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Guided bone regeneration (GBR) is a surgical technique involving bone grafts and barrier membranes to
repair minor defects near dental implants. It is typically used for dehiscence or fenestration defects >2 mm,
often incorporating autogenous bone for larger defects. Achieving tension-free primary closure is essential
to avoid wound dehiscence, a leading cause of GBR failure. Proper fixation of the barrier membrane without

mobility is crucial. Continuous monitoring is necessary if the membrane becomes exposed to prevent

secondary infections.
Keywords:

Guided bone regeneration
Wound

Bone

Membrane

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution 4.0 International License, which allows others to remix, and build upon the work. The licensor
cannot revoke these freedoms as long as you follow the license terms.

For reprints contact: reprint@ipinnovative.com

1. Guided Bone Regeneration

Guided Bone Regeneration (GBR) is a bone graft procedure
involving a barrier membrane to prevent soft tissue
invasion during the repair bone of defects around dental
implants. Bone tissue possesses significant regenerative
potential, yet various factors such as vascular supply
failure, mechanical instability, oversized defects, and high-
proliferative competing tissues can hinder this process.

Techniques to enhance bone formation include growth
factor-induced  osteoinduction, osteoconduction via
autogenous bone grafts or substitutes, stem cell transfer
for osteoblast differentiation, distraction osteogenesis, and
GBR using barrier membranes in conjunction with bone
grafting materials. GBR, often combined with bone grafts,
is widely utilized in routine dental practice” to augment
bone. The decision to employ GBR depends on the extent
of remaining bone walls post-extraction; it becomes crucial
in cases of significant bone loss? or large defects.
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1.1. Principle of GBR

The core concept of GBR is to prevent unwanted cells
from non-bone tissues from impeding bone regeneration.
A physical barrier membrane is placed between the area
targeted for new bone growth and nearby soft tissues.
Bone grows relatively slowly compared to fibroblasts and
epithelial cells, which can quickly occupy space during
wound healing and form connective tissue faster than bone
can regenerate.

If the barrier membrane remains intact and is not
exposed to the oral cavity for a sufficient period, ideal
conditions are created for blood vessels from existing
bone to penetrate into the area. This allows stem cells
and osteoprogenitor cells to differentiate into osteoblasts,
facilitating the production of bone matrix. Essentially, the
barrier membrane creates a protected space that harnesses
the bone’s inherent healing capabilities undisturbed.
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2. Key Factors for Achieving Stable Long-Term Results

Achieving predictable long-term outcomes in guided bone
regeneration (GBR) procedures hinges on several critical
factors identified by Buser and Chen, originally outlined for
implant placement in post-extraction sites, and relevant to
GBR as well.

1. Implant Surgeon: The foremost factor is the
skill and decision-making ability of the implant
surgeon. A thorough patient assessment, appropriate
biomaterial selection, and choosing the optimal
surgical approach are crucial for achieving anticipated
treatment outcomes. The surgeon’s education, surgical
proficiency, and experience with GBR procedures are
vital.?

2. Patient Risk Assessment: A comprehensive evaluation
of the patient’s health profile determines the risk
level associated with the procedure. Factors such
as smoking history, previous periodontitis, and
oral hygiene practices significantly impact long-
term peri-implant tissue stability. Regular supportive
maintenance care every 3 to 6 months is recommended,
especially for patients with high-risk profiles due to
systemic conditions like diabetes mellitus or rheumatic
disorders.>*

3. Local Bone Anatomy: The morphology of the defect
and local bone anatomy influence the choice between
simultaneous or staged GBR procedures. Advances in
3D radiographic imaging, such as CBCT scans, aid in
precise preoperative planning.>

4. Selection of Surgical Approach: Based on
preoperative assessment and patient consent, the
surgical approach—whether simultaneous or staged,
and horizontal or vertical bone augmentation—is
determined.’

5. Choice of Biomaterials: Selecting appropriate
biomaterials, including dental implants, bone grafts,
substitutes, and barrier membranes, is critical for the
success and long-term stability of GBR procedures. >

6. Implant Selection: The type, material, surface
characteristics, shape, diameter, and length of the
implant play pivotal roles in achieving long-term
stability and success. Evidence-based selection criteria
for implants should be applied to ensure optimal
outcomes.’

By addressing these key factors systematically, clinicians
can enhance the predictability and longevity of outcomes in
guided bone regeneration procedures, ensuring successful
implant therapy and patient satisfaction over the long term.

In addition to anatomical considerations, essential
surgical factors significantly influence the success of GBR
procedures. These factors include:

1. Selection of Bone Grafts and Substitutes: Historically,
autogenous bone chips were initially used to prevent

membrane collapse mechanically under barrier
membranes. Subsequently, various bone grafts and
substitutes have been studied to understand their
osteogenic potential and substitution rates crucial for
GBR.%?

2. Osteogenic Potential: Bone fillers with high
osteogenic potential accelerate new bone formation
early in the healing process by releasing growth
factors like TGF-f31 and BMP-2 into the surrounding
environment. °

3. Substitution Rate: The rate at which a bone filler
is resorbed and replaced by new bone during
remodeling impacts long-term stability. Fillers with
high substitution rates initially favored for rapid
integration, were later reconsidered due to clinical
observations of volume reduction over time. This led
to a shift towards fillers with lower substitution rates,
such as hydroxyapatite-derived materials. >-1°

4. Composite  Grafts: Combining fillers  with
complementary characteristics—such as highly
osteogenic autogenous bone chips and low substitution
rate materials like deproteinized bovine bone mineral
(DBBM)—as composite grafts has become standard
practice. This approach aims to optimize bone
augmentation and ensure stable, long-term results. '-12

5. Bone-Conditioned Medium (BCM): Autogenous bone
chips can be stored in a mixture of blood and Ringer’s
solution to create BCM, which bioactivates bone
substitutes and barrier membranes, enhancing their
performance in promoting bone regeneration '3

Leading GBR surgeons globally now commonly utilize
composite grafts due to their synergistic benefits, adapting
their approach based on defect anatomy and individual
preferences. These advancements underscore the ongoing
evolution in optimizing surgical strategies for effective bone
regeneration and long-term implant success.

3. Biomaterials Used in Guided Bone Regeneration
(GBR)

3.1. Barrier membrane selection

Initially, expanded polytetrafluoroethylene (ePTFE),
branded as GORE-TEX by Gore Medical, was standard for
GBR until the mid-1990s. ePTFE, a non-resorbable and
bioinert membrane, required a second surgery for removal
and posed challenges like hydrophobicity, necessitating
fixation and sometimes causing soft tissue complications
during healing.

In response, efforts focused on finding resorbable
alternatives, intensively discussed at a 1993 meeting
in Arizona.'* Options included polymeric membranes
(polylactic or polyglycolic acid) and collagen membranes
from animal sources. By the late 1990s, collagen-based
membranes proved most effective in studies.
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Today, collagen dominates the GBR market, while
bioinert PTFE membranes remain for complex cases like
vertical ridge augmentation. The original ePTFE is replaced
by various PTFE alternatives. Membrane selection now
considers defect morphology, procedure goals (horizontal vs
vertical augmentation), and surgeon preference. '

3.2. Barrier membranes

Barrier membranes are crucial in guided bone regeneration
(GBR) procedures, placed directly over bone defects to
prevent soft tissue ingrowth and facilitate bone regeneration.
Clinicians choose from a variety of materials based on
specific clinical needs, considering key properties such
as biocompatibility, cell occlusion, space maintenance,
tissue integration, degradability, clinical handling, and
susceptibility to complications. 16

Figure 1: Placement of barrier membrane

3.3. Non-resorbable membrane

Initially, non-resorbable membranes like expanded
polytetrafluoroethylene (e-PTFE) were standard, known for
their mechanical barrier properties. However, they required
a second surgery for removal, posed handling challenges
due to hydrophobicity, and risked soft tissue dehiscence
during healing, affecting regenerative outcomes.'”:!8
High-density PTFE (d-PTFE), developed to address these
issues with smaller pore sizes, showed improved clinical
outcomes and easier removal. %20

3.4. Titanium mesh

For maintaining space in severe osseous defects, titanium
mesh has become a reliable option. Its flexibility and
ability to resist soft tissue pressure make it suitable for
ridge augmentation and maintaining bone volume around
implants. It allows for proper blood supply and can be used
either before or during implant placement to enhance bone
regeneration. 2?2

3.5. Titanium-reinforced PTFE

Titanium-reinforced e-PTFE or d-PTFE membranes
offer additional stability and shaping capabilities for
large defects. Studies demonstrate their effectiveness
in maintaining space, promoting bone formation, and
preserving ridge morphology during healing, making them
suitable for complex cases. 2%

3.6. Resorbable membrane

Bioresorbable membranes, including synthetic polymers
like polyglycolides (PGA) and polylactides (PLA), as
well as collagen membranes derived from animal sources,
provide advantages such as eliminating the need for removal
surgery, reducing patient morbidity, and enhancing tissue
integration. However, they require careful consideration of
degradation rates to ensure proper barrier function and
support for bone regeneration. 2326

3.7. Collagen membranes

Collagen membranes, derived from various animal tissues,
are popular for their biocompatibility, easy handling, and
ability to support bone formation. Cross-linking can modify
their properties, affecting degradation rates and tissue
response. Rapid degradation in the oral environment can
lead to spontaneous healing but may compromise barrier
function if too fast.?”-?

3.8. Comparison and considerations

Choosing between resorbable and non-resorbable
membranes depends on clinical requirements like defect
size, bone augmentation goals, and patient-specific factors.
Non-resorbable membranes excel in space maintenance and
bone formation predictability but require second surgeries
and may pose infection risks. Resorbable membranes
offer convenience and reduced morbidity but need careful
management of degradation rates and may lack rigidity for
vertical bone augmentation. 2%-3°

3.9. Future directions

Advancements in tissue engineering aim to develop
functional membranes that induce direct bone regeneration,
potentially combining the advantages of both resorbable and
non-resorbable materials to optimize clinical outcomes in
implant dentistry.3!

3.10. Grafting materials overview

Bone regeneration utilizes osteogenesis (bone formation),
osteoinduction (transforming stem cells into bone cells),
and osteoconduction (providing a scaffold for new bone
formation). Autogenous bone, allografts (from cadavers),
xenografts (animal-derived), and alloplasts (synthetic) each
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leverage these mechanisms. 3233

Autogenous bone is osteogenic, osteoinductive, and
osteoconductive, harvested from the patient. Allografts
lack osteogenic potential but offer osteoconductive
properties. Xenografts and alloplasts are osteoconductive
but not osteogenic. Combining graft types optimizes bone
regeneration outcomes

Techniques like autogenous bone chip harvesting
enhance grafting success. Allografts, xenografts, and
alloplasts serve as alternatives when autogenous bone is
insufficient. Membrane stabilization and graft stability are
critical for effective guided bone regeneration (GBR).

3.11. Biomaterial-based delivery

Biomaterials play a crucial role in delivering growth factors
(GFs) and stem cells for tissue regeneration. Growth
factors like VEGFs, FGFs, PDGFs, and IGFs control cell
functions such as proliferation and differentiation. PDGF
and FGF are particularly significant in bone regeneration
and angiogenesis. Biomaterials like sponges, nanoparticles,
and hydrogels are used to physically or chemically bind and
release GFs, enhancing their therapeutic efficacy in bone
growth and repair.3*

3.12. Stem cell delivery

Biomaterials facilitate the delivery of stem cells from
sources like adipose tissue and bone marrow, aiding in
tissue regeneration without immune rejection. Hydrogels
are particularly effective in minimally invasive delivery for
craniofacial deformities and disorders.

3.13. Gene selivery

Genes encoding growth factors are delivered via
biomaterials to stimulate tissue repair, overcoming
limitations of short GF half-lives. Studies show successful
gene transfer in periodontal regeneration using biomaterials,
although further research is needed on safety and efficacy.

3.14. Scaffold and cell-free technologies

Extracellular vesicles (EVs), including exosomes,
are explored for their therapeutic potential in tissue
regeneration, leveraging MSC-derived components in
various diseases. Two-dimensional materials like MoS2
and BP show promise in biomedical applications for their
unique properties, enhancing cell-material interactions
and potential in medical devices. Overall, biomaterials
are pivotal in advancing therapies across orthopedics,
periodontics, and dentistry, offering tailored solutions for
tissue regeneration and disease treatment.

4. GBR Uses
4.1. GBR for maxillary implants

In treating the anterior maxilla, long-term stability of peri-
implant tissues and achieving pleasing esthetic outcomes are
primary goals. Following these are ensuring proper function
and speech. Our preferred method involves early implant
placement (Type 2) after soft tissue healing, which has
proven highly successful over 20 years.

This approach is chosen for extraction sites with thin
facial bone walls and allows for precise 3D implant
positioning with good primary stability. It’s particularly
suited for cases where the resulting bone defect shows
a two-wall morphology on the facial aspect, common in
anterior maxillary extractions. Type 2 placement constitutes
over 80% of our procedures.

Post soft tissue healing, an open-flap procedure
is performed for contour augmentation using GBR,
significantly reducing the need for additional soft tissue
grafting. This method utilizes a two-layer composite graft
with autogenous bone chips for accelerated bone formation
and DBBM particles for long-term volume stability.

To avoid a second flap procedure for membrane removal,
we prefer resorbable barriers like non-cross-linked collagen
membranes in most cases. This approach not only offers
practical advantages but also reduces patient discomfort
and costs.Fixation pins and tacks are occasionally used
in vertical augmentation or the sausage technique but are
unnecessary for routine GBR in the maxilla.

4.2. Guided bone regeneration (GBR) success depends
on several factors

Patient conditions like smoking, flap design with mid-
crestal and mesial incisions for optimal healing due to
the edentulous ridge’s avascular zone, tension-free flap
advancement via periosteal releasing incisions (PRI), and
stable membrane fixation using techniques such as screws
or cover screws. 3

Decortication, though beneficial for graft integration,
may slightly extend surgery time and increase postoperative
discomfort. Attention to these factors is crucial for
enhancing GBR outcomes.

Guided bone regeneration (GBR) with simultaneous
implant placement is recommended only when the implant
can achieve optimal three-dimensional positioning and
satisfactory primary stability in existing natural bone. 3’

GBR is often performed as a staged approach when
ridge anatomy prevents ideal three-dimensional implant
placement initially. This two-step procedure involves first
performing hard tissue reconstruction before subsequent
implant placement.

Studies suggest that GBR using membranes and bone
substitutes can successfully regenerate bone, with implant
placement typically planned five to nine months post-GBR.
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This approach yields predictable results, particularly in
Cawood classes III and IV.

For vertical bone augmentation before implants,
Jovanovic et al. (1995) recommend non-resorbable e-PTFE
membranes with DFDBA or DBBM, possibly combined
with autogenous chips.

Key challenges in this procedure include membrane
exposure and soft tissue collapse, necessitating tension-free
flap closure and precise suturing techniques. Tenting screws
have proven effective in minimizing soft tissue collapse.

GBR Success Criteria

The success of guided bone regeneration (GBR) is
crucial in implant dentistry. Traditionally, success was
defined as covering a dehisced or fenestrated implant
surface with regenerated hard tissue.
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Mrveolar  Conrective
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Figure 3: a: Showing defect in bone; b: Showing using opening
of gum

Second-generation definition emphasized regenerating
bone of sufficient dimension to withstand functional forces
long-term

However, these definitions are now considered
inadequate. In the aesthetic zone, success must ensure
regeneration of pre-pathological alveolar ridge morphology.
This supports soft tissue coverage and maximizes treatment
outcomes, marking the third-generation definition of GBR
success.
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