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ABSTRACT

Objectives: The aim of this research is to investigate the efficacy of the usage of Platelet Rich Fibrin in the area of dental field
when used for implant stability, soft and hard tissue regeneration as well as wound healing.

Material & Methods: For this research, electronic searches were conducted, mostly from PUBMED, Indian journal of dental
research and Journal of Applied Oral Science. The electronic literatures that were searched for articles were published up to
10 -15 years. Articles that were chosen for this research mention how Platelet Rich Fibrin aids in dentistry in the fields of oral
implantology, soft and hard tissue regeneration and wound healing.

Results: From the articles that were researched, it was found that the use of PRF had a positive effect. In the main topics that were
chosen (PRF effect on implants, PRF effect on hard and soft tissue, PRF effect on wound healing), in all of them PRF resulted in
an increase and was found to assist in these different fields of dentistry to result in better and faster treatment and comfort for the
patient. The increase may not have been major however; no negative results and major complications were found towards PRE.

Conclusion: In conclusion, Platelet Rich Fibrin was shown to improve soft and hard tissue regeneration, wound healing and
implant stability when used in dentistry. However further studies and investigations are necessary.

Keywords: Platelet rich fibrin; Oral implant; Hard tissue regeneration; Soft tissue regeneration; Wound healing.

1. Introduction osteoarthritic chondrocyte cells’. After the hyperactive serum
fraction is removed the remaining PRF membrane is a three-
dimensional, biocompatible, biodegradable scaffold, which
can slowly and sustainably release bioactive molecules, which

facilitate cell adhesion and proliferation*®.

Platelet-rich fibrin (PRF) t Imembrane is a three-dimensional
biodegradable biopolymer, which consists of platelet-derived
growth factors enhancing cell adhesion and proliferation.
PRF does not require the addition of anticoagulants nor
bovine thrombin, it is a second-generation autologous platelet
concentrate'®.

PRF is widely used in the field of dentistry, especially in oral
and maxillofacial surgery and periodontics’ because it is able
to increase the adhesion and proliferate the capacity of gingival
fibroblast, it increases new bone formation, improves wound
healing, used in sinus lift procedures, soft tissue transplants,
post extraction alveolar ridges, bone regeneration for future
implants and prosthetic reconstruction”’. The tissue healing and
regeneration takes place when PRF is placed and is caused by

the effective creation of new vessels, accelerated wound closure

Choukroun et al’. developed PRF in 2001, it was prepared
by withdrawing blood into glass tubes from the patients and
then placed into a centrifuge, what happens then is that in the
fibrin matrix there are entrapped platelets and leukocytes where
a large amount of growth factors are formed from the platelets
when they are activated and due do that, the molecules act as
cell attractants and increase the proliferation of cells*”'>. When

the centrifugation process is completed, hyper acute serum
is collected from the PRF clot, which has very advantageous
properties since it has an elevated effect of cell proliferation
on the bone marrow mesenchymal stem cells, osteoblasts and

and fast scar tissue remodeling. Despite an increasing use of
PRF membranes, there is still no comprehensive review on their
efficacy with regard to soft and hard tissue healing after implants
insertion. The aim of this study is to evaluate the potential
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benefits of using PRF in the soft ad hard tissues implant stability
and wound healing.

Thesis objective

For my thesis objective I would like to find out the efficacy
of PRF when used as a membrane during implant insertion
procedure. To research how PRF aids in soft tissues and hard
tissue regeneration also to in the wound healing site.

2. Material and Methods

This article was conducted according to reviews of different
articles. PICO question was developed which included
definition of the focus question, a P (patient), I (intervention), C
(comparison), O (outcome) question. Search strategy, inclusion/
exclusion criteria, data extraction, and outcome measure
determination.

2.1 PICO Terms

P: Patients undergoing dental implant surgery.

I: Combining PRF (Platelet Rich Fibrin) while undergoing
dental implant surgery.

C: Defined regenerative / reparative approaches with and without
the use of PRF.

O: gingival tissues, periodontal tissues, wound healing, Osseo
integration.

2.2 Defining the focused questions

For this article, there were different questions concerning the
effectiveness of using Platelet rich fibrin (PRF), either it was
to be used as a sole treatment or as a combined treatment. The
questions were as follows; how would PRF acts as a barrier and
as a biological connector when used in implant dentistry (could
it improve the Osseo integration process of implant treatment)?
How would PRF perform with regard to soft tissue healing?

2.3 Search strategy

For this article, electronic searches were conducted, mostly
from PUBMED, Indian journal of dental research and Journal
of Applied Oral Science. The electronic literatures that was
searched for articles that were published up to 10 -15 years The
search terms and strategies that were used were: 1 ((((((platelet
rich plasma membrane) OR platelet rich plasma membrane) OR
PRP membranes) OR PRP membrane) AND dental) OR platelet
rich fibrin membranes) OR platelet rich fibrin membrane. From
this combination 219 articles were found, and 42 articles were
chosen. 2. ((PRF membranes) AND soft tissue healing) AND
dental implants. From this search 3 articles were found and 2
were chosen. 3 (PRF membrane) AND mucosal healing. Here
8 articles were found and 6 selected 4 ((PRF membranes) AND
osseointegration) AND dental implants. 4 articles found and 1
chosen.

2.4 Criteria for study selection and inclusion / exclusion

The study selection for this article that was considered were
articles that were published only in the English language. Only
human studies. (All animal studies were excluded.). Studies
that evaluated the clinical effects of PRF (Platelet rich fibrin)
in dentistry. The effects of PRF on the gingival tissues and
periodontal tissues implant stability, osseointegration process
and wound healing.

2.5 Number of included studies

From all of the searched studies, out of 52 articles, 29 articles
were chosen for this thesis.

J Dent Mat | Vol: 1 & Iss:1

2.6 Data extraction and analysis

Data that was extracted from different articles were general
characteristics such as authors, publications (up to 10 years), and
reason of study, number of patients, treatment groups, baseline
of the studies, PRF preparation techniques, and evaluated
parameters, whether implants were placed and complications.
Studies were extracted from the collection of articles and
summarized into tables based on the topics and discussed
accordingly.

2.7 Outcome measure determination

For each of the investigated clinical indication, different
primary outcomes were considered. For studies involving
wound healing; EHI, GML, Mean Soft Tissue Healing were
measured. For studies dealing with implant stability; torque
values, ISQ were measured. For studies involving extraction
socket management; Alveolar crest height, mean bone density,
radiography were being evaluated. For studies involving
gingival recessions, KTW, CAL, PD, recession height, GRW
were measured.

3. Results
3.1 PRF membranes
3.1.1 PRF membranes definition and preparation

PRF membrane is a patient blood derived and an autogenous
living biomaterial that can be utilized as an adjunctive autologous
biomaterial to back bone and delicate tissue recuperating and
recovery. The critical dynamic components of PRF incorporate
the common interaction between a framework (fibrin network),
platelets, development variables, leukocytes, and stem cells. So
when these elements are combined and arranged legitimately the
method of tissue recuperating and recovery cell expansion and
separation, extracellular lattice amalgamation, chemotaxis and
angiogenesis (neo-vascularization) occurs.

For the PRF preparation, blood is withdrawn from the patient
employing a sterile. The tubes with collected blood samples are
promptly (within 2 minutes after collecting the blood sample)
put within the centrifuge and processed employing a single
centrifugation step. Failure to achieve the speedy arrangement
of PRF may cause a diffuse polymerization of fibrin, which isn’t
perfect for tissue.

At the end of the centrifugation spin the caps for A-PRF or
L-PRF (not i-PRF) are expelled and the tubes are put in a sterile
tube holder. The blood with the clot is put to rest/mature for
around 4-8 minutes before removing the clot from the tube.

The centrifugation process activates the coagulation handle
and isolates the blood test into three distinctive layers: acellular
plasma at the best of the tube; a polymerized fibrin clot is shaped
within the center; and blood cells ((red corpuscle base) are
accumulated at the end of the tube.

There are diverse centrifugation preparing conventions
that are right now being utilized. These incorporate; Unique
Choukroun et al. PRF convention (standard convention): 3,000
rpm/10 minutes, Choukroun et al. progressed PRF (A-PRF),
enriched with leukocytes: 1,300 rpm/ 8 minutes, Choukroun
et al. I-PRF (solution/gel): 700 rpm/3 minutes, Ehrenfest et
al. bunch (leukocyte- and platelet-rich fibrin [L-PRF]): 2,700
rpm/12 minutes®'’.

In vitro studies it appeared that a longer centrifugation speed
(2,700 rpm) produce a denser fibrin clot with less inter-fibrous
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space containing less cells compared to the shorter centrifugation
speed of A-PRF (1300 rpm) that creates a less thick fibrin clot
with a looser inter-fibrous structure containing more cells®.

3.1.2 Biological of PRF
membranes

and mechanical properties

The key biological functions of PRF are the bioactive barrier
and the Competitive interposition barrier. What is meant by
these two terms is that in the bioactive barrier, when the PRF
membrane is prepared clot forms, which is rich in cells and
growth factor, so these components act as a natural bioactive
barrier allowing interaction with the tissues below and above
itl4.]5.

In the competitive interposition barrier such as the GTR
(Guided Tissue regeneration) barrier are cell proof barriers
against soft tissue invagination, on the other hand PRF
membranes allow cells to migrate through it, which allows new
blood vessels to form which will lead to regeneration and healing
between the tissues below and above the PRF membrane'”.

Advantages and disadvantages of PRF membranes

The main advantages of PRF in repair and recovery processes
are that PRF could be a common biomaterial; it is simple and
proficient to use, cost effective and successful. It is expected that
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it is has an expanded clinical performance since it shows a more
exhibited expression, concentration of growth factors and matrix
proteins. It is safe, it has increased healing potential, reduced
morbidity. However there are limitations as PRF lacks rigidity
and causes fast degradation, which reduces the application in
procedures. Also at present, very little is understood about PRF
generated from patients with coagulation disorders or patients
on medications that affect blood clotting (heparin, warfarin, or
platelet inhibitors)°.

3.2 Effect on implant stability
3.2.1 Characteristics of included studies

Implant stability is a critical factor resulting in success when
setting implants. Four articles considered the connection of
PRP layers and embed stability, and to this end they assessed
parameters for embed soundness were ISQ (Embed Solidness
Remainder), Addition torque and sort of bone quality (Table 1).
The patients that took portion in these ponders were separated
into bunches PRF vs. Non- PRF All ponders utilized comparative
arrangement strategies for the layer, pulling back 9-10 ml of
persistent blood and centrifuging it for 10 - 12 minutes at 2000
— 3000 rpm. No complications were recorded within the studies
during the treatment.

Table 1: Characteristics of studies on PRF membranes and implant stability.

Source Oncii et al. 2015%' | Tabrizi et al. 20182 | Torkzaban et al. 2018% | Hussien et al. 2017
Patient age 44.2+-12.5 39.60+6.74 45.3 (26-60) 28-66
Patients numbers / M 14 9 5 7
gender F 6 11 5 12
Type 3.5 x11lmm
Implants placed
Nr 64 40 50 58 (29 per group)
Length of study 1 month 6 weeks 1 month 12 weeks
PRF PRF. PRF. PRF
Groups
NON PRF NON PRF NON PRF NON PRF
PRF 9 ml of blood 10 ml of blood 9 ml of blood 10 ml of blood
rep.
prep Centrifugation 2700rpm, 12 min | 28000rpm, 12 min | 2000rpm, 10 mins 3000rpm, 12 min
Evaluated parameters 1SQ ISQ ISQ 1SQ
Insertion torque. Insertion torque
Complications Complications Complications Complications

Table legend: rpm rounds per minute, ISQ implant stability quotient.

3.2.2 ISQ values

The results demonstrate that the application of PRF during implant surgery enhances the stability of implants and that is shown

by the increased values of the ISQ.

In general there is an increase between all the groups the ISQ measurements, the results show that there is an increase in the PRF
as well as in the non- PRF groups however the groups that had the PRF showed higher results.

Table 2: ISQ values with and without PRF membrane over time.

1QS at time
5 P-val- | 1QS 1QS P-val- P-val- P-val- 1QS Week
Author | groups | of implant 1QS Week 1 ve Week 2 P-value Week 3 P-value | 1QS Week 4 we 1QS Week 6 ve 1QS Week 8 we 10 P-value
placement
PRF +78.25 +78.4 +75.63 +74.75
Oneit ) 63.75+11.9 | 714 0.001 26.72 358 0727 001. 0
etal.
2015% +71.8 +71.47 +70.0 +65.5
(PR | 57.2£1464 | ) o 0287 | D4 1008 D119 009. 0
.. | PRF
Tabrizi P 60.60+3.42 | 0.04 70.30+3.36 | 0.014 | 78.45£3.36 | 0.027
etal.
2018 | ) prF 58.2543.64 67.15+4.33 76.15+2.94
Torkz | PRE | 50740503 | 59.854532 | 0.004 66.62+4.77 | 0.015
aban +) . . . . g X X .
etal.
2018 | (-) PRF | 58.41£3.99 | 55.99+3.39 0.004 63.23+4.74 0.015
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Hus- ZR)F 68.1£7.52 | 0.023 7175808 | 0.009 | 74465806 |
etal.

2017 | () PRF 68.5248.84 | 0.001 72.48£0.07 | 0.005 | 75.0426.16 | 0.001>

Table legend: P-values denote significant against each other with P<0.001.

3.2.3 Mean insertion torque

In the studies that had used insertion torque as a parameter
showed no significant difference between the groups.
Nevertheless the group with the PRF had higher values.

Table 3: Mean insertion torque values with and without PRF membrane
over time.

Mean Insertion
Author Groups forque (Nem) P-value
. PRE(+) | 27.5£11.90
Oncii et al. 2015%! 0.632
PRF(-) 24.0+12.45
PRF (+) | 25.4043.20
Torkzaban et al. 2018% 0.290
PRF () 24.4043.33

3.3 Effect on soft tissues
3.3.1 Characteristics of included studies

In gingival recession the gingiva changes position, exposing
more of the tooth or the tooth root. In 6 articles the influence of
PRF membranes on gingival recession was studied (Table 4).

In the studies found, the patients that had undergone the
studies were ranging in age between 18-52 years. In each study
the patients were divided into different group treatments but
each one included a group that combined PRF into the treatment
(VRD+PREF vs. CTG, Gingival recession +LPRF vs. CTG, CAF
vs. CAF+PRF, Mucogingival surgery+ PRF, MCAF+PRF and
MCAF+SCTQG).

Just in two studies minor complications were observed after
surgery such as pain, swelling, bleeding, and inflammation of
the gingiva. However these kinds of symptoms are normal after
a surgery.

For the PRF preparation the blood drawn from the patients
that took part in the studies were to be centrifuged. The blood
samples that were withdrawn were between 6-10 ml and were
being centrifuged at 2700-3000 rpm for 10-12 minutes.

In the different articles the studies were between 3 - 12
months. The evaluated parameters for PRF membranes on
gingival recession included the CAL (Clinical attachment level),
PD (pocket depth), GT (gingival thickness), recession height
and KTW (keratinized tissue width).

Table 4: Characteristics of studies on PRF membranes and gingival recession.

Source Jankovic et al. Tunali et al. Dixit et al. Kuka et al. 2017" Krismariono et al. Oncii et al.
2012" 2015% 2018° 2019 2015%
Patient age 19-47 25-52 18-50 - 30-40 20-60
Patients num- 5 4 - 11 - 9
bers / gender F 10 6 _ 3 . 1
Length of study 6 months 12 months 6months 12 months 3 months 6 months
Groups VRD+PRF Gingival reces- | CAF+PRF CAF+PRF PRF MCAF+PRF
sion +LPRF
NON PRF NON PRF NON PRF NON PRF NON PRF NON PRF
PRF prep. 10 ml of blood | 10 ml of blood | 6 ml of blood 10 ml of blood 10 ml of blood 9ml of blood
Centri-fugation | 3000 rpm for 2700 rpm for 12 | 2700 rpm for 12 | 3000 rpm for 10 mins | 3000 rpm for 12 2700 rpm for
10 mins mins mins mins 12 mins
Evaluated KTW PD ,VGRD, Recession height Recession height KTW
parameters
CAL CAL GRW KTW PD
PD KTW CAL GT CAL
GT GT

3.3.2 Keratinized tissue width

The KTW increased in all the groups that were used as treatment modalities for gingival recessions. The groups that involved
PRF showed higher values. Two studies included groups that were PRF vs CTG, and the other study included MCAF+PRF and

MCAF+SCTG.

In the study by Jankovic et al. 2012 the KTW in the PRF group increased from 1.32 + 0.66 mm to 2.20 + 0.54 mm. In the control
group, KTW increased from 1.41 + 0.58 mm to 2.85 + 0.45 mm. The gain in KTW was statistically significant for both groups. In a
study by Tunali et al”. The statistical analyses for the clinical parameters at baseline and 6 months and 12 months post treatment for
both groups. Both groups showed a significant increase in the KTW from baseline to 12 months; however, there were no statistically
significant differences in the KTW between the two groups at baseline or at 12 months. It goes for the study by Oncii et al*' where

KTW increases in time in both the groups.

Table 5: Keratinized tissue width values with and without PRF membranes over time.

Author Groups KTW at basline | P-value KTW at 1% P value KTW at 6 Pvalue | KTW at P value
week months 12 months
Jankovic et al. CTG 1.41£0.58 0.00 2.85+0.45 0.013
11
2012 PRF 1.3240.66 0.00 220£0.54 | 0.013
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Tunali et al. 2015 | PRF 2.33£0.56 0.00 2.93+0.70 0.00 2.86+0.69 | 0.02
CTG 2.43+0.52 0.00 2.93+0.71 0.00 3.03+0.74 | 0.00
Oncii et al. 2015 MCAF+PRF 2.70+0.70 0.647 3.80+0.93 0.024
MCAF+SCTG | 2.60+0.77 0.647 4.33+0.88 0.024

Table legend: CTG (control group), PRF (platelet Rich Fibrin), MCAF (Modified Coronally Advanced Flap) SCTG (Subepithelial Connective Tissue Graft).

3.3.3 Recession height

Two studies studied difference between CAF vs PRF, and
one study studied CTG vs PRF. Kuka et al. 2017 results of the
recession height from the baseline in CAF + PRF and CAF groups
was 3.15 £ 0.24 and 3.36 + 0.34 mm, respectively. Intragroup
comparisons revealed significant differences at 12 months for
all parameters (p < 0.05). Recession height reduction was 2.75

+0.33 and 2.51 £ 0.33 mm in the CAF + PRF and CAF groups
respectively. According to the study by Jankovic et al. 2012'"" the
recession height in the PRF group decreased from 3.51+0.70 to
2.8340.37.and in the CTG group from 3.45+0.84 to 3.07+0.30,
it is shown that the differences between the groups were not
statistically significant. In Dixit et al. study from baseline to 6
months the recessions height in both the groups also resulted in
the decrease, however the results were not statically significant®.

Table 6: Recession height values with and without PRF membranes over time.

Author Groups Recession height [mm]
Base-line | P Im P 3m P 6m P 12m P

Kuka et al. 2017" CAF 3.36+0.34 | 0.126 2.51+0.33 | 0.134

CAF+PRF 3.15+£0.24 | 0.126 2.75+0.35 1 0.134
Jankovic et al. 2012" CTG 3.45+0.84 | 0 3.07+0.30 | 0.270

PRF 3.51+0.70 | 0 2.83+0.37 | 0.270
Dixit et al. 2018° CAF 2.83+1.12 | 0.00 0.33+0.78 | 0.00 | 0.58+1.00 | 0.00 | 0.58+1.00 | 0.00

CAF+PRF 2.92+0.90 | 0.00 0.08+0.29 | 0.00 | 0.33+0.49 | 0.00 | 0.50+0.52 | 0.00

Table legend: CAF (Coronally Advanced Flap), PRF (Platetlet Rich Fibrin), CTG (control group).

3.3.4 Gingival Thickness

Two studies studied difference between CAF vs PRF, and
one study studied MCAF+SCTG vs. MCAF+PRF.

In Dixit et al. 20187 results the change in gingival thickness
was found to be statistically significant (P < 0.05), when the
changes are observed from baseline to 6 months in both the

groups. In the study by Kuka et al. 20171t is also observed that
the Intergroup differences were found to be significant for GT
gain (p < 0.05). In Oncii et al”, study results were similar the
gingival thickness values increased significantly in both groups
after 6 months, respectively. GT was higher in the test group (P
=.005), which was the PRF group. So in all of the studies the GT
have increased over time”'.

Table 7: Gingival Thickness values with and without PRF membranes over time.

Author Groups GT at P GT at 1% P GTat1 Pvalue | GT at 3™ P GT at 6™ P GT at 12*
baseline value week value month month value month value month

Dixitet | CAF 0.56+0.56 0.102 0.64+0.37 | 0.102 0.65+0.37 | 0.072 | 0.64+0.38 | 0.108

al: 2018 FeAFpRF | 049031 | 0.00 1.12£0.42 | 0.00 1.12£043 [ 000 [0.12:043 [0.00

Kukaet | CAF+PRF 0.78+0.06 0.121 0.53+0.05

al 20177 e AF 0.73£0.007 | 0.121 0.07:£0.005

Oncii MCAF+SCTG | 0.69+0.23 0.939 | 0.85+0.21 | 0.005

;t()zlﬂéz' MCAF+PRF 0.69+0.21 0.939 | 0.99+0.20 | 0.005

Table legend: CAF (Coronally Advanced Flap), PRF (Platelet Rich Fribrin), MCAF (Modified Coronally Advanced Flap), SCTG (Sub epithelial

Connective Tissue Graft).

3.3.5 Clinical Attachment Level

In all of the studies there was a gain in the CAL but there was no significant difference between the intergroup’ s that were being

studied.

The CAL results in the study by Jankovic et al''. showed that in the PRF group, CAL decreased from 4.35 = 0.67 mm to 1.48 +

0.40 mm, with an attachment gain of 2.87 mm. In the control group, CAL decreased from4.31 + 0.61 mm to 1.35 £ 0.38 mm, with
an attachment gain of 2.96 mm. The differences between the two groups were not statistically significant for CAL. Sam goes to the
rest of the studies by Tunali et al., Dixit et al., Kuka et al., and Oncii et al., there was no significant differences between the groups
fOI‘ CALl 1,29,5,17, 21 .

Table 8: Clinical Attachment Level values with and without PRF membranes over time.

Author | Groups CAL at P-val- | CAL at P CAL at p-val- | CAL P CAL 6™ P CAL p-val-
baseline ue 1% week value | 1st month | ue at 3¢ value | month value | at 12" ue
month month
Jankov- | PRF 4.35+0.67 | 0.00 1.48+0.40 | P<005
i 1.
‘2‘"‘061”2?1 CTG 431+0.61 | 0.00 1.3540.38 | P<0.05




Sahawneh P., J Dent Mat | Vol: 1 & Iss:1

Tunali | PRF 5.03+1.94 [ 0.00 227£0.92 | 0.00 [ 2.33+0.90 | 0.00
etal.

2015° | cTG 5.20£1.49 | 0.00 2.24:0.82 [0.00 | 2.16+0.79 | 0.00
Dixit | CAF 4.67+1.30 | 0.00 2.00+0.85 [0.00 [2.17+0.83 | 0.00 |[2.17+0.83 | 0.00

;B?lés CAF+PRF 450+1.00 | 0.00 1.83£0.72 [ 0.00 |2.00+0.74 | 0.00 | 2.08+0.67 | 0.00

Kuka | CAF+PRF 425:0.35 | 0.063 2.10£0.61 [ 0.119
;)*1‘17'1, CAF 4.54:030 | 0.063 1.74+0.24 | 0.119
Onci | MCAF+SCTG | 5.53+1.07 | 0.550 | 1.77+0.97 | 0.465

2)51‘15'2' MCAF+PRF | 5.37£1.07 | 0.550 |2.07x1.17 | 0.465

Table legend: CTG (control group), CAF (Coronally Advanced Flap), PRF (Platelet Rich Fribrin), MCAF (Modified Coronally Advanced Flap),
SCTG (Sub epithelial Connective Tissue Graft).

3.3.6 Pocket depth

In all of the studies there was a gain in the PD, there was an improvement in the pocket depth as it decreased after the treatments
but when comparing to the test and control groups also no significant differences were observed. Tunali et al, found both groups,
PDs significantly decreased after treatment (P < .001). The PD values were 1.33 = 0.59 mm and 1.49 £ 0.50 mm at baseline, 1.24
+0.37 mm and 1.13 + 0.35 mm at 6 months and 1.18 £+ 0.33 mm and 1.18 £0.35 mm at 12 months in the L-PRF and CTG groups,
respectively. Between the rest of the studies the changes observed over time between the groups, no statistical significance was
observed for the PD*.

Table 9: Pocket depth Level values with and without PRF membranes over time.

Author groups PD at baseline | p-value | PD at 1* week | P value | PD at 6 months | P value | PD at 12 months | P value
Jankovic et al. 2012"" | PRF 0.74+0.53 0.00 0.95+0.41 0.167
CTG 0.86+0.47 0.00 0.92+0.48 0.167
Tunali et al. 2015% PRF 1.33+0.59 0.00 1.24+0.37 0.57 1.18+0.33 0.44
CTG 1.49+0.50 0.00 1.13+0.35 0.004 1.1840.35 0.06
Kuka et al. 2017" CAF+PRF 1.10+0.021 0.396 0.65+0.24 0.515
CAF 1.18+0.24 0.396 0.78+0.34 0.515
Oncii et al. 2015 MCAF+SCTG | 1.33+0.66 0.421 1.17+0.38 1.00
MCAF+PRF 1.47+0.51 0.421 1.17+0.38 1.00

Table legend: CTG (control group), CAF (Coronally Advanced Flap), PRF (Platelet Rich Fribrin), MCAF (Modified Coronally Advanced Flap),
SCTG (Subepithelial Connective Tissue Graft).

3.4 Effect on hard tissue
3.4.1 Characteristics of included studies

After tooth extraction, dimensions of the alveolar bone are decreased in vertical as well as horizontal dimensions however that
is normal because it is part of the normal healing process. Until today different treatment modalities were used to decrease those
changes that occur in the alveolar ridge after the extraction, either for esthetic reasons or for future dental implant placement, such
as allograft or xenograft bone grafts material with or without barrier membranes. PRF has many advantages and one of them is that
it can be used as an adjunct in extraction socket grafting procedures to improve healing as well as to maintain that alveolar ridge
dimension. In 4 articles the influence of PRF membranes on extraction sockets was studied. The results are summarized in Table 3.

Table 10: Characteristics of studies on PRF membranes and dental sockets.

Source Hauser et al., 2013* Shrivastava et.al, 2018** | Hussien et al., 2017"
Patients+ Age 23 pt. (14 women, 9 men_age (22- 120 patients 24 patients

75) mean age 47, median age 46.
Groups PRF PRF PRF

NON PRF NON PRF NON PRF
Length of study 8 weeks 24 weeks 8 weeks
PRF prep. 8ml of blood 10ml of blood 20 ml of blood
Centrifugation 2700rpm for 12 mins. 3000rpm,10 mins 3000 rpm for 10 mins

Evaluated parameters

Alveolar crest height

Mean bone density

Radiographic

Implants placed

Yes 3.5 mm straumann.

none

none

Complications

Mild just sweling

none

none

In the studies found, the patients that had undergone the studies were ranging in age between 19-46 years. In each study the
patients were divided into different group treatments but each one included a group that combined PRF into the treatment (PRF vs.
Control group (NON-PRF). Mild swellings were recorded as a complication in one study.
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For the PRF preparation the blood drawn from the patients that took part in the studies went through the centrifuging process.
The blood samples that were withdrawn were between 8-20 ml and were being centrifuged at 2700-3000 rpm for 10-12 minutes.

In the different articles the studies lasted 8 -24 weeks. The evaluated parameters for PRF membranes on extraction sockets
included Alveolar crest height, radiographic bone density and mean bone density.

3.4.2 Measured effects

The results show that the PRF membranes had a preventive effect in the radiographic reduction of the alveolar crest height at
the mesial and distal sites. As for the radiographic bone fill the result was very positive since it was significantly higher for the PRF
group than the NON-PRF group. It is seen that in the mean bone density the results are favorable for the PRF group. It seems that
the PRF is a satisfactory alternative with favorable results and low risks in extraction sockets healing.

Table 11: Evaluated parameters of PRF membranes on extracted sockets over time.

Mean Mean
Alveolar Alveolar Poval- Alveolar Poval- Alveolar Poval- Alveolar Poval- Bone Poval- Mean Bone Poval- Bone
Author | groups | crest height | crest height ueva ridge width ueva ridge width at e & ridge width ueva Density ueva Density at e & Density P-value
at baseline at 8 weeks at baseline 4 weeks at 8 weeks at base- at 6 weeks atat 12
line weeks
Mesial
(-0.77+0.17)
control | 11.55+0.47 <0.05
Distal
Hauser (-2.07+0.81
;;;1?;‘\‘ Mesial
(-1.2120.40)
E:R)F 11.55+0.47 <0.05
Distal
(-0.760.25)
Hus- control 326+221 0.141 9.79 +6.02 0.012 13.54 £ 6.57 0.036
sien
etal. PRF
201710 ) 2.09+0.84 | 0.141 522+0.80 0.012 | 8.58+1.73 0.036
Shri- 56.26+ 75.52
vastava | control T 0.1963 | 5830+3.68 | 0.0263 | 37 <0.0001
etal, R .
2018%
PRF 57.43 85.60+
*) 340 0.1963 | 60.37+3.31 | 0.0263 515 <0.0001

3.5 PRF membranes and wound healing

When wound healing begins in the oral cavity the rich blood supply helps to speed the recovery, saliva contains proteins that aid
in tissue repair, many cells play a role in this process, such as; neutrophils, macrophages, epithelial cells and fibroblasts. PRF may
play a specific role in wound healing by increasing cell proliferation and migrations and produce collagen for extracellular matrix
to help in repairing the wound.

3.5.1 Characteristics of included studies

In 3 articles the influence of PRF membranes on wound healing was studied. In the studies found, the patients that had undergone
the studies were ranging in age between 29-27 years. In each study the patients were divided into different group treatments but each
one included a group that combined PRF into the treatment (OFD-+PRF vs. PRF, PRF vs. Control group (NON-PRF). In one study
complication was observed which included Pus, swelling, erythema, postoperative pain.

For the PRF preparation the blood drawn from the patients that took part in the studies went through the centrifuging process.
The blood samples that were withdrawn were between 5-20 ml and were being centrifuged at 2000-3000 rpm for 10-12 minutes.

In the different articles the studies lasted from 1 week to 9 months. The evaluated parameters for PRF membranes on wound
healing (Table 8), included EHI score (Early Healing Index), GML (gingival marginal level) and the Mean soft tissue healing.

Table 12: Characteristics of studies on PRF membranes and wound healing.

SOURCE Alpan et al. 2020 Arabaci et al. 2017° Al-Hamed et al. 2016'

Patients + Age 40 pt. (Divided 1:1 ratio) 26 pt. (17 males and 9 females) 29-46 years, with 47 (13 M, 34 F), mean age
mean age +-36.49 (+-7.03 years with chronic 25.24+7.04
periodontitis.

Groups PRF group and control group OFD AND OFD+ PRF PRF +Control

Baseline 30 days 9 months 1 week

PRF prep. 20 ml of blood samples, free 20 ml, centrifuged at 2800rpm for 12 mins Sml, without A.C, centrifuged at

of anticoagulant, centrifuged at 3000 rpm for 10 mins

2800 rpm for 12 mins

Evaluated param- EHI score GML (gingival marginal level) Mean soft tissue healing

eters

Implants placed none none none

complications none none Pus, swelling, erythema, post-op-

erative pain
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The results are summarized in (Table 13). As soft tissue healing is in question when used with PRF, one result found by
Al-Hamed et al. 2016' it was observed that between the two groups (PRF and control group) there was no significance difference.
The EHI (early healing index) don’t show significant differences between the groups. As for the GML (gingival marginal level) in
the PRF group decreases the chances of getting gingival recessions when comparing to the OFD group.

Table 13. Evaluated parameters of PRF membranes on wound healing.

Author Group

Parameter

P-value

Al-Hamed et al. 2016’ PRF VS. NON PRF

Mean soft tissue healing score:

PRF group

Mean soft tissue healing score=4.52 (0.71)
Non PRF group

Mean soft tissue healing score=4.20(0.95)

0.187

Alpan et al. 2020 PRF VS. NON PRF

EHI
PRF(+)
1.75+0.85
PRF(-)

2.37+0.68

<0.05

Arabaci et al. 20173 OFD VS. OFD+PRF

GML (mm) Baseline 9 months
OFD:

1.37 — 0.26 (Baseline)

1.76 — 0.44(9 months)
OFD+PRF

1.30 — 0.29 (Baseline)

1.19 — 0.28 (9 months)

(P=0.04).

4. Discussion

In the recent years, there is an increase in the use of Platelet
rich Fibrin membranes (PRF) in dentistry. The aim of this study
is to evaluate the potential benefits of using PRF membranes.

This study shows that PRF membranes are useful in treating
gingival recessions, in aiding the soft and hard tissues of the
oral cavity, aim in the implant stability and wound healing. For
the different issues in question that could occur in the dental
treatment, PRF had demonstrated with positive results. Each
matter was studied separately in this study to see how PRF could
have an effect.

4.1 Basis for the effect of PRF

The use of PRF has a change in the hard and soft tissue
regeneration without or with slight signs of inflammation at the
wound site. Which in turn aids in haemostasis and increases the
positive quality of wound healing. It contains multiple growth
factors that improve cellular functions in tissue healing. The
platelet growth factor has several biological activities that
promote and modulate cell proliferation and regeneration.
It increases proliferation of connective tissue progenitors. It
contains growth factors such as transforming growth factors
(TGF-B), platelet derived growth factor (PDGF), epidermal
growth factor (EGF), vascular endothelial growth factor (VEGF)
and insulin like growth factor. All of these mentioned growth
factors are important factors for optimal healing®.
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In the following, the influence of PRF membranes on hard
and soft tissue as well as implant stability will be considered in
more detail.

4.2 How do PRF membranes influence soft tissue healing?

As the effect of PRF membranes performance with
regarding to soft tissue was being searched, the KTW, CAL,
PD, RECESSION HEIGHT-WIDTH, GT values were used as
parameters. In studies it was found that when PRF membranes
was applied, there was an increase over time in the KTW values.
At the various articles studies, I found that PRF membranes
improved soft tissue healing. The improvement was not very
significant there were slight increases that proved improvement
for the different parameters that were looked at. The results for
the different parameters were somewhat similar, however the
PRF membranes results were being directly compared to other
treatment modalities and PRF membranes always showed a more
positive result, again the changes in the results also between the
other treatments were not significant. Both treatments showed
positive results, but when PRF membranes were used the results
were always slightly better'">>,

4.3 Do PRF membranes improve implant stability?

When the effect of PRF membranes on implant stability was
being searched, the ISQ and insertion torque values were used
as parameters.
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In all of the studies there was an increase in the ISQ values
when PRF membranes were used. The values are not very
significant however in each study the use of PRF membranes
ended with an increase.

When the insertion torque values were studied it was
observed that when PRF membranes were applied the results
were better compared to without the use of PRF membranes,
however the results were not significant. Another parameter that
was studied was the ISQ; it cannot be compared to the insertion
torque since it is a separate parameter. In the ISQ values between
the groups that were compared that is, the group with PRF
membranes and without PRF membranes, both of the groups
showed positive results, it was seen that the PRF membranes
group had better results, but again the results between the groups
were not significant either.

4.4 What is the effect of PRF membranes on hard tissue?

When the effect of PRF membranes performance with
regarding hard tissues was searched the measured parameters
were alveolar crest height, mean bone density and radiographic
bone width.

The radiographic bone fill for the PRF group was significantly
higher than for the non PRF group. As for the other parameters,
the alveolar crest height and mean bone density, the results again
showed more positive results for the groups that involved PRF
membranes, when compared to the non PRF group, but the
results were not statistically significant.

4.5 What is the effect of PRF membranes on wound healing?

When the effect of PRF membranes performance with
regarding wound healing was searched the measured parameters
were EHI, GML and mean soft tissue healing. In all of the studies
the results had positive values when PRF membranes were used,
although they were not statistically significant.

The factors that influenced the results could be because
in each study the speed and time of blood centrifuging was
different. In each study the speed and time of blood centrifuging
was different, ranging from 2000 to 3000 rpm, and from
10 to 12 minutes centrifugation time. A study by Miron et
al®. experimented the effect of time between blood draw and
centrifugation and the study’s findings suggested that clinicians
has up to 60 to 90 seconds to draw all the PRF tubes or else the
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PRF membrane will display in a reduction in size®.

Also the age of the patients and gender division varied in the
studies that could have influenced the results. It was found by
the same study that size of outcomes of PRF membranes was
significantly larger in females at all investigated time points
during the study. It also found in the same article that when age
and PRF membranes were studied, it was observed that older
patients (male and female) showed larger PRF membranes.

5. Recommendations and Limitations

There are limitations to this study since the results were not
significant in the use of PRF membranes and further clinical and
histological studies are needed to support the results.

6. Conclusion

In conclusion, the combination use of PRF membranes
with regenerative therapy presented in the researched articles
had positive outcomes for gingival recession, periodontal
regeneration, implant stability, hard tissue coverage and wound
healing.
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8. List f Abbreviations
Abbreviation Full Name of Abbreviation
PRF Platelet Rich Fibrin
CAL Clinical Attachement Level
KTW Keratinized tissue width
PD Pocket Depth
GT Gingival Thickness
RBF Radiographic Bone Fill
1SQ Implant Stability Quotient
EHI Early Healing Index
GML Gingival Marginal Level
GCF Gingival Crevicular Fluid
VRD Vertical Gingival Recession Depth
CTG Control Group
CAF Coronally Advanced Flap
MCAF Modified Coronally Advanced Flap
SCTG Subepithelial Connective Tissue Graft
OFD Open Flap Dbridement

References

1. Al-Hamed FS, Tawfik MAM, Abdelfadil E. Clinical Effects Of
Platelet-Rich Fibrin (PRF) Following Surgical Extraction Of
Lower Third Molar. The Saudi Journal For Dental Research
2017;8(2):19-25.

2. Alzahrani AA, Murriky A, Shafik S. Influence of Platelet Rich
Fibrin on post extraction socket healing: A clinical Radiographic
Study, Saudi Dent J 2017;29(4):149-155.

3. Arabaci T, Kose O, Albayrak M, Cicek Y, Kizildag A. Advantages
of Autologous Platelet-Rich Fibrin Membrane on Gingival
Crevicular Fluid Growth Factor Levels and Periodontal Healing:
A Randomized Split-Mouth Clinical Study. J Periodontol
2017;88(8):771-777.

4. Diliddo R, Bertalot T, Borean A, et al. Leucocyte and Platelet-
rich Fibrin: a carrier of autologous multipotent cells for
regenerative medicine. J Cell Mol Med. 2018;22(3):1840-1854.

5. Dixit N, Lamba AK, Faraz F, Tandon S, Aggarwal K, Ahad A.
Root Coverage By Modified Coronally Advanced Flap With And
Without Platelet-Rich Fibrin: A Clinical Study. Indian J Dent Res
2018;29(5):600-604.

6. Dohan DM, Choukroun J, Diss A, et al. Platelet-rich fibrin (PRF):
a second-generation platelet concentrate. Part |: technological
concepts and evolution. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2006;101(3):37-44.

7. Fan WJ, Yang M, Zhang C, Xue R, Zhang W, Qin HX. Effects
of Choukroun'’s platelet-rich fibrin on human gingival fibroblasts
proliferation, migration and type | collagen secretion. Zhonghua
Kou Qiang Yi Xue Za Zhi 2013;48(2):72-76.

8. Hauser F, Gaydarov N, Badoud |, Vazquez L, Bernard JP,
Ammann P. Clinical and histological evaluation of postextraction
platelet-rich fibrin socket filling: a prospective randomized
controlled study. Implant Dent 2013;22(3):295-303.

9. Horvathy DB, Simon M, Schwarz CM, et al. Serum albumin as
a local therapeutic agent in cell therapy and tissue engineering.
Biofactors 2017;43(3):315-330.

10. Hussien AF, Al-Hussaini AH. Effect of Platelet-Rich Fibrin on

Implant Stability. J Bagh College Dentistry 2017;29(4):58-64.


https://www.sciencedirect.com/science/article/pii/S2352003516300089
https://www.sciencedirect.com/science/article/pii/S2352003516300089
https://www.sciencedirect.com/science/article/pii/S2352003516300089
https://www.sciencedirect.com/science/article/pii/S2352003516300089
https://pubmed.ncbi.nlm.nih.gov/29033524/
https://pubmed.ncbi.nlm.nih.gov/29033524/
https://pubmed.ncbi.nlm.nih.gov/29033524/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5824368/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5824368/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5824368/
https://pubmed.ncbi.nlm.nih.gov/30409939/
https://pubmed.ncbi.nlm.nih.gov/30409939/
https://pubmed.ncbi.nlm.nih.gov/30409939/
https://pubmed.ncbi.nlm.nih.gov/30409939/
https://pubmed.ncbi.nlm.nih.gov/16504849/
https://pubmed.ncbi.nlm.nih.gov/16504849/
https://pubmed.ncbi.nlm.nih.gov/16504849/
https://pubmed.ncbi.nlm.nih.gov/16504849/
https://pubmed.ncbi.nlm.nih.gov/23714057/
https://pubmed.ncbi.nlm.nih.gov/23714057/
https://pubmed.ncbi.nlm.nih.gov/23714057/
https://pubmed.ncbi.nlm.nih.gov/23714057/
https://journals.lww.com/implantdent/fulltext/2013/06000/Clinical_and_Histological_Evaluation_of.17.aspx
https://journals.lww.com/implantdent/fulltext/2013/06000/Clinical_and_Histological_Evaluation_of.17.aspx
https://journals.lww.com/implantdent/fulltext/2013/06000/Clinical_and_Histological_Evaluation_of.17.aspx
https://journals.lww.com/implantdent/fulltext/2013/06000/Clinical_and_Histological_Evaluation_of.17.aspx
https://pubmed.ncbi.nlm.nih.gov/27859738/
https://pubmed.ncbi.nlm.nih.gov/27859738/
https://pubmed.ncbi.nlm.nih.gov/27859738/
https://www.iasj.net/iasj/download/fdefe515d5517f69
https://www.iasj.net/iasj/download/fdefe515d5517f69

Sahawneh P.,

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Jankovic S, Aleksic Z, Klokkevold P, et al. Use of platelet-rich
fibrin membrane following treatment of gingival recession: a
randomized clinical trial. Int J Periodontics Restorative Dent
2012;32(2):41-50.

Jiménez-Aristizabal RF, Lopez C, Alvarez ME, Giraldo C,
Prades M, Carmona JU. Long-term cytokine and growth factor
release from equine platelet-rich fibrin clots obtained with two
different centrifugation protocols. Cytokine 2017;97:149-155.

Kardos D, Hornyak I, Simon M, et al. Biological and Mechanical
Properties of Platelet-Rich Fibrin Membranes after Thermal
Manipulation and Preparation in a Single-Syringe Closed
System. Int J Mol Sci 2018;19(11):3433.

Kim JS, Jeong MH, Jo JH, Kim SG, Oh JS. Clinical application
of platelet-rich fibrin by the application of the Double J technique
during implant placement in alveolar bone defect areas: case
reports. Implant Dent 2013;22(3):244-249.

Krasny K, Kaminski A, Krasny M, Zadurska M, Piekarczyk
P, Fiedor P. Clinical use of allogeneic bone granulates to
reconstruct maxillary and mandibular alveolar processes.
Transplant Proc 2011;43(8):3142-3144.

Krismariono A. Less Invasive Vestibule Access Tunneling with
Platelet-rich Fibrin Membrane for the Treatment of Gingival
Recession. J Contemp Dent Pract 2019;20(9):1024-1028.

Kuka S, Ipci SD, Cakar G, Yimaz S. Clinical evaluation of
coronally advanced flap with or without platelet-rich fibrin for
the treatment of multiple gingival recessions. Clin Oral Investig
2018;22(3):1551-1558.

Alpan AL, Cin GT. PRF improves wound healing and
postoperative  discomfort after harvesting subepithelial
connective tissue graft from palate: a randomized controlled
trial. Clin Oral Investig 2020;24(1):425-436.

Mazor Z, Horowitz RA, Corso MD, Prasad HS, Rohrer MD,
Ehrenfest DMD. Sinus floor augmentation with simultaneous
implant placement using Choukroun’s platelet-rich fibrin as
the sole grafting material: a radiologic and histologic study at 6
months. J Periodontol 2009;80(12):2056-2064.

Miron RJ, Pikos MA. Sinus Augmentation Using Platelet-Rich
Fibrin With or Without a Bone Graft: What Is the Consensus?.
Compend Contin Educ Dent 2018;39(6):355-362.

21.

22.

23.

24.

25.

26.

27.

28.

29.

J Dent Mat | Vol: 1 & Iss:1

Oncii E, Alaaddinoglu EE. The effect of platelet-rich fibrin on
implant stability. Int J Oral Maxillofac Implants 2015;30(3):578-
582.

Oncii E. The Use of Platelet-Rich Fibrin Versus Subepithelial
Connective Tissue Graft in Treatment of Multiple Gingival
Recessions: A Randomized Clinical Trial. Int J Periodontics
Restorative Dent 2017;37(2):265-271.

Pierce GF etal. Platelet-Derived Growth Factor And Transforming
Growth Factor-Beta Enhance Tissue Repair Activities By Unique
Mechanisms. J Cell Biol 1989;109(1):429-440.

Shrivastava A, Shenoi R, Garg A, Vats V, Gadve V, Siddiqui A.
Role Of Platelet Rich Fibrin In Healing of Extraction Socket.
International Journal Of Contemporary Medical Research
2018;5(5):6-10.

Simon M, Major B, Vacz G, et al. The Effects of Hyperacute
Serum on the Elements of the Human Subchondral Bone
Marrow Niche. Stem Cells Int 2018; 2018:4854619.

Tabrizi R, Arabion H, Karagah T. Does platelet-rich fibrin
increase the stability of implants in the posterior of the maxilla?
A split-mouth randomized clinical trial. Int J Oral Maxillofac Surg
2018;47(5):672-675.

Theys T, Hoylandt AV, Broeckx CE, et al. Plasma-rich fibrin
in neurosurgery: a feasibility study. Acta Neurochir (Wien)
2018;160(8):1497-1503.

Torkzaban P, Khoshhal M, Ghamari A, Tapak L, Houshyar E.
Efficacy of Application of Platelet-Rich Fibrin for Improvement of
Implant Stability: A Clinical Trial. J Long Term Eff Med Implants
2018;28(4):259-266.

Tunali M, Ozdemir H, Arabaci T, Girbilizer B, Pikddken L,
Firatli E. Clinical evaluation of autologous platelet-rich fibrin
in the treatment of multiple adjacent gingival recession
defects: a 12-month study. Int J Periodontics Restorative Dent
2015;35(1):105-114.


https://pubmed.ncbi.nlm.nih.gov/22292152/
https://pubmed.ncbi.nlm.nih.gov/22292152/
https://pubmed.ncbi.nlm.nih.gov/22292152/
https://pubmed.ncbi.nlm.nih.gov/22292152/
https://pubmed.ncbi.nlm.nih.gov/28648869/
https://pubmed.ncbi.nlm.nih.gov/28648869/
https://pubmed.ncbi.nlm.nih.gov/28648869/
https://pubmed.ncbi.nlm.nih.gov/28648869/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6274993/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6274993/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6274993/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6274993/
https://pubmed.ncbi.nlm.nih.gov/23619749/
https://pubmed.ncbi.nlm.nih.gov/23619749/
https://pubmed.ncbi.nlm.nih.gov/23619749/
https://pubmed.ncbi.nlm.nih.gov/23619749/
https://pubmed.ncbi.nlm.nih.gov/21996249/
https://pubmed.ncbi.nlm.nih.gov/21996249/
https://pubmed.ncbi.nlm.nih.gov/21996249/
https://pubmed.ncbi.nlm.nih.gov/21996249/
https://pubmed.ncbi.nlm.nih.gov/31797823/
https://pubmed.ncbi.nlm.nih.gov/31797823/
https://pubmed.ncbi.nlm.nih.gov/31797823/
https://pubmed.ncbi.nlm.nih.gov/29058084/
https://pubmed.ncbi.nlm.nih.gov/29058084/
https://pubmed.ncbi.nlm.nih.gov/29058084/
https://pubmed.ncbi.nlm.nih.gov/29058084/
https://pubmed.ncbi.nlm.nih.gov/31104113/
https://pubmed.ncbi.nlm.nih.gov/31104113/
https://pubmed.ncbi.nlm.nih.gov/31104113/
https://pubmed.ncbi.nlm.nih.gov/31104113/
https://pubmed.ncbi.nlm.nih.gov/19961389/
https://pubmed.ncbi.nlm.nih.gov/19961389/
https://pubmed.ncbi.nlm.nih.gov/19961389/
https://pubmed.ncbi.nlm.nih.gov/19961389/
https://pubmed.ncbi.nlm.nih.gov/19961389/
https://pubmed.ncbi.nlm.nih.gov/29847961/
https://pubmed.ncbi.nlm.nih.gov/29847961/
https://pubmed.ncbi.nlm.nih.gov/29847961/
https://pubmed.ncbi.nlm.nih.gov/26009908/
https://pubmed.ncbi.nlm.nih.gov/26009908/
https://pubmed.ncbi.nlm.nih.gov/26009908/
https://pubmed.ncbi.nlm.nih.gov/28196169/
https://pubmed.ncbi.nlm.nih.gov/28196169/
https://pubmed.ncbi.nlm.nih.gov/28196169/
https://pubmed.ncbi.nlm.nih.gov/28196169/
https://pubmed.ncbi.nlm.nih.gov/2745556/
https://pubmed.ncbi.nlm.nih.gov/2745556/
https://pubmed.ncbi.nlm.nih.gov/2745556/
https://www.ijcmr.com/uploads/7/7/4/6/77464738/ijcmr_2033.pdf
https://www.ijcmr.com/uploads/7/7/4/6/77464738/ijcmr_2033.pdf
https://www.ijcmr.com/uploads/7/7/4/6/77464738/ijcmr_2033.pdf
https://www.ijcmr.com/uploads/7/7/4/6/77464738/ijcmr_2033.pdf
https://pubmed.ncbi.nlm.nih.gov/29760725/
https://pubmed.ncbi.nlm.nih.gov/29760725/
https://pubmed.ncbi.nlm.nih.gov/29760725/
https://pubmed.ncbi.nlm.nih.gov/29269149/
https://pubmed.ncbi.nlm.nih.gov/29269149/
https://pubmed.ncbi.nlm.nih.gov/29269149/
https://pubmed.ncbi.nlm.nih.gov/29269149/
https://pubmed.ncbi.nlm.nih.gov/29872915/
https://pubmed.ncbi.nlm.nih.gov/29872915/
https://pubmed.ncbi.nlm.nih.gov/29872915/
https://pubmed.ncbi.nlm.nih.gov/31002614/
https://pubmed.ncbi.nlm.nih.gov/31002614/
https://pubmed.ncbi.nlm.nih.gov/31002614/
https://pubmed.ncbi.nlm.nih.gov/31002614/
https://pubmed.ncbi.nlm.nih.gov/25734713/
https://pubmed.ncbi.nlm.nih.gov/25734713/
https://pubmed.ncbi.nlm.nih.gov/25734713/
https://pubmed.ncbi.nlm.nih.gov/25734713/
https://pubmed.ncbi.nlm.nih.gov/25734713/

	_GoBack

