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Bone Grafts to Platelet Concentrates: A Paradigm Shift in Periodontal Therapy
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Abstract: Platelet concentrates is an emerging technology using biological elements from blood sample for various surgical
procedures in medical and dental fields. Its use is believed to fasten tissue healing and promote tissue regeneration. They serve
as reservoir of various cytokines and growth factors required for soft and hard tissue regeneration. There is an emerging demand
of platelet concentrates in periodontal therapies since it is completely natural, physiologic, and economical biologic mediator
with minimum concerns about immunogenic reactions and disease transmission. This review summarizes the evolutionary use
of Platelet concentrates and its derivatives as an alternate to bone grafts in various periodontal regenerative therapies.
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Introduction

Periodontitis is a chronic inflammatory disease that affects
the supporting structures of the teeth, including the gingiva,
periodontal ligament, and alveolar bone. It is caused
primarily by bacterial plaque and results in the progressive
destruction of the periodontal ligament and alveolar bone,
leading to tooth mobility and loss if left untreated. Traditional
periodontal therapies aim to halt the progression of the
disease and repair the damaged tissues. Over the past few
decades, the focus has shifted towards regenerative therapies
that aim to restore the lost periodontal structures. This shift
has led to the development and use of various bone graft
materials and, more recently, platelet concentrates”. Bone
grafts have long been considered the gold standard for
periodontal regeneration, offering structural support and
biological cues for new bone formation. However, the advent
of platelet concentrates has brought a new dimension to
periodontal therapy, leveraging the body's natural healing
mechanisms to enhance tissue regeneration®. This review
article explores the evolution from bone grafts to platelet
concentrates, focusing on their mechanisms, clinical
applications, and future prospects in periodontal therapy.

Bone Grafts in Periodontal Therapy
Types of Bone Grafts

Bone grafts are classified based on their origin into four main
types:

1. Autografts: These are harvested from the patient's own
body, such as the mandibular ramus or iliac crest. Autografts
are highly osteogenic, osteoinductive, and osteoconductive,

making them the gold standard for bone grafting”.

2. Allografts: Sourced from human donors, allografts
undergo processing to remove cellular components, reducing
immunogenicity. Examples include demineralized freeze-
dried bone allograft (DFDBA) and mineralized freeze-dried
bone allograft (FDBA)®.

3. Xenografts: These grafts are derived from other species,
typically bovine. They provide a scaffold for new bone

growth and are primarily osteoconductive™?.

4. Alloplasts: Synthetic bone substitutes, such as
hydroxyapatite and bioactive glass, are designed to be

biocompatible and provide an osteoconductive scaffold”.

Mechanisms of Action

Bone grafts facilitate periodontal regeneration through three
primary mechanisms:

1. Osteogenesis: Formation of new bone by osteoblasts
present within the graft material, predominantly seen with
autografts.

2. Osteoinduction: Stimulation of progenitor cells to
differentiate into osteoblasts, often facilitated by growth
factors within the graft, such as those in DFDBA.

3. Osteoconduction: Providing a scaffold that supports the
growth of new bone, essential for all types of bone grafts®.

Clinical Applications

Nowadays Platelet concentrates are extensively being used in
periodontal therapy for various applications:

Periodontal Regeneration

Platelet-rich plasma (PRP), which is enriched with growth
factors like TGF- and PDGF, significantly influences the
process of periodontal regeneration. Platelet-rich fibrin
(PRF) acts as a scaffold facilitating cellular migration and
adhesion, enhancing wound healing by promoting collagen
synthesis in the extracellular matrix. PRP stimulates the
proliferation of undifferentiated mesenchymal cells and
promotes angiogenesis, aiding in the regeneration of
periodontal structures. Additionally, PRP creates a three-
dimensional fibrin scaffold that maintains the regenerative
space within the defect area, promoting tissue regeneration.
"Sticky bone" is used in guided bone regeneration for
angiogenesis, space maintenance, and tension-free primary
suture, with its fibrin network trapping leukocytes and
platelets to release growth factors that accelerate soft tissue
and bone regeneration. Platelet concentrates can be utilized in
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various forms, including being blended or lyophilized with
biomaterials such as silk fibrin, chitosan, metal nanoparticles,
mineral trioxide aggregate graft materials, and
hydroxyapatite, or combined with stem cells like bone
marrow stromal cells (BMSC), adipose-derived stem cells,
and human dental pulp cells. They can also be modulated with
drugs to enhance tissue regeneration through synergism and
antagonism”.

Healing Biomaterial

Platelet concentrates, rich in biologically active proteins,
enhance healing by promoting regeneration. PRP releases
growth factors from o granules, which expedite cell
proliferation and angiogenesis, thereby increasing early
wound strength®. PRF is effective in promoting early wound
healing in periodontal surgery. Wound healing progresses
through three stages: biochemical activation, cellular
activation, and cellular response"”. PRP is crucial in the
cellular response stage by releasing growth factors that
stimulate epithelial and mesenchymal cell migration,
division, and collagen matrix synthesis"".

Furcation Defects

PRP and PRF have been increasingly employed to treat
periodontal furcation involvement. Studies, such as those by
Panda S et al., have shown the beneficial effects of using
autologous platelet concentrates alongside open flap
debridement and bone grafting, though their use with GTR in
treating furcation defects is less documented"”.

Intrabony Defects

Systematic reviews and meta-analyses have demonstrated
the efficacy of PRF in treating periodontal intrabony defects.
Combining PRF with open flap debridement yields better
clinical outcomes compared to PRF combined with bone
grafts. PRF supports early wound healing in periodontal
surgical procedures. Another meta-analysis by Miron RJ et
al. highlighted significant improvements in probing depth,
clinical attachment level, and radiographic bone fill when
using PRF with open flap debridement, showing comparable
outcomes to bone grafts in the same procedure"”.

Root Coverage Procedures

Platelet concentrates are widely used in root coverage
procedures. A novel technique called 'The Gum Drop
Technique' employs platelet concentrates in minimally
invasive surgery, eliminating the need for a donor site and
promoting faster healing with improved root coverage
outcomes. However, a meta-analysis indicated that PRF
membranes do not significantly enhance clinical attachment
level, recession coverage, or keratinized mucosa width
compared to other treatments in Miller Class I and II gingival
recessions"”. L-PRF membranes can serve as alternative
graft materials for treating multiple recessions greater than 3
mm without requiring additional surgery.

Implantology

The application of platelet concentrates is increasingly
common in implant procedures to enhance bone regeneration
prior to implant placement. PRF reduces peri-implant pocket
depth and addresses bone defects in peri-implantitis cases.
PRGF is frequently used to coat dental implants to promote
osseointegration. Coating implants with PRF and PRP
releases growth factors essential for early wound healing and
initial stabilization. Improved osseointegration is observed in
implants coated with PRP before placement in the alveolus.
PREF also aids tissue regeneration, repairs damage from peri-
implant recessions, supports maxillary sinus lift procedures,
and accelerates bone integration in dental implants“®.

Sinus Augmentation

PRF is often employed as a bone graft substitute for
maxillary sinus elevation. Its fibrin matrix protects the sinus
membrane during osteotome use and assists in wound closure
if the sinus membrane is perforated. Concentrated growth
factor (CGF) has demonstrated a reduction in healing time
and accelerated bone gain in sinus augmentation
procedures"?.

Evolution of Platelet Concentrates

Platelet concentrates have emerged as a promising adjunct to
periodontal therapy, leveraging the growth factors contained
within platelets to enhance tissue regeneration. The
development of platelet concentrates has gone through
several stages, each improving upon the last in terms of
efficacy and ease ofuse"™"”. Figure 1 and Figure 2

i- PRF by
Fernando
et al. (2015)"

T- PRF by Tunali et
al. (2014)"
APRF by Choukroun
(2014)"

L-PRF solution, L-PRP gel. P -

PRP solution, P-PRP gel by
Mishra et al. (2012)"

Sticky bone by Sohn (2010)"

P-PRP, L-PRP, P-PRPF, L-PRF by Dohan
Ehrenfest et al. (2009)
Platelet leukocyte rich plasma (P-LRP);
activated & Platelet leukocyte - gel (PLG);
inactivated gel by Everts et al. (2008)"
Concentrated growth factors by Sacco (2006)"

Platelet rich gel Bielecki et al. (201}56)'6 & Cieslik-
Bielecka et al. (2007)

Platelet derived wound healing formula by ‘]l(ingsley at al. & Knighton
et al. (1988, 1990)

Platelet derived would healing factors by Knighton et al. (1986)'

Fbirin glue by Matras (1970)s

Figure 1: Chronological evolution of different types of
platelet concentrates.
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Sml of venous blood is
collected in 2 tubes of
6 ml without addition of an
antieoagulami. Spinning is
done for 10 min at 3000
rpm at 400g to produce
cellular PPP (top layer),
PREF clot (middle layer). &
RBCs (bottom layer)

A-PRF

Blood is centrifuged

at 1300 rpm for 14
Techniques minutes to produce
to obtain A - PRF which is a
platelet modified L-PRF
concentrates

Figure 2: Techniques to obtain different types of platelet
concentrates.

Platelet-Rich Plasma (PRP)

PRP is the first generation of platelet concentrates, created by
centrifuging a blood sample to concentrate the platelets in the
plasma. PRP is rich in growth factors, such as platelet-
derived growth factor (PDGF) and transforming growth
factor-beta (TGF-B), which promote healing and
regeneration. However, PRP requires anticoagulants to
prevent clotting, which can dilute its effectiveness®**”.

Platelet-Rich Fibrin (PRF)

Developed to overcome some of the limitations of PRP, PRF
is produced without the use of anticoagulants, resulting in a
fibrin matrix that contains a high concentration of platelets
and growth factors. This matrix releases growth factors
slowly over time, enhancing tissue regeneration. PRF is
easier to handle and apply than PRP, making it more practical
for clinical use®”.

Advanced Platelet-Rich Fibrin (A-PRF) and Concentrated
Growth Factor (CGF)

A-PRF and CGF are advanced forms of PRF, created using
modified centrifugation protocols that result in higher
concentrations of platelets and growth factors. These
advanced platelet concentrates provide an even greater
stimulus for tissue regeneration, with CGF having a more
solid fibrin matrix that can be easily shaped and applied to
defect sites™

Mechanisms of Action of Platelet Concentrates

Platelet concentrates promote periodontal regeneration
through the release of various growth factors, including:

1. Platelet-Derived Growth Factor (PDGF): Stimulates cell
proliferation and differentiation.
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2. Transforming Growth Factor-Beta (TGF-): Promotes
matrix production and cell differentiation.

3. Vascular Endothelial Growth Factor (VEGF): Enhances
angiogenesis, improving blood supply to the regenerating
tissues.

These growth factors collectively enhance cell proliferation,
differentiation, angiogenesis, and extracellular matrix
production, which are crucial for tissue regeneration"”

Platelet Concentrates enhance healing during
Periodontal Therapy:

Platelet concentrates have been utilized in various
periodontal procedures, demonstrating significant benefits in
terms of healing and regeneration®**.

Soft Tissue Regeneration

Platelet concentrates improve wound healing and reduce
postoperative complications in soft tissue procedures such as
gingival grafts and flap surgeries. Their ability to enhance
angiogenesis and epithelialization accelerates healing and
improves clinical outcomes®”.

Bone Regeneration

Platelet concentrates are used in conjunction with bone grafts
or alone to enhance bone regeneration in periodontal defects,
ridge augmentation, and sinus lifts. Studies have shown that
the combination of platelet concentrates with bone grafts
results in greater bone fill and improved attachment levels
compared to bone grafts alone””.

Implantology

In implantology, platelet concentrates enhance

osseointegration and soft tissue healing around dental

implants. They reduce healing time and improve implant

stability, making them a valuable adjunct in implant
27)

therapy™".

Comparative Analysis: Bone Grafts vs. Platelet
Concentrates

Efficacy

Both bone grafts and platelet concentrates are effective in
promoting periodontal regeneration. However, platelet
concentrates offer additional benefits, such as enhanced soft
tissue healing and reduced morbidity due to their autologous
nature. Studies comparing the two have shown that while
bone grafts are effective in providing structural support and
facilitating bone fill, platelet concentrates enhance the overall
regenerative response by promoting angiogenesis and soft

: : 5,28
tissue healing®*”.

Safety and Biocompatibility

Platelet concentrates are derived from the patient's own
blood, eliminating the risk of immunogenic reactions and
disease transmission associated with allografts and
xenografts. Autografts, while highly effective, require a
secondary surgical site, increasing patient morbidity. Platelet
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concentrates do not have this drawback, making them a safer
option for many patients®”.

Cost-Effectiveness

The cost-effectiveness of platelet concentrates is notable, as
they reduce the need for additional materials and minimize
the risk of complications. However, the initial investment in
processing equipment and training may offset these savings.
Bone grafts, particularly allografts and xenografts, involve
costs related to procurement, processing, and storage™”

Future Directions
Combination Therapies

The combination of bone grafts and platelet concentrates
represents a promising approach, leveraging the strengths of
both modalities. Studies have shown that this combination
can enhance periodontal regeneration more effectively than
either modality alone. Future research should focus on
optimizing the protocols for combination therapies to
maximize clinical outcomes™”.

Technological Advancements

Advancements in biotechnology and material science are
expected to further enhance the efficacy of both bone grafts
and platelet concentrates. Innovations such as growth factor
delivery systems, bioengineered scaffolds, and
nanomaterials are being explored to optimize regenerative
outcomes. These technologies hold the potential to
revolutionize periodontal therapy by providing more
predictable and effective treatment options*”.

Personalized Medicine

Personalized medicine, which tailors treatment to the
individual patient's needs and biological profile, is an
emerging trend in periodontal therapy. Future research
should explore how genetic and molecular profiling can
guide the selection and use of bone grafts and platelet
concentrates to achieve the best regenerative outcomes for
each patient®”.

Futurescope

1. Enhanced Regenerative Potential: The integration of
platelet concentrates, such as PRP and PREF, into periodontal
therapy represents a significant advancement in promoting
tissue regeneration. Future research may focus on optimizing
the combination of platelet concentrates with various
biomaterials to enhance their regenerative capabilities. For
instance, studies are exploring the synergistic effects of PRP
with scaffolds and stem cells to improve periodontal
regeneration outcomes*”.

2. Personalized Medicine: Advances in biotechnology could
enable the development of personalized platelet concentrate
formulations tailored to individual patient profiles.
Personalized approaches may optimize the concentration of
growth factors and cellular components, potentially

improving therapeutic outcomes in periodontal regeneration
(26,33)(32)

3. Minimally Invasive Techniques: The use of platelet
concentrates in minimally invasive periodontal procedures is
expected to increase, reducing patient discomfort and
recovery times. Techniques such as the “Gum Drop
Technique” for gingival recession coverage exemplify how
minimally invasive approaches combined with platelet
concentrates can enhance healing and clinical outcomes “”

4. Integration with Digital Dentistry: The future of
periodontal therapy may see greater integration with digital
dentistry tools, such as 3D printing and CAD/CAM
technologies, to fabricate customized scaffolds and delivery
systems for platelet concentrates. This could enhance the
precision and effectiveness of regenerative procedures””.

5. Expanded Applications in Implantology: The application
of platelet concentrates in dental implantology is likely to
expand. Future research may explore their use in improving
osseointegration, reducing peri-implantitis, and enhancing
the success rates of complex implant procedures™**.

Limitations

1. Variability in PRP Composition: One significant limitation
is the variability in the composition of PRP and other platelet
concentrates, which can affect the consistency of clinical
outcomes. Factors such as differences in preparation
protocols and individual patient biology can lead to
variability in the concentration of growth factors and
bioactive molecule™.

2.Lack of Standardized Protocols: The absence of
standardized preparation and application protocols for
platelet concentrates poses a challenge. Variations in
centrifugation speed, time, and the type of anticoagulant used
can result in differing product qualities, making it difficult to
compare results across studies and clinical practices ***?.

3. Cost and Accessibility: The cost associated with the
preparation and application of platelet concentrates can be
high, potentially limiting their accessibility for widespread
clinical use. Further advancements and cost-effective
solutions are needed to make these therapies more accessible
to abroader patient population ®*.

4. Limited Long-Term Data: While short-term outcomes with
platelet concentrates are promising, there is a lack of long-
term data on their effectiveness and safety in periodontal
therapy. Longitudinal studies are required to assess the
sustainability of the clinical benefits observed with these
treatments “**.

5. Regulatory and Ethical Concerns: The use of autologous
platelet concentrates involves regulatory and ethical
considerations, particularly concerning the standardization
of procedures and ensuring patient safety. Regulatory
frameworks need to evolve to address these challenges while
promoting innovation “?.
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Conclusion

The shift from bone grafts to platelet concentrates in
periodontal therapy represents a significant advancement,
driven by the desire to enhance regenerative outcomes,
reduce patient morbidity, and improve cost-effectiveness.
While both modalities have their unique advantages, the
integration of these technologies holds the potential to further
revolutionize periodontal treatment. As research continues to
evolve, it is anticipated that combination therapies and
technological advancements will play a pivotal role in the
future of periodontal regeneration.

Copyright © 2023 Nair Hospital Dental College Journal of
Contemporary Dentistry. This is an open access article, it is
free for all to read, download, copy, distribute, adapt and
permitted to reuse under Creative Commons Attribution Non
Commercial-ShareAlike: CC BY-NC-SABY 4.0 license.
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