
Review began 10/04/2023 
Review ended 10/07/2023 
Published 10/12/2023

© Copyright 2023
Nagrani et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Use of Injectable Platelet-Rich Fibrin
Accompanied by Bone Graft in Socket Endurance:
A Radiographic and Histological Study
Tanya Nagrani  , Santosh Kumar  , Md. Ahsanul Haq  , Sivaraman Dhanasekaran  , Shreya Gajjar  ,
Chandni Patel  , Susmita Sinha  , Mainul Haque  

1. Periodontology, Karnavati School of Dentistry, Karnavati University, Gandhinagar, IND 2. Periodontology and
Implantology, Karnavati School of Dentistry, Karnavati University, Gandhinagar, IND 3. Bio-Statistics, Infectious
Diseases Division, icddr, b, Dhaka, BGD 4. School of Energy Technology, Pandit Deendayal Energy University,
Gandhinagar, IND 5. Physiology, Khulna City Medical College and Hospital, Khulna, BGD 6. Karnavati Scientific
Research Center (KSRC), Karnavati School of Dentistry, Karnavati University, Gandhinagar, IND 7. Pharmacology and
Therapeutics, National Defence University of Malaysia, Kuala Lumpur, MYS

Corresponding author: Mainul Haque, runurono@gmail.com

Abstract
Background
Ridge preservation became a crucial dental health issue and strategy to keep away from ridge defacement
after post-tooth loss. The recent scientific evolution of platelet-rich fibrin (PRF) comprises a parenteral
formulation of PRF. The combined allograft for socket preservation gives benefits. In this study, bone
allografts, demineralized freeze-dried bone allografts (DFDBA) and freeze-dried bone allografts (FDBA) are
used in a 30:70 ratio alone or in combination with injectable PRF (I-PRF) for socket preservation.

Methods
This study is a radiographic and histological examination conducted on 60 participants aged between 19-65
years. Participating patients agreed voluntarily that they would not bear any fixed prosthesis for the next
nine months and plan for implanted teeth placement, including multi-rooted mandibular molars denticles.
Both groups received atraumatic extraction; then, the socket was preserved with bone allograft alone in the
control group and bone allograft mixed with I-PRF, forming sticky bone, in the experimental group. Clinical,
radiological, and histological assessments were taken at the inception stage, three months, six months, and
nine months. A multivariate regression model and a generalized estimating equation (GEE) model were used
to analyse the effects of these changes on outcomes.

Results
In all the parameters, the test group indicated a good amount of bone growth with increasing intervals of
time for bone height radiographically with statistically significant difference present (p<0.05) and
histologically after nine months when socket site grafted with bone graft in combination with I-PRF.

Conclusion
This study's results demonstrated that I-PRF possesses the potential to regenerate and heal in the tooth-
extracted socket. This study further recommends the implementation of I-PRF in safeguarding and
conserving the raised rim of the tooth. Future research should take place on the osteogenic capability of I-
PRF in more comprehensive ridge accession surgical procedures and additional expanding and improving
capacities in periodontal reconstruction.

Categories: Transplantation, Dentistry, Therapeutics
Keywords: demineralized freeze-dried bone allografts, platelet-rich-fibrin, fdba, freeze-dried bone allograft, i-prf,
injectable prf, bone allograft, socket preservation, socket plug technique, bone morphogenic protein

Introduction
It has been reported that most dental extractions are done without respect for the alveolar ridge
preservation [1-4]. They are thus one of the most common causes of dimensions and morphological changes
in the alveolar ridge [5-7]. Many experimental studies have demonstrated that the coronal section of the
dental extraction sockets of the buccal bone wall commonly lacks bundle bone [8,9]. After that, tooth
extraction often leads to poor functional ability of the bundle bone [6,10,11]. It is resorbed due to
osteoclastic activity, which changes the buccal crest dimensions. The tooth socket's buccal wall is usually
resorbed partially or vertically and horizontally, resulting in bucco-oral alterations [12,13].

Multiple researchers have coined the "socket plug" technique to describe various socket protection
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techniques [14-18]. The method is divided into atraumatic tooth extractions, a conservative flap design,
biomaterial implantation, and suturing [14]. There was a notable presence of osteoclasts in the section of the
alveolar ridge that is unveiled [19,20], showing surface resorption symptoms in the initial few weeks of
healing dental patients [15,21]. This could also elucidate the dimensional shifts following tooth extraction
[22-24]. As a result, preserving the tooth extraction socket becomes a critical responsibility that can be
accomplished through various methods [25,26]; however, it must also ensure long-term bone volume
stability and be based on reliable research [7,27].

There is a higher reduction of the highest point of the dental crest in the mandibular than in the maxillary
[28-30]. In contrast, ridge width loss is considerably more on the buccal plate in the mandibular and
maxillary situates [28,30]. Post-extraction resorption is associated with thinner buccal plates [11,31,32].
Erstwhile researchers have found that a complete mucoperiosteal flap causes crestal bone loss [33-36], which
could be linked to bone loss after tooth extraction [37,38].

Platelet-rich fibrin (PRF) has grown in popularity through the last decennium and is now used in several
dentistry and medical procedures [39-41]. PRF is used in dentistry for extraction socket preservation,
gingival recession treatment, intrabony defects, periodontal defect regeneration, and hyperplastic gingival
tissues [42,43].

The latest scientific progress in PRF is injectable PRF (I-PRF) [44,45]. Previously conducted research
reported that possessing shortcomings of PRF over platelet-rich plasma (PRP) is that it is obtained only in a
gel form, which limits its applications [46,47]. Consequently, it is not suitable for that clinical condition
requiring injections. A liquid form of I-PRF has recently been created and remains liquid for 15-20 minutes
[48,49]. I-PRF currently serves as one kind of human tissue regeneration [40]. I-PRF has progressed by
injecting corresponding homologized PRF into patients' damaged soft tissue, mucous membranes, or skin
[48,50].

Some researchers have combined I-PRF with bone graft particles to improve the biotic and material features
of the implanted substances [51,52]. The amalgamation or blended version has proven advantages, including
increased angiogenesis and outstanding therapeutic capabilities by merging the minute bone grains into an
immense substance for bone grafting operative procedures [53-56]. Thus, additional bone grafts with I-PRF
have a considerable therapeutic effect in enhancing the dental socket repair process [56,57]. Most preferred
bone grafts are allograft, xenograft, and alloplast [58,59].

Various types of bone allografts such as freeze-dried bone allografts (FDBA), demineralized freeze-dried
bone allografts (DFDBA), and fresh-frozen bone allografts (FFBA) are available [60,61]. The use of FFBA and
DFDBA has been minimized because of immune response complications, which were previously well-known
in relation to fresh-frozen bone [62-64]. Nowadays, FFBA and DFDBA are the most often utilized allografts
for dental crest safeguarding [30,65-67]. FDBA revascularization ensues at the acquirable patient site by
coalescing or restoring (creeping swapping) and evolving connective tissue regions [65]. DFDBA primarily
comprises collagen but contains other proteins, such as bone morphogenetic proteins (BMPs) and
osteoinductive bone components [68,69]. Additional growth factors are present, such as platelet-derived and
transforming growth factors [70,71]. BMP has been proven to increase the differentiation of osteoblasts
[72,73]. A combination of different allografts for dental extraction cavity preserved better than a single graft
and benefited both the patient and treatment strategy, as blended graft results in volume stability and
improved bone quality and composition [74]. A study revealed that coalescence allografts show better
clinical outcomes with regard to maintaining ridge features (both height and width) and graft unification
[75].

This study combined different grafts and compared their impact with I-PRF on alveolar ridge preservation.
Dental ridge preservation is critical because, after tooth extraction, the socket forms, causing ridge
destruction. This bone loss further promotes difficulty in mastication, speaking, socialization, and lifestyle
disorders [1,65,76,77]. Furthermore, the current study is designed to appraise and assess the equivalence of
the histological, radiographic, and clinical parameters of using I-PRF with bone or bone graft to preserve
extraction sockets. The objectives were to assess the preservation of the socket site next to extraction,
protection following single-tooth extraction site using combination graft (DFDBA and FDBA), preservation
following single-tooth extraction using I-PRF gel and combination graft (DFDBA+FDBA), analyzing the use
of bone graft alone or in a mixture of bone graft and I-PRF.

Materials And Methods
Study design and patient criteria
This was a clinical, radiographic, and histological study conducted in the Department of Periodontics at
Karnavati School of Dentistry, Gandhinagar, Gujarat, India. Prior permission and consent were obtained
from the patients. After considering all the inclusion and exclusion criteria, 60 participants were selected for
the study, aged between 19 and 65 (Figure 1).
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FIGURE 1: A flow chart portraying the study design
Notes: This figure has been drawn with the premium version of BioRender (https://biorender.com/ accessed on
September 23, 2023) with the license number LI25VX6EWO. Image credit: Susmita Sinha

PRF: platelet-rich fibrin; I-PRF: injectable platelet-rich fibrin; DFDBA: demineralized freeze-dried bone allograft;
FDBA: freeze-dried bone allograft

Sampling method
Sixty patients were selected without maintaining any inequity of socio-economic status, religion, caste, and
sex. After obtaining the informed consent, study procedures were performed. The sampling method used
was simple random sampling in which subjects were divided randomly into two groups (control and test
group) by coin toss method. The sample size was calculated by using the following formula: n= (Zα/2 + Zβ)2
*2* σ2/d2, where Zα/2 = the critical value of the normal distribution at α/2 (confidence level = 95%, α = 0.05,
and the critical value = 1.96), Zβ = the critical value of the normal distribution at β (power = 80%, β = 0.2 and
the critical value = 0.84), σ2 = population variance, and d = the difference researcher would like to detect [78].

Patient selection principles
Inclusion Criteria

Patients aged between 18 and 65 years who required implants in the mandibular posterior region, who
voluntarily agreed to avoid any fixed prosthesis for nine months, and who gave written consent for the
therapeutic intervention were included in this research.

Exclusion Criteria

Patients with poor oral hygiene, compromised medical conditions such as diabetes and heart-related disease,
on medication that could alter the restoration of periodontal trauma such as corticosteroids and Ca2+
channel blockers, with medication reactions, with a history of chronic illness, pregnant females, teeth
indicated for extraction for orthodontic purposes, third molar teeth indicated for extraction, and with
history of smoking were excluded from the study.

Surgical methods
The dental surgical process was done under local anaesthesia, using 2% lignocaine hydrochloride with
adrenaline as 1:80,000. According to the technique developed by Miron et al. [79] for the formulating of I-
PRF, 10 ml of whole blood was taken from the experiment group patient without anticoagulant in plastic
tubes and centrifuged at 700 rpm for three minutes (60×g) at standard temperature (23°C or 73.4 °F) and
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pressure in a centrifuge machine. The topmost liquescent layer was collected as I-PRF. In both groups,
atraumatic extraction was performed gently to not damage the alveolar ridge. The buccolingual width
measurement was taken using a vernier calliper. A radiograph at baseline was taken after extraction. Bone
graft DFDBA (500-1040 μm) and FDBA (500-1040 μm) were mixed in a 30:70 ratio for the control group. The
dental defect (socket formation) was shielded with a bio-resorbable collagen plug to protect the remaining
1-2 mm augmented socket over graft material, and then a 3-0 non-recordable silk figure-of-eight suture was
taken for retention of graft material in the dental extraction pocket and roofed with periodontal pack. In the
test group, bone graft DFDBA and FDBA were mixed in a 30:70 ratio, and the I-PRF was mixed with bone
graft left for five to seven minutes for polymerization to form the sticky bone. The mix was then placed into
the dental extraction socket. A collagen plug was placed to cover the tenacious bone and then sutured to the
adjacent soft tissues using non-resorbable suturing material and a periodontal pack like the control group.

The patient remains on antimicrobial medication for three days, accompanied by anodynes for three days.
Chlorhexidine gluconate solution (0.2% of 5-10 ml to be rinsed for five minutes twice daily) was instituted
for the first postoperative week. After 10 days, patients were summoned back for removal of the black silk
sutures, evaluation of the tissue reaction, and recovery from the surgical wound. Radiographic and clinical
parameters were appraised at baseline, three months, six months, and nine months. After nine months, after
taking the radiograph, local anaesthesia was given to the patient, crestal incision was granted, and a flap was
reflected. Then, the ridge was measured using a vernier calliper.

A bone biopsy was sent to the Karnavati School of Dentistry's Oral Pathology Department for histological
evaluation. At the time of osteotomy preparation, a bone slice was obtained using a trephine bur for
histological processing before the implant was inserted. The sample was then transferred into 10% neutral
buffered formalin (fixative) for 24 hours. Then, the tissue sample was placed in a 5% nitric acid solution for
more than 48 hours for decalcification. The solution was changed every 24 hours, then dehydrated in
ethanol and embedded in paraffin. When decalcification was completed, the tissue sample was rinsed with
water to remove acid particles. The sample was transferred into an automatic tissue processor for tissue
processing and followed by a routine hematoxylin and eosin staining procedure.

The histomorphometric analysis was carried out for each core; a few sections were created. Each part was
magnified four times to see which produced the most outstanding high-power evaluation. The portion was
analyzed at a magnification of 10-40x to safeguard precise investigation of new vital bone, residual graft,
and connective tissue/other. The connective tissue/other group includes vascularity, loose fibrous
connective tissue, and inflammatory cells. Researchers utilized image editing software to confirm after the
core was segmented into manifold constituents (residual graft, vital bone, connective tissue, etc.). To
establish the percent area of each element of the bone core, the total number of pixels for each picture was
computed and counted, and the percentage of pixels for each image was determined.

Landry et al. first coined the healing index [80-84] to portray the level of clinical healing following
periodontal surgery, and it was updated to be utilized for extraction socket healing after 10 days.
Radiovisiographs (RVG) were obtained utilizing the Rinn XCP system (Dentsply Sirona, Charlotte, North
Carolina, United States) and a uniform paralleling approach using a typical intraoral grid. To assess the
alveolar bone height, the radiographic data were recorded with a grid at the preoperative baseline, three
months, six months, and nine months after surgery. 

Ethical approval
The Ethics Committee of the Karnavati School of Dentistry, Karnavati University, Gandhinagar, Gujarat,
India, approved this study (approval number: KSDEC/20-21/Apr/09, dated December 18, 2020). All study
subjects were briefed regarding the aims and objectives of the study and future publication. Written
informant consent was obtained before any intervention was conducted. Additionally, this study was
anonymous, and research participants had every right to refuse to be included.

Statistical analysis
A multivariate regression model was employed to track alterations in the area of defect, percent bone filling,
linear bone growth, and buccolingual width as dependent variables. The two groups (test and control) were
utilized as independent variables to explore changes in outcome levels at baseline, three months, six
months, and nine months. The multivariate regression analysis was adjusted for age and sex. Patients were
repeatedly assessed with time, spanning from baseline through three, six, and nine months. A generalized
estimating equation (GEE) model utilizing an exchangeable correlation matrix was employed to evaluate the
effects of these changes on outcomes. The statistical models were adjusted for age, sex, time points
(baseline, three months, six months, and nine months), and the interaction between the treatment group
and time. A p-value ≤ 0.05 was considered as significant. Data was analyzed using the Stata Statistical
Software: Release 15 (2017; StataCorp LLC, College Station, Texas, United States), and GraphPad Prism 8.3.0
(2019; Dotmatics, Boston, Massachusetts, United States) was used for the graphical presentation. 

Results
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The measurement of crestal bone height was conducted radiographically, employing the extended cone
technique and RVG technology. To establish a standardized radiograph, a radiopaque millimetre-graduated
grid was used with a radiographic imaging technique known as RVG. This approach was adopted to mitigate
potential distortions and facilitate accurate measurements of the crestal bone height, as depicted in Figure
2. The spatial separation amid the two radiopaque squares within the grid was measured to be 1 mm. The
areas of defect are filled with new bone, which was visible on radiographs taken at baseline (Figure 3a), three
months (Figure 3b), six months (Figure 3c), and nine months (Figure 3d).

FIGURE 2: The areas marked in blue circle show: (a) the extracted
socket at baseline, (b) mild bone formation at the end of three months,
(c) moderate bone formation at six months, and (d) even denser bone at
nine months, which signifies constant bone formation.

When analyzing the detectable area between the test and control groups during different study periods, a
notable increase was identified at baseline (β=7.14, 95%CI= -0.88, -15.2, p=0.050). In contrast, a significant
decline was noted at the nine-month mark (β=-2.94, 95%CI= -8.29, -0.30, p=0.044) compared to the
investigated group, as outlined in Table 1. Given the significant difference observed at baseline, the GEE
model was further adjusted to include baseline as a covariate. This adjustment revealed a noteworthy
decrease in the test group (β=-0.98, 95%CI= -5.11, -0.04, p=0.031) than in the control group (Table 1).

 β (95% CI) p-value

Area of defect   

Baseline 7.14(0.88, 15.20) 0.050

Month 3 -0.05(-7.18, 7.09) 0.990

Month 6 -0.23(-6.73, 6.27) 0.943

Month 9 -2.94(-8.19, -0.3) 0.044

*Overall changes 0.67(-5.11, 7.07) 0.753

#Overall changes -0.98(-5.11, -0.04) 0.031

TABLE 1: Association between the experimental batch and the control group around defect at
baseline, three months, six months, nine months, and overall changes in the test cluster
Notes: The p-value was estimated using a multivariate regression model, adjusted for age and sex.

*The study employed a GEE model with an exchangeable correlation matrix to examine the overall modifications between the experimental folk and the
control sample model. The statistical model was adjusted for covariates, including age, sex, and time points (Baseline,  three months, six months, nine
months). Furthermore, the data was corrected based on the established baseline. 

GEE: generalized estimating equation

In Figure 2 and Figure 3A, the test group displayed a significantly more pronounced level of bone filling as a
proportion (54.6±13.4), in contrast to the control group (41.3±7.92), indicating a substantial increase
(p<0.001). Furthermore, in Figure 3B, the study findings revealed that the experimental cluster had a
significantly greater linear bone development (3.90±0.92) than the control group (2.70±0.47). Despite
considering age and sex as covariates during the analysis, no discernible impact modification was identified.
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FIGURE 3: Mean difference of percent bone fill and linear bone growth
between test and control group. The p-value was estimated using a
multivariate regression model adjusted for age and sex

The buccolingual thickness of the alveolar bone was quantified in mm using vernier callipers at the crestal
level. Researchers employed a repeated measure analysis of variance (ANOVA). It was ascertained that the
buccolingual width exhibited a statistically significant decrease (p<0.001) at the nine-month time point
compared to the baseline for both the control and investigated clusters. Nevertheless, the findings derived
from a multivariate regression analysis revealed that, following a period of nine months, the experimental
group (mean=7.68, SD=0.84) displayed a statistically noteworthy rise in buccolingual width equated to the
control assemblage (mean=7.03, SD=1.07), as depicted in Figure 4.
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FIGURE 4: Comparison of buccolingual between test and control group
at baseline and at six months. The researchers employed a multivariate
regression model to assess the comparability between groups, while a
repeated measure ANOVA was used to examine the difference between
groups at baseline and nine months. The model was adjusted for age
and sex.

In this study of histological specimens, both groups utilized IMAGE J software (National Institutes of
Health, Stapleton, New York, United States) to quantify the proportions of new bone, provisional matrix, and
residual graft (Figure 5). The test group exhibited a notably more significant percentage of vital bone than
the control group, with a p-value to a lesser extent than 0.001 (Table 2). This finding was consistent with the
observation in other instances, where the test group consistently demonstrated a more significant
percentage than the control assembly, with a p-value of less than 0.001 (Figure 5).
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FIGURE 5: The histological sections of the control group (A) and the
experimental group (B) show small areas of newly formed bone with
plump osteocytes inside lacunae, also seen mostly in peripheral
lamellar bone surrounding the residual graft material. The blue circles
signify osteocytes residing within lacunae, which are recognized as
essential bone components, while absence of osteocytes indicate a
residual graft.

 Control group (n=30) Test group (n=30) p-value

Vital bone, % 38.4±12.5 42.6±1.76 0.076

Residual graft, % 14.3±6.80 7.69±1.78 <0.001

Others, % 52.5±7.97 43.9±1.03 <0.001

TABLE 2: Mean difference of percent vital bone, residual graft, and others between test and
control group
Notes: Data was presented as mean±SD, and an independent sample t-test was used to estimate the p-value

Discussion
The principal objective of the current study was to assess bone repair at the socket site after extraction
utilizing bone graft (DFDBA and FDBA) and I-PRF. Chenchev et al. employed blended bone graft materials
and PRF in their study, and the observed positive clinical and radiographic outcomes suggest potential
benefits in utilizing advanced PRF (A-PRF) and I-PRF for alveolar ridge bone augmentation before implant
placement [85]. Autogenous bone grafts are challenging to harvest [85] and require a second surgical site.
The utilization of the combination allograft stemmed in a statistically suggestive escalation in the average
amount of viable bone development and a decrease in the remaining amount of non-viable material.
Harvesting autogenous bone grafts poses substantial challenges [86-88] and necessitates a second surgical
site [89,90]. At 18-20 weeks after succeeding alveolar ridge perpetuation, the utilization of a combination
allograft yielded a significantly greater average formation of vivacious osseous matter and reduced the
number of transplanted substances [91-93]. When assessing the capacity to create essential bone in alveolar
ridge preservation, DFDBA alone has been demonstrated to be grander for spontaneous therapeutic
processes [94,95].

On the other hand, using FDBA as an osteoconductive platform for new bone construction enables the
preservation of airspace and clot stability throughout the healing process [64,96,97]. Forty-two individuals
were assigned randomly, resulting in two groups of identical size. These groups were administered 100%
mineralized FDBA (active control group) or a 70% mineralized:30% demineralized allograft (experimental
cluster) for ridge conservancy. This study supports with histologic evidence that a mix of
mineralized/demineralized allograft results in higher new bone growth compared to 100% mineralized FDBA
in alveolar ridge preservation in people. This research results were in the same line with earlier research
reports [91,98]. Paralleled to FDBA unaided in alveolar ridge salvation, a combination allograft improves
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vital bone development while offering equivalent structural permanence of the alveolar crest [91,99]. Thus,
we have used a combination graft here. No earlier study has previously compared socket site preservation
using bone graft and I-PRF in India. Therefore, the present analysis evaluated the socket site preservation
succeeding single tooth extraction using a combination of composite grafts alone and I-PRF in bone
rejuvenation when placed in the extraction socket.

No statistically noteworthy dissimilarity was detected amid the two assemblages, suggesting no significant
disparities in the healing of wound sockets. This lack of difference may be attributed to the utilization of
collagen plugs and the suturing location in both the experimental and control sites. Additionally, selecting
patients free from periodontal or asymptomatic apical periodontitis in mutually investigated and control
sites may have contributed to these findings [14].

The alveolar bone width was measured at the crestal level using vernier callipers, with the unit of measure
being mm [100]. However, other studies reported that an innovative cone-beam computed tomography
(CBCT) scanning procedure is preferred [101,102]. The test group exhibited a greater buccolingual width
than the control group. Only crestal bone levels are measured because crestal alveolar bone is most altered.
According to a study by Nisar et al., the crestal levels showed maximum alterations from baseline to six
months [14]. Any benefit in new bone growth from the resorbable collagen dressing could be due to the graft
substance. This was significant because one of potential PRF's benefits is its thick fibrin arrangement, which
may have cell plosive potentials.

On the other hand, the absence of a membrane could be problematic [99,103]. Famili et al. studied 20
extraction sockets in a sample of six persons [75]. The alveolar elevation was continued using a DFDBA or a
70:30 mixed allograft. The results showed minimal differences between the two grafting ingredients when
utilizing CBCT to measure deviations in the alveolar ridge features.

Wang et al. studied using I-PRF instead of standard PRP improved osteoblast behaviour [104]. Based on the
researchers' findings, it was seen that the administration of PRP resulted in a two-fold higher in the
migration of osteoblastic cells than to the control faction. The migration rate of I-PRF was three times
higher than that of tissue culture plastic. In contrast to PRP, the researchers observed that I-PR exhibits a
notably elevated proliferation rate for three to five days. According to their assertion, the utilization of I-
PRF yielded more reliable results. I-PRF has been observed to induce a significant enhancement in cellular
migration. The messenger RNA levels of PDGF, TGF-, type I collagen, and fibronectin were elevated in I-PRF
than in PRP. The researchers concluded that I-PRF utilization is crucial and can be achieved without
anticoagulants.

Thanasrisuebwong et al. employed red I-PRF, utilizing the top yellow zone for the collection of yellow I-PRF
and both the yellow and red zones of the buffy coat for the collection of red I-PRF fractions [105]. Based on
the findings of the scientists, it was observed that red I-PRF exhibited enhanced biological capabilities and
demonstrated the release of growth factors during a timeframe of 7-14 days. Furthermore, it has been
observed that the yellow I-PRF exhibits enhanced viscoelastic characteristics.

In a recent study conducted by Kyyak et al., the researchers examined the impact of two different bone
replacement materials, namely allogenic bone replacement material (ABSM) and xenogenic bone
replacement material (XBSM), on the cellular characteristics of human osteoblasts [106]. The examination
also explored the impacts of incorporating an additional element known as I-PRF into both materials. The
study employed an in vitro experimental design [106]. I-PRF has been observed to enhance cellular
migration proliferation differentiation when used independently and, to a lesser extent, when combined
with ABSM and XBSM. This phenomenon can potentially confer a clinical benefit in accelerated bone repair.
Gülşen et al. appraised the process of new bone formation after sinus floor augmentation. This investigation
specifically focused on utilizing collagen plugs as carriers for I-PRF research [107]. A notable disparity in the
construction of new bone was seen during the six-month evaluation period. Sinus floor augmentation
involved the regeneration of new bone using I-PRF, which was delivered via collagen plugs. Several studies
have indicated that non-restorable molar teeth, which had undergone endodontic treatment, underwent
expedited bone grafting to facilitate subsequent implant placement. The application of I-PRF was employed
to enhance the efficacy of each bone graft, leading to a notable increase in the proportion of newly formed
essential bone [108-110]. This is likely due to the constant I- PRF's gradual release and supply of growth
factors [111,112].

Results of the current study indicated bone growth with increasing time intervals for both groups from
baseline to nine months but they were better in the experimental group than in the control. Nisar et al.
showed improvement in linear bone growth for both groups compared to baseline [14]. In our study, the
improvement in the test group using bone graft with combination allograft showed promising results
compared to combination bone allograft used alone. Linear bone growth showed a significant difference
between both groups, and the amount of bone growth in the test cluster was higher than in the control
group. Also, the bone fill percent was 54% in the experimental group and 41% in the control group. Among
all the parameters taken, the test group indicated good bone growth with increasing intervals when the
socket site was grafted with bone graft in combination with I-PRF.
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The study data was obtained radiographically using a grid, followed by Thakkar et al. [113]; vernier callipers
were used to measure the breadth of the alveolar ridge, and a grid was used to calibrate radiographs. When
both groups were evaluated, the findings of this study revealed a substantial drop in ridge width and height
for both groups after 90 and 180 days. PRF paired with DFDBA retained ridge width more effectively than
DFDBA alone. Consequently, radiographic parameters are standardized when employing a calibrated grid.

In the analysis of histological specimens, both groups utilized ImageJ software, a publicly available Java
image processing program developed at the National Institutes of Health and the Laboratory for Optical and
Computational Instrumentation (LOCI), University of Wisconsin, Madison, Wisconsin, United States, to
measure the proportions of new bone, provisional matrix, and residual graft. The control group exhibited a
mean value of percent vital bone at 38.4±12.5, while the test group displayed a mean value of 42.6±1.76. This
disparity between the two groups was found to be statistically significant. The percentage of residual graft
also exhibited a considerable gap, with a lower value observed in the test group compared to the control
group. In contrast, the two groups observed no statistically significant differences in other inflammatory
cells and connective tissue. The extent of crucial bone growth observed following ridge preservation exhibits
significant variability, contingent upon the specific grafting material employed. In a study conducted by
Clark et al., (2018), the researchers examined the utilization of autologous PRF in combination with FDBA
and FDBA or A-PRF alone [99]. Based on the research findings, the variety of FDBA with A-PRF
demonstrated superior histological outcomes.

Sticky bone formation with I-PRF provides a dense fibrin matrix for space maintenance. Due to its own body
and ease of shaping into the desired shape, sticky bone is easy to handle and avoids dispersion [114]. Though
using only DFDBA and FDBA in 30, a 70 ratio, Borg and Mealey conducted another study that reported more
residual graft and less vital bone content [91]. The DFDBA:FDBA treated sites' slower essential bone
formation might have been caused by mineralized graft material. A graft material that slowly dissolves
might be advantageous since it keeps space during healing. However, neovascularization and new tissue
ingrowth are necessary for the graft material-filled wound to heal correctly. Adding graft material like FDBA
to the mix will likely suppress osteogenesis by delaying healing or lengthening resorption. A-PRF's
concentrated and intrinsic growth factors may help develop bone. Growth factors are sequestered inside the
fibrin mesh and liberated throughout the recovery phase (Figure 6). This pledges that growth factors are
delivered at the appropriate moment to stimulate bone development in a concentrated and sustained way.
Figure 7 illustrates the highlights of this study.

FIGURE 6: Chart showing advantages of injectable PRF (I-PRF)
combined with bone allograft (DFDBA: FDBA) for socket preservation
Notes: This figure has been drawn with the premium version of BioRender (https://biorender.com/ accessed on
September 23, 2023) with the license OH25VXE474. Image credit: Susmita Sinha

PRF: platelet-rich fibrin; I-PRF: injectable platelet-rich fibrin; DFDBA: demineralized freeze-dried bone allograft;
FDBA: freeze-dried bone allograft
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FIGURE 7: A chart showing the study highlights
Notes: This figure has been drawn with the premium version of BioRender (https://biorender.com/ accessed on
September 23, 2023) with the license number GO25VXAS23. Image credit: Susmita Sinha

Limitations of this study
A large sample size would have been preferable with a longer follow-up duration. Moreover, a vernier
calliper was employed in lieu of a manual calliper, with the option of utilizing a digital calliper. In this
investigation, clinical assessments were conducted in the absence of stents. The accuracy of the ridge width
and ridge height measurements obtained during extraction, compared to those taken after nine months, may
have been compromised due to the absence of precise and fixed reference points. In this study, we utilized a
graft consisting of DFDBA and FDBA in a ratio of 30:70. It is worth noting that this graft ratio lacks
substantial literature support. Additionally, CBCT was employed to enhance the accuracy of bone fill
estimation. One other limitation of the study was the absence of demographic information; however, we did
collect data on comorbidities that could potentially impact the outcomes. 

Conclusions
The materials utilized in this investigation produced favorable outcomes for preserving bone height but no
appreciable effects for maintaining bone breadth. Additionally, histological evidence shows that using bone
graft and I-PRF together results in higher bone height and higher percentages of new vital bone compared to
using bone graft alone. To sum up, a predictable choice for socket grafting is I-PRF with bone transplant. The
findings of this study determine the recreating properties of I-PRF at a previously healed extraction site,
suggesting its potential usages beyond ridge preservation. To ascertain the ridge preservation capabilities of
these materials, future research endeavors must extend the evaluation of the osteogenic prospect of I-PRF to
encompass more comprehensive ridge amplification techniques. Additionally, there is a need to explore the
regenerative capacities of I-PRF in the context of gum disease (pyorrhea, periodontitis) regarding
regeneration and to conduct in vivo analyses with a nobler sample magnitude.
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