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Objectives: The use of platelet-rich products to treat a variety of clinical dental conditions has gained popularity in 
recent years. However, there is a risk that these products could become contaminated with silica. The aim of this 
study was to quantitatively compare titanium and silica ion release from titanium-prepared platelet-rich fibrin (T-
PRF) and leukocyte platelet-rich fibrin (L-PRF) using ICP-OES analysis and to evaluate differences in fibrin network 
architecture through histological assessment. 
Materials and Methods: In this study blood is collected from the selected patients through anti-cubital vein and 
used to detect the titanium and silica composition in T-PRF and L-PRF using Inductively Coupled Plasma – Optical 
Emission Spectrometry [ICP-OES]. Additionally, the structural differences between the fibrin networks in T-PRF and 
L-PRF are compared using hematoxylin and eosin staining and phosphotungstic acid hematoxylin staining [PTAH]. 
Results: ICP-OES analysis demonstrated significant differences in elemental ion release between the two groups. 
Titanium ion concentration was significantly higher in T-PRF (18.49 ± 1.63 ppm) compared with L-PRF (0.61 ± 0.37 
ppm), while silica ion concentration was markedly higher in L-PRF (36.89 ± 2.49 ppm) than in T-PRF (3.46 ± 1.67 
ppm) (p < 0.001 for both comparisons). Paired analysis showed very large effect sizes with statistical power 
exceeding 99%. Histological evaluation using PTAH and hematoxylin–eosin staining revealed significant structural 
differences, with T-PRF exhibiting a denser fibrin mesh and smaller pore architecture compared to L-PRF. 
Conclusions: This study emphasized that, T-PRF is having a strong fibrin network, with less potential contamination 
with silica. And it is safest regenerative material to use in clinical practice. This study is first of its kind analysing the 
titanium and silica ions in L PRF and TPRF using ICP-OES analysis. 
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Introduction 

The use of platelet concentrates in dentistry for a 
range of clinical problems has drawn a lot of attention 
lately. The autologous biomaterial known as Leukocyte-
platelet-rich fibrin (L-PRF), which is enriched with platelets 
and leukocytes. The widespread use of PRF is attributed 
to its simple and easy-to-follow preparation technique. 
The advantages of PRF are further highlighted by studies 
showing that it contains a number of growth factors, such 
as transforming growth factor-1 (TGF-1), vascular 
endothelial growth factor (VEGF), and platelet-derived 
growth factor AB (PDGF-AB). This method doesn't require 
bovine thrombin or any other gelling ingredient, unlike 
previous platelet-rich products.1 Consequently, this fibrin 
is regarded as a second-generation platelet concentrate.2 

Without an anticoagulant, the coagulation process is 
initiated when most platelets come into contact with the 
tube walls and become activated. Fibrinogen first builds 
up in the tube's upper section before being changed into 
fibrin by circulating thrombin. A fibrin clot then forms in 
the centre of the tube, between the red blood cells at the 

bottom and the acellular plasma at the top.3 While PRF has 
highly concentrated growth factors, platelets, and 
leukocytes that would enhance the healing process of soft 
tissues and bone but its shorter in-vivo half-life of 10–14 
days and the possibility of silica contamination have been 
substantial drawbacks .By changing the tube design and 
using titanium,4 a more biocompatible material, the 
original L-PRF technology has been modified to overcome 
these problems. Concerns about the potential negative 
effects of silica from dry glass or glass test tubes were 
addressed with this material.5 Masuki et al. In his study, he 
stated that human periosteal cells are acutely 
cytotoxically affected by microparticles used to coat 
plastic blood collecting tubes. The silica microparticles 
were found to have a high apparent affinity for the cell 
surface and to cause cell apoptosis, which significantly 
decreased cell viability and proliferation. According to 
these combined investigations, silica microparticles used 
in plastic tubes for blood coagulation may be dangerous 
in situations where silica-contaminated PRF matrices are 
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implanted.6 It is the first kind of study in which inductively 
coupled plasma optical emission spectrometry [ICP-OES] 
is used to detect the amount of titanium and silica ions in 
both T-PRF and L-PRF. Element specific detection of the 
trace elements of interest as well as quantitative and 
qualitative multi-element determination is possible by 
inductively coupled plasma – optical emission 
spectrometry (ICP-OES).7 

Therefore, the aim of this study was to quantitatively 
compare titanium and silica ion release from titanium-
prepared platelet-rich fibrin (T-PRF) and leukocyte 
platelet-rich fibrin (L-PRF) using ICP-OES analysis and to 
evaluate differences in fibrin network architecture 
through histological assessment. 

Materials and Methods 

The current in-vitro analytical investigation was 
designed and carried out in the Department of 
Periodontics Krishnadevaraya college of dental sciences. 
After patients met the inclusion and exclusion criteria, 
blood samples needed for the study were taken from 
patients who were attending the outpatient department. 
The institutional ethical committee evaluated and 
approved the study (KCDSHEC/IP/2024/6A). Informed 
consent was obtained from all the patients for sample 
collection, proceeding with study and publication. 

The GPower software (latest version 3.1.9.7; 
Germany) was used to estimate the sample size for this 
study. Based on the results of previous research, the 
sample size estimation was carried out at 5% alpha error 
(α = 0.05) with an effect size of 1.35 (Naidu NSS, 2024).8 

Sample size estimation was performed using power 
analysis software based on the expected mean difference 
in titanium and silica elemental concentrations between 
T-PRF and L-PRF preparations. Assuming a statistical 
power of 80% and a significance level of 5%, a minimum 
of 10 participants was required. As each participant 
provided both T-PRF and L-PRF samples, a total of 20 
paired specimens (10 T-PRF and 10 L-PRF) were included 
for analysis. 

Inclusion Criteria 
Patients between 21 to 40 years age who are 

systemically healthy, having haemoglobin levels in range 
12 to 16 g/dl in females and 14 to 18 g/dl in males. 

Exclusion Criteria 
Pregnant and nursing women, smokers, drinkers, 

patients receiving anticoagulant medication, people 
taking bisphosphonates, and patients with systemic 
illnesses. 

Sampling Technique 
A purposive sampling technique was used to select the 

study population. After screening based on the predefined 
inclusion and exclusion criteria, 10 eligible participants 
were enrolled. Each participant provided two blood 
samples, one processed as T-PRF and the other as L-PRF, 
yielding a total of 20 paired specimens for comparative 
analysis. 

Test Group (10 samples) - Blood is collected and 
centrifuged in the grade IV Titanium test tubes i.e., T-PRF. 

Control Group (10 samples) –Blood is collected and 
centrifuged in the glass test tubes i.e., L-PRF. 

Clinical Procedure for Preparation of T-PRF and L-PRF 
Clots 

Blood samples were obtained from 10 healthy 
individuals by a single operator. The samples were taken 
from the antecubital vein either the right or left arm (20 
mL of blood was collected using two 10ml syringes (Figure 
1a). A quick collection of 10mL was transferred into 
titanium tubes and 10ml to glass test tubes (Figure 1b) of 
same diameter and these tubes were subsequently 
centrifuged at 2,800 rpm for 12 minutes and 3000 rpm for 
10 minutes at room temperature in a REMICM8 PLUS 
centrifuge (Figure 1c).9 After centrifugation, the T-PRF and 
L-PRF clots were extracted from the tubes with sterile 
tweezers, separated from the RBC base with scissors, the 
clots were placed on sterile woven gauze to allow their 
serum to be released gradually over a period of 20 
minutes. After slicing each clot along its long axis, one half 
was moved into transport medium (Figure 1d) and 
analysed for titanium and silica using inductively coupled 
plasma optical emission spectrometry (Figure 1e) [at shiva 
analytics pvt limited]. The remaining half of each clot was 
again divided into two sections along its long axis; one 
section was utilized for microscopy analysis using the 
Phosphotungstic Acid Hematoxylin (PTAH) staining 
method, while the other was examined using light 
microscopy with haematoxylin and eosin staining (Figure 
2a) [at department of oral and maxillofacial pathology 
Krishnadevaraya college of dental sciences and hospital]. 

Histological Procedures for Light Microscopy 
The T-PRF and L-PRF clots underwent dehydration 

using increasing concentrations of alcohol (70%, 95%, and 
100%) and were then immersed in toluene prior to 
embedding in paraffin. Upon complete dehydration, the 
clot measured 0.5mm in thickness. For each T-PRF and L-
PRF membrane, a sequence of 20 consecutive 7-mm 
sections was prepared along the longitudinal axis of the 
clot, allowing for an analysis of 140mm of the clot 
thickness in a detailed and reliable manner. These 20 
sections were stained using haematoxylin and eosin 
(Figure-2b, 2c). 

Histological Procedures for the Special Staining 
A unique staining technique called Phosphotungstic 

Acid Hematoxylin staining [PTAH] was applied to the 
frozen sections of the T-PRF and L-PRF clot specimens. The 
procedure involves deparaffinizing and hydrating the 
specimens through a series of graded alcohols, followed 
by immersing them in 0.25% potassium permanganate for 
5 minutes. Afterward, the specimens should be rinsed in 
three separate changes of deionized water. They are then 
placed in 1% oxalic acid for 2 minutes, washed under 
running water for 1 minute, and rinsed again with two 
changes of deionized water. Next, the specimens are 
immersed in a Zenker’s solution made with zinc acetate 
overnight at room temperature. After washing in running 
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water for 3 minutes, they should be rinsed with two 
changes of deionized water. Finally, the specimens are 
placed in 40 ml of PTAH solution within a glass coplin jar 
and microwaved at power level 1 (60 W) for 1 minute. 
Place in an oven set to 37 degrees for 2.5 hours, proceed 
to dehydrate using three rounds of 95% alcohol followed 
by three rounds of absolute alcohol, then clean with three 
to four rounds of xylene, and finally,10mount using 
synthetic resin (Figure 2d, 2e). 

Inductively Coupled Plasma Optical Emission 
Spectrometry [ICP-OES]  

The analytical method for elemental profile in this 
study is Inductively Coupled Plasma Optical Emission 
Spectrometry (ICP-OES). After adding five milliliters of 
nitric acid (HNO₃) and one milliliter of hydrogen peroxide 
(H2O2), the samples were weighed and dissolved for an 
hour at 160 degrees Celsius in a 1000-watt microwave. 
Fifty milliliters of ultrapure water were used. The Agilent 
5110 ICP optical emission spectrometer of Syngistix 
software then automatically calculates and outputs the 
weight and volume data inputs in mg/kg or ppm (Figure 

1e). ICP-OES was selected over Inductively Coupled 
Plasma Mass Spectrometry [ICP-MS] due to its superior 
performance for ppm-level titanium and silica detection in 
high-matrix biological digests, offering 30% Total 
Dissolved Salts [TDS tolerance] (vs. 0.2% for ICP-MS), 
reduced matrix interference susceptibility, faster 
throughput, and cost-effectiveness for routine validation 
analyses."11 

Statistical Analysis 
Statistical analysis was performed using The GPower 

software (latest version 3.1.9.7; Germany). Normality of 
data distribution was assessed using the Shapiro–Wilk 
test. All variables demonstrated p-values greater than 
0.05, indicating a normal distribution and justifying the 
use of parametric statistical tests. Since both T-PRF and L-
PRF samples were obtained from the same participants, 
paired comparisons were conducted using a paired t-test. 
Mean differences with 95% confidence intervals were 
calculated. Effect size was determined using Cohen’s d for 
paired samples. A p-value < 0.05 was considered 
statistically significant. 

 

 
                            

Figure 1.a: Blood is drawn from anticubetal vein. b: Transferring blood in to titanium test-tube and silica test tube 
c:Centrifugation In Remi d: Transferring PRF in to transport medium e: Sample transferred to ICP-OES machine for elemental 

analysis of both titaniumand silica 
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Figure 2.a: Waxing of the T-prf and L-PRF sample done for microscopic examination, b,c: heamatoxylin staining of T-PRF and 
L-PRF, d-f,e-g: PTAH staining 

Results 

In this pilot study, patients who met the inclusion and 
exclusion criteria were screened, and a total of 10 
participants were enrolled. Each participant provided two 
blood samples, resulting in 20 paired specimens (10 T-PRF 
and 10 L-PRF). Among the 10 participants, 5 were male 
and 5 were female. After centrifugation the samples were 
sent for ICP-OES testing for elemental analysis and 
microscopic analysis for structural difference. Special 

precautions were made to prevent contamination at 
every stage of sample preparation in order to acquire 
precise results. 

On conducting the ICP-OES test there was a difference 
in the mean value of titanium ions and silica ions between 
the two groups. Titanium ion concentration was 
significantly higher in T-PRF (18.49 ± 1.63 ppm) compared 
with L-PRF (0.61 ± 0.37 ppm). The mean paired difference 
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was 17.88 ppm (95% CI: 16.67–19.09), which was highly 
significant, t (9) = 33.2, p < 0.001. The effect size was 
extremely large (Cohen’s d = 11.07). 

Conversely, silica ion concentration was significantly 
greater in L-PRF (36.89 ± 2.49 ppm) compared with T-PRF 
(3.46 ± 1.67 ppm). The mean paired difference was −33.43 
ppm (95% CI: −35.88 to −30.98), demonstrating strong 
statistical significance, t (9) = −30.6, p < 0.001, with an 
extremely large effect size (Cohen’s d = 10.2). This 

difference was statistically significant which is depicted in 
Table 1 and Figure 3. On histological examination using 
haematoxylin and eosin and PTAH staining and focused 
under microscope there is significant structural difference 
in fibrin mesh formation and thickness was seen between 
T-PRF and LPRF with fibrin mesh pore sizes varying from 
4.7 to 9.8 µm in T-PRF to 6.4 to 11.4µm in L-PRF which is 
depicted in Figure-2b,2c,2d,2e,2f,2g.

Table 1. Table showing titanium and silica values

Parameter 
T-PRF  

(Mean ± SD) 
L-PRF  

(Mean ± SD) 
Mean 

Difference 
95% CI t-value (df=9) p-value Cohen’s d 

Titanium (ppm) 18.49 ± 1.63 0.61 ± 0.37 17.88 16.67 to 19.09 33.2 <0.001 11.07 

Silica (ppm) 3.46 ± 1.67 36.89 ± 2.49 −33.43 −35.88 to −30.98 −30.6 <0.001 10.2 

 

 
                            

Figure 3.  Bar diagram comparing the titanium and silica ions released in both T-PRF and LPRF. 

Discussion 

It has been suggested that the most recent 
advancements in the use of platelet concentrates could 
improve periodontal tissue regeneration. PRF growth 
factor delivery system designs have advanced significantly 
in recent years, allowing for the controlled, well-ordered 
release of growth factors.12 As a result of these 
advancements, PRF is utilized in many different 
treatments, including as furcation defects, sinus floor 
elevation, ridge augmentation, root covering, intrabony 
defects, and socket preservation. Fibrin membranes have 
been shown in various studies to be better scaffolds for 
the growth of periosteal and osseous cells than collagen 
membranes.13 The current investigation was carried out to 
ascertain the efficacy of the release profile of silica and 
titanium in L-PRF and T-PRF, as there have been few 
studies assessing the inorganic components released in 
different platelet concentrates. The structural integrity 
and elemental analysis of the different platelet 
concentrations must be examined in order to identify 
whether platelet derivative is a better choice for 
periodontal regeneration. In this case, the current 
investigation was conducted to ascertain the efficacy of 
the titanium and silica release in different types of 
platelet-rich products, such as L-PRF and T-PRF. Equal 
numbers of male and female participants between the 
ages of 21 and 40 years were included to ensure balanced 

representation within the study sample. However, the 
present study was not powered to detect gender-based 
biological differences, and no subgroup statistical analysis 
was performed. Therefore, potential sex-related 
variations in platelet concentrate characteristics remain 
to be explored in future studies with larger sample sizes.14 

T-PRF and L-PRF, which were made using patient blood, 
underwent structural and elemental investigation. Results 
from structural and elemental assessments showed 
statistically significant differences between the two 
groups. Since this is the only study that compares the 
titanium and silica elements of the platelet-rich product 
made in titanium tubes (T-PRF) with L-PRF using an ICP-
OES system. 

Upon microscopic histological analysis of both 
samples, it was discovered that platelets, leukocytes were 
clumped together with thick matrix formation. These 
outcomes aligned with the findings of Sam et al.15 
Haematoxylin and eosin staining and a 40x magnification 
focus show a highly organized network with continuous 
integrity in the T-PRF sample, in contrast to L-PRF, which 
has massive pore size. For growth factors to be trapped 
and released over time, this pore size is crucial (Figure 2b, 
2c).16 The histological study (Figure 2f,2g) shows the pore 
sizes of T-PRF and L-PRF at 40x. For pore size 
measurement the T-PRF and L-PRF samples were 
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processed and stained with haematoxylin and eosin stain. 
The image of the slide is focused under 40x magnification 
and randomly analysed five sites using (Prog Res Capture 
pro software (2.10.0.1) Jenoptil optical systems Gmbt).17 

 In contrast to the L-PRF sample, which displays thin 
fibrin mesh development, the T-PRF sample exhibits 
dense and matured fibrin mesh formation when stained 
with phosphotungstic acid hematoxylin stain and focused 
at 40x (Figure 2d, 2e). Since titanium appears to be more 
successful at activating platelets than silica activators in 
glass tubes, this thick polymerized fibrin production aids 
in a prolonged resorption rate in the tissues. 

On elemental analysis of both the samples in 
inductively coupled plasma optical emission spectrometry 
[ICP-OES], the results have shown in line graph with 
intensity on y-axis and concentration in mg/L in x-axis for 
both silicon dioxide (Figure 4) and titanium ions (Figure 5) 
it shows that 0.1 ppm of titanium seen at 14982.09 watts 
per square meter,10 ppm of titanium seen at 1351234.48 
W/m2,0.1ppm of silica seen at 333.204 W/m2,10 ppm of 
silica seen at 26066.28 W/m2. Both the graphs show 
R2=999 which states that there is perfect linear 
relationship with sample concentration and instrument 
response. 

Negligible amounts of silica seen in T-PRF sample, 
which is assumed to be because of contamination 
happened while drawing blood using plastic syringe, using 
plastic containers for sample transport and also small 
amount of contamination happened because of using nitic 
acid and distilled water for ICP-OES procedure. The 
statistically significant differences observed in titanium 
and silica ion concentrations between T-PRF and L-PRF 
samples demonstrate quantitative variation in elemental 
contamination associated with different preparation 
tubes. Elevated silica levels in L-PRF are of particular 
interest, as previous investigations have reported 
potential cytotoxic effects of silica microparticles on 
human periosteal cells, including reduced cell viability and 
induction of apoptosis.6 However, it must be emphasized 

that the present study assessed only the quantity of 
elemental release and did not evaluate biological 
response, inflammatory markers, growth factor release 
kinetics, or clinical healing outcomes. 

Analysis of the variations in PRF clots over a 10-day 
period by Mirion et al determined that those made in glass 
tubes were substantially larger than those made in plastic 
silica-coated tubes. PRF clot sizes were reduced by almost 
twofold when silicone and silica were added to the 
interior of PRF walls.18  

Within the limitations of this in vitro analytical study, 
T-PRF demonstrated lower silica ion release and a denser 
fibrin network compared to L-PRF. However, no 
conclusions regarding clinical superiority or enhanced 
healing potential can be drawn, as biological response and 
clinical outcomes were not evaluated. 

Limitations 
The present study has certain limitations. The release 

profile of platelet-derived growth factors from T-PRF and 
L-PRF was not evaluated. In addition, quantitative 
measurement of fibrin mesh thickness and a formal 
statistical comparison of pore size were not performed. 
The mechanical properties of the platelet concentrates 
were also not assessed. Furthermore, other inorganic 
elements such as calcium, potassium, and sodium were 
not analysed or compared between the groups. These 
aspects should be explored in future studies to provide a 
more comprehensive understanding of the biological and 
functional characteristics of these platelet concentrates. 

Future Directions 
Additional investigation is required to examine the in 

vivo release profiles of all growth factors present in 
platelet concentrates and to assess how different cell 
types react to the administration of different platelet 
concentrates. This would provide a more definitive basis 
for selecting the suitable form of platelet concentrates 
according to diverse clinical situations. 

 

 

 
                            

Figure 4. Line graph comparing concentration vs intensity of silicon dioxide. 
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Figure 5. Line graph comparing concentration vs intensity of titanium ions. 

Conclusions 

L-PRF has been becoming more significant in recent 
years and has been used in a number of clinical trials. This 
is the first in vitro pilot study where we used ICP-OES for 
elemental analysis to measure the amounts of silica and 
titanium in T-PRF and L-PRF. Within the limitations of 
current study, T-PRF appears to be advantageous 
compared to L-PRF due to its lower silica particle content 
and thicker fibrin mesh structure, however it is not 
possible to conclude that it is the most advantageous 
based on the findings of our study. Further longitudinal 
studies are required with more sample size to validate. 

Acknowledgements 

This study was self-funded and did not receive any 
financial assistance 

Conflicts of Interest Statement 

The authors declare no conflict of interest. 

References 

1. Choukroun J, Adda F, Schoeffler C, Vervelle A. An 
opportunity in perio implantology: the PRF. Implantodontie 
2001; 42: 55–62.  

2. Choukroun J, Diss A, Simonpieri A, Girard MO, Schoeffler C, 
Dohan SL, et al. Platelet-rich fibrin (PRF): a second-
generation platelet concentrate. Part IV: clinical effects on 
tissue healing. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2006;101(3):e56-60.  

3. Tunalı M, Özdemir H, Arabacı T, Gürbüzer B, Pikdöken ML, 
Fıratlı E. Clinical evaluation of autologous platelet-rich fibrin 
(L-PRF) in the treatment of multiple adjacent gingival 
recession defects: a 12-month study. Int J Periodontics 
Restorative Dent 2015;35(1):105-114. 

4. Ravi S, Santhanakrishnan M. Mechanical, chemical, 
structural analysis and comparative release of PDGF-AA from 
L-PRF, A-PRF and T-PRF-an in vitro study. Biomaterials 
Research 2020;24(1):1-10. 

5. Gummalurı SS, Gurumoorthy K, Kancharla AK, Boyapati R. 
Evaluating the predictability and regenerative capacity of 
novel Platelet Concentrate (PC)-Titanium Platelet Rich Fibrin 
(T-PRF) in the field of Dentistry-a narrative review. 
Cumhuriyet Dent J 2023;26(3):332-339. 

6. Masuki H, Isobe K, Kawabata H, Tsujino T, Yamaguchi S, 
Watanabe T, et al. Acute cytotoxic effects of silica 
microparticles used for coating of plastic blood-collection 
tubes on human periosteal cells. Odontology 
2020;108(4):545-552. 

7. Prohaska C, Pomazal K, Steffan I. Determination of Ca, Mg, 
Fe, Cu, and Zn in blood fractions and whole blood of humans 
by ICP-OES. Fresenius J Anal Chem 2000;367(5):479-484. 

8. Naidu NSS, Kancharla AK, Nandigam AR, Tasneem SM, 
Gummaluri SS, Dey S, et al. Comparative study of 
demineralized freeze-dried bone allograft and its 
combination with platelet-rich fibrin in the treatment of 
intrabony defects: a randomized clinical trial. Dent Med 
Probl. 2024;61(4):507-513. 

9. Kobayashi M, Kawase T, Horimizu M, Okuda K, Wolff LF, 
Yoshie H. A proposed protocol for the standardized 
preparation of PRF membranes for clinical use. Biologicals 
2012;40(5):323-329. 

10. Viola E, Hindia B. Connective tissue stains-A review. Int J 
Orofac Biol 2020;1: 4:4. 

11. Harrington, Young DJ, Essader AS, Sumner SJ, Levine KE. 
Analysis of human serum and whole blood for mineral 
content by ICP-MS and ICP-OES: development of a 
mineralomics method. Biol Trace Elem Res 2014; 160:132-
142. 

12. Kobayashi E, Fluckiger L, Kobayashi M, Sawada K, Sculean A, 
Schaller B. Comparative release of growth factors from PRP, 
PRF, and advanced-PRF. Clin Oral Investig 2016; 20:2353–
2360. 

13. Gassling V, Hedderich J, Acil Y, Purcz N, Wiltfang J, Douglas T. 
Comparison of platelet rich fibrin and collagen as osteoblast-
seeded scaffolds for bone tissue engineering applications. 
Clin Oral Implants Res 2013;24(3):320–328 

14. Yajamanya SR, Chatterjee A, Babu CN, Karunanithi D. Fibrin 
network pattern changes of platelet-rich fibrin in young 
versus old age group of individuals: a cell block cytology 
study. J Indian Soc Periodontol 2016 ;20(2):151. 



Sai Vamsi et al./ Cumhuriyet Dental Journal, 29(2): 201-208, 2026 

208 

15. Sam G, Vadakkekuttical RJ, Amol NV. In vitro evaluation of 
mechanical properties of platelet - rich fibrin membrane and 
scanning electron microscopic examination of its surface 
characteristics. J Indian Soc Periodontol 2015; 19:32–36 

16. Tunalı M, Özdemir H, Küçükodacı Z, Akman S, Yaprak E, Toker 
H, et al. A novel platelet concentrate: titanium‐prepared 
platelet‐rich fibrin. BioMed Res Int 2014;2014(1):209548. 

17. Nair MR, Thomas R, Shah R, Gowda I, Gowda TM. 
Comparison of the angiogenic efficacy of conventional 
leukocyte-and platelet-rich fibrin versus low-speed 
advanced platelet-rich fibrin: an in vitro chorioallantoic 
membrane assay study. Dent Med Probl 2024;61(1):77-83. 

18. Miron RJ, Pinto NR, Quirynen M, Ghanaati S. Standardization 
of relative centrifugal forces in studies related to platelet – 
rich fibrin. J Periodontol 2019; 90:817–820. 

 


