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ABSTRACT 

Introduction: 

           Medication Related Osteonecrosis of the Jaw (MRONJ) has been reported as a 

side effect of antiresorptive and antiangiogenic medications. The application of 

leukocyte- and platelet-rich fibrin (L-PRF) and subsequent injection with platelet-rich 

plasma (PRP) has been proposed as an adjunctive modality for the management of 

MRONJ. 

Aim of the study: 

           Single center clinical about clinical cases of MRONJ patients showing bone 

exposure (Stage II) with application of leukocyte- and platelet-rich fibrin (L-PRF) with 

and without subsequent injection with platelet-rich plasma (PRP). To evaluate the 

effectiveness of subsequent injection with platelet-rich plasma as an adjunctive 

modality in the management of MRONJ.  

Materials & Methods: 

           Conventional surgical sequestrectomy was performed for patients affected with 

MRONJ stage I or II [according to the staging of the Italian Society of Oral Pathology 

and Medicine (SIPMO) for 12 patients, divided into 2 groups, A and B, with a history 

of bone-modifying agents administration. The L-PRF membranes and PRP were 

prepared through centrifuging collected blood in 9ml tubes at 2700rpm for 12 minutes 

using Instraspin™ centrifuge (Intra-Lock International, Boca Raton, FL, USA). The 

surgical sites were covered by L-PRF membranes and performed flaps were sutured.  

For patients of group A (6 patients) PRP was injected externally immediately 

postoperative. The PRP injection was repeated after 3 weeks. All the patients were 

subjected to 4 follow-ups; at 1 week, 3 weeks, 3 months, and 6 months with computed 

tomography (CT) scans, for patients of group B no injections were done, and same 

intervals of follow-up were performed. 
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Results: 

For group A at follow-up after 3 months, three cases showed clinical improvement, and 

3 showed total healing, while in follow-up after 6 months, all cases showed total 

healing, except 1 relapsed. On evaluation of the radiographs of all cases at follow-up 

after 6 months, all showed evidence of initial bone regeneration, except the relapsed 

case, which showed evidence of initial necrotic bone. 

For group B at follow-up after 3 months, all 6 cases showed clinical improvement. At 

the same time, at follow-up after 6 months, three cases showed total healing, 1 showed 

only clinical improvement without total healing or relapse, 2 cases showed relapse. At 

the radiographic level, only 3 healed cases showed evidence of regeneration of bone; 

the other 3 had not, statistical analysis revealed a slight difference in favour of the 

results of group A.  

Conclusions: 

           It can be concluded that the combination of application of L-PRF and 

subsequent injection with PRP could be a promising adjunctive value in protocol of 

surgical treatment for MRONJ. These considerations support the effectiveness of PRP 

injection in the treatment of jawbone and mucosal defects associated with MRONJ. 
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INTRODUCTION: 

           Medication-Related Osteonecrosis of the Jaws (MRONJ) and its prevention 

represent an increasingly significant concern, influencing not only patients’ quality of 

life (QoL) but also the clinical decision-making processes of dentists and oral and 

maxillofacial surgeons who are routinely engaged in both primary and secondary 

prevention of this condition. (1) 

MRONJ is a severe and increasingly recognized orofacial disorder, with thousands of 

cases documented since its first description in 2003. The condition is primarily 

associated with two major categories of pharmacological agents. The first includes 

antiresorptive drugs, such as bisphosphonates (BPs) and denosumab, which are widely 

prescribed for the management of skeletal-related diseases, including bone metastases, 

hematologic malignancies (e.g., multiple myeloma), and osteometabolic disorders such 

as primary or secondary osteoporosis and Paget’s disease. The second group comprises 

non-antiresorptive medications, including antiangiogenic agents, mTOR inhibitors, 

and monoclonal antibodies, which are used in the treatment of various malignancies 

and have also been implicated in the development of MRONJ. (2) 

Recent investigations have increasingly emphasized the use of adjuvant therapeutic 

modalities including hyperbaric oxygen therapy, bone morphogenetic proteins, 

parathyroid hormone, photobiomodulation (PBM), and autologous platelet 

concentrates (APCs) to enhance tissue healing and minimize recurrence rates in 

patients affected by Medication-Related Osteonecrosis of the Jaws (MRONJ). Among 

these, PBM, either as a standalone intervention or in combination with conventional or 

regenerative therapies, has gained considerable attention due to its documented 

efficacy in promoting cellular proliferation, angiogenesis, and soft tissue repair, 

thereby contributing to improved clinical outcomes in MRONJ management. (2) 

Autologous platelet concentrates (APCs) have attracted growing attention in recent 

years due to their regenerative potential within the field of modern dentistry. Based on 

their fibrin architecture and cellular composition, platelet concentrates are categorized 



7 
 

into four main subtypes: pure platelet-rich plasma (P-PRP), leukocyte- and plateletrich 

plasma (L-PRP), pure platelet-rich fibrin (P-PRF), and leukocyte- and platelet-rich 

fibrin (L-PRF). Among these, L-PRP and L-PRF are the most commonly utilized in 

clinical practice. L-PRF represents an autologous, three-dimensional biomaterial 

characterized by a dense fibrin matrix enriched with leukocytes and growth factors that 

collectively promote neoangiogenesis, inflammatory modulation, and collagen 

synthesis. Due to its robust fibrin network, the L-PRF membrane exhibits notable 

resistance to mechanical stress within the oral environment and demonstrates 

prolonged stability against proteolytic degradation. Despite numerous reports 

describing the preventive and therapeutic applications of platelet concentrates in both 

bone and soft tissue regeneration, their clinical implementation remains relatively 

recent, and further evidence-based studies are required to substantiate and optimize 

their use. (3) 

Given the significant regenerative potential of Leukocyte-Platelet-Rich Fibrin (L-

PRF), numerous studies in oral and maxillofacial bone regeneration have explored its 

use in combination with various bone grafting materials, including autologous bone, 

allogeneic bone, and synthetic substitutes. L-PRF is composed of approximately 97% 

of the circulating platelets and over 50% of leukocytes present in whole blood, 

providing a rich source of bioactive components. Among these cellular elements, 

macrophages play a pivotal role in promoting osteogenesis, primarily through 

mechanisms regulated by the nuclear factor kappa B (NF-κB) signaling pathway, which 

modulates both inflammatory and bone-forming responses.(4,5)Macrophages 

contribute to bone regeneration not only through their immunomodulatory functions 

but also by maintaining the local pool of mesenchymal stromal and progenitor cells. 

They facilitate osteogenesis by recognizing and clearing apoptotic osteoblasts, thereby 

initiating paracrine signaling loops that support new bone formation. The three-

dimensional fibrin architecture of platelet-rich fibrin (PRF) creates a biologically 

favorable microenvironment that promotes osteogenic activity. Its equidistant and 

interconnected fibrin network provides a scaffold that facilitates cell migration, 
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cytokine entrapment, and sustained release of growth factors. Moreover, the high 

fibronectin content within PRF enhances cellular adhesion, a critical step in tissue 

regeneration. In vitro studies have demonstrated that human osteoblasts exhibit 

significantly stronger adhesion to fibronectin compared with other extracellular matrix 

proteins, underscoring its pivotal role in osteoblast attachment and matrix formation. 

(6) Platelet-Rich Plasma (PRP) represents an autologous, biologically based 

therapeutic modality that has gained considerable attention in regenerative medicine 

due to its capacity to stimulate and accelerate tissue repair processes. PRP is defined 

as a plasma fraction derived from the patient’s own blood through centrifugation, 

resulting in a concentrate with a platelet density significantly higher than that of 

peripheral blood. This platelet enrichment provides a reservoir of growth factors and 

bioactive molecules that play key roles in cellular proliferation, differentiation, 

angiogenesis, and extracellular matrix remodeling, thereby enhancing tissue 

regeneration. (7,8,9,10) Platelets play a fundamental role in the wound-healing process, 

not only through their hemostatic function but also via the release of cytokines and 

growth factors that orchestrate tissue repair and regeneration. Several key growth 

factors are involved in this process, including platelet-derived growth factor (PDGF), 

epidermal growth factor (EGF), fibroblast growth factor (FGF), insulin-like growth 

factors (IGF-1 and IGF-2), vascular endothelial growth factor (VEGF), transforming 

growth factor-beta (TGF-β), and keratinocyte growth factor (KGF). Collectively, these 

bioactive molecules promote endothelial and epithelial regeneration, stimulate 

angiogenesis, enhance collagen synthesis, and support soft-tissue repair and 

hemostasis, thereby contributing to efficient, coordinated wound healing. (11,12,13) 
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Chapter I: Medication-Related Osteonecrosis of the Jaw (MRONJ) 

MRONJ is defined as an exposed or probed bone persisting for more than eight weeks 

in the maxillofacial region in patients with ongoing or a history of treatment with 

bonemodifying agents or angiogenic inhibitor agents. 

 1.1 . CLINICAL FEATURE: 

Clinical manifestations of MRONJ commonly include pain, localized swelling, 

purulent discharge, tooth mobility, and ill-fitting dentures. In cases where necrosis 

involves mandible, paresthesia of the inferior alveolar nerve may occur, and 

pathological fractures have also been documented. The management of MRONJ 

remains a subject of ongoing debate, as no single therapeutic approach has consistently 

demonstrated efficacy in current literature.(3,4,5) 

Clinically, tooth mobility is not attributable to chronic periodontal disease, or the 

presence of periapical or periodontal fistulae unrelated to pulpal necrosis (such as that 

caused by caries, trauma, or restorative procedures), should raise suspicion of MRONJ. 

Additional symptoms may include odontalgia without an identifiable odontogenic 

cause, dull, persistent bone pain in the jaw that can radiate to the temporomandibular 

joint, and sinus pain potentially associated with mucosal thickening and inflammatory 

changes of the maxillary sinus wall. Altered neurosensory function is also reported in 

some advanced cases. 

Radiographic Findings: The observed alveolar bone loss or resorption in this case 

cannot be attributed to chronic periodontal disease. Instead, radiographic evaluation 

reveals alterations in the trabecular bone pattern, characterized by areas of increased 

radiopacity and sclerosis, indicative of abnormal bone remodeling. Notably, there is an 

absence of new bone formation within extraction sockets, suggesting impaired or 

delayed osseous healing.(14) 

Furthermore, foci of osteosclerosis are evident within the alveolar bone and, in some 

instances, extend into the adjacent basilar bone, reflecting a pathological increase in 
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bone density. The periodontal ligament space exhibits marked changes, including 

thickening or radiographic obscuration, corresponding to lamina dura sclerosis and 

partial or complete loss of the normal periodontal ligament demarcation. (14) 

These nonspecific radiographic and clinical features, which define the non-exposed 

variant of MRONJ, may be observed in patients with a previous history of stage 1, 2, 

or 3 disease who have subsequently healed and no longer present with clinically 

exposed bone. 

According to the established diagnostic criteria, a definitive diagnosis of MRONJ can 

be made when all of the following conditions are met: 

1. Current or prior treatment with antiresorptive or antiangiogenic agents; 

2. Presence of exposed bone, or bone that can be probed through an intraoral or 

extraoral fistula in the maxillofacial region, persisting for more than eight weeks; 

3. No history of radiation therapy to the jaws or clinically evident metastatic 

disease involving the jaw bones. (14) Fig (1,2) 
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Fig (1) Clinical view of necrotic bone MRONJ 

 

 
 

Fig (2) Radiographic demonstration of MRONJ 
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1.2. MECHANISM AND PATHOGENESIS OF MRONJ  

Several hypotheses have been proposed to explain the unique localization of 

medication-related osteonecrosis of the jaw (MRONJ) to the maxillofacial region. 

These include altered bone remodeling or excessive suppression of bone resorption, 

inhibition of angiogenesis, repetitive microtrauma, impaired innate or adaptive 

immune response, vitamin D deficiency, direct cytotoxic effects of bisphosphonates on 

soft tissues, and chronic inflammation or infection. 1.Inhibition of Bone Remodeling: 

Antiresorptive agents such as bisphosphonates (BPs) and denosumab suppress bone 

turnover by inhibiting osteoclast differentiation and activity and by promoting 

osteoclast apoptosis. This reduction in osteoclastic function disrupts normal bone 

resorption and remodeling processes, which are essential for skeletal homeostasis and 

repair. Although these mechanisms occur systemically, osteonecrosis manifests almost 

exclusively in the alveolar bone of the maxilla and mandible, suggesting that unique 

anatomic and functional factors—such as high bone turnover, thin cortical bone, and 

frequent exposure to trauma and infection—contribute to the site-specific 

vulnerability.(15,16) 

2. Role of Infection and Inflammation: Infection and inflammation are widely 

recognized as critical co-factors in the pathogenesis of MRONJ. Bacterial colonization 

has been consistently identified in biopsied necrotic bone from affected patients. 

Furthermore, pre-existing dental or periodontal infections significantly increase the 

risk of MRONJ in individuals receiving antiresorptive or antiangiogenic therapy. 

Procedures such as tooth extractions performed in the presence of severe periodontal 

or periapical infections further elevate this risk. Experimental evidence indicates that 

periapical and periodontal inflammation, with or without surgical intervention, can 

alter osteoclast number and function, thereby exacerbating bone necrosis. 

3. Angiogenesis Inhibition: Angiogenesis is a fundamental biological process essential 

for both tumor growth and bone repair. Inhibition of angiogenic signaling, as observed 

with certain antiangiogenic medications, may result in compromised vascular supply 

and avascular necrosis of osseous tissue. Consequently, the suppression of 
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neovascularization has been proposed as a key pathogenic mechanism in MRONJ, 

linking impaired blood flow to ischemic necrosis within the jawbones. (15,16,17) (Fig 3,4) 

 

Fig (3) Graf demonstrating the mechanism of MRONJ 

 

Fig. (4) Demonstrates the cellular, molecular, and tissue-level changes that contribute 

to the development of MRONJ by srivichit et al .(18) 
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Mechanism of action of bone-modifying agents on bone metabolism: 

          Bisphosphonates and other bone-modifying agents exert their effects on bone 

primarily through inhibition of osteoclastic activity and suppression of bone 

remodeling. These drugs bind strongly to hydroxyapatite crystals and are internalized 

by osteoclasts during bone resorption. Once inside the cells, nitrogen-containing 

bisphosphonates, such as alendronate and zoledronic acid, inhibit the enzyme farnesyl 

pyrophosphate synthase in the mevalonate pathway, disrupting the production of 

isoprenoid lipids required for the prenylation of small GTPase signaling proteins. As a 

result, osteoclasts lose their ruffled borders, detach from bone surfaces, and undergo 

apoptosis, leading to markedly reduced bone turnover and accumulation of 

microdamage. This impaired remodeling capacity is particularly significant in the jaws, 

which exhibit high physiological bone turnover. In addition to their antiresorptive 

activity, bisphosphonates possess antiangiogenic properties that suppress endothelial 

cell proliferation and reduce vascular endothelial growth factor (VEGF) expression, 

thereby compromising local blood supply and contributing to ischemia. Because the 

jawbones are highly vascularized, even minor reductions in perfusion can lead to 

necrosis. The jaw is also predisposed to bisphosphonate accumulation due to constant 

remodeling from mastication, frequent microtrauma, and dental infections, all of which 

increase local drug concentration and susceptibility to osteonecrosis. Furthermore, 

bisphosphonates exhibit cytotoxic effects on oral soft tissues, impairing mucosal 

healing and epithelial cell migration after trauma or dental extractions, thereby 

allowing bacterial colonization particularly by Actinomyces species and establishing a 

cycle of infection and inflammation. These drugs also modulate the immune system by 

affecting macrophages and monocytes, stimulating the release of proinflammatory 

cytokines such as interleukin-1β and tumor necrosis factor-α, thereby amplifying local 

tissue damage. In immunocompromised individuals, such as those receiving 

corticosteroids or chemotherapy, this effect is further aggravated. Moreover, 

bisphosphonates can induce apoptosis of osteocytes and osteoblasts, reducing bone 

vitality, while their cytotoxic effects on oral keratinocytes promote mucosal breakdown 
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and bone exposure. Once necrotic bone becomes exposed, bacterial biofilms form and 

release enzymes and toxins that inhibit re-epithelialization and perpetuate chronic 

inflammation, preventing healing even when the initial insult has been resolved. 

(19,20,21,22) 

 

 

Fig (5) Diagram illustrating the mechanism of action of bone-modifying agents 

 



16 
 

1.3. STAGING AND GRADING OF MRONJ 

American Association of Oral and Maxillofacial Surgeons (AAOMS) Staging System 

for MRONJ: MRONJ is categorized into four stages (0–3) based on clinical 

presentation and severity: Stage 0: No clinical evidence of necrotic bone; however, 

patients may exhibit nonspecific clinical symptoms, radiographic abnormalities, or 

both. Stage 1: Presence of exposed or probeable necrotic bone in asymptomatic patients 

without clinical signs of infection.Stage 2:Exposed or probeable necrotic bone 

accompanied by infection, as indicated by pain, erythema, and possible purulent 

discharge. Stage 3: Exposed or probeable necrotic bone associated with pain, infection, 

and one or more of the following complications such as Necrosis extending beyond the 

alveolar bone to the inferior border and ramus of the mandible, or to the maxillary sinus 

and zygomatic bone,Pathological fractures,Extraoral fistulae,Oronasal or oroantral 

communications;Extensive osteolysis extending to the inferior border of the 

mandibleor the floor of the maxillary sinus.(24) 

The Italian Society of Maxillofacial Surgery (SICMF) and the Italian Society of Oral 

Pathology and Medicine (SIPMO) have proposed an alternative three-stage 

classification based on clinical and radiographic findings: Stage 1 (Early/Focal 

Disease): Characterized by minimal or no symptoms, with necrotic bone confined to 

the alveolar region. Both exposed and non-exposed necrotic bone may be present. 

Radiographically, findings are limited to focal osteosclerosis or trabecular thickening 

within the alveolar bone. Stage 2 (Diffuse Disease): Represents a more advanced stage 

with bone destruction extending beyond the alveolar process. Clinical features include 

soft tissue involvement, delayed or impaired mucosal healing, and occasionally the 

formation of intraoral or cutaneous fistulae. Radiographs typically demonstrate diffuse 

osteosclerosis, bone irregularities, and sequestrum formation. Stage 3 

(Advanced/Complicated Disease): The most severe stage, associated with extensive 

necrosis, intense pain, and complications such as pathological fractures, extraoral 

fistulae, or sinus involvement. The disease may extend to the basal bone and adjacent 
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anatomical structures, with imaging revealing marked osteosclerosis, cortical bone 

destruction, sequestration, and spread to the mandibular base or sinus floor.(24,25)  
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1.4. Risk factors 

 

The development of osteonecrosis of the jaw (ONJ) is multifactorial, involving 

drug-related, systemic, and local risk factors. The primary etiologic factor is the 

use of bisphosphonates (BPs) and other antiresorptive or antiangiogenic agents, 

which disrupt normal bone remodeling and vascularization. Among systemic 

factors, the presence of malignant diseases—particularly breast cancer, multiple 

myeloma, and prostate cancer—represents the most significant risk, owing to 

prolonged exposure to these medications. Additional contributors include 

diabetes mellitus, osteoporosis in oncology patients, and the concomitant 

administration of corticosteroids, immunosuppressive, or antiangiogenic drugs, 

all of which impair bone turnover and healing. Local factors such as poor oral 

hygiene, periodontal disease, and invasive dental procedures including tooth 

extractions, implant placement, and mucosal trauma further increase 

susceptibility. Notably, tooth extraction is considered the most frequent 

precipitating event, reported in approximately 86% of ONJ cases among patients 

undergoing bisphosphonate therapy. In general, risk factors could be classified 

into : 

 

1. Drug-Related Factors 

 

Factor Explanation 

Type of Drug 

- Intravenous bisphosphonates (e.g., zoledronic acid, 

pamidronate) carry a much higher risk than oral forms 

(alendronate, risedronate).  

- Denosumab (a RANKL inhibitor) has a similar or 

slightly higher MRONJ risk compared to IV 

bisphosphonates.  

- Antiangiogenic drugs (bevacizumab, sunitinib) can 
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Factor Explanation 

potentiate MRONJ when combined with 

antiresorptive. 

Potency 

Zoledronic acid > Pamidronate > Ibandronate > 

Alendronate > Risedronate. Higher potency increases 

suppression of bone turnover, impairing healing. 

Cumulative 

Dose & 

Duration 

The longer the therapy, the higher the risk:  

• >3 years of oral bisphosphonate use significantly 

increases risk.  

• For oncology patients receiving IV BPs or 

denosumab, risk rises after 6–12 months of therapy. 

Combination 

Therapy 

Concurrent or sequential use of bisphosphonates and 

denosumab, or antiangiogenics plus antiresorptive, 

amplifies MRONJ risk. 

Drug Half-life 

Bisphosphonates bind strongly to bone and persist for 

years even after discontinuation, prolonging risk. 

Denosumab has a shorter half-life (6 months) but 

rebound bone turnover may occur after withdrawal. 

 

 

 

2. Local (Oral) Risk Factors 

 

Factor Explanation 

Tooth Extraction / 

Oral Surgery 

Most common trigger (accounts for 60–80% of 

MRONJ cases). Extractions, implant placement, 

and periodontal surgery can expose infected bone. 

Poor Oral Hygiene 

& Periodontal 

Disease 

Chronic infection and inflammation promote bone 

exposure and necrosis. 
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Factor Explanation 

Ill-fitting Dentures 
Cause mucosal trauma, especially over thin 

mucosa or exostoses. 

Pre-existing Dental 

or Periapical 

Infection 

Active infection increases local inflammation and 

risk of bone necrosis. 

Tori / Exostoses 
Areas with thin mucosa are more prone to 

ulceration and exposure. 

 

 

 

3. Systemic / Patient-Related Factors 

 

Factor Explanation 

Type of 

Underlying 

Disease 

Oncologic patients receiving high-dose IV 

antiresorptive (for metastases, myeloma) have a 

much higher risk than osteoporotic patients on low-

dose oral therapy. 

Age and Sex 

Older patients, especially postmenopausal women 

(most treated for osteoporosis), are more 

susceptible due to reduced bone turnover. 

Comorbidities 

Diabetes mellitus, anemia, immunosuppression, 

renal impairment, or systemic infections delay 

bone healing. 

Corticosteroid or 

Chemotherapy Use 

Potentiate risk by suppressing immune function 

and wound repair. 

Smoking and 

Alcohol Use 

Impair mucosal healing and reduce the vascularity 

of bone. 
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Factor Explanation 

Genetic Factors 

Polymorphisms in CYP2C8, RBMS3, and other 

genes affecting bone remodeling and angiogenesis 

may predispose to MRONJ. 

 

 

4. Preventive and Management-Related Factors 

 

Factor Explanation 

Lack of Dental 

Assessment 

Before Therapy 

Failure to treat existing dental infections or to 

extract hopeless teeth before initiating BPs/BMAs 

significantly increases the risk of MRONJ. 

Invasive Dental 

Procedures 

During Therapy 

Performing extractions or implant placements while 

on therapy without appropriate protocols (antibiotic 

coverage, atraumatic technique, primary closure) 

raises risk. 

Duration Since 

Last Dose (Drug 

Holiday) 

For denosumab, delaying the next injection for 2–3 

months after dental surgery may lower the risk. For 

bisphosphonates, drug holidays are controversial 

because of their long skeletal half-life. 

 

However, several additional factors have been linked to an increased 

susceptibility to medication-related osteonecrosis of the jaw (MRONJ), 

including concurrent cancer therapies, systemic corticosteroid use, tobacco 

consumption, poor oral hygiene, and various systemic comorbidities such as 

anemia, diabetes mellitus, and renal insufficiency. Notably, the combined 

administration of antiresorptive agents with antiangiogenic drugs—which 

inhibit neovascularization essential for tumor growth and metastatic 

progression—has been reported to significantly elevate the risk of MRONJ. This 

synergistic effect has been particularly observed in patients with advanced renal 
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malignancies, underscoring the importance of cautious therapeutic planning in 

individuals receiving multimodal oncologic regimens. (26-31) 
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1.5. MANAGEMENT CLINICAL GUIDELINES 

The management of Medication-Related Osteonecrosis of the Jaw (MRONJ) is guided 

by the disease stage and the patient’s clinical condition. In Stage 0, a conservative 

approach is recommended, focusing on symptom relief and the elimination of local 

risk factors, such as dental caries or periodontal inflammation. Systemic therapy may 

include analgesics for pain management and antibiotics when infection is suspected, 

with regular follow-up to monitor potential progression. Stage 1 is typically managed 

non-surgically with oral antimicrobial rinses, such as 0.12% chlorhexidine, as surgical 

intervention is generally unnecessary at this point. In Stage 2, management involves a 

combination of antimicrobial rinses and systemic antibiotics to control secondary 

infection and prevent bacterial colonization of the necrotic bone surface. While 

infection is not the primary cause of MRONJ, exposed bone is highly prone to biofilm 

formation, contributing to chronic inflammation and delayed healing. The majority of 

microorganisms isolated from MRONJ lesions are sensitive to penicillin, although 

quinolones, clindamycin, metronidazole, doxycycline, and erythromycin are effective 

alternatives in penicillin-allergic patients. Antibiotic selection should ideally be based 

on culture and sensitivity results, and in refractory cases, surgical debridement of 

infected necrotic bone can enhance healing outcomes. Stage 3 MRONJ necessitates an 

aggressive treatment strategy involving surgical resection or debridement combined 

with systemic antibiotic therapy to control infection, reduce pain, and restore function. 

In selected cases, resection with immediate reconstruction using vascularized bone 

grafts or reconstruction plates may be indicated, though the risk of graft failure due to 

poor bone vitality should be considered. Additionally, the removal of mobile sequestra 

and extraction of symptomatic teeth within the necrotic region can facilitate soft tissue 

healing, while histopathological evaluation of resected tissue remains essential to 

exclude metastatic disease. The surgical management of Medication-Related 

Osteonecrosis of the Jaws (MRONJ) encompassing debridement, curettage, 

sequestrectomy, and segmental resection with or without microvascular reconstruction 

has shown high success rates and shorter treatment durations, particularly when 
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performed during the early stages of the disease. Such interventions effectively reduce 

pain, control infection, and limit further osteolytic progression. Beyond traditional 

surgical and pharmacological therapies, recent studies have underscored the value of 

adjuvant treatments including hyperbaric oxygen therapy, bone morphogenetic 

proteins (BMPs), parathyroid hormone (teriparatide), photobiomodulation (PBM), and 

autologous platelet concentrates (APCs) in enhancing tissue repair and reducing 

recurrence rates. Among these, PBM has garnered particular attention for its ability to 

stimulate cellular metabolism, regulate inflammatory responses, and promote tissue 

regeneration, both independently and in combination with other modalities. Likewise, 

platelet-rich preparations (PRPs) have been increasingly integrated into MRONJ 

treatment protocols due to their regenerative properties. Based on fibrin structure and 

cellular composition, PRPs are categorized into four main subtypes: pure platelet-rich 

plasma (P-PRP), leukocyte- and platelet-rich plasma (L-PRP), pure platelet-rich fibrin 

(P-PRF), and leukocyte- and platelet-rich fibrin (L-PRF). Among these, L-PRP and L-

PRF are the most widely utilized in oral and maxillofacial regenerative procedures 

because of their enhanced biological activity, prolonged growth factor release, and 

favorable handling characteristics. (25,27,33,34) Fig(6) 
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Fig (6) 
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Chapter II: Leucocyte Platelet Rich Fibrin and Platelet Rich Plasma 

 

L-PRF has demonstrated remarkable potential in oral and maxillofacial bone 

regeneration, often used in conjunction with various grafting materials, including 

autologous, allogeneic, and synthetic bone substitutes. PRF is composed of 

approximately 97% platelets and over 50% leukocytes from peripheral blood, 

contributing to its potent regenerative properties. Among these cellular components, 

macrophages play a pivotal role in osteogenesis through nuclear factor kappa B (NF- 

κB) signaling and by maintaining the local pool of mesenchymal stromal and 

progenitor cells. They also contribute to bone remodeling by clearing apoptotic 

osteoblasts, thereby initiating a paracrine loop that supports new bone formation. The 

three-dimensional fibrin matrix of PRF provides an optimal microenvironment for 

osteogenesis, characterized by an interconnected, flexible fibrin network that facilitates 

cell migration and cytokine entrapment. High fibronectin content within PRF further 

enhances cellular adhesion, as demonstrated in vitro, where human osteoblasts exhibit 

greater attachment to fibronectin compared to other extracellular matrix proteins. 

Similarly, Platelet-Rich Plasma (PRP) represents an autologous therapeutic approach 

increasingly utilized in regenerative medicine for its capacity to stimulate and 

accelerate tissue repair. PRP is derived from the patient’s own blood via centrifugation, 

yielding a plasma fraction with a platelet concentration significantly higher than that 

of circulating blood. Platelets play an essential role in wound healing, not only through 

their hemostatic function but also via the secretion of cytokines and growth factors that 

orchestrate the regenerative process. Key growth factors released from platelet such as 

platelet-derived growth factor (PDGF), epidermal growth factor (EGF), fibroblast 

growth factor (FGF), insulin-like growth factors (IGF-1, IGF-2), vascular endothelial 

growth factor (VEGF), transforming growth factor-beta (TGF-β), and keratinocyte 

growth factor (KGF) collectively promote endothelial and epithelial regeneration, 

angiogenesis, collagen synthesis, soft tissue repair, and hemostasis, thereby Similarly, 

Platelet-Rich Plasma (PRP) represents an autologous therapeutic approach 
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increasingly utilized in regenerative medicine for its capacity to stimulate and 

accelerate tissue repair. PRP is derived from the patient’s own blood via centrifugation, 

yielding a plasma fraction with a platelet concentration significantly higher than that 

of circulating blood. Platelets play an essential role in wound healing, not only through 

their hemostatic function but also via the secretion of cytokines and growth factors that 

orchestrate the regenerative process. Key growth factors released from platelets—such 

as platelet-derived growth factor (PDGF), epidermal growth factor (EGF), fibroblast 

growth factor (FGF), insulin-like growth factors (IGF-1, IGF-2), vascular endothelial 

growth factor (VEGF), transforming growth factor-beta (TGF-β), and keratinocyte 

growth factor (KGF) collectively promote endothelial and epithelial regeneration, 

angiogenesis, collagen synthesis, soft tissue repair, and hemostasis, thereby 

underscoring the regenerative potential of platelet-derived biomaterials such as PRF 

and PRP in clinical applications.(35-42) 

Recent research has demonstrated strong evidence supporting the clinical efficacy of 

L-PRF in the management of oncological patients, showing notably high success rates 

when used either as a standalone treatment or in combination with other regenerative 

materials. Clinical studies have reported that L-PRF alone or in conjunction with 

adjunctive therapies achieves complete lesion resolution rates of up to 94.3%. 

Furthermore, comparative analyses indicate that treatment protocols incorporating 

LPRF consistently yield superior healing outcomes and higher resolution rates than 

those utilizing alternative therapeutic modalities alone, highlighting its significant 

regenerative and synergistic potential in complex clinical settings. (43-47) 
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 2.1. COMPOSITION AND METHOD OF PREPARATION 

Beyond their primary function in hemostasis, platelets play a critical role in modulating 

immune responses, inflammation, and angiogenesis, thereby exerting a profound 

influence on tissue repair and regeneration. During the initial phases of wound healing, 

platelets initiate and coordinate a series of intricate biological processes, including 

leukocyte recruitment, stimulation of angiogenesis, proliferation of fibroblasts, 

extracellular matrix synthesis, and regulation of collagenase activity. Their α-granules 

act as rich reservoirs of bioactive mediators, encompassing growth factors, cytokines, 

and adhesion molecules, which collectively regulate cellular signaling pathways and 

optimize the microenvironment for effective tissue regeneration.Proteomic analyses 

have demonstrated that, upon thrombin (TR) activation, human platelets release 

numerous mediators essential for hemostasis and tissue remodeling. These granule-

derived factors are involved in various phases of the regenerative process, including 

cell proliferation and differentiation (mitogenesis), chemotaxis and migration, 

angiogenesis, re-epithelialization, inflammatory regulation, and extracellular matrix 

synthesis and remodeling. 

Owing to their diverse biological functions, platelets and their derivatives have become 

integral components of regenerative medicine, serving as autologous, biologically 

active reservoirs of essential growth factors. Extending beyond conventional wound-

healing applications, platelet concentrates (PCs) have been extensively explored across 

various medical and dental specialties for their ability to promote and accelerate tissue 

regeneration. Following the identification of growth factors as key regulators in tissue 

repair and their successful implementation in preclinical models, autologous blood-

derived growth factor formulations have emerged as effective and biocompatible 

alternatives to recombinant growth factor therapies. Within this context, platelet-rich 

fibrin (PRF) has gained significant recognition as a second-generation autologous 

biomaterial, characterized by its sustained release of growth factors and cytokines, 

which collectively facilitate cell proliferation, neovascularization, and tissue 

regeneration. (48,49,50) 
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            PRF is distinguished by its complex biological composition, consisting of 

platelets and fibrin intricately interwoven with leukocytes and cytokines. This unique 

structural organization provides PRF with exceptional regenerative potential, 

positioning it as a valuable biomaterial in contemporary regenerative medicine. 

Clinically, PRF has been effectively utilized in a wide range of applications, including 

wound healing, bone regeneration, soft tissue grafting, and the enhancement of surgical 

outcomes in oral and maxillofacial procedures.  

       L-PRF, a second-generation autologous platelet concentrate, is derived solely from 

the patient’s blood and retains more than 80% of platelets and over 75% of leukocytes 

from the original sample. This biologically active matrix encompasses a synergistic 

combination of growth factors (GFs), cytokines, and adhesion proteins, collectively 

contributing to enhanced tissue repair, angiogenesis, and regeneration. Evidence from 

systematic reviews indicates that L-PRF significantly improves both soft and hard 

tissue healing, yielding superior clinical results. Moreover, its intrinsic antimicrobial 

activity adds further therapeutic value, supporting its integration into various surgical 

and regenerative protocols.  

Despite its proven clinical efficacy, the molecular mechanisms regulating cytokine and 

growth factor release from L-PRF, along with its precise role in cellular activation and 

immune modulation, remain incompletely understood. The L-PRF exudate (L-

PRFEX)—a byproduct obtained through compression of the fibrin clot into a 

membrane—is one of the most commonly utilized derivatives in clinical settings. 

Molecular analyses of L-PRF have identified key growth factors such as transforming 

growth factor-β (TGF-β), platelet-derived growth factor (PDGF), insulin-like growth 

factor-1 (IGF-1), vascular endothelial growth factor (VEGF), and epidermal growth 

factor (EGF), as well as important cytokines including interleukin (IL)-1β, IL-6, IL-4, 

and tumor necrosis factor-α (TNF-α). 

According to Wang et al., L-PRF releases high concentrations of IL-1, TNF-α, IL-6, 

IL-10, and IL-8 within the first six hours after preparation, indicating a sequential and 
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sustained release pattern facilitated by leukocytes entrapped within the fibrin network. 

Further studies are required to elucidate the role of L-PRF exudate in platelet 

activation, the distribution and function of leukocyte subpopulations, and the dynamic 

interactions between platelets and leukocytes, as well as to comprehensively define the 

cytokine and growth factor release kinetics of L-PRF derivatives. (47,51-55) 

Based on current evidence, the key biologically active components of Leukocyte- and 

Platelet-Rich Fibrin (L-PRF) can be broadly categorized into growth factors, bone 

morphogenetic proteins (BMPs), and stem cells, each contributing to its regenerative 

potential. Among these, autologous growth factors represent the most clinically 

relevant component, as their high concentration in L-PRF is associated with accelerated 

healing and enhanced tissue regeneration. Studies utilizing a standardized preparation 

protocol (single spin at 400g for 12 minutes using an EBA 20 centrifuge, Andreas 

Hettich GmbH & Co KG, Tuttlingen, Germany) have compared the release kinetics of 

various growth factors from L-PRF, L-PRP, and natural blood clots. The findings 

revealed that while vascular endothelial growth factor (VEGF) and interleukin-1β (IL-

1β) release was higher in blood clots, L-PRF exhibited superior release of transforming 

growth factor β1 (TGF-β1), with comparable levels of insulin-like growth factor-1 

(IGF-1) and platelet-derived growth factor AB (PDGF-AB). In addition to growth 

factors, bone morphogenetic proteins (BMPs) low-molecular-weight glycoproteins 

responsible for osteogenesis and tissue repair—play a crucial role in the regenerative 

capacity of L-PRF. These proteins, secreted by osteoblasts, chondrocytes, 

macrophages, and platelets, are pivotal in bone remodeling and fracture healing. 

Studies have shown that L-PRF gradually releases BMP-2 over seven days, albeit in 

modest quantities, with the release being pH-dependent and most active in 

environments conducive to platelet activation. Furthermore, other BMP isoforms such 

as BMP-4, BMP-6, and BMP-7 have also been detected, with concentrations varying 

according to patient-specific factors. Complementary genome-wide analyses have 

demonstrated that lysed platelets can activate proliferative signaling pathways in 

osteoblast-like cells, emphasizing their osteoinductive potential. Finally, stem cells 
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constitute another vital component of L-PRF, particularly hematopoietic stem cells 

(HSCs) identified through the expression of the CD34 surface marker—a 

transmembrane phosphoglycoprotein traditionally associated with hematopoietic 

progenitors but also expressed in mesenchymal stem cells (MSCs), endothelial 

progenitor cells, and interstitial dendritic cells. The presence of these multipotent cells 

further enhances the regenerative and angiogenic capabilities of L-PRF, making it a 

biologically versatile material in tissue engineering and regenerative therapies. (50-54) 

 

 

The terminology and classification of L-PRF 

In an effort to differentiate among the various types of platelet concentrates, Dohan 

Ehrenfest et al. proposed a functional classification system based on three principal 

parameters: the method of preparation, the pharmacological characteristics, and the 

physical properties of the final product. By applying standardized criteria to these 

parameters, the authors categorized platelet concentrates into four distinct groups. 

Among these, Leukocyte- and Platelet-Rich Fibrin (L-PRF) is defined as a broad 

category encompassing platelet, leukocyte, and fibrin composites prepared without the 

use of anticoagulants through a single-spin centrifugation process, resulting in a natural 

fibrin matrix. A specific subset of this group, known as L-PRF (Choukroun type) or L-

PRF©, refers to the standardized form of leukocyte- and platelet-rich fibrin prepared 

strictly according to Choukroun’s original protocol, utilizing the specified equipment 

and preparation parameters as outlined by Choukroun and collaborators.(54) 

Leukocyte- and Platelet-Rich Fibrin (L-PRF I/E) refers to a specific variant of L-PRF 

produced using either an Intraspin centrifuge (Intra-Lock International, Boca Raton, 

FL, USA) or an EBA 20 centrifuge (Andreas Hettich GmbH & Co KG, Tuttlingen, 

Germany), following the manufacturer’s standardized preparation protocol. This 

method ensures consistent fibrin architecture and reproducible biological properties. In 
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contrast, L-PRF (O), or Leukocyte- and Platelet-Rich Fibrin (Other), designates 

preparations that follow procedures similar to those used for L-PRF (I/E) and L-PRF© 

but are produced with non-specialized or non-purpose-built centrifuges. While these 

preparations maintain the general composition of leukocytes, platelets, and fibrin, 

variations in centrifugation parameters may influence their structural and biological 

characteristics. (57) 

The preparation of Leukocyte- and Platelet-Rich Fibrin (L-PRF) involves the use of a 

centrifuge machine, in which tubes containing freshly drawn patient blood are 

processed to separate the different blood components. The original centrifugation 

protocol operates at 2700 revolutions per minute (RPM) for 12 minutes, a setting 

optimized to achieve an ideal balance between efficient component separation and 

preservation of sample integrity. Centrifugation works by applying a centrifugal force 

that drives particles outward according to their mass and density, described by the 

equation F = m × r × ω². At this specific speed, the applied force is sufficient to 

sediment larger and denser elements—such as blood cells and nuclei—while smaller 

particles, including proteins and soluble molecules, remain suspended in the upper 

plasma layer. This moderate centrifugal force effectively separates plasma from blood 

and concentrates platelets and leukocytes without inducing structural damage or lysis 

of fragile biological materials. (58-61) 

The 12-minute centrifugation duration complements the chosen speed of 2700 RPM 

by providing sufficient time for the complete sedimentation of denser components 

while avoiding over-centrifugation, which could cause mechanical stress, heat 

generation, or cellular damage. Although extending the centrifugation time may 

improve separation efficiency, it can also negatively affect the quality of biological 

samples. Therefore, the 12-minute protocol represents an optimal balance that ensures 

distinct separation of the pellet and supernatant without compromising the integrity of 

the sample. In practical terms, this standardized method maximizes yield and purity by 

effectively isolating larger particles while preserving their structural integrity and 
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preventing aggregation or denaturation of sensitive biomolecules. Ultimately, 

centrifugation at 2700 RPM for 12 minutes achieves an ideal equilibrium between 

separation efficiency, biological preservation, and operational consistency in 

laboratory and clinical applications. (58-61) 

After the centrifugation process, the tube used for L-PRF (Leukocyte-Platelet Rich 

Fibrin) preparation displays three distinct layers, each with specific characteristics and 

roles. At the bottom of the tube, the fibrin clot forms the main therapeutic component, 

comprising a dense network of fibrin that entraps platelets and leukocytes. This layer 

serves as a biologically active matrix rich in growth factors and immune cells that 

promote tissue regeneration and wound healing. Just below the fibrin clot lies the red 

blood cell (RBC) layer, formed due to the higher density of RBCs. While RBCs are not 

involved in the regenerative process, they are typically discarded or removed during 

the preparation of L-PRF. At the top of the tube lies the platelet-poor plasma (PPP), a 

pale, translucent layer containing plasma with minimal platelet and leukocyte content. 

Since this layer contributes little to the regenerative potential, it is usually discarded in 

clinical protocols. Overall, this stratification process concentrates the biologically 

active components into the fibrin clot, which forms the core of the L-PRF used in 

regenerative and wound-healing procedures. (62-67)Fig( 7) 
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Fig (7) 

 

In case of preparation of PLATELET RICH PLASMA for injection, some 

modifications are made to this technique. 

The preparation of (PRP) differs from that of  (L-PRF) primarily in centrifugation 

parameters, blood handling, and final composition. In PRP protocols, centrifugation is 

performed at lower speeds, typically between 1500–2500 RPM for 10–15 minutes, to 

concentrate platelets within the plasma without forming a fibrin clot. This gentler spin 

helps retain platelets in suspension while minimizing the inclusion of red blood cells 

(RBCs) and leukocytes. By contrast, L-PRF requires higher centrifugation speeds, 

around 2700 RPM for 12–15 minutes, to induce the formation of a dense fibrin matrix 

that entraps platelets and leukocytes. Following PRP centrifugation, the blood 

separates into three layers: a top plasma layer rich in platelets but low in leukocytes 

and RBCs, a middle buffy coat containing some leukocytes, and a bottom layer of 

RBCs. For optimal PRP collection, the upper plasma fraction is carefully extracted 

while avoiding contamination from the buffy coat and RBCs. In contrast, L-PRF aims 
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to produce a solid fibrin clot rich in platelets and leukocytes while discarding the 

platelet-poor plasma. Depending on the clinical purpose, leukocyte-poor PRP may be 

preferred, achieved through techniques such as minimizing the buffy coat or using a 

double-spin protocol a low-speed first spin followed by a higher-speed second spin to 

further concentrate platelets and reduce leukocyte content. A key distinction between 

the two lies in fibrin formation: PRP preparation deliberately prevents it to maintain 

the plasma in a liquid state suitable for injection, whereas L-PRF relies on fibrin 

polymerization to form a cohesive, gel-like matrix that supports gradual growth factor 

release. Additionally, PRP preparations may include activators such as calcium 

chloride (CaCl₂) or thrombin to trigger platelet activation and growth factor release, 

particularly in tissue regeneration applications. L-PRF, on the other hand, typically 

requires no external activator, as its fibrin network naturally maintains platelet function 

and enables sustained release of bioactive molecules during healing. (60-69) Fig (8) 

 

 

Fig(8) 
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2.2. EFFECT UPON TISSUE (SOFT AND HARD TISSUES) 

Effect of L-PRF on Soft Tissue Healing 

(L-PRF) is widely recognized for its regenerative properties and its ability to enhance 

soft tissue healing. Produced through centrifugation, L-PRF consists of a dense fibrin 

matrix that incorporates platelets, leukocytes, and a high concentration of growth 

factors such as platelet-derived growth factor (PDGF), transforming growth factor-beta 

(TGF-β), and vascular endothelial growth factor (VEGF). These bioactive components 

stimulate angiogenesis, collagen production, and cellular proliferation, all of which are 

essential for effective tissue repair. The fibrin network of L-PRF functions as a natural 

three-dimensional scaffold, facilitating cell migration, tissue organization, and gradual 

release of growth factors over time, thereby sustaining the healing response. 

Leukocytes within the matrix also contribute to immune regulation by releasing 

cytokines that help control infection and guide the transition from inflammation to 

tissue regeneration. Clinically, L-PRF has shown remarkable benefits in dental and 

maxillofacial procedures, including periodontal regeneration, implant integration, and 

post-extraction healing. Its use extends to orthopedic and soft tissue applications, 

where it promotes faster recovery, reduces postoperative discomfort and inflammation, 

and enhances the overall quality of regenerated tissue. (69,70,71) 

 PRP is an autologous liquid platelet concentrate that differs from L-PRF in that it lacks 

a fibrin scaffold and is generally used in an activated state to trigger platelet 

degranulation and the release of growth factors. It is prepared by centrifuging whole 

blood to isolate plasma enriched with platelets, which act as a natural source of 

bioactive molecules crucial for tissue repair. Once activated, PRP releases a spectrum 

of growth factors including platelet-derived growth factor (PDGF), transforming 

growth factor-beta (TGF-β), vascular endothelial growth factor (VEGF), and epidermal 

growth factor (EGF) that collectively stimulate cellular migration, proliferation, and 

differentiation, essential steps in wound healing and tissue regeneration. PRP further 

enhances collagen synthesis and extracellular matrix formation, supporting the 
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structural integrity and strength of newly formed tissues. By promoting angiogenesis 

and the development of new microvessels, PRP ensures sufficient oxygen and nutrient 

delivery to the regenerating site. Additionally, by modulating collagen deposition, it 

helps prevent excessive fibrosis and minimizes scar formation, thereby improving the 

quality of tissue repair. Clinically, PRP exhibits anti-inflammatory properties that help 

reduce pain, swelling, and recovery time. Its regenerative potential has made it an 

effective therapeutic option in sports medicine for muscle, tendon, and ligament 

injuries, as well as chronic tendinopathies such as rotator cuff, Achilles, and patellar 

disorders. PRP is also widely used in wound management, where it accelerates healing 

in both surgical and chronic wounds, enhances tissue regeneration, and lowers the risk 

of infection or delayed closure. (70-77) Table (1) 

Table (1) Comparison: L-PRF vs. PRP in Soft Tissue Healing 

Feature L-PRF PRP 

Composition Platelets, leukocytes, fibrin matrix 
Platelets in plasma (with 

optional activation) 

Fibrin Matrix 
Yes, it provides a scaffold for 

tissue regeneration 

No fibrin clot, mostly liquid 

plasma 

Growth 

Factors 

High concentrations (platelets and 

leukocytes) 

High concentration (activated 

platelets) 

Leukocytes 
Present (beneficial for 

inflammation modulation) 

Typically removed for 

"leukocyte-poor" PRP 

Healing 

Mechanism 

Fibrin matrix for cell migration, 

tissue regeneration, and 

inflammatory control 

Growth factor release, 

collagen synthesis, and 

angiogenesis 

Speed of 

Healing 

Promotes faster and stronger tissue 

regeneration, reduces 

inflammation 

Faster healing with reduced 

pain and scar formation 
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Feature L-PRF PRP 

Clinical 

Applications 

Dental, oral surgery, wound 

healing, orthopedic injuries 

Tendon/ligament injuries, 

chronic wounds, surgical 

recovery 

 

Both L-PRF and PRP are highly effective in promoting soft tissue healing, though their 

selection depends on the specific clinical context and therapeutic goals. L-PRF is 

particularly advantageous in wound healing, periodontal therapy, and soft tissue 

grafting because its fibrin matrix serves as a biologically active scaffold that supports 

cell migration and provides a reservoir for platelets and leukocytes, which help regulate 

inflammation and enhance tissue repair. In contrast, PRP is more commonly utilized in 

the management of musculoskeletal injuries, chronic tendinopathies, and wound 

healing scenarios where the rapid release of platelets and activation of growth factors 

are beneficial for stimulating tissue regeneration and accelerating functional recovery. 

Both modalities leverage the body’s intrinsic healing mechanisms by concentrating 

autologous platelets and growth factors to accelerate repair, reduce inflammation, and 

improve overall tissue recovery. 

Regarding hard tissue healing, L-PRF has demonstrated remarkable potential in 

promoting bone regeneration and repair in dental, orthopedic, and maxillofacial 

applications. Its unique composition comprising platelets, leukocytes, and a robust 

fibrin matrix creates a three-dimensional scaffold that facilitates a sustained release of 

key osteogenic growth factors such as Platelet-Derived Growth Factor (PDGF), 

Transforming Growth Factor Beta (TGF-β), and Vascular Endothelial Growth Factor 

(VEGF). These factors collectively enhance osteoblast proliferation, differentiation, 

and extracellular matrix production, thereby accelerating new bone formation and early 

repair. The fibrin network further supports osteogenic cell adhesion and migration, 

optimizing bone regeneration in grafting and fracture healing. In implantology, L-PRF 

improves osseointegration by promoting peri-implant bone formation and reducing 
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postoperative bone resorption. Additionally, its leukocyte content contributes to 

modulating inflammation and balancing bone remodeling, preventing excessive 

resorption during healing. Clinically, L-PRF has been successfully applied in 

procedures such as dental implant placement, guided bone regeneration, sinus 

augmentation, and craniofacial reconstruction, consistently demonstrating enhanced 

bone density, faster recovery, and improved structural stability. (1,72,73,74) 

Effect of PRP on Hard Tissue Healing  

PRP an autologous concentrate obtained from the patient’s whole blood, has been 

extensively investigated for its significant role in promoting bone regeneration and 

hard tissue repair. Rich in bioactive molecules such as Platelet-Derived Growth Factor 

(PDGF), Transforming Growth Factor Beta (TGF-β), Insulin-like Growth Factor 

(IGF), and Vascular Endothelial Growth Factor (VEGF), PRP exerts a potent 

stimulatory effect on osteogenesis, angiogenesis, and bone remodeling. These growth 

factors synergistically enhance osteoblast proliferation, differentiation, and 

extracellular matrix synthesis, leading to accelerated mineralization and new bone 

formation. By promoting early neovascularization, PRP facilitates the delivery of 

oxygen and nutrients to the healing site, thereby expediting fracture repair and graft 

integration. In addition, its anti-inflammatory activity helps regulate the initial 

inflammatory response, creating a more favorable microenvironment for bone 

regeneration. Clinically, PRP has demonstrated efficacy in procedures such as bone 

grafting, sinus augmentation, and dental implant placement, where it improves graft 

incorporation and supports osseointegration. The angiogenic action of VEGF released 

from PRP promotes the formation of new microvascular networks essential for 

maintaining bone vitality and metabolic function. Furthermore, PRP contributes to 

bone stability by stimulating osteoblastic activity while simultaneously inhibiting 

osteoclastic resorption, thereby reducing postoperative bone loss. Overall, PRP serves 

as an effective adjunct in orthopedic, dental, and maxillofacial surgeries, enhancing 
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bone healing, increasing bone density, and improving structural integrity and clinical 

outcomes (76-80) Table (2) 

Table (2) Comparison: L-PRF vs. PRP in Hard Tissue Healing 

 

Feature L-PRF PRP 

Composition 
Platelets, leukocytes, fibrin 

matrix 
Platelets in plasma 

Fibrin Matrix 
Present (provides scaffold for 

bone formation) 
No fibrin clot (liquid form) 

Growth 

Factors 

PDGF, TGF-β, VEGF, 

fibrinogen, cytokines 
PDGF, TGF-β, IGF, VEGF 

Osteogenesis 
Stimulates osteoblast 

proliferation and differentiation 

Enhances osteoblastic activity and 

matrix formation 

Bone Healing 
Enhances bone regeneration, 

reduces resorption 

Accelerates fracture healing, 

improves bone mineralization 

Clinical Use 
Bone grafting, dental implants, 

sinus lifts 

Fracture healing, bone grafting, 

orthopedic surgeries 

Leukocytes 
Present, which help in 

inflammation modulation 

Typically removed in “leukocyte-

poor” PRP 

Vascularization 
Promotes angiogenesis and 

vascular support 
Stimulates angiogenesis (VEGF) 
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2.3. ADVANTAGES, DISADVANTAGES AND LIMITATIONS 

 

General Advantages of Using L-PRF and PRP in Dentistry 

 

L-PRF and PRP provide significant advantages as autologous regenerative biomaterials 

in dental and oral surgical practice. Derived entirely from the patient’s own blood, both 

preparations are inherently biocompatible and eliminate the risk of immunogenic 

reactions or disease transmission associated with allogeneic or synthetic graft 

materials. Their natural composition ensures excellent biological integration with host 

tissues, promoting safe and predictable healing outcomes. L-PRF and PRP accelerate 

postoperative recovery by stimulating cell proliferation, angiogenesis, and collagen 

synthesis, thereby enhancing tissue regeneration, reducing inflammation, and 

minimizing surgical complications. These properties have proven beneficial in various 

dental applications, including implant placement, bone augmentation, and periodontal 

regeneration. Moreover, their preparation is simple, cost-effective, and can be 

performed chairside using standard centrifugation techniques without the need for 

complex laboratory procedures or chemical additives. The autologous origin of L-PRF 

and PRP also enhances patient safety by reducing the likelihood of infection or 

hypersensitivity reactions. Collectively, these biological and clinical advantages 

establish L-PRF and PRP as highly effective, practical, and safe adjuncts in 

contemporary regenerative dentistry. (76-80) 

Advantages of L-PRF in Tissue Healing in Dentistry 

 

L-PRF has become a highly valuable autologous biomaterial in regenerative dentistry 

due to its rich biological composition and versatile healing potential. Containing key 

growth factors such as Platelet-Derived Growth Factor (PDGF), Transforming Growth 

Factor Beta (TGF-β), and Vascular Endothelial Growth Factor (VEGF), L-PRF 

effectively promotes soft tissue regeneration by enhancing cell proliferation, 

angiogenesis, and extracellular matrix synthesis. Its use in periodontal therapy and soft 
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tissue grafting has been associated with faster wound healing, reduced postoperative 

pain, and a lower risk of infection. In addition to soft tissue benefits, L-PRF plays an 

important role in hard tissue regeneration and osseointegration by stimulating 

osteoblast activity and bone matrix formation. The dense fibrin network serves as a 

natural three-dimensional scaffold that supports cell attachment and differentiation, 

improving the integration of bone grafts and dental implants. In maxillofacial and 

reconstructive surgeries, L-PRF has shown notable success in promoting bone 

regeneration after sinus lifts, fractures, and grafting procedures. The presence of 

leukocytes contributes to its anti-inflammatory properties, helping to regulate the 

healing response and reduce swelling and discomfort. Furthermore, its angiogenic 

capability supports new blood vessel formation, ensuring adequate oxygenation and 

nutrient delivery to regenerating tissues. Being an autologous preparation, L-PRF is 

inherently biocompatible and poses minimal risk of immune reaction or disease 

transmission. Combined with its ease of preparation and cost-effectiveness, L-PRF 

represents a practical and biologically powerful tool in modern periodontal, implant, 

and oral surgical applications. 

 

Advantages of PRP in Tissue Healing in Dentistry 

 

PRP has emerged as a highly effective autologous biomaterial in regenerative dentistry, 

widely recognized for its capacity to enhance both soft and hard tissue healing through 

the targeted release of growth factors. As a concentrated platelet preparation, PRP is 

rich in bioactive molecules such as Platelet-Derived Growth Factor (PDGF), 

Transforming Growth Factor Beta (TGF-β), and Vascular Endothelial Growth Factor 

(VEGF), which collectively stimulate cell proliferation, differentiation, and 

angiogenesis. These biological effects contribute to faster soft tissue regeneration and 

improved wound healing in periodontal and mucogingival procedures, including 

gingival grafting and pocket reduction. In addition, PRP demonstrates strong 

osteogenic potential by activating osteoblasts and promoting bone matrix formation, 
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thereby enhancing bone regeneration and osseointegration around implants and graft 

sites. Clinically, PRP use has been associated with accelerated postoperative recovery, 

reduced inflammation, and diminished pain, leading to greater patient comfort and 

shorter healing times following extractions, implant placements, and oral surgeries. Its 

capacity to promote angiogenesis and osteogenesis also improves the success of bone 

grafting and sinus lift procedures by enhancing vascularization, graft stability, and bone 

density. Being derived entirely from the patient’s own blood, PRP is biocompatible and 

poses virtually no risk of immune reaction or disease transmission. Furthermore, its 

preparation is straightforward, minimally invasive, and cost-efficient, requiring only a 

small blood sample and centrifugation. These advantages make PRP a practical, safe, 

and biologically potent adjunct in contemporary regenerative dental treatments. 

 

Disadvantages and Limitations of L-PRF and PRP in Dentistry 

Despite their well-established regenerative potential, L-PRF and PRP exhibit several 

inherent limitations that may influence their clinical predictability and therapeutic 

outcomes in regenerative dentistry and oral surgery. A primary challenge lies in the 

intrinsic variability of their biological composition. The concentration of platelets, 

leukocytes, and growth factors within these autologous preparations is highly 

dependent on patient-specific parameters such as age, systemic health, baseline platelet 

count, and hematologic status. Consequently, interpatient variability can lead to 

inconsistent biological activity and clinical performance. Furthermore, procedural 

variations including differences in centrifugation speed, duration, temperature, and 

tube type significantly affect fibrin architecture, platelet yield, and the kinetics of 

growth factor release, thereby compromising standardization and reproducibility. 

Another limitation pertains to their restricted regenerative capacity in the management 

of extensive or critical-sized defects. While both L-PRF and PRP effectively enhance 

soft and hard tissue healing in localized defects, their regenerative efficacy may be 

inadequate for large-scale bone reconstruction or advanced grafting procedures. In 
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such scenarios, these biomaterials function best as adjuvants rather than substitutes, 

often requiring combination with osteoinductive or osteoconductive materials such as 

bone morphogenetic proteins (BMPs), xenografts, or bioengineered scaffolds to 

achieve optimal regeneration. 

Technical and procedural constraints further limit their clinical applicability. The 

preparation of L-PRF and PRP is time-sensitive and operator-dependent, necessitating 

specialized centrifugation equipment, standardized protocols, and meticulous aseptic 

technique. Any deviation during handling, storage, or application can compromise 

product integrity, reduce growth factor activity, and increase the risk of microbial 

contamination. Although autologous in nature, improper technique may still result in 

infection or degradation of bioactive molecules. 

A further drawback is the transient biological activity of these preparations. The release 

of growth factors from L-PRF and PRP primarily occurs during the early inflammatory 

and proliferative phases of healing, with diminishing effects over time. Consequently, 

their contribution to long-term tissue maturation, biomechanical stability, and 

remodeling remains uncertain. The regenerated tissue may not fully replicate the 

histological and functional properties of native bone or mucosa, necessitating 

additional regenerative interventions for long-term success. 

Another major concern is the absence of universally accepted preparation protocols 

and a paucity of high-quality, randomized clinical evidence. Variability in 

centrifugation parameters, anticoagulant use, and activation methods complicates 

interstudy comparisons and hinders meta-analytic evaluation. Although numerous 

clinical studies have demonstrated promising results, many suffer from methodological 

limitations, small sample sizes, and short follow-up durations, preventing definitive 

conclusions regarding efficacy and optimal clinical indications. 

Moreover, patient-related and pharmacologic factors can adversely affect outcomes. 

Systemic conditions such as diabetes mellitus, anemia, or immunosuppression, as well 

as the use of antiplatelet or anticoagulant medications may impair platelet activation, 
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reduce growth factor release, and delay healing. These contraindications necessitate 

careful patient selection to ensure therapeutic efficacy and procedural safety. 

Finally, compositional and activation-related inconsistencies pose additional 

challenges. Variability in platelet concentration and incomplete activation (e.g., 

suboptimal calcium chloride-induced polymerization) can lead to weak fibrin matrices 

and reduced growth factor bioavailability. Furthermore, inappropriate or excessive 

clinical use in non-indicated cases particularly in infected, necrotic, or poorly 

vascularized tissues can yield negligible or even adverse outcomes. Thus, while L-PRF 

and PRP represent valuable biological adjuncts in regenerative dentistry, their optimal 

efficacy depends on strict protocol standardization, precise handling, and evidence-

based clinical application. (86-91) 
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  2.4. USES IN TREATMENT OF MRONJ 

Despite their well-recognized regenerative potential, Leukocyte-Platelet Rich Fibrin 

(L-PRF) and Platelet-Rich Plasma (PRP) possess several inherent limitations that can 

affect their clinical predictability and therapeutic outcomes in regenerative dentistry 

and oral surgery. One of the principal challenges is the intrinsic variability in their 

biological composition. The concentration of platelets, leukocytes, and growth factors 

in these autologous preparations is highly dependent on patient-specific factors such as 

age, systemic health, hematologic status, and baseline platelet count. Consequently, 

interpatient variability can lead to inconsistent biological responses and variable 

clinical efficacy. Additionally, procedural differences including centrifugation speed, 

duration, temperature, and tube characteristics can significantly influence fibrin 

network formation, platelet yield, and the release kinetics of growth factors, thereby 

limiting reproducibility and standardization. 

Another significant limitation is their limited regenerative capacity in the management 

of extensive or critical-sized defects. While both L-PRF and PRP effectively promote 

soft and hard tissue healing in localized or moderate defects, their regenerative 

potential alone may be insufficient for large-scale bone reconstruction or complex 

grafting procedures. In such cases, these biomaterials are more effective as adjuncts 

rather than stand-alone regenerative agents and are often combined with osteoinductive 

or osteoconductive materials, such as bone morphogenetic proteins (BMPs), 

xenografts, or engineered scaffolds, to achieve optimal regenerative outcomes. 

Technical and procedural challenges further constrain their clinical application. The 

preparation of L-PRF and PRP is highly technique-sensitive and time-dependent, 

requiring specialized centrifugation equipment, standardized protocols, and strict 

aseptic conditions. Minor deviations during preparation, handling, or application can 

compromise product integrity, diminish growth factor bioactivity, or increase the risk 

of microbial contamination. Although these are autologous materials, improper 

handling may still result in degradation or infection. 
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A further limitation is the transient nature of their biological activity. Growth factors 

released from L-PRF and PRP primarily act during the early inflammatory and 

proliferative stages of wound healing, with a rapid decline in activity thereafter. As a 

result, their long-term contribution to tissue maturation, biomechanical strength, and 

remodeling remains uncertain. The regenerated tissues may not fully replicate the 

mechanical and histological properties of native bone or mucosa, necessitating 

additional regenerative procedures for complete functional restoration. 

Another important concern is the lack of universally standardized preparation protocols 

and limited high-quality clinical evidence. Variations in centrifugation parameters, 

anticoagulant use, and platelet activation methods hinder reproducibility and 

complicate the interpretation of outcomes across studies. While numerous clinical 

investigations have reported favorable results, many are limited by small sample sizes, 

heterogeneous methodologies, and short follow-up durations, restricting definitive 

conclusions regarding their efficacy and optimal clinical use. 

Patient-related and pharmacological factors may also influence therapeutic success. 

Systemic conditions such as diabetes mellitus, anemia, or immunosuppression, as well 

as the use of antiplatelet or anticoagulant drugs, can impair platelet activation, alter 

growth factor release, and delay healing. These factors must be carefully considered to 

ensure procedural safety and maximize therapeutic benefit. 

Finally, variability in composition and activation efficiency remains a persistent 

challenge. Inconsistent platelet concentrations or incomplete activation (e.g., 

suboptimal calcium chloride-induced polymerization) can yield weak fibrin matrices 

with reduced growth factor release. Moreover, inappropriate or excessive application 

of L-PRF or PRP in non-indicated cases particularly in infected, necrotic, or poorly 

vascularized tissues may offer minimal benefit or even impede healing. Therefore, 

while L-PRF and PRP represent promising biologically active adjuncts in regenerative 
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dentistry, their clinical success relies on precise protocol standardization, meticulous 

handling, and judicious, evidence-based application. (80-95) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 
 

CHAPTER III : EXPEREMINATAL STUDY 

3.1. Objective of the study  

The aim of the study is to evaluate the effectiveness of Leukocyte-Platelet Rich Fibrin 

(L-PRF) with and without Platelet Rich Plasma (PRP) injection in the surgical 

treatment of medication-related osteonecrosis of the jaws (MRONJ), comparing soft 

tissue and bone healing outcomes at clinical and radiographic levels , this is to evaluate 

rather if the addition of injection of the PRP serum to the affected area could be an add 

value to the protocol of surgical  treatment of MRONJ at stages 1 and 2 regarding its 

difference in composition and great difference in manipulation and response of tissues 

as explained before in the previous 2 chapters. 
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3.2.MATERIALS & METHODS 

Source of data:  

The study conducted on the patients that attended for MRONJ at Department of Oral 

and Maxillofacial Sciences of Sapienza University of Rome. A single-center clinical 

study was conducted on patients enrolled in the MoMax (Oral Medicine and 

Maxillofacial) project of the Department of Oral Sciences and Maxillofacial Surgery 

at Policlinico Umberto I, Sapienza University of Rome. All the study procedures were 

conducted in accordance with the Declaration of Helsinki of 1975, revised in 2013. 

General information such as name, age, sex and address, medical and dental history, 

full clinical examination and photographic documentation were registered for each 

case. Written informed consent was obtained from the patient. 

Sample size: 

 A total of 12 patients  patients suffering from Stage I or II MRONJ lesions [according 

to the staging of the Italian Society of Oral Pathology and Medicine (SIPMO)] divided 

into 2 groups of 6 patients each,  

Group A: (n= 6) receiving Conventional surgical sequestrectomy then the L-PRF 

membranes and PRP were prepared through centrifuging collected blood in 9ml tubes 

at 2700rpm for 12 minutes using Instraspin™ centrifuge (Intra-Lock International, 

Boca Raton, FL, USA). The surgical sites were covered by L-PRF membranes and 

performed flaps were sutured. Then PRP was injected externally immediately 

postoperative. The PRP injection was repeated after 3 weeks. All the patients were 

subjected to 4 follow-ups: at 1 week, 3 weeks, 3 months, and 6 months with computed 

tomography (CT) scans.  

Group B:(n=6) who followed the same protocol of Group A with the without the step 

of injection of PRP neither at the day of the surgery nor after 21 days. (38,39,40,102) 
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-Inclusion and exclusion criteria  

- Inclusion criteria:  

• Patient with MRONJ stage I/II (according to the staging of the Italian Society 

of Oral Pathology and Medicine (SIPMO)). 

 • Patient with a current or previous history of anti-resorptive or anti-angiogenic 

drugs.  

• Age between 18 and 70 years. 

 - Exclusion criteria:  

• Patient under 18 years of age.  

• Patient with MRONJ stage III (according to the staging of the Italian Society 

of Oral Pathology and Medicine (SIPMO)). 

• Patient with generally adverse medical conditions (e.g., platelet dysfunction 

syndromes, critical thrombocytopenia, haemodynamic instability, septicemia, 

etc.) 
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Phases of the study: 

I: Preoperative phase: 

 Before undergoing surgical treatment, each patient has done a CT scan and clinical 

photographs of the lesion were taken. For each patient, systemic antibiotic therapy (1g 

of amoxicillin/clavulanic acid and 250mg of metronidazole) was prescribed starting 

three days before the surgery, twice a day, ending seven days after. Additionally, a 0.2% 

chlorhexidine gluconate mouthwash was prescribed three times a day starting three 

days before the surgery and continuing for the same period. 

II: Intraoperative phase  

- The surgical procedure was performed under local anaesthesia using 3% mepivacaine 

hydrochloride without adrenaline. The surgical protocol involves the elevation of a 

full-thickness mucoperiosteal flap to expose the surgical area. Sequestra and 

granulation tissue were  removed using surgical curettes until fresh bleeding from the 

bone is confirmed. Rotating instruments was used for osteotomy and to smooth all 

sharp bone edges. L-PRF preparation Peripheral blood was collected from each patient 

in 9ml tubes without anticoagulant and immediately centrifuged at 2700 rpm for 12 

minutes (RCFclot = 408g; RCFmax = 653g; RCFmin = 326g), using the InstraspinTM 

centrifuge (Intra-Lock International, Boca Raton, FL, USA) Fig (9) (rotor angle 33°, 

radius 50mm at the centre of the tube, 80mm maximum and 40mm minimum) 

according to the manufacturer's instructions . 
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Fig(9) InstraspinTM centrifuge (Intra-Lock International, Boca Raton, FL, USA) 

Subsequently, the L-PRF clots was collected from the tube after discarding the red 

blood cells and acellular plasma, respectively at the bottom and top of the tube; the L-

PRF membranes will be obtained by compressing the clots for five minutes under the 

weight of a sterile metal plate (Xpression™ Kit, Intra-Lock International, Boca Raton, 

FL, USA). The L-PRF membranes will be placed over the bone surface, and primary 

closure of the mucoperiosteal flap will be performed. For group A, PRP was injected 

intra-lesionally into the mucosa at a non-penetrating depth of the periosteum. 

PRP injection perform intra-lesion injection to deliver the factors into the site directly 

for maximum benefit , the type of needle used for injection in the oral and maxillofacial 

area is fine needle of gauge 28-30 , and 0.5 ml of PRP will be injected per 1 cm2 of 

ulcerated mucosa .(95-101) 
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Preparation of LPRF: 

The preparation of Leukocyte-Platelet-Rich Fibrin (L-PRF) follows a straightforward 

yet precise protocol involving several essential steps. L-PRF is an autologous 

biomaterial obtained from the patient’s own blood, designed to optimize the body’s 

natural healing mechanisms. Through controlled centrifugation, the blood is processed 

to concentrate platelets, leukocytes, and fibrin, thereby producing a matrix rich in 

growth factors and cellular components that promote tissue regeneration and wound 

healing. 

• Step 1: Blood draw 

Blood is drawn from the patient, typically around 10-20 mL depending on 

the required amount of L-PRF. The blood is usually drawn from the 

antecubital vein (inside of the elbow) or another suitable vein. 

• Step 2: Use of an anticoagulant 

Unlike PRP, L-PRF does not require an anticoagulant like sodium citrate. 

L-PRF is prepared without any additives in the blood collection tube, 

which allows for the natural clotting process to occur. L-PRF preparation 

benefits from natural fibrin formation, which forms a scaffold for tissue 

repair. 

• Step 3: Centrifugation 

The collected blood is placed into a centrifuge tube and subjected to 

centrifugation. L-PRF requires a specific centrifuge protocol, typically at 

2700 RPM (revolutions per minute) for about 12 minutes. This step 

separates the blood components based on their density: Red blood cells 

(RBCs) will settle at the bottom.Platelet-rich plasma (PRP) and leukocyte-

rich fibrin (L-PRF) will form in the middle layer. Plasma (without 

platelets) will float on top. 
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The centrifuge speed and time are critical to achieving the optimal fibrin network 

and ensuring an appropriate concentration of platelets and leukocytes in the final 

product. Therefore, centrifuging collected blood in 9ml tubes at 2700rpm for 12 

minutes using Instraspin™ centrifuge (Intra-Lock International, Boca Raton, FL, 

USA) was done. 

• Step 4: Extraction of the L-PRF layer 

After centrifugation, the blood separates into three layers: 

Top Layer: Acellular plasma (contains minimal platelets).Middle 

Layer: L-PRF (contains the platelets, leukocytes, and fibrin matrix). 

This is the layer of interest. The middle layer (L-PRF) is carefully 

extracted with a syringe. This layer contains the leukocytes (white 

blood cells), platelets, and fibrin, which are key to tissue 

healing.Bottom Layer: Red blood cells (RBCs). 

• Step 5: Fibrin clot formation 

The extracted L-PRF will begin to form a fibrin clot as it naturally clots. This fibrin 

matrix serves as a scaffold for cell migration and healing. The fibrin clot holds the 

platelets and growth factors in place, which is essential for tissue repair. This clot 

can be used directly in surgical sites for wound healing, bone regeneration, and 

tissue repair. 

• Step 6: Application of L-PRF 

L-PRF is applied to the site of surgery or injury (e.g., bone defects, soft tissue 

wounds). It is typically used in dental surgeries, such as implant placement, sinus 

lift surgeries, periodontal surgery, or for healing of bone and soft tissue defects.(95-

100) Fig (10 to 16) 
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Fig (10) blood sapele collection                                    Fig (11) centrifuge 

 

   Fig (12) kit used for preparation of LPRF       Fig (13) separation of LPRF from RBC         
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        Fig (14) collection of LPRF in kit 

 

 

      Fig (15) LPRF sheets after being smashed in the kit 

 

      Fig (16) application of LPRF to defect 

 

 

 



58 
 

Preparation of PRP: 

• Step 1: Blood draw 

Blood is drawn from the patient, typically from the antecubital vein (the inner elbow 

area), although other veins can also be used. Typically, 20-60 mL of blood is collected, 

depending on the clinical requirements and the type of procedure being performed. 

Anticoagulants (usually sodium citrate or ACD - acid citrate dextrose) are added to 

prevent the blood from clotting during processing. 

 

• Step 2: First centrifugation (for plasma separation) 

The collected blood is placed into centrifuge tubes and centrifuged at a low speed 

(around 1500-2000 RPM) for 10-15 minutes. The goal of this step is to separate the 

components of the blood based on their density: Red blood cells (RBCs): They will 

form a dense layer at the bottom of the tube. Platelet-poor plasma (PPP): The liquid 

plasma above the red blood cells will have a very low concentration of platelets. Buffy 

coat (Platelet-rich plasma): A white layer will form between the red blood cells and 

plasma, containing a higher concentration of platelets and some white blood cells.This 

is the initial separation of the blood components. 

• Step 3: Extraction of PRP 

The PRP layer (buffy coat) is carefully extracted from the centrifuge tube. This layer 

contains platelets, growth factors, and some leukocytes, which are responsible for 

tissue healing and regeneration. The platelet-poor plasma (PPP) can be discarded or 

used for other treatments (in some cases, PPP is used to create platelet-rich fibrin by 

further processing).The final PRP product should have a concentrated amount of 

platelets (typically 3-5 times the normal concentration in whole blood).Fig( 

16,17,18)Table (3) 
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Fig (17) tubes containing anticoagulant                Fig (18) PRP to be injected 

 

Fig (19) injection of PRP to site of defect 
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Table (3) containing a comparison between both procedures: 

 

Aspect 
L-PRF (Leukocyte-Platelet-Rich 

Fibrin) 
PRP (Platelet-Rich Plasma) 

Blood 

Collection 

10-20 mL of autologous blood is 

collected. 

20-60 mL of autologous blood is 

collected. 

Anticoagulants 
None - No anticoagulant is used. 

Blood clots naturally. 

Yes - Uses anticoagulants like sodium 

citrate or ACD (Acid Citrate Dextrose) 

to prevent clotting. 

Centrifugation 

Speed 

2700 RPM for 12 minutes (low 

speed). 

1500-2000 RPM for 10-15 minutes 

(low speed for plasma separation). 

Higher speed (3000 RPM) may be 

used in some systems for concentration. 

Centrifugation 

Protocol 
Single centrifugation step. 

Sometimes a second centrifugation 

step (higher speed) is used to 

concentrate platelets further. 

Components 

Separated 

3 layers: - Red blood cells (RBCs) - 

Platelet-rich fibrin (L-PRF) (middle 

layer with platelets, leukocytes, and 

fibrin) - Plasma (top layer with 

minimal platelets) 

3 layers: - Red blood cells (RBCs) - 

Platelet-rich plasma (PRP) (middle 

layer with platelets and some 

leukocytes) - Platelet-poor plasma 

(PPP) (top layer with few platelets) 

Final Product 

L-PRF (fibrin clot that forms a 

scaffold with platelets, leukocytes, and 

growth factors). 

PRP (platelet-rich liquid, no fibrin clot 

unless activated). 

Platelet 

Concentration 

Generally 3-5 times the baseline 

concentration in whole blood. 

Platelet concentration is typically 3-5 

times higher than baseline, but it can be 

higher depending on the centrifuge 

protocol. 

Fibrin 

Formation 

Natural fibrin formation occurs due 

to the clotting process during 

centrifugation. 

No natural fibrin formation unless 

activated by adding calcium chloride or 

thrombin. 

Leukocyte 

Content 

Higher leukocyte content compared 

to PRP (beneficial for immune 

response and inflammation 

modulation). 

Lower leukocyte content compared to 

L-PRF (mainly concentrated platelets). 

Activation of 

Product 

No activation needed (fibrin matrix 

naturally forms during centrifugation). 

Activation needed (usually with 

calcium chloride or thrombin) to 

induce platelet degranulation and 

growth factor release. 

Typical Uses 

Used for bone regeneration, wound 

healing, soft tissue healing, and 

dental surgery (e.g., implant 

placement, sinus lifts). 

Commonly used for soft tissue healing, 

musculoskeletal injuries, and bone 

regeneration (e.g., tendinitis, 

osteoarthritis, dental procedures). 
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Aspect 
L-PRF (Leukocyte-Platelet-Rich 

Fibrin) 
PRP (Platelet-Rich Plasma) 

Application 

Form 

Clot or membrane that is applied 

directly to the wound site or graft. 

Liquid form (before activation) is 

injected into the site, or can be used in 

combination with scaffolds or 

membranes. 

Advantages 

- Higher leukocyte content aids in 

immune response and inflammation 

management. - Natural fibrin 

matrix for tissue regeneration. - 

Autologous and safer due to lack of 

additives. 

- Higher platelet concentration 

promotes growth factor release. - 

Liquid form is versatile for various 

treatments. - Widely used in various 

fields (dentistry, orthopedics, 

dermatology). 

Disadvantages 

- Difficult to handle since it is a clot. - 

Less flexibility for applications 

requiring liquid form. 

- Need for activation. - May not have 

the same fibrin matrix for tissue 

regeneration. - Platelet concentration 

can vary significantly depending on 

technique and equipment used. 

 

Postoperative Phase 

Four clinical follow-ups were scheduled: at 7 days, 21 days, 3 months, and 6 months. 

For group A only, PRP was injected intralesional into the mucosa at a depth that does 

not penetrate the periosteum at the 21-day clinical follow-up (second injection). The 6-

month clinical follow-up included a new CT scan for radiographic assessment of the 

lesion (groups A and B), in each followup session photos were made to document the 

level of healing of the defect. 

Data Collection 

Through the review of the department's medical records, information such as age and 

sex, underlying disease (malignant or non-malignant), chemotherapy history, smoking 

habits, diabetes history, history of corticosteroid therapy, location of MRONJ, stage of 

MRONJ, and duration of pharmacological treatment (antiresorptive and/or 

antiangiogenic therapy) was used for the sole purpose of the study. 

For the clinical assessment, "Totale Healing" was considered when the patient 

demonstrates the absence of pain and exposed bone, "Clinical Improvement" when a 

transition from a higher to a lower stage of MRONJ occurs, and "Relapse" when pain 
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and exposed bone persist. Clinical assessment was performed and compared after 3 and 

6 months of surgery for the two groups. 

For the radiographic evaluation, a comparison will be made between the preoperative 

CT scan and the follow-up CT scan 6 months after surgery. 
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3.3. CLINICAL RESULTS  

The comparative clinical outcomes between the two treatment groups provide 

significant insight into the potential benefits of incorporating PRP injections into the 

conventional surgical management protocol for MRONJ using leukocyte-platelet-rich 

fibrin (L-PRF). The results indicate that the combination of L-PRF and PRP (Group 

A) offers superior clinical and radiographic outcomes compared with L-PRF alone 

(Group B), supporting the hypothesis that the synergistic effects of these two 

autologous biomaterials enhance healing and bone regeneration. 

At the three-month follow-up, Group A demonstrated encouraging results: three 

patients exhibited clear clinical improvement with reduced inflammation, decreased 

bone exposure, and improved mucosal integrity, while the remaining three patients 

achieved total mucosal healing with complete closure of the exposed bone sites. These 

early outcomes indicate the positive role of PRP in accelerating the soft tissue healing 

process and enhancing the biological response to L-PRF. Conversely, in Group B, all 

six patients displayed some degree of clinical improvement, such as decreased pain, 

reduced inflammation, and partial mucosal healing; however, none achieved complete 

closure of the exposed bone areas at this stage. This suggests that while L-PRF alone 

promotes healing, the additional growth factor enrichment from PRP may accelerate 

and strengthen the regenerative response during the early postoperative period. 

At the six-month follow-up, the differences between the two groups became more 

pronounced. In Group A, five patients achieved complete healing, including the three 

who had already fully recovered at the earlier follow-up, while one patient experienced 

a relapse characterized by recurrent bone exposure and localized infection. 

Radiographic examination confirmed initial bone regeneration in all cases except the 

one that relapsed, where residual necrotic bone persisted, indicating incomplete 

osseous healing. The bone density in healed sites showed progressive improvement, 

suggesting active remodeling and regeneration stimulated by the combined biological 

action of PRP and L-PRF.Table(4) 
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Table (4)Clinical outcome of Group A 
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In contrast, Group B exhibited more variable and less stable outcomes. Three patients 

achieved total clinical and radiographic healing by six months, while one patient 

showed partial healing without full mucosal closure but no signs of relapse. The 

remaining two patients experienced recurrence of osteonecrosis, evidenced by renewed 

bone exposure and persistent inflammation. Radiographic findings revealed bone 

regeneration only in the three fully healed cases, whereas the other three cases showed 

no significant radiographic improvement, implying limited osteogenic stimulation 

when L-PRF was used without PRP supplementation. Table (5) 

Table (5) Clinical outcome of group B 

 

Number 

Of case 

Disease 

location 

Causing  

agent 

Followup 1 Last followup 

1:  Quadrante 

III,IV 

dranelos 70 mg  

dal 2017 

Clinical 

improvement  

Clinical improvement 

2: 

 

Quadrante 

III 

Denosumab dal 

18/3/2021al 

8/3/2022 

 

Clinical 

improvement 

 

Total healing 

3: 

 

Quadrante  

IV 

Xgeva 3’5/2022  

Clinical 

improvement 

 

Total healing 

4: 

 

Quadrante 

II 

Prolia da 2016  

Clinical 

improvement 

 

Total healing 

5 Quadrante 

II 

Prolia  

Clinical 

improvement 

 

Relapse 

6 Quadrante 

II 

xgeva  

relapse 

 

Relapse 
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When the all results were analyzed, Group A demonstrated a higher rate of complete 

healing, a lower relapse rate, and more consistent radiographic evidence of bone 

regeneration compared to Group B. The relapse rate in Group A was 16.7% (1 out of 

6 cases), whereas Group B recorded a relapse rate of 33.3% (2 out of 6 cases), 

highlighting the enhanced stability and long-term effectiveness of the combined 

therapy. Moreover, radiographic analysis confirmed that the integration of PRP 

improved the quality and quantity of new bone formation, suggesting enhanced 

osteogenic and angiogenic activity at the surgical sites. 

In conclusion, the clinical and radiographic outcomes indicate that the addition of PRP 

to the standard L-PRF surgical treatment protocol for MRONJ improves the healing 

process, both in soft tissue closure and bone regeneration. The synergistic action of 

growth factors, cytokines, and fibrin matrices from PRP and L-PRF appears to enhance 

cellular proliferation, angiogenesis, and osteogenesis, thereby accelerating the overall 

recovery and reducing the risk of relapse. These findings support the use of combined 

PRP and L-PRF therapy as a more effective regenerative approach for managing 

MRONJ compared with L-PRF alone, emphasizing its potential to promote more 

predictable and durable clinical outcomes. 
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3.4. STATISTICAL RESULTS  

 

All data was collected, calculated, tabulated and statistically analyzed. Qualitative data 

was presented as frequencies (n) and percentages (%). Chi-square test was used to 

evaluate significance of association between categorical variables.  

P value ≤ 0.05 is considered be statistically significant. All Statistical analysis was 

performed using the computer program SPSS software for windows version 26.0 

(Statistical Package for Social Science, Armonk, NY: IBM Corp). 

Results  

The analysis compares within the same group (intra-group) and between different 

groups (inter-group) across follow-up times. For the follow-up1 period, Group A shows 

3 clinical improvements (50.0%) and 3 total healing (50.0%), with no relapses in Group 

B (88.33% clinical improvement, 0% total healing) and 1 relapse (16.67%). In the last 

follow-up, Group A records 0 clinical improvements (0.0%) and 5 total healings 

(88.33%), while Group B has 1 clinical improvement (16.67%), 3 total healings 

(50.0%), and 2 relapses (33.33%). The chi-square tests values of 4.5 for follow-up1 

and 1.833 for the last follow-up, with corresponding P values of 0.105 and 0.399, 

indicating no statistically significant differences at the 0.05 level for either time point. 

Overall, neither intra- nor inter-group comparisons show a non-significant difference 

in outcomes (ns), suggesting similar efficacy across groups over time. Fig(20) Table 

(6) 
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    Group A Group B Chi 

square 

P value 

    N % N % 

follow up 1 

Clinical 

improvement 

3 50.0 5 83.33 

4.5 0.105 ns 
Total heling 3 50.0 0 0.00 

Relapse 0 0.0 1 16.67 

last follow up 

Clinical 

improvement 

0 0.0 1 16.67 

1.833 0.399 ns 
Total heling 5 83.33 3 50.00 

Relapse 1 16.67 2 33.33 

chi square test 6.333 4.667     

p value 0.1756 ns 0.323 ns     

 

Table (6) comparing groups results at follow up intervals where Ns, mean significant 

difference at P<0.05  

 

Fig (20) graph represents a comparison of statistical results between group A , B 
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The bone regeneration outcome was evaluated for two groups. Group A had 5 

participants with regeneration (83.33%), while Group B had 3 participants with 

regeneration (50.00%). When considering non-regeneration, Group A had 1 participant 

(16.67%) and Group B had 3 participants (50.00%). The chi-square statistic is 1.5 with 

a p-value of 0.220, indicating no statistically significant difference between the groups 

at P<0.05. Overall, while Group A shows a higher proportion of regeneration, the 

observed difference is not statistically significant.Fig(21)Table (7) 

 

Table (7) representing percentual outcome for the radiographic findings 

 

 

Fig (21) graph demonstrating statistical comparison between radiographic outcome of 

both groups 

 

 

 

 

  Group A Group B chi 

square 

P 

value   N % N % 
Bone regeneration 5 83.33 3 50.00 1.5 0.220 ns 

No 1 16.67 3 50.00 

p value 0.1025 ns 1.0 ns     
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3.5. CLINICAL CASES  

Group A  

Case 1: Female patient 53 years old suffering from MRONJ at quadrant I , had a history 

of breast cancer with metastasis and consumed zometa iv monthly for 2 years  ,xgeva 

subcutaneous injection monthly . 

 

Fig (22) lesion at the first quadrant      Fig(23)surgical sequestrectomy of necrotic bone 

 

 

Fig (24) defect covered by LPRF                                  Fig (25) flap sutured 
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Fig (26) injection of PRP 

 

Fig (27) first followup                                        Fig (28) last follow up after 6 months 

     

Fig( 29) pre operative CBCT                         Fig (30) 6 months CBCT 
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Case 2: female patient 75 years old with a history of breast and utrine cancer , 

consumed xgeva for 4 years subcutaneous injection monthly . 

 

 

Fig (31) preoperative view                    Fig(32)surgical sequestrectomy of necrotic bone 

 

 

 

Fig (33) PRF placement                                   Fig (34) flap closure and PRP injection 
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Fig (35) followup 1 clinical improvement            Fig (36) followup 2 total healing  
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DISCUSSION AND CONCLUSIONS 

 

Discussion 

The present study evaluated and compared the clinical and radiographic outcomes of 

L-PRF used alone and in combination with PRP injection in the surgical management 

of MRONJ. The findings demonstrated that the combined protocol (Group A) achieved 

superior clinical healing, greater radiographic bone regeneration, and a lower relapse 

rate compared with the group treated with L-PRF alone (Group B). At six months, 

83.3% of patients in Group A achieved total healing compared to 50% in Group B, 

while relapse occurred in only one case in Group A versus two in Group B. These 

outcomes suggest a potential synergistic effect when PRP is incorporated into the 

standard L-PRF-based surgical protocol. 

The enhanced outcomes observed in the combined-therapy group align with the 

underlying biological mechanisms of these autologous platelet concentrates. PRP 

provides an immediate, concentrated release of growth factors such as PDGF, VEGF, 

and TGF-β, which stimulate angiogenesis and fibroblast proliferation, while L-PRF 

offers a fibrin matrix capable of sustained cytokine release and cellular migration over 

time (Dohan Ehrenfest et al., 2018; Albanese et al., 2013). The complementary kinetics 

of growth-factor delivery may therefore create an optimal environment for both soft-

tissue closure and early bone regeneration, explaining the more stable healing pattern 

in Group A. 

Comparable healing outcomes have been reported in previous investigations performed 

by other authors, where the use of L-PRF membranes was shown to enhance wound 

stability and bone regeneration in MRONJ patients. Similarly, studies have indicated 

that adjunctive PRP can accelerate mucosal healing and reduce recurrence rates 

compared with surgical treatment alone. More recent reviews have further confirmed 

that platelet concentrates contribute to improved periodontal and peri-implant bone 
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regeneration, reinforcing their regenerative potential. The 83.3% complete-healing rate 

observed in the current Group A cohort aligns with the upper range of reported 

outcomes (typically 70–95%) in research utilizing platelet-based adjuncts for MRONJ. 

(86-95)  

 The radiographic findings in the present study demonstrate clear evidence of new bone 

formation in five of six cases in Group A, supporting previous observations of 

enhanced bone density and structural recovery following the use of growth-

factorenriched scaffolds such as L-PRF. In contrast, only half of the patients in Group 

B exhibited radiographic bone regeneration, indicating that clinical mucosal 

improvement alone does not necessarily reflect true osseous healing, a limitation 

highlighted in prior platelet-therapy studies on chronic oral mucosal conditions. 

(92,93,96,97)  

The lower relapse rate observed in the combined-therapy group (16.7%) compared with 

L-PRF alone (33.3%) also aligns with previously published data suggesting that 

autologous platelet concentrates reduce recurrence when used in MRONJ surgery. 

(87,101)  

Nevertheless, several limitations must be acknowledged. The small sample size limits 

the statistical power and generalizability of the findings, and inter-individual variations 

in MRONJ stage, systemic comorbidities, and ongoing antiresorptive therapy could 

have influenced healing outcomes. Furthermore, heterogeneity in platelet-concentrate 

preparation protocols remains a key limitation in the wider literature, complicating 

direct comparisons between studies. (44,105) Standardization of centrifugation 

parameters, blood volumes, and application timing is therefore crucial for 

reproducibility and evidence synthesis. 

Despite these constraints, the present results contribute to the growing body of 

evidence supporting the use of autologous platelet-derived biomaterials in MRONJ 

management. The combination of L-PRF and PRP may represent a more potent 

regenerative strategy than either material alone, offering both rapid and sustained 
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release of growth factors within a biologically compatible scaffold. Future large-scale, 

randomized controlled studies with standardized protocols and extended follow-up are 

warranted to confirm these preliminary findings and to optimize the clinical integration 

of PRP-augmented L-PRF therapy for MRONJ. (27,43,95-105) (Table 8)   

Parameter Group A Group B 

Clinical total healing (F-up 2) 5/6 cases (83.3%) 3/6 cases (50%) 

Relapse rate 1/6 cases (16.7%) 2/6 cases (33.3%) 

Radiographic bone healing 5/6 cases (83.3%) 3/6 cases (50%) 

Table (8) shows Group A outperforming Group B across all key indicators. 

 

 

Possible Contributing Factors could be variation between the results of the present 

study and those reported in previous literature can be attributed to several 

methodological and biological factors. Firstly, the current research combined L-PRF 

with PRP injections, whereas many earlier studies (86,87,89,105) evaluated either L-PRF or 

PRP as standalone treatments. This combined approach may have produced a 

synergistic regenerative effect, enhancing both early soft tissue healing and long-term 

bone regeneration through the complementary release kinetics of growth factors. 

Secondly, differences in patient selection and MRONJ staging likely influenced 

outcomes many earlier studies included a wider range of lesion severities or systemic 

conditions (e.g., bisphosphonate exposure duration, comorbidities), which can affect 

tissue response and healing predictability. Variations in preparation protocols including 

centrifugation speed, tube type, and activation method can also lead to differing 

concentrations and bioavailability of growth factors, thereby impacting clinical 

efficacy (99). Additionally, the follow-up duration in the present study (six months) may 

have captured early healing benefits more distinctly than longer-term studies, where 
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relapses or remodeling might alter outcomes. Finally, operator techniques and surgical 

protocols, such as flap design, debridement extent, and postoperative management, are 

known to influence success rates in MRONJ management. Together, these 

methodological and biological variables explain why the present study achieved 

somewhat higher and more consistent healing rates than those reported in previous 

investigations. (39,86,87,89,103,104) 

Conclusion 

The findings of this study demonstrate that the combined use of Leukocyte-Platelet 

Rich Fibrin (L-PRF) with Platelet-Rich Plasma (PRP) injections enhances both clinical 

and radiographic healing outcomes in the surgical management of Medication-Related 

Osteonecrosis of the Jaw (MRONJ). Patients treated with the adjunctive PRP protocol 

(Group A) exhibited higher rates of total healing, more consistent bone regeneration, 

and a lower relapse rate compared to those treated with L-PRF alone (Group B). These 

results suggest that the synergistic effect of L-PRF’s fibrin scaffold and the additional 

growth factor concentration from PRP accelerates angiogenesis, osteogenesis, and 

tissue maturation, thereby improving regenerative outcomes. 

When compared with previous studies, the present research highlights the potential 

clinical advantage of combining autologous platelet-based biomaterials rather than 

using them independently. Despite the encouraging outcomes, larger-scale randomized 

trials with standardized preparation protocols and longer follow-up periods are required 

to confirm the durability and reproducibility of these results. Overall, integrating PRP 

with L-PRF represents a promising, biocompatible, and cost-effective strategy for 

improving surgical management and recovery in MRONJ patients. 
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