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ABSTRACT :

This review assesses the efficacy of platelet-rich plasma (PRP) in enhancing bone healing within maxillofacial surgery. PRP, a blood derivative rich in growth
factors, is utilized to accelerate bone regeneration through various mechanisms, including promoting cellular proliferation and collagen synthesis. The review
explores clinical applications of PRP, such as its role in mandibular fractures, sinus lifts, and dental implant procedures. It highlights studies showing PRP’s potential
to improve soft tissue healing and augment bone density, although results are mixed regarding its impact on long-term outcomes and bone quality. Key findings
indicate that while PRP can benefit initial healing phases, its effectiveness varies based on application methods and biomaterials used in conjunction. The review
also addresses limitations, such as inconsistent results and the need for standardized protocols. Future research should focus on optimizing PRP preparation and
application techniques, understanding its interaction with different biomaterials, and conducting larger, well-designed clinical trials to confirm its benefits and
define best practices.

Keywords: Platelet-rich plasma (PRP), bone healing, maxillofacial surgery, mandibular fractures, sinus lift, dental implants, clinical outcomes, growth
factors.

INTRODUCTION :

Platelet-rich plasma (PRP) is a therapeutic modality derived from a patient’s own blood, which is processed through centrifugation to concentrate platelets
and growth factors. This concentration is pivotal for its application in maxillofacial surgery, where PRP is utilized to accelerate bone healing.! The
centrifugation process must be performed with precision and under sterile conditions to ensure the effective separation of platelets from red blood cells,
maintaining their integrity and avoiding any damage that could impair their functionality. PRP was first introduced to the oral surgery field by Whitman
etal., and has since gained prominence for its role in enhancing bone regeneration.? The therapeutic efficacy of PRP is largely attributed to its rich content
of growth factors, including Platelet-Derived Growth Factor (PDGF), Transforming Growth Factor-Beta (TGF-f3), Vascular Endothelial Growth Factor
(VEGF), and Epidermal Growth Factor (EGF). These factors are essential for promoting cellular proliferation, collagen synthesis, and angiogenesis—
key processes in bone repair and regeneration. PRP, particularly when used as Platelet-Rich Growth Factor (PRGF), has demonstrated remarkable clinical
success in oral and maxillofacial surgeries by improving outcomes such as bone integration in grafts, enhancing the healing of fractures, and increasing
the success rates of dental implants.® The utilization of PRP in these contexts is based on the premise that higher concentrations of platelets and their
growth factors significantly contribute to more efficient and effective bone healing by stimulating the body's natural regenerative processes.* Platelets are
crucial for hemostasis and wound healing, playing a key role in the repair process across various types of wounds. The growth factors contained in platelet
a-granules are vital for the differentiation and proliferation of cells at the wound site, such as fibroblasts, endothelial cells, and osteoblasts, which are
essential for effective healing. Given their significant role, extensive research is being conducted on the impact of platelets in different fields, including
maxillofacial surgery, oral implantology.® Platelet-Rich Plasma (PRP) is a cost-effective and easily prepared treatment that can be used in outpatient
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settings due to advancements in machinery. However, the blood collection required for PRP preparation is invasive, which may limit its routine use for
all patients. Additionally, while PRP offers numerous benefits, it is important to consider potential inhibitory effects, such as those from the TSP-1 factor,
which can negatively impact the healing process.® This review article offers a detailed assessment of the role of PRP in accelerating bone healing within
the realm of maxillofacial surgery, evaluating its impact, clinical outcomes, and the underlying mechanisms that contribute to its therapeutic benefits.

PRP: GENERAL APPLICATIONS IN ORAL AND MAXILLOFACIAL SURGERY

Platelet-rich plasma (PRP) has frequently been tested for bone reconstruction in dental implant surgery, yet its applications extend beyond this field.
Despite its potential, the literature on general PRP applications remains limited. The initial interest in PRP began with Marx et al.'s study on its use in
large bone grafts for maxillofacial reconstructive surgery.®’” PRP has been evaluated in various situations, such as treating alveolar clefts, bone defects
after tumor resections, and fibrous dysplasia. Results have been mixed, with some studies showing benefits while others do not. The impact of PRP in
stimulating bone healing remains debated. PRP may offer significant advantages in specific clinical scenarios.® For patients on bisphosphonates, PRP
could help mitigate delayed bone and soft tissue healing, potentially preventing bisphosphonate-induced osteonecrosis. Similarly, PRP's coagulation
factors might aid in managing delayed bleeding and promoting early healing in anticoagulated patients. Additionally, PRP could be beneficial in post-
tumoral bone defect reconstruction in irradiated tissues. Though PRP's benefits are evident in compromised tissue conditions, its use in healthy tissues
remains less clear.® PRP has shown promise in soft tissue healing and bone regeneration but lacks conclusive evidence for its efficacy in other maxillofacial
applications. In contrast, leukocyte- and platelet-rich fibrin (L-PRF), a newer technology, has demonstrated positive results, particularly in treating
anticoagulated patients and bisphosphonate-induced osteonecrosis. L-PRF's solid form allows it to fill cavities effectively and support tissue
regeneration, 01t

REVIEW OF LITERATURE

In a study by Niimi, K, the effectiveness of PRP was evaluated for managing tooth extraction sockets. Fischer rats had three upper molars extracted, and
PRP was prepared from the blood of other rats. PRP was applied to the bone defects in the experimental group, while the control group received no
treatment. On day 3, the experimental group showed a fibrin network and granulation tissue rich in blood capillaries under the PRP layer, whereas the
control group only had inflammatory cells and a fibrin network. By day 7, both groups exhibited granulation tissue, but the control group had less
development. The study concluded that PRP promotes early inflammatory reactions and the formation of a rich, vessel-dense granulation tissue,
suggesting it can enhance wound healing in tooth extraction sites and improve outcomes.'? In a review by Yangming Zhang, preclinical studies
demonstrated a generally positive impact of PRP on osteoblast-like cells in vitro and on bone healing in animal models. The combination of fixation
surgery and PRP injection is commonly used for treating bone fractures in both animal and clinical studies. Clinical findings indicate that PRP can reduce
the duration of bone healing but does not significantly enhance the healing rate of closed fractures. The functional outcomes of PRP treatment remain
debated. Furthermore, compared to control groups, PRP does not increase the rate of postoperative wound infections.*® In a study by Mohanty, Liza, PRP
was applied to the surgical area, with follow-ups at 2, 4, and 6 months. Soft tissue healing was assessed by measuring probing depth in adjacent teeth,
while hard tissue healing was evaluated through changes in alveolar bone density and height.** The PRP group showed greater reductions in probing
depth and increases in alveolar height and density compared to the control group, indicating faster healing. Additionally, complications such as trismus
and pain were less frequent in PRP-treated patients. Overall, PRP enhanced wound healing and reduced complications in oral surgical procedures. In a
study by Iwona Niedzielska involving 50 patients, PRF was placed in one alveolus following the extraction of two maxillary or mandibular teeth, while
the other alveolus was left untreated. Surgical management was performed using a split flap technique. Evaluations on extraction day, after 10 days, and
at 6 months showed better soft tissue healing in the PRF group. After 6 months, the newly formed bone in the PRF group had higher grayscale values on
CBCT imaging, indicating improved bone quality and reduced alveolar atrophy at the extraction site.’® In a study by Maidah Hanif involving 130 patients,
the effectiveness of PRP in managing pain and trismus after impacted mandibular wisdom tooth removal was assessed over 6 months. Patients were
divided into two equal groups, with pain measured using the Visual Analogue Scale (VAS) and trismus assessed with a Vernier caliper at various time
points. Results showed significantly lower pain levels and reduced trismus in the PRP group by the 7th day post-surgery, indicating that PRP is effective
in alleviating these symptoms. In a study by Kailas T. Gawai, platelet-rich plasma (PRP) was applied to one of two extraction sockets in patients with
bilateral impacted mandibular third molars, while the other socket was left untreated. Clinical and radiological evaluations using digital OPG were
conducted at 1 week, 1 month, 2 months, and 4 months. PRP enhanced early bone healing at 1 month but showed no additional benefit for bone healing
by 4 months. However, PRP significantly improved soft tissue healing compared to the untreated control group.*® In a study by Syed Akbar Abbas Zaid,
the use of PRP in the alveolar socket following tooth extraction was found to enhance soft tissue healing and positively influence bone regeneration. The
application of PRP resulted in increased root lengthening, apex closure, and dentin wall thickening, all of which support pulp tissue rejuvenation and
further root development.?’

ROLE OF GROWTH FACTORS AND CYTOKINES IN PRP FOR BONE REGENERATION

The quest for optimal bone healing strategies has led to the exploration of Platelet-Rich Plasma (PRP) therapy, valued for its concentrated autologous
growth factors and cytokines. Research on PRP’s role in bone healing focuses on three main areas: inflammatory cytokines, growth factors, and angiogenic
factors. These elements coordinate cell signalling, tissue regeneration, and angiogenesis during bone repair. During bone healing, inflammation is critical.
PRP’s platelets release cytokines like IL-1, IL-6, and TNF-alpha, which regulate the inflammatory response, recruit immune cells, and initiate bone repair.
IL-1 and TNF-alpha play significant roles in recruiting osteoblasts, while IL-6 is involved in callus remodeling and mineralization. PRP’s growth factors,
including PDGF, TGF-B, and IGF-1, are essential for bone healing. PDGF promotes blood vessel formation and collagen synthesis, enhancing ECM
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formation and osteogenesis. TGF-B stimulates osteoprogenitor cells and supports ECM development, while IGF-1 regulates bone formation and
resorption, improving bone tissue strength. Angiogenesis is crucial for supplying nutrients and oxygen to the injury site. VEGF in PRP drives new blood
vessel formation, while angiogenin aids in collateral circulation. These factors ensure an adequate blood supply and support the healing process. PRP
contains factors like serotonin, histamine, dopamine, calcium, and adenosine, which influence inflammation, cell function, and wound healing. These
factors enhance immune response, blood clotting, and inflammation modulation.® Refining PRP preparation techniques focuses on optimizing platelet
concentration, crucial for therapeutic effectiveness. Various methods, such as single-spin and double-spin centrifugation, affect platelet and leukocyte
concentrations. Research indicates no consensus on the ideal concentration, as different methods produce varying effects on bone healing. Commercial
PRP kits also show significant variability in platelet and leukocyte concentrations, highlighting the need for careful selection based on clinical needs.?

PREPARATION METHODS AND CLINICAL OUTCOMES

Over the past decade, considerable efforts have focused on refining PRP (Platelet-Rich Plasma) preparation techniques to optimize platelet concentration,
crucial for its therapeutic effectiveness in bone healing. While PRP has been shown to positively affect osteoblast differentiation and proliferation, there
is no consensus on the ideal platelet concentration. Marx et al. set a minimum platelet concentration of 1,000,000 platelets/uL, but the FDA requires a
minimum of 250,000 platelets/mL. Some studies suggest that doubling the platelet concentration from peripheral blood improves osteoblast proliferation
and reduces bone healing time. Conversely, Jovani-Sancho et al. found that four times the peripheral blood concentration was optimal, while other
research has indicated that concentrations below 0.85 x 10°9/mL show no significant effect on osteogenesis. Lower PRP concentrations (1%-5% of
peripheral blood levels) may stimulate osteoblast activity, but higher concentrations can cause adverse effects like reduced cell viability and increased
pain. The role of leukocytes in PRP is also debated. Leukocyte-rich PRP (LR-PRP) is thought to enhance growth factor variability but may cause more
pain and inflammation compared to leukocyte-poor PRP (LP-PRP). For intra-articular treatments, LP-PRP may be preferable, while LR-PRP has shown
benefits for chronic tendinopathy. PRP preparation methods include plasma-based and buffy coat-based systems, with variations in single-spin and
double-spin processes. Plasma-based systems typically yield lower platelet concentrations, while buffy coat-based systems can achieve higher
concentrations but with more leukocytes.?> Studies have shown mixed results regarding the efficacy of single-spin versus double-spin methods.
Commercial PRP kits also vary widely in platelet and leukocyte concentrations, highlighting the need to select a system based on specific clinical needs.
Ultimately, the optimal PRP platelet concentration is context-dependent, influenced by the nature of the injury and patient characteristics.??

ACTIVATION OF PRP

Activating Platelet-Rich Plasma (PRP) is crucial for its therapeutic effectiveness, transforming platelets into an active state that boosts regeneration.
Activation involves two main processes: degranulating platelets to release growth factors (GFs) and converting fibrinogen into fibrin, forming a matrix
that retains these factors at the target site. The choice of activator impacts the quantity and release rate of GFs, influencing PRP’s efficacy. Traditionally,
bovine thrombin is used to rapidly activate PRP. It quickly converts fibrinogen to fibrin, releasing about 70% of GFs within 10 minutes and nearly 100%
within an hour. While this method offers fast activation, it can lead to rapid clearance of GFs, limiting their long-term effects and potentially causing
immune-related complications. Calcium chloride is another activator that converts prothrombin to thrombin, creating a stable fibrin matrix. It results in a
slower, more extended release of GFs, which is beneficial for prolonged healing processes. However, excessive calcium can trigger the clotting cascade
too quickly and destabilize the fibrin clot. Type-1 collagen has been explored as an alternative to bovine thrombin, showing promise for sustained cytokine
release. However, recent studies suggest it may not be as effective as thrombin or calcium chloride, with weaker activation and lower GF release. In some
cases, PRP is used without exogenous activators, relying on natural thrombin present in the tissue. This method can lead to variable GF release and has
shown less clinical improvement compared to activated PRP in some studies. Selecting the right activator is vital for optimizing PRP’s therapeutic
potential, particularly for bone healing where sustained GF release aligns with the slow, complex nature of bone regeneration. Ongoing research aims to
refine PRP activation techniques to enhance patient outcomes.?

DELIVERY OF PRP

The method of delivering Platelet-Rich Plasma (PRP) significantly impacts its effectiveness for bone healing. PRP is commonly administered through
direct injection, topical application, or alongside surgical procedures. Direct injections target growth factors precisely where needed, enhancing the
regenerative process. Using ultrasound guidance can further improve delivery precision. Topical PRP application at wound or surgical sites can promote
tissue repair and accelerate healing. Combining PRP with bone grafts, such as autografts or synthetic materials, aims to enhance graft integration and
bone healing, though results can vary. To achieve sustained release of growth factors, researchers use scaffolds as delivery vehicles. Scaffolds like
hydrogels, sponges, and nanofiber-based structures help maintain PRP at the injury site and control the release of growth factors. Hydrogels made from
alginate or gelatin have shown effectiveness in bone regeneration, with studies demonstrating that PRP within these hydrogels can stimulate osteogenic
differentiation and cell proliferation. Incorporating bioactive inorganic materials, such as carbonated hydroxyapatite (CHA), into PRP scaffolds has shown
promise for enhancing bone formation. Research has indicated that combining PRP with CHA or calcium phosphate cement can improve bone healing
and vascularization. Additionally, bonding PRP to plasma polymers or coating nanofibers with PRP can further enhance scaffold performance and support
cell growth. These varied approaches highlight the potential for optimizing PRP delivery systems to enhance bone healing through controlled release and
scaffold integration.

PRP AND BONE REGENERATION

The impact of platelet-rich plasma (PRP) on bone regeneration has been inconsistent across various studies. While some research suggests that PRP
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enhances osteoblast proliferation and bone healing, other studies report no significant benefits. The effectiveness of PRP is influenced by the type of bone
graft biomaterial used, which can vary widely, including autologous, xenogeneic, allogeneic, and synthetic materials. The combination of PRP with these
materials has produced mixed results, with some studies showing positive effects on bone healing and others indicating no improvement. In animal
models, the results are equally varied. PRP gels have been reported to have no impact on bone regeneration alone or in combination with certain grafts,
while other studies highlight significant benefits when used with autologous bone or synthetic materials.?® These discrepancies might be attributed to
differences in healing phases, the type of biomaterial, or the specific PRP formulation used. The optimal use of PRP might depend on the proportion and
type of bone biomaterial, though this remains challenging to control in clinical practice. PRP's role may be more supportive, enhancing natural bone
healing rather than directly stimulating bone growth. The effectiveness of PRP is also influenced by the quality of the PRP product and its compatibility
with the bone graft.?

PRP DURING SINUS-LIFT SURGERY

Sinus-lift surgery is an effective model for studying bone healing. This procedure involves lifting the sinus membrane (Schneiderian membrane) after
making a lateral osteotomy to create a subantral cavity. This cavity is filled with a bone graft, and after several months of healing, dental implants can be
placed. Sinus-lift grafting is generally successful, with various bone materials (autologous, allogeneic, xenogeneic, or synthetic) typically providing good
results for bone healing and implant survival. The subantral cavity acts as a natural regenerative chamber, protected from oral biomechanical forces by
the Schneiderian membrane, which has osteogenic properties. Research often focuses on improving bone quality and accelerating healing for early implant
placement. An alternative approach involves placing implants during the sinus-lift procedure, which eliminates the need for a second surgery. In this
method, implants are used to maintain the sinus membrane in position, while the cavity is filled with bone material or a natural blood clot. A blood clot
alone can provide adequate peri-implant bone volume. This technique underscores the importance of maintaining a regenerative chamber where the blood
clot facilitates new blood vessel formation and bone cell proliferation. Adding PRP or L-PRF to this setup can be beneficial by enhancing these processes.
Overall, sinus-lift surgery offers a valuable in vivo model for evaluating bone healing and biomaterials. After a few months, large bone samples can be
collected for histological analysis when implants are placed, making it an excellent model for testing bone biomaterials. Despite this, results from studies
using PRP in various configurations with different bone materials have been inconsistent, 2282

EFFECTS OF PRP ON HEALING THE ALVEOLAR SOCKET AFTER TOOTH EXTRACTION

Tooth extraction is a routine dental procedure often performed on severely damaged or impacted teeth. Postoperative issues such as pain and prolonged
bleeding, especially in patients on anticoagulants, are common. Various methods, like fibrin sponges and laser biostimulation, have been used to aid
recovery. Recently, Platelet-Rich Plasma (PRP) has been explored for its high concentration of growth factors to enhance tissue repair. This approach
aims to improve healing quality and speed, though human studies have shown mixed results. Studies found that PRP significantly improved soft tissue
healing and reduced complications like dry sockets and inflammation compared to untreated controls. Patients with PRP experienced less pain, particularly
in the first three days after extraction. Some studies observed that PRP-treated sockets showed increased radiographic density and quicker bone healing
within two weeks compared to control sites. Celio-Mariano et al. (2012) also noted better bone density in PRP-treated sockets after mandibular third
molar extraction. In contrast, Arenaz-Bua et al. (2010) found no significant differences in bone formation, pain, swelling, or infection between PRP-
treated and non-treated sites after six months. Similarly, Gurbuzer et al. (2008) using scintigraphy found no increased osteoblastic activity in PRP-treated
sockets compared to controls. Overall, while PRP seems to improve soft tissue healing and accelerate early bone formation, its impact on long-term bone
regeneration and pain relief remains inconclusive. The evidence suggests that PRP is beneficial in the initial healing phase but its effectiveness decreases
over time. 2%

PRP IN ORAL SURGERY

PRP has shown promise in enhancing both soft tissue and bone regeneration in oral surgery. Studies indicate that PRP can accelerate healing and improve
outcomes in procedures involving soft and hard tissues. In bone surgeries, Daif (2012) found that applying PRP to mandibular fractures can boost bone
regeneration. Wojtowicz et al. (2007) observed increased bone formation when PRP was used alongside autologous bone marrow, outperforming
treatments with stem cells alone. Khairy et al. (2012) noted that while PRP did not enhance bone density at 3 months, it did show benefits at 6 months
post-grafting. Poeschl (2012) reported successful results using PRP in maxillary sinus augmentation. PRP can also be applied to implant surfaces to
potentially enhance osseointegration. Anitua (2006) demonstrated improved implant integration with PRP-coated surfaces. Gentile et al. (2010) and
Anand et al. (2012) found that PRP enhanced patient satisfaction and treatment outcomes in various oral surgeries, including implantology. Overall, PRP
is effective for soft tissue healing and bone regeneration. Combining PRP with other biomaterials, especially in sinus lifting and implant surgery, shows
promise, though results can vary depending on the materials used.?®3*

RISK/BENEFIT RATIO OF PRP

PRP, made from a patient’s own blood, is considered safe due to its autologous nature, with no reported risks of infection, disease transmission, or
immunogenic reactions associated with allografts or xenografts. Historically, the use of bovine thrombin in PRP preparation posed risks of coagulopathy,
but these were mainly linked to high doses. Modern PRP methods use calcium chloride for activation, which has not been associated with adverse effects.
Concerns about overexpression of growth factors and potential tumor risks exist, but these are speculative. Continuous high doses of growth factors,
rather than those in PRP, are needed to promote neoplastic growth. PRP should be avoided in patients with precancerous oral conditions or a history of
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carcinogen exposure. The primary drawback of PRP is its cost versus the benefits. The expense of PRP processing systems and disposable kits might not
always justify the outcomes, and patients must undergo a blood draw. However, PRP is relatively easy to obtain and doesn’t significantly extend the
duration of a surgical procedure. Preparation takes about 30 minutes and can be done concurrently with the surgery, minimizing additional chair time.16%

CONCLUSION :

There is debate over PRP’s benefits due to variability in study outcomes and PRP preparation methods. Some studies show significant improvements,
while others report minimal or no benefits. The optimal platelet concentration and activation methods remain uncertain. Effective PRP preparation
requires careful use of anticoagulants and coagulants. Calcium chloride is commonly used to activate PRP, but variations in activation methods do not
significantly affect outcomes. PRP should be used soon after preparation to maximize growth factor benefits. Despite promising results, more research is
needed to validate PRP’s clinical efficacy and standardize preparation protocols. The potential of PRP in treating bone, cartilage, and soft tissue defects
remains high, but more evidence is required to support its widespread clinical application. PRP has shown promise in aiding bone and tissue regeneration,
but the variability in results and the need for further research make it crucial for clinicians to evaluate the benefits and limitations before adopting PRP
widely in practice.
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