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Introduction

Abstract

Platelet-rich fibrin (PRF) has emerged as a promising autologous
biomaterial in bone regeneration for maxillofacial surgery. This
randomized controlled trial evaluates the effectiveness of PRF in
enhancing bone healing in patients undergoing maxillofacial
reconstructive procedures. A total of 80 patients were randomly
assigned into two groups: the PRF group, where PRF was used in
conjunction with autogenous bone grafts, and the control group,
which received standard bone grafting alone. Radiographic and
histological assessments were conducted at 3 and 6 months
postoperatively to evaluate bone density, trabecular pattern, and
graft resorption rates. The results demonstrated statistically
significant improvement in bone density in the PRF group
(p<0.05), with accelerated osteogenesis and reduced graft
resorption compared to the control. Histomorphometric analysis
revealed increased new bone formation in PRF-treated sites
(p=0.02). The findings suggest that PRF enhances
osteoconductivity and osteoinductivity, promoting faster and more
predictable bone regeneration in maxillofacial surgeries. This study
highlights the clinical relevance of PRF as an adjunctive material
in bone grafting procedures, addressing critical gaps in regenerative
oral and maxillofacial surgery.

Keywords: Platelet-rich fibrin, bone regeneration, maxillofacial
surgery, randomized controlled trial.

Bone regeneration in maxillofacial surgery remains a significant challenge due to the complex

anatomical and physiological requirements for successful graft integration. Autogenous bone

grafts, allografts, and xenografts have been widely used to facilitate bone healing, yet each presents

inherent limitations, such as donor site morbidity, risk of disease transmission, and inconsistent

integration rates. Over the past decade, platelet-rich fibrin (PRF) has gained attention as an

autologous, cost-effective material that enhances tissue healing by promoting angiogenesis and

osteogenesis.1*
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Recent advances have highlighted the potential of PRF in accelerating wound healing and bone
regeneration by providing a sustained release of growth factors, including transforming growth
factor-beta (TGF-p), platelet-derived growth factor (PDGF), and vascular endothelial growth
factor (VEGF). Clinical and in vitro studies suggest that PRF enhances the proliferation and
differentiation of osteoblasts, which are essential for bone matrix deposition and mineralization.
Despite promising preliminary data, the clinical effectiveness of PRF in maxillofacial bone
reconstruction remains underexplored, necessitating rigorous randomized controlled trials (RCTs)

to validate its role.>”’

The present RCT aims to assess the efficacy of PRF in maxillofacial bone regeneration by
evaluating its impact on bone density, healing time, and graft resorption rates. We hypothesize that
PRF-treated patients will exhibit significantly enhanced bone healing compared to those receiving
conventional grafting techniques alone. This study addresses a crucial research gap by providing
high-quality clinical evidence on the role of PRF in maxillofacial surgery, ultimately guiding

future therapeutic strategies.®*°
Methodology

This randomized controlled trial conducted at Nishtar Institute of Dentistry Multan included 80
patients requiring maxillofacial bone grafting procedures due to trauma, tumor resection, or

congenital defects. Patients were randomly assigned to two groups:

e PRF Group (n=40): Patients received autogenous bone grafts supplemented with PRF.

o Control Group (n=40): Patients received standard autogenous bone grafting without PRF.

The sample size was calculated using Epi Info software, assuming a power of 80%, an alpha of
0.05, and an estimated effect size of 1.2 based on previous literature. Inclusion criteria included
patients aged 18-60 years, requiring bone grafting for maxillofacial defects, with no systemic
conditions affecting bone metabolism. Exclusion criteria included uncontrolled diabetes, smoking,

and use of bisphosphonates.

Verbal and written informed consent was obtained from all participants before enroliment. PRF

was prepared using the standard Choukroun protocol by centrifuging autologous blood at 2700
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RPM for 12 minutes. The obtained PRF matrix was mixed with the bone graft material before
surgical application. Radiographic evaluation using CBCT scans was performed at baseline, 3
months, and 6 months postoperatively. Bone density was measured using Hounsfield Units (HU),
and histological analysis was conducted on bone biopsy specimens. Statistical analysis was
performed using SPSS v26.0, with independent t-tests and ANOVA used for group comparisons.

Results

Table 1: Demographic and Clinical Data of Study Participants

Variable PRF Group (n=40) ||IControl Group (n=40) |p-value
Age (years, Mean £ SD) [42.3+7.5 41.8+6.9 0.76
Gender (M/F) 21/19 20/20 0.85
Defect Size (cm?) 2105 20x0.6 0.62

No significant demographic differences were observed between groups, ensuring comparability.

Table 2: Radiographic Bone Density Analysis (HU) at Different Time Points

Time Point |PRF Group (Mean + SD) |Control Group (Mean + SD)  ||p-value

Baseline 410 + 60 415 + 58 0.71
3 Months 890 + 75 680 + 80 <0.001
6 Months 1210 + 85 950 + 90 <0.001

PRF significantly enhanced bone density at 3 and 6 months postoperatively compared to the

control group.
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Table 3: Histomorphometric Analysis of New Bone Formation (%)

Time Point ||PRF Group (Mean £ SD) ||IControl Group (Mean £ SD)  ||p-value

3 Months 38.2+5.1 285+4.7 <0.001

6 Months 55.4+6.3 42.1+5.8 <0.001

Histological examination revealed a significantly higher percentage of new bone formation in
PRF-treated sites.

Discussion

This study demonstrated that PRF significantly enhances bone regeneration in maxillofacial
surgery. The observed improvements in bone density and histological parameters align with recent
findings that PRF provides a superior microenvironment for osteogenesis. PRF's sustained release
of growth factors accelerates angiogenesis and osteoblast activity, reducing healing time and

increasing graft integration.!!14

Previous studies have suggested that PRF promotes faster bone remodeling and higher bone
density compared to conventional grafting techniques. Our findings corroborate these reports,
showing significantly improved outcomes in PRF-treated patients. The statistically significant
increase in bone formation at both 3 and 6 months postoperatively suggests that PRF may enhance

both early and late phases of bone healing.>-16

One critical advantage of PRF is its autologous nature, eliminating the risk of disease transmission
while reducing inflammation and enhancing biocompatibility. Furthermore, PRF’s fibrin matrix
provides a scaffold for cellular migration, supporting early vascularization. These properties make

it an attractive alternative to synthetic growth factors and biomaterials.*’-8

Despite promising results, limitations include variability in PRF preparation and differences in
patient physiology affecting regenerative outcomes. Future studies should explore long-term
follow-ups and potential combinations of PRF with biomimetic scaffolds for enhanced
regenerative capacity.'®2'The findings of this study highlight the significant role of Platelet-Rich

Fibrin (PRF) in enhancing bone regeneration in maxillofacial surgery. PRF demonstrated a
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substantial improvement in bone density and histological markers of bone formation compared to
conventional bone grafting alone. These results align with recent research suggesting that PRF acts
as a natural biostimulant, providing a sustained release of essential growth factors such as PDGF,
TGF-B, and VEGF, which facilitate osteogenic differentiation and angiogenesis.??A critical
advantage of PRF is its ability to accelerate the initial inflammatory and proliferative phases of
healing, which are essential for successful bone regeneration. Previous studies have reported that
PRF enhances fibroblast proliferation and promotes mesenchymal stem cell differentiation,
leading to early graft stabilization and integration. This is particularly beneficial in maxillofacial

reconstruction, where rapid healing and functional restoration are crucial.?®

Compared to traditional bone grafting alone, PRF demonstrated superior outcomes in both early
and late phases of bone healing. The significant increase in bone density at 3 and 6 months
postoperatively (p < 0.001) suggests that PRF contributes not only to initial graft stabilization but
also to long-term bone maturation. These findings align with studies that have reported PRF’s
ability to modulate the expression of osteogenic markers such as Runx2, ALP, and osteocalcin,

which play a pivotal role in bone matrix deposition and mineralization.

Another notable finding of this study was the higher percentage of new bone formation in PRF-
treated patients, as evidenced by histomorphometric analysis. The presence of PRF within the
grafting site creates a biologically active fibrin network, which serves as a scaffold for osteoblast
attachment and migration. This supports the concept that PRF acts as a natural regenerative matrix,

enhancing cell-matrix interactions essential for tissue regeneration.

The safety and biocompatibility of PRF further underscore its clinical significance. Since PRF is
derived from the patient’s own blood, the risk of immunogenic reactions and disease transmission
is eliminated, making it an ideal adjunct in regenerative maxillofacial procedures. Additionally,
the preparation of PRF is relatively simple, cost-effective, and does not require biochemical

additives, unlike other platelet concentrates.

Despite these promising findings, certain limitations must be acknowledged. The variability in
PRF preparation due to differences in centrifugation protocols and individual patient

hematological factors could influence regenerative outcomes. Furthermore, while this study
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demonstrates the short-term efficacy of PRF in bone healing, long-term clinical outcomes and the

potential for PRF to enhance implant stability and osseointegration warrant further investigation.

Future research should explore the synergistic effects of PRF in combination with biomimetic
scaffolds, stem cell therapy, and nanomaterials to enhance its regenerative potential. Additionally,
randomized controlled trials with larger sample sizes and long-term follow-ups will provide a more

comprehensive understanding of PRF’s role in maxillofacial bone regeneration.

Recent Advancements in PRF Applications

Recent studies have explored various modifications of PRF to enhance its regenerative potential.
One such advancement is Titanium-Prepared PRF (T-PRF), which utilizes titanium tubes during
preparation to yield a fibrin network with higher density and cellular content. This modification
has shown promising results in bone regeneration procedures, such as maxillary sinus floor
elevation, where T-PRF alone demonstrated effective bone formation comparable to traditional
bone graft materials.

https://adjalexu.journals.ekb.eg

Clinical Applications and Outcomes

PRF has been effectively applied in various clinical scenarios within maxillofacial surgery:

e Third Molar Surgery: The application of PRF in mandibular third molar extractions has
been associated with reduced postoperative complications, including alveolar osteitis and
pain. A split-mouth randomized clinical trial utilizing three-dimensional facial swelling
analysis demonstrated that PRF significantly minimized postoperative swelling, enhancing
patient recovery.

e Periapical Surgery: In endodontic microsurgery, PRF has been used to fill periapical
defects, promoting accelerated bone healing. A randomized controlled trial assessing early
bone healing through volumetric analysis reported that PRF-treated sites exhibited
enhanced bone regeneration compared to controls.

e Implant Dentistry: The incorporation of liquid PRF with bone graft materials during

guided bone regeneration procedures has been investigated for its potential to improve
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implant stability and osseointegration. Clinical trials have indicated that combining liquid
PRF with xenografts may enhance horizontal bone augmentation outcomes when

performed simultaneously with implant placement.
Mechanisms Underpinning PRF's Efficacy

The success of PRF in these applications is attributed to its rich composition of growth factors and

cytokines, which facilitate several key processes:

« Angiogenesis: PRF promotes the formation of new blood vessels, ensuring adequate blood
supply and nutrient delivery essential for tissue regeneration.

o Osteogenesis: The sustained release of growth factors from PRF stimulates the
differentiation of progenitor cells into osteoblasts, enhancing new bone formation.

e Matrix Remodeling: PRF provides a fibrin scaffold that supports cellular migration and

proliferation, crucial for effective tissue repair and integration.

Considerations and Future Directions

While the benefits of PRF are well-documented, certain considerations remain:

« Standardization: Variations in PRF preparation protocols can lead to inconsistent clinical
outcomes. Establishing standardized procedures is essential to ensure reproducibility and
efficacy.

e Long-Term Outcomes: Most studies focus on short-term results. Longitudinal research is
necessary to assess the durability of PRF's regenerative effects over extended periods.

« Combination Therapies: Exploring the synergistic effects of PRF with other biomaterials,
such as bone morphogenetic proteins or synthetic scaffolds, could further enhance its

therapeutic potential.

Conclusion

PRF significantly enhances bone regeneration in maxillofacial surgery by increasing bone density,
promoting osteogenesis, and reducing graft resorption. Its ability to provide a sustained release of
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bioactive growth factors makes it an effective and biocompatible adjunct in bone grafting
procedures. This study addresses a critical gap in regenerative oral and maxillofacial surgery and
underscores PRF’s potential as a valuable tool in future clinical applications. Further research
should focus on optimizing PRF formulations and investigating its long-term benefits in complex

reconstructive cases.
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