
399© 2023 National Journal of Maxillofacial Surgery | Published by Wolters Kluwer - Medknow

Saba Salem, Shivani Dhawan, Ena Sharma1, 
Rajan Dhawan, Abhilasha Mukherjee, 
S M Sivaraman
Department of Periodontics, Maharishi Markandeshwar College 
of Dental Sciences and Research (Maharishi Markandeshwar 
Deemed to be University, Mullana), Ambala, Punjab, 1Department 
of Periodontics, Rayat Bahra Dental College, Mohali, Punjab, India

Address for correspondence: Dr. Shivani Dhawan, 
651, Sector 7, Karnal, Haryana, India. 
E‑mail: endorajan1976@gmail.com

Received: 05 March 2022, Revised: 16 November 2022, 
Accepted: 13 March 2023, Published: 10 November 2023

Original  Article

ABSTRACT
Background: Injectable platelet‑rich fibrin (i‑PRF) being in liquid form keeps graft particles clumped together forming agglutinated steak of 
bone graft. It has been shown to contain more platelets and long‑term deliverance of growth factors in comparison with platelet‑rich fibrin (PRF).

Aim: The aim of the present study was to assess regenerative potential of i‑PRF and comparing it with PRF, along with demineralized 
freeze‑dried bone allograft (DFDBA) in the treatment of intrabony alveolar defects.

Materials and Method: Thirty defect sites in 15  patients with bilateral intrabony defects were assigned randomly into two 
groups (Group I (Control group)‑ DFDBA + PRF and Group II (Test group)‑DFDBA + i‑PRF). Gingival index (GI), plaque index (PI), pocket 
probing depth (PPD), and relative attachment level (RAL) were recorded at baseline, 3 months, and 6 months. Linear bone growth (LBG) was 
recorded radiographically at baseline and 6 months.

Statistical Analysis: ANOVA test and post hoc Tukey test were used to assess intragroup comparison of clinical parameters. Paired t‑test 
was used to assess intragroup comparison of the radiographic parameter. Unpaired t‑test was used to assess intergroup variations in all the 
clinical as well as radiographic parameters.

Results: Statistically significant PPD reduction (P = 0.005) and RAL gain (P = 0.003) were found in Group II than in Group I, and no significant 
difference was found in other parameters. Percentage LBG was higher in Group II than Group I but the difference was not statistically significant.

Conclusion: i‑PRF with DFDBA showed more favorable results as compared to PRF with DFDBA in the management of intrabony periodontal defects.

Keywords: Growth factors, intrabony defects, platelet concentrate, platelet‑rich fibrin

INTRODUCTION

Periodontitis is a multifactorial inflammatory disease of the 
supporting tissues of teeth and is signified by attachment 
loss and osseous defects. Bone destructive patterns in 
periodontitis acquire characteristic forms, more commonly as 
horizontal and vertical bone defects. Vertical intrabony defects 
acquire angular pattern and the defect base lies apical to the 
adjoining bone.[1] These defects are compliant to reduction of 
pocket with the help of regenerative periodontal treatment.

Bone grafts are utilized like a filler and a frame to aid in the 
formation of alveolar bone. These comprise of autografts, 
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allografts, alloplasts, and xenografts. Allografts are derived 
from different individuals of genetically similar species. 
Demineralized freeze‑dried bone allograft  (DFDBA) has 
got osteoinductive property due to the presence of bone 
morphogenetic proteins (BMP 2, 4, and 7) that permit rapid 
revascularization and hard tissue growth in the osseous 
defects. Its osteoconductive property is due to its ability to 
create as well as maintain the space.[2]

Although many attempts have been made to regenerate 
alveolar bone by using biomaterials such as bone grafts 
and guided tissue regeneration (GTR), predictable success 
has proved elusive. There is a need of additional stimuli 
to enhance the regenerative process by promoting cell 
migration, attachment, proliferation, differentiation, and 
matrix synthesis. These functions can be achieved by using 
various growth factors like platelet‑derived growth factors 
(PDGF), basic‑fibroblast growth factor (b‑FGF), transforming 
growth factor‑β  (TGF‑β), insulin‑like growth factor  (IGF), 
etc.[3] Convenient and cost‑effective approach to obtain 
such autologous growth factors is the use of platelet 
concentrates.

Platelet concentrates being autogenous, reduce the chances 
of immune‑mediated adverse reactions and release various 
growth factors. Platelet‑rich plasma (PRP), the first‑generation 
platelet concentrates, being in liquid state had shown 
promising results with bone grafts.[4]

However, several limitations such as two‑step centrifugation 
procedure and use of anticoagulants that suppress wound 
healing led to the emergence of second‑generation platelet 
concentrate as platelet‑rich fibrin (PRF).

PRF is obtained by centrifugation of blood in glass tubes in 
only one‑step, without any anticoagulants, thus simplifying 
its production. It has dense framework of fibrin that protects 
the growth factors from proteolysis.[5] Its fibrin matrix has 
three‑dimensional structure, which causes entrapment of 
cytokines, leukocytes, and various growth factors. It contains 
more platelets, leukocytes, and growth factors than PRP.[6]

An advancement was made to develop PRF in liquid state. 
Injectable platelet‑rich fibrin  (i‑  PRF) is next step PRF 
and has the properties of advanced PRF in liquid form. 
It was developed by Miron et  al.[7] in 2015, by low‑speed 
centrifugation concept in plastic tubes.[7] Slow and short 
centrifugation speed results in retaining higher number 
of growth factors, platelets, leukocytes as compared to 
PRF. Leukocytes help in tissue regeneration by recruiting 
various cell types (fibroblasts, osteoblasts) and favoring 
more sustained growth factor release during wound healing. 

i‑PRF induces increased fibroblastic proliferation, migration, 
periodontal ligament cell growth, osteoblasts differentiation, 
and release of various growth factors.

iPRF coagulates after few minutes and thus can be used with 
other biomaterials. When mixed with particulate bone graft, 
it clots in few minutes, encapsulate the bone particles in a 
very nice way, thus allowing carving of the bone graft and 
giving it a compact form.[8]

Many studies have shown synergistic regenerative effect 
of PRF when combined with DFDBA in intrabony defects; 
this study was an attempt to evaluate and compare the 
regenerative potential of i‑PRF along with DFDBA in intrabony 
periodontal defects.

MATERIALS AND METHOD

Materials
Commercially available DFDBA of particle size 500–1020 µm 
was used as the material for the study.

Patient selection
A randomized controlled clinical trial was carried out in 
the Department of Periodontology. It was conducted as per 
Helsinki Declaration and approved by MMU with Ref. no. 
1443, dated 15.03.2019.

Inclusion criteria included systemically healthy patients, 
aged between 25 and 55 years, with almost two identical 
(one on either side of arch) interproximal intrabony defects, 
based on radiographic evidence and probing pocket 
depth (PPD) of 6 mm or more. Exclusion criteria included 
patients with systemic diseases or therapeutic regimen 
that could affect healing of the soft tissue or bone, allergic 
to chlorhexidine, one‑walled defects, parafunctional 
habits  (bruxism), history of periodontal surgery in last 
6  months, pregnant or lactating women, smokers, and 
alcoholics.

Each patient was given detailed verbal and written 
descriptions of risks and benefits of treatment with the 
consent to the treatment agreement. After analysis of the 
pre‑treatment records and satisfactory response to phase‑I 
therapy, the patients were re‑evaluated after 4 weeks. Patients 
who satisfied the inclusion criteria were finally selected for 
the study.

Study method
Thirty intrabony defects in 15 patients were selected for 
the study. Two interdental intrabony defect sites in each 
patient on contralateral side of same arch were assigned 
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randomly into two groups‑ Group I  (Control group)‑ Open 
Flap Debridement (OFD) with placement of DFDBA and PRF 
and Group  II  (Test group)  ‑  Open flap debridement with 
placement of DFDBA and i‑PRF.

Clinical parameters
The clinical parameters include PI‑site specific,[9] GI‑site 
specific,[10] PPD, and RAL; radiographic parameter includes 
LBG. Single investigator assessed all the parameters.

PPD was measured from gingival margin to the base of the 
pocket using University of North Carolina (UNC‑15) probe. 
RAL was measured as distance from the apical end of the 
customized occlusal stent to the base of the pocket using 
UNC‑15 periodontal probe. Vertical grooves were made in 
the stent for proper alignment of the probe and to ensure 
reliability and reproducibility for the future comparisons.

LBG was calculated as distance from cementoenamel 
junction  (CEJ) to the base of the defect. At 6  months 
postoperatively, LBG was calculated by subtracting bone defect 
at 6 months (A1) from bone defect at baseline (A0) (A0‑ A1)

Percentage Linear bone growth was calculated from formula 
as

Bone defect at baseline ‑ Bone defect at 6 months
× 100

Bone defect at baseline

To facilitate comparisons between serial radiographs, 
standardization was done by attaching X‑ray grid with 
intraoral periapical radiographs (IOPA) and using paralleling 
technique. The grid had calibrations in millimeters that 
could be counted to assess the bony defect fill on successive 
radiographs [Figure 1a, b and Figure 2a, b].

Surgical procedure
Surgical procedure was carried out in the selected patients 
under aseptic conditions. The area was → anaesthetized → 
with → 2% → lignocaine → with → adrenaline → (1:80,000). 
→ Full → thickness mucoperiosteal Kirkland flap was raised 
on both buccal and lingual sides using periosteal elevator. 
Granulation tissue was removed and root planning was done 
using Gracey and universal curettes (HU‑Friedy). The anatomy 
of intrabony defect was assessed for its number of walls, 
depth, and width.

Preparation of PRF[11]

10 ml of blood was drawn from a peripheral vein in selected 
patients with a sterilized disposable syringe and was collected 
in a pre‑sterilized borosilicate test tube without any addition 
of the anticoagulant. Blood was then immediately centrifuged 
at 2700 rpm for 12 minutes in a centrifuge unit. PRF was then 

separated from the red blood corpuscles base with the help 
of sterilized tweezers and scissors and was then transferred 
onto a sterile Dappen Dish.

Preparation of i‑PRF[7] 
Five ml of blood was drawn from a peripheral vein in selected 
patients with a sterilized disposable syringe and was collected 
in a pre‑sterilized plastic red top vacutainer without any 
addition of the anticoagulant. Blood was then immediately 
centrifuged at 700 rpm for 3 minutes in a centrifuge unit 
[Figure 3a]. Following centrifugation, the upper liquid layer of 
i‑PRF was separated from the red blood corpuscles base with 
the help of sterilized syringe. i‑PRF collected in the syringe 
was added to DFDBA particles, which within 10–15 minutes 

Figure 1: (a) Periapical radiograph of Group I at baseline. (b) Periapical 
radiograph of Group I at 6 months

ba

Figure 2:  (a) Periapical radiograph of Group  II at baseline. (b) Periapical 
radiograph of Group II at 6 months

ba

Figure 3:  (a) iPRF obtained after centrifugation. (b) Mixing of iPRF with 
DFDBA and formation of solid mass

ba
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coagulated to form a homogenous agglutinated solid mass 
[Figure 3b].

Graft and PRF/i‑PRF placement: After thorough debridement, 
defect site was presutured with 3–0 si lk suture 
[Figure 4a and Figure 5a].

Group I site: DFDBA and PRF were mixed together and placed 
within the intrabony defect [Figure 4b].

Group  II site: The solid graft mass  (iPRF  +  DFDBA) was 
placed within the intrabony defect [Figure 5b]. At both the 
sites, the mucoperiosteal flaps were sutured and covered 
with periodontal pack. All patients were prescribed systemic 
antibiotic Novamox  ‑  LB  (Amoxycillin) 500 mg thrice daily 
for 5  days and anti‑inflammatory Combiflam thrice daily 
for 3 days to reduce postoperative pain and edema. 0.2% 
chlorhexidine mouthwash was prescribed twice daily for 
4 weeks to maintain local plaque control.

Patients were recalled 24 hours postoperatively to evaluate 
any signs of complications such as pain, discomfort, swelling, 
hematoma, and hemorrhage. After one week, the periodontal 
pack and sutures were removed. Assessment of oral hygiene 
was done at 1, 3, and 6  months post‑surgically, and oral 
hygiene instructions were explained.

Statistical analysis
All the clinical parameter, values obtained at different 
intervals (baseline, 3 months, and 6 months) and radiographic 
parameter values obtained  (baseline and 6 months) were 
subjected to statistical analysis. For intragroup comparison 
of the clinical parameters: “ANOVA test” and “Post Hoc 
Tukey” test was performed. For intragroup comparisons of 
the radiographic parameter, “Paired t‑test” was performed. 
For intergroup variations in all the clinical as well as 
radiographic parameters, “Unpaired t‑test” was performed. 

Statistical Package for Social Science (SPSS) software 19.00 
program (SPSS Inc., Chicago, IL, USA) was used for the 
analysis of data. P < 0.05 was considered as statistically 
significant.

RESULTS

All the 15 participants completed 6 months follow‑up period 
with no postoperative complications. There was statistically 
highly significant PI reduction at 3 months and statistically 
significant reduction at 6 months in both the groups. There 
was statistically highly significant GI reduction at 3 months 
and statistically significant reduction at 6 months in Group I 
and statistically significant reduction in Group  II at both 
3 and 6 months [Table 1].

On comparing the two groups, the difference in mean PI and 
GI reduction scores was statistically non‑significant at all time 
intervals [Table 2].

There was statistically highly significant PPD reduction and 
difference in RAL at 3  months and 6  months in both the 
groups  [Table  3]. On comparison, Group  II showed more 
statistically significant PPD reduction and difference in RAL 
than Group I at 6 months [Table 4].

Bone defect depth reduction in both the groups at 6 months 
from baseline was statistically significant  [Table  5]. On 
comparing the two groups, the difference was statistically 
non‑significant [Table 6].

Percentage gain in LBG of Group II was found to be more than 
Group I, though the difference was statistically non‑significant 
[Table 7].

DISCUSSION

PRF is considered as a healing biomaterial with inbuilt 
regenerative capacity. It acts as source of growth factors like 
PDGF, FGF‑basic, VEGF, and angiopoietin, thus facilitating 
endothelial cell migration resulting in angiogenesis.[12] It 

Figure 4: (a) Defect site in Group I. (b) Placement of DFDBA with PRF at 
defect site

ba

Figure 5: (a) Defect site in Group II. (b) Placement of DFDBA with iPRF at 
defect site

ba
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aids in healing by releasing fibronectin, PDGF, TGF‑β, fibrin 
that control integrin expression, fibroblast proliferation, and 

migration, thus expecting rapid soft tissue healing and less 
postsurgical discomfort.

Table 2: Intergroup comparison showing mean differences in plaque index and gingival index of Group I vs Group II at different 
intervals

Assessment 
Interval

Plaque index Gingival index
Mean difference P Mean difference P

Group I vs 
Group II

Baseline 0.05 0.429 0.04 0.526
3 Months 0.02 0.807 0.01 0.734
6 Months 0.00 1.000 0.02 0.784

Table 3: Intragroup comparison showing mean and mean differences in probing pocket depth and relative attachment level of Group 
I and Group II at different intervals

Probing pocket depth Relative attachment level
Assessment 
interval

Mean±SD Mean Difference 
from baseline

F P Mean±SD Mean Difference 
from baseline

F P

Group I Baseline 6.07±1.22 ‑ 25.028 ‑ 11.26±2.01 ‑ 119.2 ‑
3 Months 3.4±0.50 2.67 0.000** 8.66±1.29 2.60 0.000**
6 Months 2.4±0.50 3.67 0.000** 7.66±1.29 3.60 0.000**

Group II Baseline 6±0.92 ‑ 86.492 ‑ 9.93±1.57 ‑ 195 ‑
3 Months 3.13±0.35 2.87 0.000** 7.13±1.50 2.80 0.000**
6 Months 2±0 4.00 0.000** 6±1.51 3.93 0.000**

**P<0.001 is highly significant *P<0.05 is significant

Table 4: Intergroup comparison showing mean differences in probing pocket depth and relative attachment level of Group I vs Group 
II at different intervals

Group I vs Group II Probing pocket depth Relative attachment level
Assessment interval Mean Difference P Assessment interval Mean Difference P
Baseline 0.07 0.868 Baseline 1.33 0.053
3 Months 0.27 0.105 3 Months 1.53 0.006*
6 Months 0.40 0.005* 6 Months 1.66 0.003*

**P<0.001 is highly significant *P<0.05 is significant

Table 1: Intragroup comparison showing mean and mean differences in plaque index and gingival index of Group I and Group II at 
different intervals

Plaque index Gingival index
Assessment 
Interval

Mean±SD Mean difference 
from baseline

F P Mean±SD Mean difference 
from baseline

F P

Group I Baseline 1.08±0.0.15 ‑ 28.674 ‑ 1.17±0.15 ‑ 31.91
3 Months 0.82±0.17 0.26 0.000** 0.93±0.14 0.24 0.000**
6 Months 0.63±0.15 0.45 0.001* 0.72±0.15 0.45 0.001*

Group II Baseline 1.03±0.18 ‑ 18.61 ‑ 1.13±0.12 ‑ 35.13 ‑
3 Months 0.80±0.19 0.23 0.000** 0.92±0.12 0.21 0.001*
6 Months 0.63±0.15 0.40 0.002* 0.70±0.16 0.43 0.002*

**P<0.001 is highly significant *P<0.05 is significant

Table 5: Intragroup comparison showing mean and mean differences in bone defect depth of Group I and Group II at different 
intervals

Group Assessment interval Bone defect depth
Mean±SD Mean Difference t P

Group I Baseline 2.43±0.72 ‑ 17.48 ‑
6 Months 1.4±0.60 1.03 0.000**

Group II Baseline 2.2±0.64 ‑ 17.48 ‑
6 Months 1.16±0.58 1.04 0.000**

**P<0.001 is highly significant *P<0.05 is significant
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i‑PRF is third‑generation platelet concentrate. It consists of 
more platelets, leucocytes, endothelial cells, and stem cells, 
hence called as “blood concentrate” and not just a platelet 
concentrate.[13] Comparing PRF with iPRF, PRF has dense 
fibrin structure, whereas i‑PRF being in liquid or gel form 
has loose structure, more interfibrous space, more uniform 
cell distribution, more platelets, and more growth factors 
in comparison with PRF.[14] iPRF releases significantly higher 
levels of long‑term release of growth factors PDGF‑AA, 
PDGF‑AB, EGF, IGF‑1 even after 10 days, playing an important 
and integral role in the formation of bone. Collagen I 
synthesis has been seen to be the highest in iPRF compared 
to other platelet concentrates.[15] Thus, better regenerative 
capacity is expected from iPRF than PRF.

According to the available data, this is the first reported 
study of using iPRF and DFDBA in intrabony defects, so 
direct comparisons with other studies are not possible. In the 
present study, statistically significant reduction in the PI and 
GI scores at 6 months in both the groups can be attributed to 
disruption of local factors in maintenance phase and positive 
patient motivation. On comparing the two groups, results 
were found to be statistically non‑significant.

Significant reduction in PPD and the difference in RAL at 
6 months in both the groups are similar to studies conducted 
in the literature when PRF and DFDBA were used in the 
treatment of intrabony defects.[2,16] However, Group II showed 
more statistically significant PPD reduction and RAL than 
Group I at 6 months.

Gain in linear bone height  (LBG) in Group  I and Group  II 
at 6  months from baseline was statistically significant. 
Chandradas ND et al.[17] observed significantly greater gain 
in LBG at 9 months when PRF and DFDBA were used in the 
treatment of intrabony defects than PRF alone. David A. Mott 
et al.[18] had shown that during demineralization process of 
DFDBA, some of the growth factors are lost, thus rendering 
the graft incapable of inducing spontaneous osteogenesis. 

They showed that in‑vitro osteoblasts proliferation rate 
increased when DFDBA was supplemented with growth 
factors like TGF, IGF, PDGF, bFGF, VEGF as compared to 
DFDBA alone. Thus, growth factors in platelet concentrates 
augmented the osteogenic capacity of DFDBA.

On intergroup comparison of gain in LBG, results were found 
to be statistically non‑significant.

Percentage gain in LBG was found to be more in Group II than 
Group I, though the difference was statistically non‑significant. 
Melek LN and El Said MM[19] observed significant mean gain 
in ridge width and height after 3 months when i‑PRF and 
autogenous bioengineered tooth graft were used for the 
reconstruction of alveolar ridge after extraction.

Amaral Valladão C.A et  al.[20] Lydia N. Melek and Maha R. 
Taalab[21] showed successful guided bone regeneration with 
bone grafts agglutinated with i‑PRF at future implant placement 
sites. Increased osteogenic property of iPRF is also supported 
by an in‑vitro study by Xuzhu Wang et  al.[22] that showed 
threefold increase in migration and higher proliferation rate 
of cultured osteoblasts with i‑PRF as compared to PRP.

i‑PRF is a liquid platelet concentrate which forms a clot after 
sometime as a result of fibrin component and act as a dynamic 
hydrogel with uniform white blood cell and platelet aggregate 
distribution within this hydrogel.[23] When mixed with the 
particulate graft, it favors graft’s integration, facilitates the graft’s 
manipulation, stability, and improves its mechanical properties at 
the grafted area. i‑PRF in association with a bone graft seems to 
be promising; however, more long‑term randomized controlled 
clinical studies with a longer study period and a larger sample 
size are needed to substantiate its real clinical benefits.

CONCLUSION

The results revealed statistically significant improvements 
in  (PPD) reduction and changes in  (RAL) with DFDBA and 

Table 6: Intergroup comparison showing mean differences in linear bone growth of Group I vs Group II at different intervals

Assessment interval Mean Difference P Mean Difference  (Baseline –  6 Months) [A0  –  A1] P
Group I vs 
Group II

Baseline (A0) 0.23 0.362 ‑0.01 1.000
6 Months  (A1) 0.24 0.293

Table 7: Intergroup comparison showing mean difference in percentage linear bone growth of Group I vs Group II at different time 
intervals

Assessment interval Mean±SD Mean Difference t P
Group I At 6 Months  [A0 – A1] 44.58%±11.89% ‑ ‑ 0.000**
Group II 48.78%±11.13% ‑
Group I vs Group II ‑4.20% ‑0.998 0.327
**P<0.001 is highly significant *P<0.05 is significant
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i‑PRF (Group II) as compared to DFDBA and PRF (Group I). As 
percentage gain in LBG was found to be more in Group II as 
compared to Group I though the difference was statistically 
non‑significant, it is concluded that i‑PRF in combination 
with DFDBA gave better results. Considering the autologous 
nature, minimal cost, and time, iPRF can be incorporated as 
a regenerative material in intrabony defects.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Goldman HM, Cohen DW. The intrabony pocket: Classification and 
treatment. J Periodontol 1958;29:272‑91.

2.	 Bansal C, Bharti V. Evaluation of efficacy of autologous platelet‑rich 
fibrin with demineralized‑freeze dried bone allograft in the treatment of 
periodontal intrabony defects. J Indian Soc Periodontol 2013;17:361‑6.

3.	 Giannobile WV. The potential role of growth and differentiation factors 
in periodontal regeneration. J Periodontol 1996;67:545‑53.

4.	 Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss  JE, 
Georgeff KR. Platelet Rich Plasma: Growth factor enhancement for 
bone grafts. From basic science to clinical applications. Oral Surg Oral 
Med Oral Path Oral Radiol Endod 1998;85:638‑46.

5.	 Lundquist R, Dziegiel MH, Agren MS. Bioactivity and stability of 
endogenous fibrinogenic factors in platelet‑rich fibrin. Wound Repair 
Regen 2008;16:356‑63.

6.	 Kobayashi E, Fluckiger L, Fujioka‑Kobayashi M, Sawada K, Sculean A, 
Schaller B, et al. Comparative release of growth factors from PRP, PRF, 
and advanced‑PRF. Clin Oral Investig 2016;20:2353‑60.

7.	 Miron RJ, Fujioka‑Kobayashi M, Hernandez M, Kandalam U, Zhang Y, 
Ghanaati S, et al. Injectable platelet rich fibrin (i‑PRF): Opportunities 
in regenerative dentistry? Clin Oral Investig 2017;2:1‑9.

8.	 Mourao CFAB, Valiense H, Melo ER, Mourao NBMF, Maia MD. 
Obtention of injectable platelet rich fibrin (i‑PRF) and its polymerization 
with bone graft: Technical note. Rev Col Bras Cir 2015;42:421‑3.

9.	 Loe H, Silness J. Periodontal disease in pregnancy I. Prevalence and 
severity. Acta Odontol Scand 1964;22:121‑35.

10.	 Sillness  J, Loe H. Periodontal disease in Pregnancy  II. Correction 
between oral and hygiene and periodontal condition. Acta Odontol 
Scand 1963;21:533‑41.

11.	 Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJ, Mouhyi J, et al. 
Platelet Rich Fibrin (PRF): A second‑generation platelet concentrate, 
Part I: Technological concept and evolution. Oral Surg Oral Med Oral 
Path Oral Radiol Endod 2006;101:E37‑44.

12.	 Yajamanya SR, Chatterjee A, Hussain A, Coutinho A, Das S, Subbaiah S. 
Bioactive glass versus autologous platelet‑rich fibrin for treating 
periodontal intrabony defects: A comparative clinical study. J  Indian 
Soc Periodontol 2017;21:32‑6.

13.	 Choukron J. Advanced PRF and iPRF. Platelet concentrates or blood 
concentrates? J Periodontal Med Clin Pract 2014;1:1‑3.

14.	 Karde PA, Sethi KS, Mahale SA, Khedkar SU, Patil AG, Joshi CP. 
Comparative evaluation of Platelet Count and antimicrobial efficacy of 
injectable Platelet‑rich fibrin with other platelet concentrate: An in vivo 
study. J Indian Soc Periodontol 2017;21:97‑101.

15.	 Ozsagir ZB, Tunali M. Injectable platelet‑rich fibrin: A new material in 
medicine and dentistry. Mucosa 2020;3:27‑33.

16.	 Atchuta A, Gooty  JR, Guntakandla VR, Palakuru SK, Durvasula S, 
Palaparthy Y. Clinical and radiographic evaluation of platelet‑rich fibrin 
as an adjunct to bone grafting demineralized freeze‑dried bone allograft 
in intrabony defects. J Indian Soc Periodontol 2020;24:60‑6.

17.	 Chandradas ND, Ravindra S, Rangaraju VM, Jain S, Dasappa S. Efficacy 
of platelet rich fibrin in the treatment of human intrabony defects with 
or without bone graft: A randomized controlled trial. J Int Soc Prevent 
Communit Dent 2016;6:153‑9.

18.	 Mott  DA, Mailhot  J, Cuenin MF, Sharawy M. Enhancement of 
osteoblast proliferation in vitro by selective enrichment of demineralized 
freeze‑dried bone allograft with specific growth factors. J Oral Implantol 
2002;28:57‑66.

19.	 Melek LN, El Said MM. Evaluation of “Autogenous bioengineered 
injectable PRF – tooth graft” combination (ABIT) in reconstruction of 
maxillary alveolar ridge defects: CBCT volumetric analysis. Saudi J 
Dent Res 2017;8:86‑96.

20.	 Amaral Valladão CA, Freitas Monteiro M, Joly  JC. Guided bone 
regeneration in staged vertical and horizontal bone augmentation using 
platelet‑rich fibrin associated with bone grafts: A retrospective clinical 
study. Int J Implant Dent 2020;6:72.

21.	 Melek LN, Taalab MR. The use of injectable platelet rich fibrin in 
conjunction to guided bone regeneration for the management of well 
contained ridge defect at the time of extraction. Egyptian Dent J 
2017:63;1197-208.

22.	 Wang X, Zhang Y, Choukron J, Ghanaati S, Miron RJ. Effects of an 
injectable platelet‑rich fibrin on osteoblast behavior and bone tissue 
formation in comparison to platelet‑rich plasma. Platelets 2018;29:48‑55.

23.	 de Almeida Varela H, de Araujo Jr RF, Vascinceios RC, Garcia VB, de 
Souza LB, de Araujo AA. Histological preparation technique of blood 
derivative injectable platelet rich fibrin (iPRF) for microscopic analysis. 
J Cytol Histol 2018;9:1‑5.


