
membranes, harnessed from a natural source, offer an
alternative option for guided tissue regeneration (GTR) and
guided bone regeneration (GBR) procedures, presenting
unique advantages and considerations. !

Pericardium membranes are derived from the pericardial
tissue of animals, commonly bovine or porcine sources.
Through a rigorous processing protocol that includes
cleaning, sterilization, and preservation, the pericardial
tissue is transformed into a biocompatible and safe
membrane for clinical use.’* Their surfaces exhibit
porosity, promoting cellular attachment and growth, while
simultaneously maintaining a higher density that limits soft
tissue infiltration. Pericardium membranes, in contrast to
collagen membranes, exhibit a longer duration of resorption.

5.4. Platelet rich-fibrin

The utilization of platelet-rich fibrin (PRF) is experiencing
a surge in popularity within GBR procedures. This second-
generation platelet concentrate offers notable advantages
such as reduced costs, the omission of extra reactive
agents, and a higher platelet concentration when compared
to platelet-rich plasma. The PRF technique involves the
centrifugation of the patient’s whole blood, leading to the
separation of three layers. The lower layer, containing red
blood cells, is discarded. The upper layer, clear in colour, is
known as platelet-poor plasma.? The middle layer, serving
as the fibrin matrix, is employed as a membrane in bone
regeneration procedures.

5.5. Acellular dermal matrix

Acellular dermal matrix (ADM) stands as a human
biocompatible connective-tissue matrix (allograft), crafted
through a cell-removal process within the dermis. This
manufacturing approach ensures the absence of cells,

thereby eliminating the potential transmission of viruses.’

Moreover, the acellular composition of this membrane
guarantees the absence of inflammatory responses or
rejection. In its inert state as an allograft, when employed
as a membrane, ADM assumes the role of a structural
framework that facilitates the migration of fibroblasts and
vascularization. >

6. Drawbacks of Resorbable Membranes

1. Variable Resorption Rate: The rate at which
resorbable membranes break down can vary, making it
challenging to predict their longevity and potentially
leading to premature degradation.

2. Limited Mechanical Stability: Resorbable membranes
may lack the robust mechanical stability of non-
resorbable options, increasing the risk of displacement
and compromised barrier function.

3. Timing Challenges: The timing of membrane
resorption might not always align perfectly with the
optimal tissue regeneration process, affecting overall
procedure success.

4. Inconsistent Guided Regeneration: Resorbable
membranes might not consistently prevent the
infiltration of unwanted cells, potentially hindering the
intended tissue and bone formation.

5. Lack of Long-Term Support: In cases requiring
extended barrier function, resorbable membranes
might not provide sustained support throughout the
entire healing period.

6. Surgical Removal: While resorbable membranes
eliminate the need for a secondary removal procedure,
their resorption might not always occur uniformly. This
can result in remnants of the membrane remaining in
the surgical site, potentially leading to complications.

7. Healing Complications: In certain cases, resorbable
membranes can induce inflammatory responses during
the resorption process, affecting the overall healing
environment.

8. Sensitivities and Allergies: Some patients might
develop sensitivities or allergies to the materials
in resorbable membranes, necessitating careful
consideration before their use.

7. Clinical Implications and Future Directions

Barrier membranes have revolutionized the field of
implant dentistry by enabling clinicians to enhance bone
regeneration and implant stability. The choice between
resorbable and non-resorbable membranes depends
on factors such as defect size, patient characteristics,
and surgical requirements. Advances in biomaterial
science continue to drive the development of novel
membrane materials and designs, further improving clinical
outcomes. 3941
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8. Conclusion

In the realm of implant dentistry, barrier membranes stand

as

indispensable tools for achieving successful guided

tissue and bone regeneration. Their varied compositions and
degradation behaviours cater to a wide range of clinical
scenarios, allowing clinicians to tailor their approach to
individual patient needs. A comprehensive understanding
of the ideal characteristics, resorbable and non-resorbable
options, and various membrane types equips dental
professionals with the knowledge required to navigate
the complexities of implant procedures and contribute to
optimal patient outcomes.
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