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Abstract

:

Background: Dental extraction can initiate a sequence of biological events that may lead to an insufficient bone volume, which can compromise implant placement. To minimize bone loss, alveolar ridge preservation procedures were developed. However, smoking has been shown to adversely affect the outcomes of the procedures. Hence, this clinical study aimed to assess the ability of platelet-rich fibrin to maintain ridge volume and its ability to generate vital bone in smokers. Methods: Eighteen current heavy smokers with a total of forty upper molars indicated for extraction and implant placement were randomly allocated to four different groups: an advanced platelet-rich fibrin group (A-PRF) (n = 10), a factor-enriched bone graft matrix covered by A-PRF group (A/S-PRF) (n = 10); a freeze-dried bone allograft covered by a crosslinked collagen membrane group (FDBA/CM) (n = 10), which served as a positive control; and a negative-control resorbable collagen plug group (RCP) (n = 10). Two consecutive high-resolution CBCT images were taken for each augmented socket to evaluate the bone volume, one at baseline and the other after six months, and four different measurements (vertical height, horizontal 1 mm H1, horizontal 3 mm, and horizontal 5 mm) were taken for each image. To evaluate the bone vitality, three bone samples were harvested for each group and were analyzed histologically using H and E staining. The results were analyzed using SPSS version 26.0 through the Wilcoxon sign rank test and Kruskal–Wallis test. Results: In terms of preserving bone volume, A/S-PRF showed no significant reduction in bone after six months, while A-PRF showed a significant loss according to two measurements (vertical and horizontal 5 mm), and the last two groups showed a significant loss in all four measurements. For vital bone formation, three groups (A-PRF, A/S-PRF, and RCP) showed the generation of only vital bone, while the fourth group (FDBA/CM) showed the generation of a mixture of vital and non-vital bone. Conclusions: Based on the outcomes of this study, PRF was able to minimize bone loss following dental extraction and generate vital bone in smokers.
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1. Introduction


Implant dentistry has evolved over the past five decades, becoming a highly predictable treatment modality for partial and completely edentulous patients [1]. It yields excellent long-term results and a survival rate of 93.2% after a ten-year follow-up period [2]. The first requirement for a successful implant is having an adequate volume of bone vertically and horizontally surrounding the implant; long-term prognosis and implant survival may be poor otherwise [3].



Multiple factors can make it difficult to maintain the bone volume necessary for placing implant fixtures, including periodontal inflammation [4], peri-apical pathology [5], and dental extraction [6]. Tooth extractions take place for many reasons, including caries, tooth fractures, periodontal disease, and severe infections that could adversely affect the patient’s dietary habits and general health [7].



Following a dental extraction, the bundle bone surrounding the tooth socket is lost, and gradual resorption of alveolar bone then occurs throughout the patient’s life [8]. This process occurs in two stages; in the first stage, which spans the first eight weeks, the bundle bone is quickly replaced by woven bone due to osteoclastic activity, causing a significant reduction in the socket height because the socket is made of bundle bone alone [9]. In the late stage, the outer surface of the alveolar bone begins to be remodeled, causing it to atrophy in both the vertical and horizontal dimensions. This has been attributed to the absence of dentition [9].



This resorption causes the ridge morphological structure to change substantially, which affects the vertical dimension more than the horizontal, with a reported vertical dimensional change of 11–22% and horizontal dimensional change of 29–63% six months following dental extraction [8]. This could jeopardize implant placement, resulting in compromised function and aesthetics [10]. To minimize bone remodeling, various ridge preservation techniques have been proposed [11].



Alveolar ridge preservation (ARP) is defined by the American Academy of Periodontology (AAP) as a surgical procedure aimed at preventing ridge collapse and preserving the ridge dimensions after tooth extraction [11]. Numerous systematic reviews have shown that it can significantly minimize resorption in the alveolar ridge, both vertically and horizontally [12,13]. The gold standard for augmenting the socket is autogenous bone obtained either intra-orally from the maxillary tuberosity or mandibular ramus and symphysis or extra-orally [14]. However, this type of graft comes with several disadvantages, such as the fact that it requires a second round of surgery, the fact that only a limited quantity of bone can be collected at once, the potential for morbidity at the donor site, the unpredictability of the bone quality, and postoperative discomfort [14]. Therefore, other forms of bone substitutes from other origins, such as allografts, xenografts, and alloplastic materials, have been introduced in clinical practice [15], showing comparable results regarding gains in bone volume as autogenous bone [16,17]. Besides bone substitutes, multiple materials have been used to regenerate bony defects, such as recombinant human bone morphogenetic protein 2 (BMP2), enamel matrix derivatives (EMD), and stem cells [18]. They are commonly used adjunctively with bone grafts to treat bony defects; however, these treatment modalities are often expensive and painful [19].



To further improve the osteogenic potential of bone substitutes, autologous platelet concentrates such as platelet-rich fibrin have been utilized [11]. Platelet-rich fibrin (PRF), a second-generation platelet concentrate, was recently utilized as a grafting material due to its ability to lessen the inflammation of the periodontal tissues, prevent microbial infection, and improve the repair of alveolar bone defects, thereby enhancing bone regeneration [20]. It has shown great potential clinically as a grafting material by limiting bone resorption and accelerating soft tissue closure [21,22]. This is due to its pro-angiogenic effect, mediated by its enhancement of the release of vascular endothelial factor (VEGF), transforming growth factor β1 (TGF-β1) and platelet-derived growth factor (PDGF), thus improving wound healing [23,24], and also due to the enhancement of osteogenesis, by promoting cell proliferation, cell migration, and the osteogenic differentiation of human bone marrow mesenchymal stem cells (hBMSCs) [25] and improving bone formation around dental implants and their stability [26,27].



Smoking is considered a significant risk factor in any surgery conducted in the oral cavity, and it has been proven to increase vertical bone loss and compromise bone density following dental extraction [28,29]. It was also shown that smoking could reduce the blood supply to the area and disturb bone remodeling, which can hinder the preservation of the bone volume for future implant placement [30]. It has also been associated with marginal bone loss surrounding dental implants and a higher incidence of failure [30]. These complications can be explained by the heat and toxic products generated by smoking, such as nicotine, carbon monoxide, and hydrogen cyanide, which cause arteriolar vasoconstriction and decreased blood flow, and disrupt the normal differentiation and migration of gingival fibroblasts [31].



The present clinical trial aimed to analyze the effect of PRF in ARP procedures in terms of minimizing alveolar bone resorption through radiographic interpretation and histological analysis, comparing PRF with commonly used grafting materials for current smokers. The null hypothesis of the study is the absence of any statistically significant effect of using PRF in terms of preserving bone volume after ARP procedures and in generating vital bone in current smokers.




2. Materials and Methods


2.1. Ethical Statement


The institutional review boards of King Saud University Medical City (No. E-21-5999) and the College of Dentistry Research Centre (No. PR 0122) granted the study’s ethical approval. All the participants gave written consent before participating in the study and were free to withdraw at any time. The study followed the requirements of the Helsinki Declaration of 1975 (revised in October 2013) and was registered at clinicaltrials.gov with ID NCT05161455.




2.2. Participants’ Recruitment and Inclusion and Exclusion Criteria


The participants recruited in the study were part of a previous clinical trial conducted by the same authors [32]. Each patient to be included in the original trial had to be a current heavy smoker (defined as smoking 10 or more cigarettes/day) [33] and indicated for extraction and ARP for an upper molar for a future dental implant. To be enrolled, they also had to be free of any active periodontal disease, any endodontic peri-apical lesions, and any active infection in the bone, and the tooth indicated for extraction had to not be ankylosed. They also had to be free of any systemic condition that may have compromised healing, such as uncontrolled diabetes; free of any medical conditions affecting the normal bone formation, such as osteoporosis; and have good oral hygiene.




2.3. Sample Size Calculation


Eighteen participants with forty teeth indicated for extraction and ARP were enrolled in the clinical trial. The number was calculated utilizing G Power, where the confidence level was set at 95% and the power level at 0.5, with a moderate effect size, while accommodating an attrition rate of 10% [32].




2.4. Participant Allocation, Randomization, and Blinding


After an atraumatic extraction, every socket site was randomly allocated using a simple method of randomization to one of the following four groups: Group I (A-PRF) was grafted with advanced platelet-rich fibrin (A-PRF), Group II (A/S-PRF) was grafted with a mixture of freeze-dried bone allograft (FDBA) (Raptos Allograft, Citagenix, Montreal, QC, Canada) and liquid PRF to form a factor-enriched bone graft matrix (commonly known as sticky bone) and covered by A-PRF; Group III (FDBA/CM), serving as a positive-control group, was grafted with FDBA (Raptos Allograft, Citagenix, Montreal, QC, Canada), covered by a crosslinked collagen membrane (Neomem, Citagenix, Montreal, QC, Canada); and Group IV (RCP), serving as a negative-control group, was grafted utilizing a resorbable collagen plug (NeoPlug, Citagenix, Montreal, QC, Canada). The subjects were all entirely blinded to the grafting procedure employed.




2.5. PRF Preparation


Both A-PRF and sticky bone were created using an established protocol [34]. A certified and calibrated dental nurse (L.C.) was hired to collect a 10 mL blood sample per tube (A-PRF tube; Avtec medical, Mt Pleasant, SC, USA) for A-PRF processing. The collected blood was centrifuged for 14 min at 13 × 100 rpm. The fibrin clot, indicating PRF, was retrieved after centrifugation by removing the matrix from the vial with tweezers and removing the associated red clot. It was also flattened using an L-PRF Wound Box (PRF box-mk2; Avtec medical, Mt Pleasant, SC, USA) to generate a membrane by gradually applying moderate, homogeneous pressure. To prepare the sticky bone, blood was collected in one tube (S-PRF tube; Avtec medical, Mt Pleasant, SC, USA) and centrifuged similarly to the prior method. The liquid PRF was then carefully aspirated from the tube with a 2 mL syringe and then mixed with FDBA particles in a 1:1 ratio.




2.6. Radiographic Analysis


For the present study, two consecutive high-resolution CBCT (ProMax® 3D Max, Planmeca, Helsinki, Finland) images with a limited field of view to the quadrant of surgery performed were taken, one at the baseline and the second at six months post-surgery. The voltage, current, exposure time, and detection field were kept constant for each patient at both exposure times. The images were captured at high resolution, with a 0.4 mm voxel size, an exposure time of 20 s scanning (110 kVp, 2.6 mAs) in the sagittal and coronal sections, and a constant slice thickness of 1 mm. A single expert technician was trained to take all the CBCT scans before the surgery and six months after it. A calibration was performed to ensure high intra-examiner reliability in the CBCT measurements; the second investigator (R.A.) presented five different cases to the principal investigator (Y.A.), and he examined them all twice with 2-week intervals until he achieved a high intra-reliability score (kappa score > 0.9). The voltage, current, exposure time and detection field were kept constant for each patient at both exposure times.



The two images were superimposed manually using specialized software (OnDemand3D, Cybermed Inc., Daejeon, Republic of Korea) [35] while using two adjacent anatomical structures as fixed landmarks. Using linear measurement tools, the width of the socket was measured at three different distances of 1, 3, and 5 mm from the most coronal point of the bone crest, and the length of the socket was measured from the bone crest to the sinus floor (Figure 1). The analysis was conducted in central and proximal sites following a 45°-degree orientation at the axis of the tooth as a reference.




2.7. Bone Harvesting


Six months after the ARP procedure and at the time of implant placement, three different bone samples were harvested from each group. The samples were collected as follows: The area indicated for implant placement was anesthetized locally using Lidocaine HCI and a 1:100,000 epinephrine injection (2%Xylocaine, DENTSPLY Pharmaceutical, York, PA, USA), administered buccally and palatally. The surgical stent was used to locate the initially grafted area; then, a full-thickness flap was elevated to expose the underlying bone, and before initiating the implant drilling protocol, a 3 mm in diameter trephine bur (Knochenfrasen-Trephine Bur, Bremen, Germany) was used to harvest a 6 mm long bone sample (Figure 2). Extreme care was taken during harvesting to avoid compromising the implant bed preparation and to avoid jeopardizing implant placement. Afterward, the bone samples were preserved in 10% neutral formalin (Sigma-Aldrich, St. Louis, MO, USA).




2.8. Hard Tissue Histology Sample Preparation


All samples were fixed in 10% formalin and sent for histopathological analysis. The samples were prepared in the histopathology lab at the dental university hospital, King Saud University. Each specimen was transferred to 10% formic acid for the purpose of decalcification (Sigma-Aldrich, MO, USA). After 48 h, the samples were washed under running water for three hours. Immediately after the washing, dehydration, using a tissue processor (HistoCore PEGASUS, Leica Biosystems, Deer Park, IL, USA), was initiated by placing all the specimens into a series of different concentrations of ethanol for 18 h. Following the dehydration, the specimens were embedded in paraffin wax using a tissue embedder machine (HistoCore Arcadia, Leica Biosystems, Deer Park, IL, USA). The blocks were then sectioned into three longitudinal 4.5 μm segments through microtome sectioning, fitted onto glass slides, and stained with Mayer’s hematoxylin and eosin stain (Sigma-Aldrich, MO, USA) using an autostainer (Leica ST5010, Leica Biosystems, Deer Park, IL, USA). All the stained-glass slides were examined under a light microscope by a blind examiner (R.A.) who was not aware of the treatment assignment.




2.9. Statistical Analysis


All the analyses were conducted using version 26.0 of IBM SPSS Statistical software for Windows (SPSS version 26.0, IBM Corp., Armonk, NY, USA). All the quantitative outcome variables (vertical height, horizontal 1 mm H1, horizontal 3 mm, and horizontal 5 mm) are represented using descriptive statistics (mean, median, standard deviation, and interquartile range). Normality tests were performed to assess the skewness of the outcome variables, and the outcomes were analyzed using non-parametric tests. Using the Wilcoxon sign rank test, the mean positive and negative rankings for the differences between the baseline and post-6-month values of the outcome variables were compared in each of the research groups. Additionally, to analyze the means of the differences in the post-6-month and baseline values of the end variables, the Kruskal–Wallis test and the Conover post hoc test were utilized across the four research groups. The results’ statistical significance is highlighted if the p-value was less than 0.05.





3. Results


Eighteen male patients with a total of forty extracted teeth had undergone ARP procedures [32]. Each socket was randomly allocated to four distinct groups, two containing PRF (A-PRF and A/S-PRF) and compared to those in two control groups (FDBA/CM and RCP). The participants were all male and had a mean age of 38 years, and only upper molars (#17, #16, #26, and #27) were included in the study. Regarding the participants’ medical conditions, they were all systemically healthy and current heavy smokers (detailed information about the age range and cigarette consumption are presented in Supplementary Table S1). The outcome variables are relevant for assessing the impact of PRF in ARP—vertical height, horizontal 1 mm, horizontal 3 mm, and horizontal 5 mm—were measured at baseline and after 6 months, using radiographic evaluation. The descriptive statistics for each of the four study groups are presented in Table 1 and Figure 3.



3.1. CBCT Radiographic Assessment


The comparison of the mean ranks of the differences between baseline and post-6 months for each of the four outcome variables (vertical height, horizontal 1 mm, horizontal 3 mm, and horizontal 5 mm) among the four study groups showed no statistically significant differences for any of the four outcome variables. That is, the differences between baseline and post-6 months for vertical height, horizontal 1 mm, horizontal 3 mm, and horizontal 5 mm across the four study groups were not statistically significant. A post hoc test showed that, for the outcome variable (horizontal 5 mm), the differences between baseline and post-6 months for A/S-PRF bone were significantly lower than the differences for the FDBA/CM and RCP groups (p < 0.05) (Table 2) (Figure 3).



The comparison of the mean ranks between baseline and post-6 months for the outcome variables in each of the four study groups showed statistically significant differences for all four outcome variables for two groups (FDBA/CM and RCP). That is, the mean positive and negative ranks for the differences in all these four outcome variables in these two groups were statistically significantly different. These data indicate that the vertical height, horizontal 1 mm, horizontal 3 mm, and horizontal 5 mm values had significantly decreased at 6 months when compared with the values at baseline in these two groups. The corresponding p-values were <0.05. For the PRF group, statistically significant differences were observed for two outcome variables (vertical height and horizontal 5 mm); the values of these two outcome variables in these two groups had decreased at six months when compared with the values at baseline (p = 0.041 and p = 0.007). For the other two outcome variables (horizontal 1 mm and horizontal 3 mm), there were no statistically significant differences between baseline and post-6 months. For another study group (A/S-PRF), the values of all four outcome variables (vertical height, horizontal 1 mm, horizontal 3 mm, and horizontal 5 mm) were not statistically significantly different between baseline and post-6 months (Table 3).




3.2. Histological Analysis


Overall, the A-PRF group showed signs of mature vital bone. However, a small fragment of immature and vital bone was focally observed in one sample. The bone marrow contained fibrofatty tissue with scattered lymphocytes and mast cells (Figure 4A,B). In the A/S-PRF group, complete mature and vital bone formation was detected, with no residual bone graft material. Few neutrophils and lymphocytes were observed within the fibrofatty marrow. In addition, some of the bony trabeculae were rimmed by a layer of osteoblasts (Figure 4C,D). In the FDBA/CM group, two specimens exhibited areas of both mature vital and immature non-vital bone embedded in a fibrofatty marrow and contained scattered inflammatory cells. Interestingly, the non-vital bone was surrounded by a rim of mature bone. These fragments of non-vital bone most likely represented graft material. The third specimen was mainly composed of mature vital bone in a non-inflamed fibrous stroma (Figure 4E,F). Finally, in the RCP group, two specimens showed mature vital bone formation with a considerable amount of fibrofatty bone marrow. In one specimen, the bony trabeculae were surrounded by fibrous tissue (Figure 4G,H).





4. Discussion


This clinical study was designed with two control groups (FDBA/CM and RCP) to verify whether A-PRF or a combination of liquid PRF and FDBA covered by A-PRF would have an additive benefit in maintaining bone in ALP procedures in current heavy smokers. The bone volumes were measured vertically and horizontally at three different levels (horizontal 1 mm, horizontal 3 mm, and horizontal 5 mm) using two CBCT images before extraction and at six months after grafting, and the bone vitality and quality were assessed through histological analysis. Regarding the bone volume, the A/S-PRF group showed no statistically significant reduction in any of the four outcome variables (vertical height, horizontal 1 mm, horizontal 3 mm, and horizontal 5 mm) from baseline to six months, while the A-PRF group showed statistically significant reductions for two outcomes (vertical height and horizontal 5 mm). Both the FDBA/CM and RCP groups showed statistically significant reductions in all four outcomes, showing the lowest ability among the study groups in the maintenance of bone volume compared to baseline. Histological analysis revealed similar bone quality for both PRF groups (A-PRF and A/S-PRF) and the negative-control (RCP) group after six months, with completely vital bone; however, in the RCP group, a considerable amount of fibrofatty bone marrow was observed, while the positive control (FDBA/CM) resulted in a mixture of both vital and non-vital bone. This can be explained by a reduction in blood supply during the bone formation process, which is exacerbated in cases of smoking.



There is still a debate about whether the use of PRF provides an advantage compared to the use of bone grafting alone for bone regeneration [36,37]. However, the present findings suggest that it is justifiable to use it in alveolar ridge preservation, as it was able to maintain the alveolar ridge dimensions and generate vital bone. There are no previous studies that have evaluated the efficacy of PRF in alveolar ridge preservation among smokers; however, multiple studies have investigated the use of PRF in non-smokers, the outcomes of which agree with those of the current study regarding bone regeneration. In one clinical trial where the authors compared PRF with FDBA, they reported that both groups showed significant maintenance of the ridge volume after twelve weeks compared to the baseline; however, there were no statistically significant differences between the two study groups [38]. Another clinical trial examined four unique treatment options—A-PRF, A-PRF + FDBA, and FDBA—and a normal blood clot and found that A-PRF + FDBA resulted in the lowest loss in alveolar ridge volume, while A-PRF performed similarly to FDBA, and the blood clot resulted in the worst outcome. In terms of vital bone formation, both PRF groups showed superior results when compared to FDBA and the blood clot group [39]. In addition, some systematic reviews have reported promising findings regarding the ability of PRF alone or mixed with other grafting materials to preserve bone volume in ARP procedures [11,22].



Cigarette smoking is a significant factor that inhibits bone healing, as it can generate heat and contains multiple toxic chemical products such as nicotine, a potent vasoconstrictor; carbon monoxide, which can decrease oxygen levels; and hydrogen cyanide, which can cause tissue hypoxia [40], thus reducing the blood supply to the graft area, affecting bone remodeling, and jeopardizing the maintenance of bone volume for future implant placement [30,41]. Smoking can also decrease the levels of active vitamin D and calcium, thereby impairing normal hard tissue healing [42]. It has also been shown to negatively affect the mRNA expression of bone sialoprotein (BSP) and osteocalcin (OCN) and increase the expression of type I collagen (COL-I) [43]. Smoking has also been shown to mutate fibroblasts, altering their differentiation and migration [31], and might have a deleterious effect on wound healing after surgery and decrease regeneration, hence increasing implant failure rates and negatively affecting periodontal regenerative surgeries [30,44].



Platelet-rich fibrin has shown great promise as a grafting material, as it has a positive effect on vital bone regeneration. It enhances osteoblast proliferation and cell migration as well as increases the expression of multiple genes related to bone formation, including runt-related transcription factor 2 (Runx2), alkaline phosphatase (ALP), and osteocalcin (OCN) [45]. PRF has also shown, in multiple clinical studies, the ability to improve alveolar bone healing, resulting in better preservation of the alveolar ridge volume when compared to an empty socket [46,47]. Besides its benefits in ARP procedures, PRF has been shown to improve bone formation in maxillary sinus augmentation and make extensive bone regeneration more predictable [48,49]. Given PRF’s numerous benefits in bone healing, it may help to mitigate the adverse effects of toxins generated from cigarette smoking since it has already been shown to improve the healing of soft tissue [32]. This can be confirmed by the present study’s findings, as the A/S-PRF group showed the complete formation of vital bone, while FDBA/CM showed areas of non-vital bone.



Some limitations of the present study should be emphasized. First, a stent was not used while taking CBCT images for standardization, as radiopaque objects may have hindered radiographic interpretation. To reduce this limitation, all the images were taken by the same experienced technician using one device; the voltage, current, exposure time and detection field were kept constant for every image taken, and all the measurements were made after superimposing the before and after images using fixed anatomical landmarks [50]. Second, this study did not follow a split-mouth design, and the participant’s healing capabilities may influence the outcome; to minimize this limitation, the study was conducted in a randomized fashion. Third, the sample size, although larger than that found in similar studies, is still considered small. Fourth, bone harvesting was postponed after six months from grafting due to the expected impaired healing of smokers, but this may have influenced the histological findings presented in the study, as a longer healing time could result in more vital bone [51]. Fifth, due to the nature of the study, it was not possible for the surgeon to be blinded during the grating; however, blinding was established during the radiographic interpretation and histological analysis to eliminate any bias. Lastly, although RCP was used as a negative control, it cannot be considered a true negative control (i.e., unaided socket healing). Whilst this could be considered a limitation, this study was designed to compare the performance of PRF alone or mixed with allograft bone particles in ARP procedures and compare it with other commonly applied methods in augmenting the sockets of smokers; as there was no real justification for leaving the socket empty and risking postoperative complications commonly associated with smoking, such as alveolar osteitis [52], RCP was used as a negative control.



Additionally, some recently introduced compounds have been demonstrated to have a significant influence on the oral environment, such as probiotics and other natural compounds, such as chitosan [53,54], that can modify clinical and microbiological parameters in periodontal patients; these products should be considered in future clinical trials, as adjuvants, also in socket preservation together with PRF.




5. Conclusions


Based on the results of our study and considering its limitations, the use of A/S-PRF in ARP procedures led to better outcomes in maintaining bone volume after six months in current smokers compared to the other treatments used. In addition, it was able to generate vital bone in the area, a further advantage. However, as there are no other studies in the literature that have evaluated the use of PRF in ARP procedures for smokers, further investigations are needed to confirm our results.
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Figure 1. Method for measurement from the CBCT. 
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Figure 2. A trephine bur used to harvest a bone sample. 
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Figure 3. Display of changes in mean vertical (A) and horizontal 1 mm, (B) horizontal 3 mm (C), and horizontal 5 mm (D) measurements between baseline and six months post-surgery among study groups. 
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Figure 4. A-PRF group (A,B): Mature lamellar bone can be observed, with many osteocytes residing in the lacunae, while fibrovascular bone marrow is observed at the periphery (hematoxylin–eosin; original magnification; (A) ×10; (B) ×20). A/S PRF group (C,D): Mature lamellar bone can be observed, with many osteocytes residing in the lacunae. The fibrofatty marrow contains scattered inflammatory cells (C). Osteoblastic rimming (arrow) (D) (hematoxylin–eosin; original magnification; (C) ×10; (D) ×20). FDBA/CM group (E,F): A mixture of mature vital and non-vital bone tissue. The non-vital bone grafted bone is present in the center and surrounded by vital bone (arrow) (F) (hematoxylin–eosin; original magnification; (E) ×10; (F) ×20). RCP group (G,H). Mature/vital bone embedded in a fibrofatty marrow (G). Higher magnification to show the fatty bone marrow (H) (hematoxylin–eosin; original magnification; (G) ×10; (H) ×20). 
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Table 1. Descriptive statistics of outcome variables related to assessing the impact of PRF in ARP using radiographic evaluation across the four study groups.
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Outcome Variables

	
A-PRF

	
A/S-PRF

	
FDBA/CM

	
RCP




	
Mean (Sd.)

	
Median (IQR)

	
Mean (Sd.)

	
Median (IQR)

	
Mean (Sd.)

	
Median (IQR)

	
Mean (Sd.)

	
Median (IQR)






	
Baseline




	
Vertical Height

	
9.66 (2.3)

	
10.21 (3.0)

	
10.63 (2.6)

	
10.90 (3.2)

	
8.46 (3.2)

	
9.10 (4.1)

	
11.0 (1.4)

	
10.85 (2.0)




	
Horizontal 1 mm

	
10.44 (3.4)

	
8.94 (7.4)

	
10.46 (3.1)

	
11.15 (5.0)

	
10.19 (1.8)

	
10.50 (2.3)

	
8.93 (1.7)

	
8.95 (2.3)




	
Horizontal 3 mm

	
11.37 (2.9)

	
9.93 (5.4)

	
12.10 (1.7)

	
12.65 (2.5)

	
11.86 (2.6)

	
12.90 (4.7)

	
9.57 (1.2)

	
9.90 (2.1)




	
Horizontal 5 mm

	
10.75 (1.9)

	
10.21 (2.7)

	
12.20 (1.4)

	
11.95 (2.1)

	
11.08 (4.5)

	
12.80 (5.8)

	
9.76 (1.3)

	
10.00 (2.1)




	
Post-6 months




	
Vertical Height

	
8.72 (2.5)

	
8.80 (2.9)

	
10.36 (2.7)

	
10.30 (3.4)

	
7.17 (2.6)

	
6.30 (2.7)

	
8.89 (1.9)

	
9.15 (3.8)




	
Horizontal 1 mm

	
9.76 (3.2)

	
8.40 (6.5)

	
10.38 (2.8)

	
10.10 (5.4)

	
8.92 (2.0)

	
8.90 (2.4)

	
8.07 (1.1)

	
8.20 (1.8)




	
Horizontal 3 mm

	
10.44 (3.1)

	
9.20 (6.0)

	
11.45 (1.7)

	
11.50 (2.9)

	
10.34 (2.2)

	
10.70 (4.3)

	
8.48 (1.5)

	
8.35 (2.5)




	
Horizontal 5 mm

	
9.99 (2.1)

	
9.00 (2.9)

	
11.99 (1.3)

	
11.65 (1.5)

	
9.36 (3.9)

	
10.0 (4.1)

	
8.51 (1.7)

	
8.35 (3.2)











[image: Table] 





Table 2. Comparison of the mean ranks of the differences between baseline and post-6 months for each of the outcome variables related to assessing the impact of PRF in ARP, using radiographic evaluation, among the four study groups.
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Study Groups

	
The Difference in Vertical Height

	
The Difference in Horizontal 1 mm

	
The Difference in Horizontal 3 mm

	
The Difference in Horizontal 5 mm




	
Mean Ranks

	
p-Value

	
Mean Ranks

	
p-Value

	
Mean Ranks

	
p-Value

	
Mean Ranks

	
p-Value






	
A-PRF

	
19.95

	
0.056

	
21.00

	
0.310

	
19.68

	
0.400

	
18.59

	
0.052




	
A/S-PRF

	
13.25

	
15.70

	
16.50

	
13.70 *




	
FDBA/CM

	
23.55

	
25.80

	
25.05

	
25.20 *




	
RCP

	
27.35

	
21.50

	
22.90

	
26.75 *








* Statistically significant difference according to post hoc test (Conover).
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Table 3. Comparison of mean ranks between baseline and post-6 months for outcome variables related to assessing the impact of PRF in ARP, using radiographic evaluation, in each of the four study groups.
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Outcome Variables

	
A-PRF

	
A/S-PRF

	
FDBA/CM

	
RCP




	
Mean Ranks

	
p-Value

	
Mean Ranks

	
p-Value

	
Mean Ranks

	
p-Value

	
Mean Ranks

	
p-Value






	
Vertical Height post-6 months—Vertical Height BL




	
Negative ranks

	
6.22

	
0.041 *

	
5.43

	
0.283

	
5.22

	
0.047 *

	
5.50

	
0.005 *




	
Positive ranks

	
5.00

	
5.67

	
4.00

	
0.00




	
Horizontal 1 mm post-6 months—Horizontal 1 mm BL




	
Negative ranks

	
6.00

	
0.062

	
6.00

	
0.858

	
5.88

	
0.047 *

	
5.33

	
0.036 *




	
Positive ranks

	
6.00

	
4.20

	
4.00

	
7.00




	
Horizontal 3 mm post-6 months—Horizontal 3 mm BL




	
Negative ranks

	
6.11

	
0.050

	
5.25

	
0.058

	
5.50

	
0.011 *

	
6.00

	
0.007 *




	
Positive ranks

	
5.50

	
2.25

	
1.00

	
1.00




	
Horizontal 5 mm post-6 months—Horizontal 5 mm BL




	
Negative ranks

	
6.00

	
0.007 *

	
4.30

	
0.624

	
4.00

	
0.018 *

	
5.50

	
0.005 *




	
Positive ranks

	
1.00

	
4.83

	
0.00

	
0.00








* Statistically significant.
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