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ABSTRACT

The use of platelet concentrates has gained increasing awareness In recent years for
regenerative procedures in modern dentistry. The aim of the present study was to
compare growth factor release over time from Advanced Platelet-Rich Fibrin (A-PRF)
and Injectable Platelet-Rich Fibrin (i-PRF). Thirty blood samples were collected from
fifteen donors (2 samples each for A-PRF and i-PRF). Following preparation, samples
were incubated in a plate shaker and assessed for growth factor release at 1 day, 3 days,
and 10 days. Thereafter, growth factor release of Platelet Derived Growth Factor-AB
(PDGF-AB) and Transforming Growth Factor-pl1 (TGF pl) was quantified using Enzyme
Linked Immunosorbent Assay (ELISA). The highest reported growth factor released

from platelet concentrates was PDGF-AB followed by TGF Bl.

It was found that i-PRF released the highest total growth factors. Furthermore, i-PRE
released significantly higher total protein accumulated over a 10-day period when

compared to A-PRE.

The results from the present study indicate that the various platelet concentrates have
quite different release kinetics. It was observed that the new formulation of PRF (1-PRF)

released significantly higher total quantities of growth factors when compared to A-PRE.

Keywords: PDGF-AB, TGF p1, A-PRF, i-PRF, Growth factors.
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INTRODUCTION

Regenerative potential of platelets was introduced in 1974, and Ross et al.' were

amongst the pioneers who first discovered growth factor from platelets. Growth factors
(GF) release upon activation of platelets trapped within fibrin matrix. GF have been
shown to stimulate mitogenic response in periosteum for bone repair during normal
wound healing”. Last two decades have witnessed better understanding of physiologic
properties of platelets in wound healing that led to increased therapeutic applications In
various forms with varying results. However, due to controversies regarding production
protocols of autologous fibrin adhesives, risk of cross infection and legal restrictions on
blood handling with concentrated platelet rich plasma (cPRP), a new family of platelet

concentrate, an autologous cicatricle matrix, platelet rich fibrin (PRF) appeared in

1
France .

Choukroun’s PRF is a fibrin matrix in which platelet cytokines and cells are trapped
which is released after a certain time, and PRF can serve as a resorbable membrane”.
More recently, Gassling et al.” have shown that PRF is a suitable scaffold for breeding

human periosteal cells in vitro, which may be suitable for bone tissue engineering

applications’.

Autologous PRF, considered to be a healing biomaterial, was initially used in oral

implantology by its promotors, and presently, studies have shown its application in

various disciplines of dentistry”.

PRF is also known as leukocyte- platelet rich fibrin (L-PRF), or Choukroun’s PRF after
its mnventor, to avoid any confusion with other techniques using similar names such as
Vivostat PRF (Vivolution, Alleroed, Denmark), a pure platelet rich plasma (PRP) or

Fibrinet PRF (Cascade Medical, Wayne, NJ) matrix (without leukocyte). PRF belongs to
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e INTRODUCTION

the second generation of platelet concentrates, collecting on a single fibrin membrane
containing constituents of blood sample favorable for healing and immunity *’

Although PRF belongs to a new generation ol platelet concentrate, it is in the first place
a fibrin technology. Biologic activity of the fibrin molecule is enough in itself to account
tor significant cicatricial capacity. Perfect understanding of its components and their
significance will comprehend the clinical results obtained and subsequently extend the

fields of therapeutic applications of this etiquette .

Developed in France by Choukroun et al.® the PRF production protocol attempts to
accumulate platelets and released cytokines in a fibrin clot. Granules present in platelets
contain many proteins, which may be platelet specific (eg. betathromboglobulins) or
non-platelet specific (fibronectin, thrombospondin, fibrinogen, and other coagulation,
growth promoters, fibrinolysis inhibitors, immunoglobulins etc) calcium and serotonin

etc. Also phospholipids double layer of platelet membrane constitute many receptors for

other molecules. Growth factors released by alpha granules encompass a group of

. . . . : . . [J
cytokine polypeptides with relatively low molecular weight ranging from 6 to 45 kDa’.
Activation and degranulation is important to initiate and support aggregation at the

healing site and the release of the cytokines [Inter Leukin-1 beta (IL), [L-6, Tumor

Necrosis Factor-alpha (TNF)]'U and growth factors [Transforming Growth Factor-p1
(TGF-B1), Platelet Derived Growth Factor (PDGF), Vascular Endothelial Growth Factor

(VEGF), Epidermal Growth Factor (EGF)] that stimulates cell migration and

proliferation within the fibrin matrix and thus begins the first stage of healing."’
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e INTRODUCTION

Over the past 5 years, further modifications to centrifugation speed and time have
additionally improved PRF into a concept now known as the “low-speed centrifugation
concept.” Recent investigators have formulated new generation of platelet
concentrations i.e. A-PRF and i-PRF. Despite these significant alterations, little 1s
known about the release pattern of growth factors from various platelet concentrates

over time. To best of our knowledge, no data is available till date on release profile of

growth factors from A-PRF and i-PRF.

m.hu‘-‘_. i -
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REVIEW OF LITERATURE

The new protocol Advanced Platelet Rich Fibrin (A-PRF),based on the low specd
centrifugation concept, is powerful as it combines the fibrin network, the growth faciors
from the plﬂlClClS, and the white cell acuvity for only one goal: getting rapid and
thorough vasculanzation. A-PRF is a “blood concentrate™ and not a “plateles

concentrate’.

Mendonga-Caridad J, Lopez PJ, Fayos FV.Miery G (2013)" evaluated the
feasibility of a new approach for the treatment of frontal sinus disease and other related
cranmial osseous derangements, pathologies ranging from devastating infection 10
invasive tumours or trauma were treated with this regenerative procedure in a single-
stage surgery. based autogenous platelet-rich/fibrin-rich composite matrix as an
alternative to fat or other obliterating or grafting materials and found an uneventiul

recovery with bone formation and no complications or recurrences over the years.

Ghanaati S. Booms P, Orlowska A, Kubesch A, Lorenz J. Rutkowski J, et al.
(2014)13 Compared standard platelet-rich fibrin and advanced platelet-nch fibnn to
establish histological cell detection and histomorphometrical measurement of cell

distribution and the effects of the centrifugal force (speed and time) on the distribution
of cells relevant for wound healing and tissue regeneration and found decreasing the

revolutions per minute (rpm) while increasing the centrifugation time in the A-PRF gave

an enhanced presence of neutrophilic granulocytes in the distal part of the clot and

concludes A-PRF might influence bone and soft tissue regeneration, especially through

the presence of monocyt es/macrophages and their growth factors.

Kawase T, Kamiya M, Kobayashi M, Tanaka T, Okuda K, Wolff LF, Yoshie H.
(2014)" developed and optimized a heat compression technique for PRF and tested the

feasibility of the resulting PRF membrane. The heat-compressed PRF appeared plasmin

resistant and remained stable for longer than 10 days in vitro. Additionally, in animal

implantation studies, the heat compressed PRF was observed at least for 3 weeks post

5
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implantation In vivo whereas the control PRE was completely resorbed within 2 weeks
and suggests that the heat-compression technigue reduces the rate of bio-degradation ol
the PRF membrane without sacrificing #s bio-compatibility and that the heat-
compressed PRF membrane eanily could be prepared af chair-side and apphed as a

barrier membrane in the guided tissue regeneration (GTR) treatment.

Jain 8. Ral R, Mohan R, Mchrotra 8 (2014)"" PRI and [-Tricalcium phosphate with
coronally advanced flap (CAF) have been shown 1o be a promising and successful
approach for the management of grade 11 furcation defect, Its gaining clinical attachment
significantly manages  both  the gingival recession and furcation mvolvement

simultancously.

Femminella B, laconi MC, Di Tullio M, Romano L, Sinjari B, D'Arcangelo C, et al.
(2015)'* compared the effects of PRI and gelatin sponge on the healing of palatal donor
sites and the patient’s morbidity on Miller's class | or Il gingival recession treated by a
coronally advanced flap with connective tissue graft (CTG) resulting from the de-
epithelialization of a free gingival grafi and suggested that PRF-enriched palatal bandage

significantly accelerates palatal wound healing and reduces the patient’s morbidity.

Mishra D, Kalapurakkal VB, Misra SR (2015)" treated gingival recession treatment

in maxillary anterior region with synthetic collagen membranc and platelet rich fibrin
and suggested that platelet-rich fibrin can be used as a membrane for periodontal tissue
regeneration as it has the ability to promote platelet aggregation, be chemotactic for
fibroblast and enhance wound stability and proper healing.

Kobayashi E, Fliickiger L, Fujioka-Kobayashi M, Sawada K, Sculean A, Schaller
B, et al. (2016)" compared PDGF-AA, PDGF-AB, PDGF-BB, TGFB1, VEGF, EGF,
and IGF release over time quantified using enzyme linked immuno sorbent assay
(ELISA) from platelet-rich plasma (PRP), PRF, and a moderized protocol for PRF, A-
PRF and reported with highest growth factor released from platelet concentrates was
PDGE-AA followed by PDGF-BB, TGFBI, VEGF, and PDGF-AB. PRP released

6
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REVIEW OF LITERATURE

significantly higher growth factors when compared to PRF and A-PRF within 15— 60
min incubation and at later time points up to 10 days, it was routinely found that A-PRF
released the highest total growth factors. Furthermore, A-PRF released significantly

higher total protein accumulated over a 10-day period when compared to PRP or PRF.

Kotsakis GA, Boufidou F, Hinrichs JE, Prasad HS, Rohrer M, Tosios Kl (2016)"”
introduced a protocol for “’accelerated-early’” implant placement, PRF is employed to
accelerate soft and hard tissue healing and provide a better-healed recipient site for
accelerated, early implant placement. Six weeks post-extraction histological analysis
reveals the application of autologous growth factors resulted in delicate newly formed
bone showing intense osteoblastic activity surrounded by connective tissue as well as

areas of mineralized tissue.

Fujioka-Kobayashi M, Miron RJ, Hernandez M, Kandalam U, Zhang
Y, Choukroun J. (2017)*" demonstrated that modifications to centrifugation speed and
time with the low-speed concept was shown to favor an increase in growth factor release
from PRF clots which in turn may directly influence tissue regeneration by increasing

fibroblast migration, proliferation and collagen messenger RNA (mRNA) levels.

Culhaoglu R, Taner L, Guler B (2017)"' evaluated the effects of different multiple
layers of PRF membranes for the treatment of gingival recession compared with the
CTG procedure. Miller class I gingival recession (GR) were treated with two layers of

PRF membranes+CAF, four layers of PRF membranestCAF and CTG+CAF and
concluded that the PRF membrane+CAF technique may be an alternative to the

CTG+CAF technique for postoperative patient comfort. However, PRF membranes

should use as many layers as possible.

Kuka S, Ipci SD, Cakar G, Yilmaz S (2017)** assessed the clinical effect of PRF in
combination with CAF on root coverage, esthetics, and patient satisfaction when
compared to CAF alone for the treatment of multiple Miller class I recessions and

concluded that the additional use of PRF membrane did not provide additional benefits
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in terms of root coverage outcomes compared with CAF alone. The use of PRF

membranes increases tissue thickness significantly.

Clark D, Rajendran Y, Paydar S, Ho S, Cox D,Ryder M, Dollard J, Kao RI.
(2017)23 evaluated the efficacy of A-PRF alone or with freeze-dried bone allografi
(FDBA) in improving vital bone formation and alveolar dimensional stability during

ridge preservation and draws a result that A-PRE alone or augmented with FDBA 15 a

suitable biomaterial for ridge preservation.

K. Amine a, Y. El Amrani b, S. Chemlali a, J. Kissa (2017)** systemically reviewed
the clinical efficacy of alternatives procedures: Acellular Dermal Matrix (ADM),
Xenogeneic Collagen Matrix (XCM), Enamel Matrix Derivative (EMD) and PRI,
compared to conventional procedures in the treatment of localized gingival recessions.

The comparison between PRF and others technique was affected by large uncertaintics.

They concluded that ADM, XCM and EMD assisted to CAF might be considered

alternatives to CTG in the treatment of Miller class 1 and II gingival recession.

Maluf G, Caldas RJ, Silva Santos PS (2017)25 [ esions associated with medication-

related osteonecrosis of the jaws (MRONIJ) are refractory to different treatment

approaches. The LPRF membrane contributes to a successful outcome, and acts as a

physical barrier against microorganisms, thus preventing secondary infections. It shows

anti-infectious activity through immune regulation and accelerates the angiogenesis and
multiplication of fibroblasts and osteoblasts; consequently, it stimulates soft-tissue

healing and prevents the exposure of alveolar bonsse in the oral cavity.

Chenchey IL, Ivanova VYV, Neychev DZ, Cholakova RB (2017)*° assessed the

possibility for augmentation of the alveolar ridge in the frontal region of the upper jaw,

utilizing a combination of bone graft material, i-PRF and A-PRF and successful clinical
and radiographic results of the case concludes that using A-PRF and i-PRF can be

beneficial for bone augmentation of the alveolar ridge before implant placement.
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Miron RJ, Zucchelli G, Pikos MA, Salama M, Lee S, Guillemette V, et al. (2017)2"T
systematically reviewed the use of platelet-rich fibrin in regenerative dentistry and draws
a conclusion that PRF has been most investigated 1n periodontology for the treatment of
periodontal intrabony defects and gingival recessions where the majority of studies have
demonstrated favorable results in soft tissue management and repair and it also

significantly decrease sockets by tenfold dry o f third molars.

. TN > - . s - . 18\

Kumar A, Bains VK, Jhingran R, Srivastava R, Madan R, Rizvi [ (2017) evaluated
autologous PRF and autogenous CTG in singival recession defects in conjunction with
CAF using a microsurgical technique and at the end of 6 months follow up draws a

significant increase in gingival thickness measurements using transgingival probing in

CAF with CTG , whereas nonsignificant changes Were observed in CAF with PRF and

CTG alone.

Rehan M, Khatri M, Bansal M, Puri K, Kumar A (2018)1” evaluated the

effectiveness of CAF with either PRF membrane or bioresorbable amniotic membrane

(AM) in treatment of localized gingival recession defects and concluded that both CAF

+ PRF and CAF + AM are equaily effective 1n providing clinically significant outcomes

with respect to root coverage with AM showing the better percentage of root coverage as

compared to PRE.

Consuelo C. Zumaran, Marcelo V. Parra, Sergio A. Olate, Eduardo G. Fernandez,

Francisco T. Munoz, Ziyad S. Haidar (2018)3" reviewed PRF, a three-dimensional (3-

D) autogenous biomaterial obtained via simple and rapid centrifugation from the

patient’s whole blood samples, without including anti-coagulants, bovine thrombin,
additives, or any gelifying agents. They stated that PREF promotes early bone formation
and maturation; accelerated soft-tissue healing; and reduced post-surgical edema, pain,

and discomfort. An advanced and original tool in regenerative dentistry, PRFs present a

g alternative and presumably cost-effective biomaterial for oro-maxillo-facial tissue
(soft and hard) repair and regeneration. Yet, preparation protocols continue to be a

source of confusion, thereby requiring revision and standardization.
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Lei L, Yu Y,Ke T,Sun W, Chen L (2018)” treated a patient of severe chronic
periodontitis. A novel surgical technique was used for treating maxillary right lateral
incisor. A 3D printer was used to produce 2 photosensitive resin bony anatomy replica,
A-PRF and i-PRF were mixed with Bio-Oss, and packed onto the 3D replica. A-PRF
membrane was applied over the replica along with 2 Bio-Gide collagen membrane.
Clinical and radiographic follow-up 15 months after the surgery revealed greatly

reduced pocket depths and significant 3D alveolar bone fill at the treatment site.

Cabaro S, D'Esposito V, Gasparro R, Borriello F, Granata F,Mosca G, et al.
(2017)31 compared the release of chemokines and growth factors in standard leukocyte-
PRF (L-PRF) with the experimental low-force modified procedure defined as A-PRF
entrapped the same content of viable leukocytes, released 2 similar amount of
inflammatory cytokines, but secreted 3-, 1.6-, 3-, and 1.2- fold higher levels of Eotaxin,
C-C Motif Chemokine Ligand 5 (CCL5), PDGF and VEGF, respectively. A leukocyte-
free scaffold, such as plasma rich in growth factors (PRGF), released only platelet-
specific factors and, in particular, the F3 fraction. the richest in growth factors, secreted
higher amount of CCL5 and PDGF compared to F1 and F2 fractions. In conclusion,

different procedures and leukocyte content affect cytokine, chemokines, and growth

factor release from platelet derivatives, which may be helpful in different clinical

settings.

Miron RJ, Zhang Y. (2018)> reviewed the use of liquid PRF as an advanced local

delivery system for small and large biomolecules. Potential target molecules including

large (growth factors/cytokines and morphogenetic/angiogenic factors), as well as small

(antibiotics, peptides, gene therapy and anti-osteoporotic) molecules are considered
potential candidates for enhanced bone/cartilage tissue regeneration. Furthermore,

liquid-PRF is cocluded as a potential carrier system for various cell types and nano-sized
particles that are capable of limiting/by-passing the immune system and minimizing

potential foreign body reactions within host tissues following injection.

10
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INJECTABLE PLATELET RICH FIBRIN

Further reduction of relative centrifugal force (RCF) and fine tuning of the
centrifugation setting, that is, revolution per minute (rpm) and centrifugation time,

enables the production of fluid PRF matrix i.e. injectable platelet rich fibrin which

coagulates few minutes after the end of spin.

Sclafani AP (2009)™ used platelet-rich fibrin matrix to enhance healing after facial
procedures as well as to rejuvenate the face without tissue manipulation. Platelet rich
fibrin matrix (PRFM) provides autologous, natural. but concentrated platelet growth
factor release and stimulation of surrounding tissue with the potential to stimulate
natural biologic processes to achieve aesthetic improvements essentially by replicating
the wound-healing process, but the lack of erythrocytes may assist in bypassing the

inflammatory stage.

Sclafani AP (2010)™ evaluated the ethicacy of a single injection of autologous platelet-
rich fibrin matrix (PRFM) for the correction of deep nasolabial folds (NLFs). NLFs were

rated before and after treatment using the Wrinkle Assessment Scale (WAS) and patients

rated their appearance al each post-treatment Visit using the Global Aesthetic

Improvement Scale and concluded that PRFM can provide significant long-term

diminution of deep NLFs without the use of foreign materials. PRFM holds significant

potential for stimulated dermal augmentation.

Sclafani AP (2014)°° studied the offect of PRFM treatment on androgenetic alopecia

(AGA) and concluded that a series of intradermal injections of autologous PRFM

increased the Hair density index (HDI) in patients with AGA at 2 and 3 months after

initial treatment; this improvement approached statistical significance at 6 months after

initiating treatment and autologous PRFM injections are valuable treatment for AGA,

particularly in cases with mild hair loss.

11
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Fabi S, Sundaram H (2014)"’ reviewed the potential of topical and injectable growth
factors and cytokines for skin rejuvenation, mechanism of action of growth factors (GFs)
can potentially advance our general understanding of dermal signaling pathways, and
hence of hyaluronic acid and other alloplastic fillers; and allow the development of
protocols for synergistic combination of GFs with other skin rejuvenation modalities and
suggested the clinical applications of topical and injectable GFs are promising, and

remain to be fully defined

Mouriao CF, Valiense H, Melo ER, Mourao NB, Maia MD (2015)*® obtained
injectable platelets rich-fibrin and used with particulated bone graft materials n the
polymerized form and achieved the possibility of bonding of i-PRF with biomaterials for
bone grafting creates an alternative to PRP as a platelet aggregate for bone regeneration

and represented a promising and innovator tools in the medicine and dentistry today.

Wu CC, Sheu SY,Hsu LH, Yang KC, Tseng CC, Kuo TF (2016)*” Studied the
therapeutic effects of Platelet Rich Fibrin Releasate (PRFr) in combination with bone
marrow-derived messenchymal stem cells (MSCs) for articular cartilage regeneration
were evaluated in a rabbit model and concluded that intra-articular injections of
MSCs+PRFr into the knee can reduce cartilage defects by regenerating hyaline-like
cartilage without adverse events and this approach may provide an alternative method ot

autologous chondrocyte implantation to repair cartilage defects with an unlimited source

of cells and releasate.

Wang X, Zhang Y, Choukroun J, Ghanaati S, Miron RJ (2017)* compared i-PRF to
standard PRP with gingival fibroblasts cultured on smooth and roughened titanium
implant surfaces and demonstrated that i-PRF had much translational potential as it
induced significantly higher cell migration, as well as higher messenger RNA (mRNA)
levels of PDGF, TGF-B, collagenl and fibronectin. Furthermore, collagenl synthesis

was highest in the i1-PRF.

12
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Karde PA, Sethi KS, Mahale SA, Khedkar SU, Patil AG, Joshi CP (2017)"

evaluated the antimicrobial property, and platelet count of i-PRF in comparison to other

platelet concentrates, i.e., PRF. PRP

and concluded that 1-PRF has maximum

antimicrobial efficacy and higher platelet count in comparison to other platelet

concentrates, thereby indicating to have a better regenerative potential then others.

Wend S, Kubesch A, Orlowska A, Al-Maawi S, Zender N, Dias A, et al. (2017)*
evaluated the influence of RCF on cell types and growth factor release within injectable
PRE- in the range of 60-966 g using consistent centrifugation time and suggested that
LSCC (low speed centrifugation concept), confirms that improved PRF based matrices
are generated through RCF reduction. The enhanced regenerative potential of PRF-based

matrices makes them a potential source to serve as a natural drug delivery system.

Miron RJ, Fujioka-Kobayashi M, Hernandez M, Kandalam U, Zhang Y, Ghanaati
S, Choukroun J. (2017) Binvesticated a liquid formulation ot PRE termed 1-PRF
without the use of anti-coagulants and suggested that general PRP had higher early
release of growth factors whereas 1-PRF showed significantly higher levels of total long-
term release of PDGF-AA, PDGF-AB, EGF, and insulin like growth factor-1 (IGF-1)
after 10 days. PRP showed higher levels of TGF-B1 and VEGF at 10 days. While both
formulations exhibited high biocompatibility and higher fibroblast migration and
proliferation when compared, to control tissue-culture plastic, 1-PRF induced
significantly highest migration whereas PRP demonstrated significantly highest cellular
proliferation. Furthermore, i_PRF showed significantly highest mRNA levels of TGE-p
at 7 days, PDGF at 3 days, and collagenl expression at both 3 and 7 days when
compared to PRP.

Abd El Raouf M, Wang X, Miusi S, Chai J, Mohamed AbdEl-Aal AB, Nefissa
Helmy MM, Ghanaati S, et al. (2.01’7)‘1'4 evaluated the effect of 1-PRF on cultivated
chondrocytes and osteochondral regeneration 1In critical-sized osteochondral defect of
the rabbit’s knee in comparison {0 autologous PRP and concluded that the use of 1-PRF
using the low speed centrifugation concept significantly promoted chondrocyte activity

and further improved cartilage regeneration when compared to PRP. The histological

13
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results also revealed early and better cartilage regeneration within 4 weeks

- o R Lt S
postoperatively when 1-PRI* was utilized and the results were maintained at 12 weeks.

Wang X, Zhang Y, Choukroun J, Ghanaati S, Miron RJ (2017)45 investigated ettects

of an injectable platelet-rich fibrin on osteoblast behavior and bone tissue formation 1n

comparison to platelet-rich plasma and demonstrated a significant increase in mRNA
i s U 9\ -

levels of alkaline phosphatase (ALP), Runt-related transcription factor-2 (Runx 2) and

" . : 5 - : - A 7 “
osteocalcin, as well as immune fluorescent staining of osteocalcin was also observed in

' avore | ~ the naturally-
the i-PRF as compared to PRP and concluded to favored the use of the naturally

formulated i-PRF compared to traditional PRP with anti-coagulants.

Matz EL, Pearlman AM, Terlecki RP (2017)*° reviewed an initial series of patients
receiving PRFM for urologic pathology to assess safety and feasibility and observed no
patients compliance at follow-up and no decline 1 men completing pre/post
International Index of Erectile Function (IIEF-5) evaluations. Concluded PRFM to be a

safe and feasible treatment modality in patients with urologic disease.

Choukroun J, Ghanaati S (2017)47 systematically analyzed the intluence of the RCF
on leukocytes, platelets and growth factor release within fluid PRFM and demonstrated
that to enrich PRF-based fluid matrices with leukocytes, platelets and growth factors by
means of a single alteration of the centrifugation settings within the clinical routine and

postulated the so-called low speed centrifugation concept (LSCC) selectively enriches

leukocytes, platelets and growth factors within fluid PRF-based matrices.

Dohle E, El Bagdadi K, Sader R, Choukroun J, James Kirkpatrick C, Ghanaati S
(2018)** analyzed the effect of i-PRF on wound healing processes and angiogenic
activation of outgrowth endothelial cells (OECs) in the co-culture with regard to
proinflammatory factors, adhesion molecules and proangiogenic growth factor

expression and suggested the 1-PRF to positively influence wound healing processes, in

particular angiogenesis, in the in vitro co-culture, making autologous PRF-based

14
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matrices a beneficial therapeutic tool for tissue engineering purposes by simply profiting

from the PRF, which contains blood plasma, platelets and leukocytes.

Varela HA, Souza JCM, Nascimento RM, Aratjo RF - Jr, Vasconcelos

RC, Cavalcante RS, et al. (2018)" evaluated the blood cell content. morphological
aspects, gene expression of type I collagen, and release of growth factors on an i-PRF
and concluded Injectable platelet rich fibrin to be a good approach for soft and
mineralized tissue healing considering the formation of a three-dimensional fibrin
network embedding platelets, leukocytes, type 1 collagen, osteocalcin, and growth
factors. Indeed, the injectable platelet rich fibrin can be indicated in several medical
applications regarding bioactivity, simplied technique, and flowable mixing with other

biomatenals.

Schiavone G, Paradisi A, Ricci F, Abeni D. (2018)”" Studied the role of Injectable
Platelet-, [.eukocyte-, and Fibrin-Rich Plasma (iL-PRF) in the Management of AGA and
observed a larger improvement after treatment in iL-PRF and concluded that the
biological composition of the iL-PRF is of crucial importance in ensuring a good degree

of clinical efficacy in patients with AGA

15
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MATERIALS AND METHODS

Methodology
A prospective experimental in-vitro study evaluating the Quantitative and comparative
analysis of PDGEF-AB and TGF Bl levels in A-PRF and 1-PRF was carried out in the
department of Periodontology, Babu Banarasi Das College of Dental Sciences
(BBDCODS), BBD University Lucknow 1n collaboration with Dr. Ram Manohar Lohia
Institute of Medical Sciences. Lucknow.
Ethical clearance was obtained from institutional ethical committee. (Appendix-1)
STUDY DESIGN
Inclusion criteria
Systemically healthy patients with the age range o t 20-60 years.
Co-operative patients.
Exclusion criteria

Pregnant/lactating women
Patients taking any drug known {0 Affect the number and function of platelets n the past

3 months.

Patients with abnormal platelet count.

Patients with immunologic diseases.
Patients having antibodies, antiepileptic, or immunosuppressive drugs.
Patients having any systemic disease.

Armamentarium

Mouth mirror

Tweezer

Explorer

16
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UNC-15 probe
Gloves

Kidney tray

Goldman fox scissor

Syringe
Tourniquet

Spirit

Cotton
Vacutainers
Needle destroyer
Petr1 dish
[Incubator
Refrigerator
Eppendorf tube

Micropipette

Sterilization hood
DMEM F-12 culture media
Table top centrifuge (Eppendorf 5702)

Enzyme-linked immunosorbent assay (

Microplate reader (Robonik)

ELISA) KIT

17
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MATERIALS

15 systemically healthy individuals were selected from the out-patient department of
periodontology Babu Banarasi Das College of Dental Sciences. A-PRF and 1-PRE was
prepared from venous blood of subjects in department of biochemistry, Dr. Ram
Manohar Lohia Institute of Medical Sciences, Lucknow. Quantitative and comparative
analysis of PDGF-AB and TGF Bl levels in A-PRF and 1-PRF was quantified using
ELISA assay over a period of 17, 3 and 10" day as explained underneath. All the
reagents, sterile plastic ware, flasks culture plates, ELISA Kits etc. were mainly

procured from Reagen info bio.

COLLECTION OF BLOOD SAMPLES
Blood samples collection was done at Emergency pathology, Department of

Biochemistry, Dr. Ram Manohar Lohia Institute of Medical Sciences, Lucknow (Plate -

[).

PREPARATION OF A-PRF AND i-PRF

A_PRF and i-PRF was prepared from 10 ml of venous blood collected from subjects at
Emergency pathology, Department of Biochemistry, Dr. Ram Manohar Lohia Institute
of Medical Sciences, Lucknow. The i-PRF was prepared through centrifugation of
blood for a period of 3 minutes at 700 rpm in uncoated vacutainer and A-PRF was

centrifuged at higher speed 1500 rpm for 14 min in uncoated vacutainer (Plate — I and

I0).

18
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@

.CULTURE OF A-PRF AND i-PRF

Experiment was conducted with A-PRE and i-PRF at Emergency pathology, Department

of Biochemistry, Dr. Ram Manohar Lohia Institute of Medical Sciences, Lucknow. For

experiment the A-PRF and i-PRF was cultured in Dulbecco’s Modified Fagle Medium

F-12 . PH 7.4 (DMEM F-12 1: 1) containing amino acids, vitamins, inorganic salts,

phenol red in humiditied incubator at 37°C for release of growth factor (Plate — [, 1V

AND V).

ASSESSMENT OF GROWTH FACTORS RELEASE

At each point of time 1.€. 1™ day, 3" day and 10™ day 2ml of culture media was collected

(Plate - V1) and replaced with 2ml additional culture media and remnant culture media

was frozen at -80°C (Plate -V1I). The collected sample was quanliﬁed for both PDGE-

AB and TGF Pl release al desired time points by ELISA (Plate —VIII, IX and X )..

at 450 nm on a microplate reader. Concentrations of the

Absorbance was measured

samples was interpolated from the <tandard curve, the standard curve was plotted as the

relative Optical Density (0.D.) 450 [(the relative 0 .D.450) = (the O.D.450 of each well)

— (the 0.D.450 of Zero well)] of each standard solution (Y-axis) Vs. the respective

concentration of the standard solution (X-axis)

ELISA ASSAY

Avidin—Biotin—Pemxidase Complex (ABC) working solution and TMB substrates were

min at room temperature (37°C). Samples were added to wells.

equilibrated for 30

Standard curve for each test was plotted. Standard, test sample and control (zero) wells

19
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were set on the pre-coated plate respectively, and then their positions were recorded.
Each standard was measured in duplicate and test samples were measured in singles.
Aliquoting of standard solutions into the standard wells was done as following: 0.1 ml of
2000 pg/ml, 1000 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml, 31.2 pg/ml. for
PDGF-AB and 0.1 ml of 1000 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml, 31.2
pg/ml, 15.6 pg/ml for 0.1 ml of Sample / Standard diluent buffer was added into the
control (zero) well. 0.1 ml of properly diluted samples of A-PRF and 1-PRF were added
into test sample wells. Plate was sealed with a cover and incubated at 37°C for 90 min.
Cover was removed, plate content was discarded and plate was clapped on the absorbent
filter papers. 0.1 ml of Biotin conjugated anti-Human PDGF-AB and TGF-BI antibody
work solution was added into the above wells (standard, test sample & zero wells).
Solution was added at the bottom of each well without touching the side walls. Plate was
sealed with a cover and incubated at 37°C for 60 min. Cover was removed, followed by
washing of plate 3 times with Wash buffer. Solution in the plate was discarded without
touching the side walls. Plate was clapped on absorbent filter papers. Each well was
filled completely with Wash butter and vortexed mildly on ELISA shaker for 2 min.
Contents were aspirated from the plate, and plate was clapped on absorbent filter papers.
This procedure was repeated two more times for a total of three washes. 0.1 ml of ABC
working solution was added into each well. Plate was covered and incubated at 37°C for
30 min. Cover was removed and plate was washed 5 times with Wash buffer, each time
the wash buffer was let to stay i1 the wells for 1-2 min. 0.1 ml of TMB substrate was
added into each well and plate was immediately covered and incubated at 37°C in dark.

Shades of blue were seen In the first 3 wells, because these were most concentrated

20
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Human PDGF-AB and TGF 1 standard solutions. The other wells showed no obvious
color. 0.1 ml of Stop solution was added into each well and mixed thoroughly. Color

changed into yellow immediately. Within 30 minutes after adding the stop solution,

O.D. absorbance at 450 nm was read on a microplate reader.
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STATISTICAL ANALYSIS

Statistical Package for Social Sciences [SPSS] for Windows Version 22.0 Released

2013. Armonk, NY: IBM Corp., will be used to perform statistical analyses.
DESCRIPTIVE STATISTICS

Descriptive analysis includes the expression of study variables in terms of mean and

standard deviation.

INFERENTIAL STATISTICS

Wilcoxon Signed Rank Test was used to compare the mean PDGF-AB & TGF-pl
concentration levels between A-PRF & i-PRF groups at different time intervals. Similar
comparisons were done to estimate the difference in mean PDGF AB & TGF-BI total

Concentration from Day 1 to day 10 between A-PRF & i-PRF using the same test.

Friedman's Test followed by Wilcoxon Signed Rank Test was used to compare the Mean

PDGE-AB & TGF-plconcentration levels between different time intervals in A-PRF &

i-PRF groups.
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~ RESULTS AND OBSERVATIONS

The present study deals with comparison of PDGF-ARB and TGF-B1 growth factor

e from A-PRF and 1-PRF. Total 15 samples for each group were evaluated. The

outcome measure of the Stlldy was growth factors concentration release. The outcome

releas

st d
measure was assessed on 17 day, 3" day and 10" day. The objective of the study was to

compare outcome measures over the test periods.
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RESULTS AND OUTCOME MEASURES

The Comparison of Mean PDGF-AB concentration levels between different time
ntervals in A-PRE & 1-PRF groups using Friedman's Test are summarized in Table |
and Graph 1. In A-PRF at day 1 the mean concentration was highest (339.382 + 44.410).
at day 3 the mean concentration levelsreduced to (262.849 + 82.901) and at day [() the
concentration level was further reduces to (135.939 + 66.001)differences among
repeated measures was conducted from day 1 to day 10 andrendered a Chi-square value
of 26.533 which was statistically highly significant (p<0.001).In i-PRF the mean
concentration was highest atday 1 (392.121 + 67.781) and at day 3 the mean

concentration level reduced to (252.606 + 70.681) and at day 10 the concentration level

was further reduces to(175.091 + 149.419).Differences among repeated measures was

conducted from day 1 to day 10 and rendered a Chi-square value of 24.400 which was
statistically highly significant (p<0.001). It is clearly evealed that here was statistically

tall in concentration levels of PDGF-AB in both the groups on comparing concentration

at subsequent follow ups.

A-PRF

Day1l |15 | 339.382 | 44.410 | 244.55 | 48636

- —

Day3 | 15| 262.849 | 82.901 | 109.05 45727 | 26.533 | <0.001*

Day 10 | 15 135.939 | 66.001 72.73 | 31455 |
ERRRNl 501 |15 | 392.121 | 61.781 | 289.09 | 456.30

—

pay3 |15 | 252.606 | 70.683 | 149.05 410.00 | 24.400 | <0.001*

Day10 | 15| 175.091 | 149.419 | 17.27 629.09 | i

e e

Table 1: Comparison of PDGF-AB concentration levels between different time

intervals in A-PRF & i-PRF
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Comparison (!f Mean PDGF-AB concentration levels at different
| time intervals between A-PRF & i-PRF
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Graph 1: Comparison of Mean PDGF-AB concentration levels at different time

intervals in A-PRF &i-PRF
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The Comparison of Mean TGF-B1 concentration levels between different time intervals
in A-PRF & 1-PRF groups using Friedman’s Test are summarized in Table 2 and Graph
2. In A-PRF the mean concentration was highest at day 1 (157.546 + 19.890) and at day
3 the mean concentration level reduced to (128.303 + 22.563) and at day 10 the
concentration level was further reduced to (59.091 + 14.483).Differences among
repeated measures was conducted from day I to day 10 and rendered a Chi-square valuc
of 25.051 which was statistically highlysignificant (p<0.001). In in i-PRF the mean
concentration was highest at day 1 (194.636 + 18,189) and at day 3 the mean
concentration level reducedto (152.030 + 23.257) and on day 10 the concentration level
was further reduced to(73.273 + 26.587) differences among repeated measures was
conducted from day 1 to day 10 and rendered a Chi-square value of 30.000 which was
«tatistically highly significant (p<0.001). It is clearly revealed that here was statistically

fall in concentration levels of TGF-B1 in both the groups on comparing concentration at

subsequent follow ups.

A-PRF | pay1 | 15| 157.546 | 19.890 | 161.82 207.82
Day3 | 15| 128.303 | 22.563 | 81.36 | 167.27 25.051

4

<0.001*

Day10 | 15| 59.091 | 14.483 | 34.09 | 99.55

+

-PRF | pay1 | 15| 194.636 | 18.189 | 168.18 | 235.91

—_—

pay3 |15| 152.030 | 23.257 | 116.36 198.64

30.000 <0.001*

.

.———-——-—_

[ Day10 | 15| 73.273 26.587 | 46.82 | 123.64

—

Table 2: Comparison of TGF-Blconcentration levels between different time

intervals in A-PRF & i-PRF

26

nnnnn



| OBSERVATIONS AND RESULTS

Comparison of Mean TGF-P1 concentration levels at different
time intervals between A-PRF & |-PRF

200.000
180.000
160.000
140.000
120.000
100.000
80.000
60.000
40.000
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Graph 2: Comparison of Mean TGF-Blconcentration levels between different time

intervals in A-PRF & i-PRF
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On comparison of Mean PDGF-AB concentration levels between A-PRF & i-PRF

OBSERVATIONS AND RESULTS

groups At different time intervals using Wilcoxon Signed Rank Test is summarized in
Table 3 and Graph 3. The value of mean PDGF-AB concentration for A-PRF at day 1 is
(339.382 % 44.410) and (392.121 = 61.781) for A-PRF and i-PRF respectively, and the
wilcoxon Signed Rank Test showed that there was a statisticallysignificant difference (Z
_ 1669, p < 0.008) between A-PRF and i-PRF at day 1.The value of mean PDGF-AB
concentration for A-PRF at day 3 1s (262.849 + 82.901) and (252.606 + 70.683) for A-
pRF and i-PRF respectively, and the Wilcoxon Signed Rank Test showed that there was
no statistically significant difference (Z = -0.852, p < 0.39) between A-PRF and i-PRF at
day 3.The value of mean PDGF-AB concentration for A-PRF at day 10 is (135.939 +
66.001) and (175.091 = 149.419) for A-PRF and i-PRF respectively. Although the
PDGF-AB value is higher for i-PRF than A-PRF but the Wilcoxon Signed Rank Test

showed that there was no statistically significant difference (Z = -0.795, p < 0.43)

hetween A-PRF and 1-PRF.

Day 1
: APRE | 15339382 | 44410 | ;559 | 325 | ;66 | 0.008"
-PRF__ | 15 | 392.121 | 61.781 | | 973
Day 3 |

m 15 | 252.606 | 70.683 | | 750 |
m 15 | 135.939 | 66.002 | 39;5p | 320 | 09795 | 043
15

175091 [149.419 | | 740 | |
k Table 3: Comparison of Mean PDGF-AB concentration levels between different
time intervals in A-PRF & i-PRF
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Graph 3: Comparison of Mean PDGF-AB concentration levels betweenA-PRF & i-

PRFat different time intervals

On comparison of Mean TGF-B1concentration levels between A-PRF &i-PRF groups at

different time intervals using Wilcoxon Signed Rank Test is summarized in Table 4 and

Graph 4. The value of mean TGF-B1concentration for A-PRF at day 1 1s (157.546 -
19.890) and (194.636 + 18.189) for A-PRF and i-PRF respectively, and the Wilcoxon
Signed Rank Test showed that there was a statistically significant difference (Z = -3.408,
p < 0.001) between A-PRF and i-PRF on day 1. The value of mean TGEF-

Blconcentration for A-PRF at day 3 is (128.303 & 22.563) and (152.030 + 23.257) for
xon Signed Rank Test showed that there was a

A-PRF and i-PRF respectively, the Wilco

Statistically significant difference (Z = -2.158, p < 0.03) between A-PRF and 1-PRF at

day 3. The value of mean TGF-Blconcentration for
14.483) and (73.273 + 26.587) for A-PRF and i-PRF respectively, and the Wilcoxon

Signed Rank Test showed that there was no statl

A-PRF at day 10 1s (59,091 +

stically significant difference (£ = -

1761, p < 0,08) between A-PRF and i-PRF.
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payl | A-PRF | 15| 157.546 | 19,890 0.00
— i 37,091 '
i-PRF | 15| 194.636 | 18.189 e
Qe oo | 8.00
Day 3 A-PRF | 15 | 128.303 | 22.563 7.33
& 1 | -23.727 | 2158 | 0.03*
-PRF | 15 | 152.030 | 23.257 .17 |
| | .
D3y 10| A pRF | 15 | 59,091 | 14.483 5.80
Eaxd, | -14.182 1761 | 0.08
-PRF | 15| 73.273 | 26.587 9.10

Table 4: Comparison of Mean TGF-B1 concentration levels between different time

intervals in A-PRF & i-PRF
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Graph 4: Comparison of TGF-B1 concentrat

g dmﬂ'ent time intervals

Comparison of Mean TGF-f1 concentration levels between A-PRF

194.636

157.546

Day 1

and i-PRF at different time intervals
I S B MR N

152.030

128.303

Day 3

I A'PRF -—.—"I'PRF

ion levels

73.273
59.091

Day 10

between A-PRF & i-PRF at
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e comparison of mean fall in PDGF

Mujtipl -ABconcentrations between time intervals in
\PRF & i-PRE groups using Wilcoxon Signed Rank Post Hoc Test

5 The difference between the PDGF-AR concentra

1S summarized in

Table tion mean levels in A-PRF
hetweenday ] to day 3 1s 76.533 and we are 95% confident that the true value lies

hetween 19.364 and 133.672, and the mean difference was found to be statistically

sjgnificant (p < 0.003). The difference between the PDGF-AB concentration mean levels

in A-PRF between day 1 to day 10 is 203.442 and we are 95% confident that the true
value lies between 159.312 and 247.573, and the mean difference was found to be highly

statistically significant (p < 0.001). The difference between the PDGF-AB concentration
mean levels in A-PRF between day 3 to day 10 is 126.909 and we are 95% confident

that the true value lies between 76.569 and 177.249. and the mean difference was found

to be highly statistically significant (p < 0.001).

The difference between the PDGF-AB concentration mean levels in i-PRF between day

| to day 3 is 139.515 and we are 95% confident that the true value lies between 92.811
and 182.219, and the mean difference was found to be highly statistically significant (p

< 0.001). The difference between the PDGF-AB concentration mean levels in i-PRF

between day 1 to day 10 is 217.030 and we arc 95% confident that the true value lies

between 120.617 and 313.444, and the 1

significant (p < 0.001). The difference between
is 77.515 and we are 059, confident that the true value

nean difference was found to be highly

the PDGF-AB concentration mean levels

in i-PRF between day 3 to day 10 .
lies between 2465 and 152.565, and the mean difference was found to be highly
Statistically significant (p < 0.001).

' in 1-PRF
The fall in concentration of PDGF-AB through fall from day 1 to day 3 1s more 11

Compare to A-PRF the fall from day3 to day 101
Was statistically significant fall in both A-PRF and i-PRF

less in i-PRF. On all follow ups there

31
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A-PRF Day 1 Day 3 76
U 533
e 3 | 19364 | 133672 | 0.003*
e C Leddly 203.442 | 159312 | 247573 | 0.001%
lo &/ 943
s | Day 3 Day10 |  126.909 76.569 | 177.249 | 0.001*
i-PRF Day 1 Day 3 139 |
| 515 | 92.811 | 186.219 | 0.001*
| Day10 217.030 120.617 | 313.444 | 0.001*
Day 3 Day 10 17.515 2.465 152.565 0.01%

Table 5: Multiple comparison of mean fall in PDGF-AB concentrations between

time intervals in A-PRF & i-PRF groups
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betweeh day 1 to day 3 is 29.242 and we are 95% confident {|
]

hetweel 6.602 and 51883, and the me

at the true value lies

an difference was found to be st

S s atisticall
significant (p< 0.005). The difference betw Z

e * |
en the TGF-B1concentration mean levels in

A-PRF between day 1 to day 10 is 98.455 and we are 95% confident that the true value

lies between 78.134 and 118.775, and the mean difference was found to be highly

statistically significant (p< 0.001). The difference between the TGF-B1concentration

mean levels in A-PRFE between day 3 to day 10 is 69.212 and we are 95% confident that
the true value lies between 49.881 and 88.543, and the mean difference was found to be

highly statistically significant (p< 0.001).

The difference between the TGF-B1concentration mean levels in i-PRF between day 1 to

day 3 is 42.606 and we are 95% confident that the true value lies between 27.473 and

57.739. and the mean difference was found to be highly statistically significant (p<

0.001). The difference between the TGF-f1concentratiol
059, confident that the true value lies between

y mean levels in 1-PRF between

day 1 to day 10 is 121.364 and we arc
104.894 and 137.834, and the mean difference W

een the T GF-PB1concentration mean levels 1n

as found to be highly statistically

significant (p < 0.001). The difference betw
I-PRF between day 3 to day 10 1 78 758 and we are 95% confident that the t

lies between 57.783 and 99.732, and the mean difference was found to be highly

' ation of TGF- dtob
Statistically significant (p < 0.001). The fall in concentration of TGF-plwas found to be
PREF at all follow ups.

rue value

Statistically significant in both A-PRF and 1-
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|
|
L
|

A-PRF ta g Day3 | 29242 6.602 51.883 | 0.005*
I Day 10 98.455 78134 | 118775 | 0.001*

Day 3 Day 10 69.212 49.881 | 88543 | 0.001*
mavl Day 3 42.606 27.473 57.739 0.001*
Day 10 121.364 104894 | 137.834 | 0001*

Day 3 Day 10 78.758 | 57.783 99.732 | 0.001*

Table 6: Multiple comparison
intervals in A-PRF & i-PRF groups

of mean fall in TGF-p1concentrationsbetween time

nnnnn



OBSERVATIONS AND RESULTS

. aﬂgon of mean PDGFE-AB total Concentration from day 1 to day 10 b

W& i-PRF using Wilcoxon Signed Rank Test is summarized in ’I‘abley7 andeéf:e : : |
?ﬁhevalue of mean PDGF-AB concentration for A-PRF at day 1 is (339.382 + 43: 41(-))
and (392.121 £ 61.781) for A-PRF and i-PRF respectively, and the Wilcoxon Si'gned

Rank Test S
0.001) betwee

for A-PRF al da

and i-PRE respec
satistically significant difference (£ =

howed that there was a statistically significant difference (Z = -2.669, p <
n A-PRF and i-PRF at day 1. The value of mean PDGF-AB concentration
y 1 + day 3 1s (602.230 + 105.163) and (644.727 + 114.874) for A-PRF

tively, and the Wilcoxon Signed Rank Test showed that there was a
-0.738, p < 0.001) between A-PRF and i-PRF on

_AB concentration for A-PRF al day 1 +day 3 +

day 1 + day 3. The value of mean PDGF
542 221) for A-PRF and i-PRF

day 10 1s (738.170 = 154.503) and (819.818 %
Wilcoxon Signed Rank Test showed thal there was a statistically

0.625, p < 0.53.) The total concentration of PDGF-AB on
s compared to A-PRF but on

hough the total

respectively, and the

insignificant difference (Z = -
and higher n i-PRI a

day 1 was statistically significan
atistically insignificant alt

0 the differences were st

dayl+3 and dayl+3+ |
an A-PRF.

concentration was always more in i-PRF th
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Table 7: Comparison of mean PDGF-AB total Co
between A-PRF & i-PRF

1 : 15 | 339.382 | 44.410 |
: APEE i | -52./39 2 - 2,669 | 0.008*
i-PRF | 15]392.121 | 61.781 9.73 L
/’/# [ T —t |
1 + Day
gav A-PRF | 15 | 602.230 | 105.163 g 783 0_738; e
i-PRF 15 | 644.727 | 114.874 | g 11 |
__-——'—’__———-‘_’__- i
Da .
gi\’;a; 10" A-PRF | 15 |738.170 | 154503 | . .. | 980 | . 25{ -
i-PRF 15 | 819.818 | 242.221 7.10 |

ncentration from Day 1 to day 10
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| Comparison of mean PDGF
i Day 10 between A-PRF & iPRE

-AB total Concentration from Day 1to

— - e gme— L
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f 819.818
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o
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F-AB total Concentration from Day 1 to Day

Graph 5: Comparison of mean PDG
10 between A-PRF & i-PRF
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highly significant and higher in . PRF as compared to A-PRF

respectively, and the Wi
| o s | ; e Wilcoxon
Signed R wed that there was a highly statistically significant difference (Z=

3408, p< 0.001) between A-PRF and i-PRF op day 1. The value of mean TGF

Blconcentration for A-PRE at day 1 + day 3 is (738.170 + 154.503) and (285.849 +

17.722) for A-PRF and 1-PRF respectively, and the Wilcoxon Signed Rank Test showed
that there was a highly statistically significant difference (Z = -3.351, p < 0.001)
between A-PRF and 1-PRF on day 1 + day3. The value of mean TGF-pIconcentration
for A-PRF at day 1 + day 3 +day 10 is (344.939 +26.533) and (419.939 + 53.165) for

A-PRF and i-PRF respectively, and the Wilcoxon Signed Rank Test showed that there

was a statistically highly significant difference (£ = -3.294, p < 0.001) between A-PRF

and i-PRF. The total concentration of TGF-p1 at subsequent follo

concentration levels of TGF-p1 at day 1, dayl+ 3 and day 1+ 3+ 10 was statistically

w ups, the total

although the total

concentration was always more in ._PRF than A-PREF.




|
b
!

Day 1 | A-PRF | 15 | 157.546 | 19.890 0.00
| -37.091 ' -3.408 | 0.001*
-PRF | 15 | 194.636 | 18.189 8.00
Day1+P3Y | A pRF | 15 | 285.849 | 27.722 1.00
: -60.818 3.351 | 0.001*
| i-PRF__| 15 | 346.667 | 35.755 3.50
Day1+D3Y | x ooe |15 | 344.939 | 265
_ | 553
3+Day10 | —— = - -75.000 2300 -3.294 | 0.001*
| i-PRF_ | 15| 419.939 | 53.165 | 843

Table 8: Comparison of mean TGF-B1 total Concentration from Day 1 to day 10

between A-PRF & i-PRF
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Comparison of mean TGF-B1 total Concentra

tion from D
10 between A-pRF & I-PRF it

ml": 3
000 | n—
3 419,939
400.000
346.667
2 350.000
>
Q
¢ 300.000
c
S
—= 250.000
o 194.636
].-
<4 200.000 TETeae
u' .
2 150.000
=
o
S 100.000
50.000
0.000 -
Day 1 Day 1+ Day 3 Day 1 + Day 3 + Day 10
» A-PRF ® |-PRF

L L ———

: -1 to Day 10
Graph 6: Comparison of mean TGF-B1 total Concentration from Da) | to Day

between A-PRF & i-PRF
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hods (anti-coagulant re

movz {1
e al) while Simultaneoys|y pProviding
J

a three dimensional

' [ ’ ‘1‘ . L " II' ‘, ,"" l} L) 1lrf . - W ™ ’ ® 1] ﬂl 1[‘
{ c

medicine. This new held, now known as Platelet Rich Fibrin or PRF

Over the past 5 years, further modifications to centrifugation speed and time have
additionally improved PRF into a concept now known as the “low-speed centrifugation

concept.” Wound healing 1s a complex biological process where many cellular events

il
=Y

taking place simultaneously leading to the repair or regeneration of damaged tiasncs’

Many attempts have been made in the field of tissue regeneration with the aim of

. - ! 51-54 -
predictably repairing, regenerating, or restoring damaged and diseased tissues™ . These

include strategies with foreign materials often derived from allografts, xenogralts, or

' 31-5¢ ' - of these
synthetically produced alloplasts to regenerate host tissues™ . While many o

g §

T : tion,’
important to note that all create a foreign body reac

blood
Platelet concentrates collected from whole blo

introduced into human host tissucs.

was first introduced over 20 years ago-
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3) proliferation, and 4) maturation.

Hemostatis

© Inflammation

Proliferation

Fibroblasts Maturation

Lymphocytes

Approximate Number of Cells

01234 567891011 12 13 14 15 16

Postwound Day

. . : 3
Figure 1. Four phases of wound healing including 1) hemosIasis, 2) inflammation, 3)

prol iferation, and 4 ) maturation.

s and the population of cells

- ;_,' S :thEWorﬂ]y are the overlaps between each SIMEIE A
. typically arise at 7 days, the ability- ok

. fﬁund In each category. Whereas lymphocytes
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DISCUSSION

pRF 1O introduce a high number at day 0 acts to speed the regenerative phase during this

It nust further be noted that in general, wound healing demands the complex interaction

¢ yarious cell types with a three dimensional extracellular matrix as well as soluble
0

owth factors capable of facilitating regeneration’’. Certainly, one area of research in
gr

dentistry that has gained tremendous momentum in recent years is that of recombinant
en

th factors where a number have been used to successfully regenerate either soft or
orOW
o

. 57-59
hard t1Ssues

been characterized as a four-stage process with

wound healing has therefore previously

57-59 \What is noteworthy is the fact that platelets have been described

overlapping phases "

11 jon 1 t durin

ts affecting the early phases of tissuc regeneration 1mportan o
n

as key compone
ave also been shown to secrete a

6 platelets h

number of important gro . 3
le cells, chondrocytes, and epithelial and endothelia
uscle

fibroblasts, arterial smooth m

cells, collagen synthess,

' d sti
fibroblast chemotaxis and proliferation an

dermal scarring. It 1s Growth 1

e es, an
fl€uronal cells, hematopo1€eti€ cell typ
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fbroblast growth factor (bFGF).

a1 teleStln tO pOiIlt out lha
lt 1S n g t the use Of plateIEI (:(][‘]CentrateS ]'. I

increased in popularity over the past decade since -
the discove
ry of PRF. These f1rst

attempts to use concentrated platelet growth factors was derived from the fact th
dCl that supra-

physiological doses could be obtained from platelets to promote wound healing dur
ng during

60-61

and following surgery”™ ™' . These

CONCEpts were later established into what is now

known as “platelet rich plasma™ (PRP). One of the other drawbacks of PRP was the fact

that it was liquid by nature, and therefore required its combination with other

biomaterials including bone grafts derived from human cadavers (allografts) or animal

products (xenografts). thereby further combining its use with other “unnatural” products.

From this perspective, a second generation platelet concentrate, without the use of anti-
Coagulants, was therefore developed with shorter preparation times termed platelet rich
fibrin (PRF) * During this harvesting procedure, many of the cells were trapped within
the fibrin matrix along with growth factors". PRF contains a variety of cells, which have
individually been studied for their role in the regeneration process The protocol was
develt)ped using a simpler centrifugation protocol requiring only 1 cycle of 12 minutes

b ..&t'z;'-?ou IPm (750 g). The original objective was to spin at high centrifugation speeds 1n

© phase separate the layers between the red corpuscle base and the overlaying

g iquid containin g leukocytes and plasma. As no anti-coagulants Were jililizedsthe

AR s
'-...q_,‘:‘ AR R e ) y % . d termed PR.F
- ‘Omulation came with a three-dimensional fibrin scaffol

11, 62, 63
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cells found within infected wounds

‘n components of PRF have ' -
Three main comp been noted as being key components assisting i
issue regeneration. PRF not only contains host cells, but also contains a three-
dimensional fibrin matrix containing various growth factors. These include (TGF-B).

ppGF and VEGFE, IGF, and EGF. Recent research has more specifically shown how
leukocytes (as opposed to platelets) are the main implicators in the tissue wound healing

Process capable of further enhancing new blood vessel formation (angiogenesis) and

. 10.11, 62-64
tissue formation .

tl]]. I - e b - I I ] ; !

oir of natural growth
hils. and platelets, and 3) serves as a reserv
macrophages, neutropitis,

¥ eriod.
factors that may be released over a 10- to 14-day p

ic “Saran”
initially covered with pRF and plastic

: it were |
To our great interest, wounds that w

wrap began to heal in as early as 10 days,

TGF-B1: Transforming growth fa

i is agents
Members described in the literature @° fibros

Iﬂﬁjﬁr Sﬁu‘rce of TGF_ﬁ prodUCthﬂ Th
I- |

: Sy
' | RN theSIS Bo
S aﬁ"fi* and extracellular matrix SY2

= f -
E L ] ¥ 1
=y g g llr
: .h » -
'.-.-"..-I I ) [ | -I
. - - oy, ..* L |
L el 12
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ung; :
| dlﬂ‘eremlated osteoprogenitor cells, fibroblasts. smooth muscle cells,

reported that TGF-P1 can upregulate VEGE

thereby tavoring angiogenesis and

recruitment of inflammatory cells. Although its effects in l€rms of proliferati
L on are

highly variable, for the great majority of cell Lypes, 1t constitutes the most powerful
e

fibrosis agent among all cytokines and the growth factor commonly released from

autogenous bone during tissue repair and remodeling®’.

PDGEF: Platelet-derived growth factors (PDGFs) are essential regulators for the
migration, proliferation, and survival of mesenchymal cell lineages and promotes
collagen production for remodeling of ECM during wound healing®™ . Platelets are the
major source of PDGF with various groups divided into homo- (PDGF-AA, PDGF-BB,
PDGF-CC, and PDGF-DD) and hetero-dimeric (PDGF-AB) polypeptide dimers linked
by disulfide bonds. They are present in large amounts in platelet a-granules.
Illterestingly, PDGF is accumulated in high quantities in the PRF matnx and are

Onsidered one of the important released molecules over time from PREF. It is important

'0 note that since PDGF has an extremely short half-life, the PRF matrix acts to support

ysiologic healing, a
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cOlmnerci.ﬁlly available recombinan source (rhppgye i
=BB) w

eceived FDA approval for the rege

48 made

available having
NCration of vaes ‘
Various defects I medicine and dcnli'-;lry

The release profile of growth factors has be

Cl | 1 |
Lan mportant and highly debated research

topic Ove! the past years. These diffe significantly between PRP and PRF. Devel
( oevelopment

()fPRI' el]c’lblﬂd scientists to control and enrich growth fac S f rates

This won achieved by allowing a slower and gradual release of growth factors over time

This second generation of platelet concentrate contains leukocytes within the fibrin

matrix also allowed for an enhanced secretion of growth from these cells involved in

. ki 774 o s
tissue regeneration . PDGF-AB and TGF-Bl released from two different platelet
concentrates including A-PRF and i-PRF. The result of our study shows that i-PRF

released a higher total amount of growth factors when compared to A-PRFS over a 10-

day period.

The aim of the present study was to compare PDGF AB and TGF 1 release from two
different platelet concentrates i.c. A-PRF and i-PRF, while the advancements made in

j : ‘ XA
terms of platelet concentrates have been hypothesized to improve tissue regeneration -,

no information is available to date regarding the comparative growth factors released

from these two platelet concentrates over time.

Therefore, the aim of the present study was 10 investigate in detail two different growth

afmﬁﬂith‘at i-PRF released the highest amount of gr owth factors at early time points when

47
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DISCUSSION

) R ' ' ) | :
omp! red 1o A=PRE. Ihe (st nction of relenged Proteins found in i-PRF concentrates

y be hypulheﬂizml o speed the

recrutlme " MMooms R ,
mil ol incoming progenitor cells in defect

s and could prove a valuable means in medical and den

peatio! al procedures requiring

pid neoming recruitment ol regenerative cells,
I '

gecondly. while =PRI had rapid release of growth factors, it was interesting to note that
over time, i-PRE not only had more growth factor released at later time points but also
contained more growth lactors as a whole [rom within their fibrin matrix. One of the
hypothesized reasons for this is the fact that i-PRF have been shown to contain more

living cells as the low-speed centrifugation concept (LSCC) indicates that reducing the

relevant centrifugation force (RCF) advances PRE matrices with an enhanced number of

inflammatory cells and platelets. Therefore, these cells are likely the contributing

difference between the results observed between A-PRF and 1-PRF.

Lastly, one of the surprising findings from the present study was the significant increase

in total protein released between A-PRF and i_PRF. The subsequent significant increase

it inical use.
In total protein release may therefore present additional advantages for clinic

m A-PRF and
Although this is the first report to investigalc release of growth factors fro

from either PRP or PRF and

f | i-"PRF. previous authors have investigated protein release

activity. In a first study, El- Sharkawy

i f“ﬂh_e,l' Investigated its subsequent effect on cell

o whole blood””.

48
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- DISCUSSION

purthermore, in- another previous study it g pee,, shown that PRE could rel
Coould release

qarious growth factors including PDGE-AB, 1Grg), vy EGEF, and 1GF-17", The
’ gy, '] L) O
results from that study demonstrate an increase i, growth factor over time from 5 10 300

in but did not look at later time points, Furthermore, the release of growth factors was

ot compared to a second platelet concentrate making it difficult 1o investigate the

potency of PRF 1 comparison to cither PRP or A-PRF”. It has als0 previously been

E.
g

shown that PRP has high levels of secreted PDGF and TGFR”, This subsequently

stimulates collagen synthesis in periodontal ligament (PDL) cells and gingival

ﬁbrob]astsw' % induces cell proliferation”’, and mineralization potential in osteoblasts™,

T e e e— e T — _—

and increases endothelial cell activity” in vitro. Gassling et al. showed that osteoblasts

and fibroblasts that were cultured with PRP or PRF demonstrated varying expression of

T —

various growth factors with those cultured with PRP favoring significantly higher levels

of PDGF-AB and TGFpI expression” . Furthermore, a second report by this group

I — g m—

compared PRF (as a membrane) to hovine-derived collagen membranes ( BioGide) and

tested osteoblast response to the two biomaterials’. It was found that cell growth was

45
significantly higher on PRF when compared to the bovine collagen membrane .

|
|
|

when comparing in vivo work with 1n vitro

_In the present

rted 1n Table 7 and
between donors as repo
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es, one can only expec :
Jl.c,,_-;edur y expect that with advanced age (and the likelih
¢lihood of increased

emic d1s€ases and medications), a much large
I

i
aniability may also be expected.

sySt
Therefo

110ns may be required to

ize this avenue of research. It was also found

further optim |
In the present study that the

sJower spinning protocols of i-PRF released more growth factor than the prototype A
olype A-

PRF.

As one previous report demonstrated that i-PRF contains more platelets and neutrophilic

43 -
granulocytes - it may be hypothesized that these cells contributed to the slight increase

!" . -
| i total growth factor accumulation after a 10-day period. This hypothesis however

There remain several aspects of research necessary 1O

requires further investigation.

platelet formulations investigated 1n this study. First, it 1s

further compare the various

atelet concentrates including PRP, PREF, and A-

I

|

! .

| unclear how the release of the various pl

| PRF will affect cell hehavior over time.

n vitro cell study further investigating the use of A-PRF and 1-

Therefore, a comparative 1
roblasts,

. . TG
PRF on cell behavior of various cell types including osteoblasts, gingival 11
rationale for which treatment

further provide

and periodontal ligament cells could
atelet

onse. Furthermore, it is known that pl

modalities stimulates a higher cell resp

mbined with vario

us biomaterials such as collagen membranes

- “Oncentrates are often co

hile to compare growth

It would also be worthw
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CONCLUSION

fhmltﬂ tions, the present study conclude that:
W‘bm e
L d protein quantification done by i |§A reveals that i-PRE s greater
3 concen“'ation release of PDGEF-AB and TGy Bl over g period of 10 days

Z . pRF may serves as a better alternative 1o A-PR}

tor future regenerative

edures in periodontal fields.

proc

Scanned by CamScanner



BIBLIOGRAPH

nnnnnnnnnnnnnnnnnnn



.' | o o Ross R, Glomset J, Kariya B, Harker 1
stimulates the proliferation of arterjg] |
Acad S¢i US 4. 1974; 71(4):1207_1

Implants Res. 2010; 21(5):543-9.

3. Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJ Mouhyi J, Gogly B
Platelet-rich fibrin (PRF): a ; :

second-generation platelet concentrate. Part I
technological concepts and evolution. Oyq/ Surg Oral Med Oral Pathol Oral

Radiol Endod. 2006; 101(3):e37-44.

4. Naik B, Karunakar P, Jayadev M, Marshal VR. Role of Platelet rich fibrin in
wound healing: A critical review. J Conserv Dent.2013; 16(4):284-93.

5 Anitua E, Sanchez M, Nurden AT. Nurden P, Orive G, Andia 1. New insights
for platelet-rich fibrin therapies. Trends Biotechnol.

. “into and novel applications
2006; 24(5):227-34.

-|_,.-

ohan Ehrenfest DM. Re: "Clinical evaluation of a

. & ;1'
: L .;D.;ﬂf’jGorsb M. Sammartino G, D
£ * ed coronally advanced flap

L
* fibrin membrane for the treatment of 2
- 4w J Periodontol. 2009; 80(11):1694-97.

S

[kl .
R B B N &
1 | II| L . II :, -I | L-. |.
= Tl

—

Scanned by CamScanner



5 Choukrout J, Adda F, Schoeffler ¢ Vervelle A
| - | 2 . Une Ry
mplantologle: le PRE. Implantodontie. 2001: 4>-55 67m ARSI DR pHED:

gu CY, Kuo YP, Tseng YH, Su CH, Burnouf T. I v

Itro release of or ;
release of growth factors

‘ atelet-rich fibri ) _‘
from P12 in (PRF): a proposal to optimize the clinical applicat {
al applications o

pRE. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009: 108(1):56
. , 108(1):56-61.

Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJ, Mouhyi J, Gogly B
_ . s, JOE _,’ :

2 oy £ 1 -1 ) <) =T =
platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part IlI:
leucocyl€ activation: a new feature for platelet concentrates?. Oral Surg Oral

Med Oral Pathol Oral Radiol Endod. 2006; 101(3):e51-5

an DM, Choukroun J, Diss A, Dohan SL. Dohan AJ, Mouhyi J, Gogly B.

11. Doh
Part 1l:

platelet-rich fibrin (PRF):
c features. Oral Surg Oral Ved Oral Pathol Oral Radio )

a second-generation platelet concentralc.

platelet-relaled biologl

Fndod. 20006 101(3):€45-50.

ad J. Lopez PJ, Fayos FV. Miery G. A novel approach to human

12, Mendonga-Carid
obliteration with an autogenous

cranial tissue regenerat
composite matrix: 10 p

on and frontal sinus

atients with a 6-10 year follow-up.

platelet-rich/ﬁbrin-rich

J Tissue Eng Regen Med. 2013 7(6):491-500.

a A, Kubesch A, Lorenz J,Rutkowski J, et.al.

13. Ghanaati S, Booms P Orlowsk ‘
ncept for cell-based 118

_rich fibrin: a new CO
s. J Oral [mplantol. 2014; 40(6):679-8.

sue engineering by

14, Kawase T, Kamiya M,

The heat-compression technique for the ¢

Biomed Mater Res B App! Biomater. 2015;

Scanned by CamScanner



J Clin Diagn Res. 2015; 9(10):2D01-4.

18. 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-

PRE. Clin Oral Investig. 2016; 20(9):2353-60.

19. Kotsakis GA, Boufidou F, Hinrichs JE, Prasad HS. Rohrer M, Tosios KI.

Extraction Socket Management Utilizing Platelet Rich Fibrin: A Proof-ol-

" Accelerated-Early Implant Placemen " Concept. J Oral

Principle Study of the
 Implantol. 2016; 42(2):164-68.
; dez M, Kandalam U, Zhang
. Fujioka-k hi M, Miron RIJ, Hernan |
. e R Fibrin With the Low-Speed Concept.

. 'Y, Choukroun J. Optimized Platelet-Rich

.
. Biocompatibility; and Cellular Response

—
i

.:' | ”r J e ;
R 2 n Loy Kac | elease
' Guowh Factor Release

'

X w@ntoz.zon; g8(1):112-21.

Scanned by CamScanner



24, Amine K, El Amrani Y, Chemlali S, Kissa

J. Alternatives to connective tissue
| graft in the treatment of localized gingival recessions: A systematic review. J

Stomatol Oral Maxillofac Surg. 2018: 119(1):25-32.
25. Maluf G, Caldas RJ, Silva Santos PS. Use of Leukocyte- and Platelet-Rich Fibrin
in the Treatment of Medication-Related Osteonecrosis of the Jaws. J Oral

Maxillofac Surg. 2018; 76(1):88-96.

726. Chenchev IL, Ivanova VV, Neychev DZ, Cholakova RB. Application of Platelet-

Rich Fibrin and Injectable Platelet-Rich Fibrin in Combination of Bone

SQubstitute Material for Alveolar Ridge Augmentation - a Case Report. Folia Med

~ (Plovdiv). 2017; 59(3):362-66.

RS T T | ;
27, Miron RJ. Zucchelli G, Pikos MA, Salama M, Lec S, Guillemette V, et al. Lse©
s : VIl INJ, ematic review. Clin Oral

Scanned by CamScanner



-tich Fibrin
- Contemp Clin

pent. 20185 9(2):188-94.

30. Zumardn CC, Parra MV, Olate SA, Fernandez EG, Mufoz FT, Haid
ar

« for Platelet-Rich Fibrin: l
R's f A "Super" Tri- -Dimensional Biomaterial for

-Maxillo-Facial Soft and Hard Tissue
Repair, Reconstruction and Regeneration. Mareriqls (Basel). 2018; 11(8). pii:

E1293.

(‘ontemporary Naturally-Guided Oro

> e = s o e S b,

31.Lei L, Yu Y, Ke T,5un W, Chen L. The application of three-dimensional
printing model and platelet-rich fibrin (PRF) technology in guided tissue

regeneration surgery for severe bone defects. J Oral Implantol. 2018; 25.[Epub

ahead of print].

12. Cabaro S, D'Esposito V, Gasparro K, Borriello F, Granata F, Mosca G, et al.

White cell and platelet content affects the release of bioactive factors in different

blood-derived scaffolds. Platelets. 2018; 29(5):463-67.

A 33 ‘Miron RJ, Zhang Y. Autologous liquid platelet rich fibrin: A novel drug delivery

system Acta Biomater. 2018; 75:35-51.

for improvement of de

' 1 -
1 = -
—— II -'_' it - -
35 Qelafani AP Platelet-ri atrix
1 |" Ty " T “f,i"! o | | ‘"l 6 e -
; * il '.- '1' " LI.;-. L :J.--l -y - i :
..“itt g i

o .
Scanned by CamScanner



t_ T r.-rf.._ &

R TETI T T

T

Fq:__'qw"w :-1'-_ W T TR g
H i = L —
| 1 ;
F ¥
o

40.

41.

4 Wend S, Kubesch A, Orl

43.Miron R, Fuj ioka-Kobayash!

Mourdo CF, Valiense H, Me]q ER, Mour;
; Irao

injectab]e platelets rich-fibrip (1-PRF

NB, Maia MD
Polymeri;

21-23.

Obtenti .
) and i ention of

rechnical note. Rev Col Bras Cjy. 2015; 42(6)-4 alion with hope araft:

UGS Shew S, Heu, L, Yang KC I'seng CC K l
> =PMEs WL, Kuo TF,

€S 1n combination w
derived mesenchymal stem cells in the treatment

s ‘ : =i Intra-articular
[njection Of platelet-rich fibrin releasa cular

ith bone Marrow -

| | of articular cartilace defects:
An In V1vVO study in rabbits. J Biomed Mater Res B

105(6):1536-43.

Appl Biomater.2017:

wang X, Zhang Y, Choukroun J, Ghanaati S, Miron RJ. Behavior of Gingival
Fibroblasts on Titanium Implant Surfaces in Combination with either Injectable-

PRE or PRP. Int J Mol Sci. 2017; 18(2):1-15.

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 concentrates: An in vitro study. J Indian Soc

Periodontol. 2017; 21(2):97-101.

owska A, Al-Maawi S, Zender N. Dias A, et al.

| th
Reduction of the relative centrifugal force influences cell number and grow

nj atrices.
factor release within injectable PRF-based matrl

Med. 2017; 28(12):188-99.

M. Hernandez

platelet rich fibrin

: oun J. Injectable
Y, Ghanaati S, Choukr 5017: 21(8):2619-27.

: stig.
in regenerative dentistry”. Clin Oral Investig

J Mater Sci Mater

M. Kandalam U, Zhang
(i-PRF): opportunities

Scanned by CamScanner



comparison to platelet-rich plasma

| matrix injections for treatment
|

. Platelets 201 8;29(1):48-55

Urol. 2018; 59(1):61-65.

47. Choukroun J, Ghanaati S. Reduction of relative centrifugation force within

injectable platelet-rich-fibrin (PRF) concentrates advances patients' own

inflammatory cells, platelets and growth factors: the first introduction to the low

speed centrifugation concept. Eur J Trauma Emerg Surg. 2018; 44(1):87-95.

48. Dohle E, El Bagdadi K, Sader R, Choukroun J, James Kirkpatrick C, Ghanaati S.

Platelet-rich fibrin-based matrices to improve angiogenesis in an in Vitro co-

thy culture model for bone tissue engineering. J Tissue Eng Regen Med. 2018;

1 i | = |
b ..] it
| III

e

RM, Aragjo RF Jr, Vasconcelos
cell content,

x
#

{,'I
) r}i:a.;

1 - b
o I._ o :.;,11 1 'I_ _I
b lv': {\'}
| "
. & i

HA, Souza JCM, Nascimento
car Injectable platelet rich fibrin:

o ization. Clin Oral Investig. 2018; 12.[Epub

e '_L te i A i) In_]ectable platelet-, Leukocyte-, and
51 " 1 i ., A drogcnetlc Alopecia.

Scanned by CamScanner



- |
1 ¥,

53. Rouwkema J, Khademhosseinj A Vascularizatj
101N

_ " # and Angio . " "
noineering: Bevo : _ genesis 1in Tissue
g = vond. Creating Static Networks. I'rends Bi
34(9):733-45. as  Dbiotechnol. 2016;

54.ZhuW, Ma X, GouM, Mei D. Zhang K, Chen S. 3p

bi e o | | printing of functional
lomaterials Ior tissue cngineering. Cupr Opin Biotechnol

2016; 40:103-12.

55. Upputuri PK, Sivasubramanian K. Mark CS, Pramanik M. Recent developments

in vascular imaging techniques in tissue engineering and regenerative medicine.
Biomed Res Int. 2015: 783983.

36. Guo S, Dipietro LA. Factors affecting wound healing. J Dent Res. 2010; 89(3):
219-29.

57.Gosain A, DiPietro LA. Aging and wound healing. World J Surg.2004:
- 28(3):321-26.
2 mﬁ -y

="

#
DRD i
-' uﬂg,]_cuL

. Eming SA, Brachvogel B, Odorisio T, Koch M. Regulation of angiogenesis:

I -

 wou d healing as a model. Prog Histochem Cytochem. 2007; 42(3):115-70.

ming SA. Kaufmann J, Lohrer R, Krieg T. Chronic wounds. Novel approaches

i

o __..- ' 2 . S ) - - -
In research and therapy. Hautarzt. 2007; 58(11):939-44.

= -
._I‘ Lil-,l.?-.l iy . 4 « i a3 | .
; * i 1 ‘FI g !ﬁ_ rI- k . ¥
_I __"--. *ﬁ B I._J_
| - i
111

iI-;_."..

I & | -
L

Scanned by CamScanner



0. Anfossi G Trovati M, Mulgrop; | — <ZIBLIOGRAPYY

R Influence of propranog| on plat SRRy Calcang '
i Platelet aggregation , &G, Emanye]| G
: from platelet-rich plasma a5 whol 0d thromboy gy, B2
: | . Ole bloog Prost production
.ﬁ Acids. 1989; 36(1):1-7. 4glanding Leukot Eggepy Fatty
eer R, Pi
. 61 FljnhPl | letersz RN, de Korte D, Gouwerok CW, Dekkerw
t al. Platelet activati ’ TWI, Reesi
| F A4e0 durlng Preparation of platelet concent e
| of the platelet-ric PHRLESRAIT0
| p h plasma and the buffy coat method oy
E: 30(7):634-8. S. Transfusion 1990
?
: 62. Choukroun J, Diss A, Simonpieri A, Girard M Schoeffler C, Dohan SL. et 4]
3 Platelet-rich fibrin (PRF): - .
, ey t-( ): a second-generation platelet concentrate. Part V-
= clinic €CtS ' 1] <
on tissue healing. Oyq/ Surg Oral Med Oral Pathol Oral Radiol
Endod. 2006; 101(3):e56-60).

- 63. 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 concepts and evolution. Oral Surg Oral Med Oral Pathol Oral
" Radiol Endod. 2006; 101(3): e37—44.

"
T

"
e )

=
¥

¥ -.- | -
. =

ok
- : 3 e ‘_'. . - - e B o .
05. Border WA. Noble NA. Transforming
! = .. i | N, = .‘u. T o - Wt | E

i

_irl _'|I-I,..-._{:I|,Ir:_rrliI .:. r“ _:1} IE..-' f:';:"l%f |i :E ,..,' %'&. .rjl 9“ E1286-92.
Sastvicd. 1775, 29117
' <%l ¢ =
' n ~3  LIw

growth factor beta in tissue fibrosis. N

B e N e e ,
e - i -
=Y I.;'." ¥ r A 1'-.: * 'tp_j
F - .II - .: I' % ! Ay r_.i - - S .
i o il | o — l.—uq._r:-r""'“ = F
- . g, e A L e,
a !‘.: k i ™ - -

- I : “ I!' k

.

R el RNAs, transforming growth factor beta-
Yok \ ":‘H_"_..:FIT;' 2 *1 ;., “%L] r,:‘b [N s y

Scanned by CamScanner



68. 7% Martin P, Leibovich §7, lllﬂamlmlmry cell
ells

the bad and the ugly. Trendy Cell Biy)

49, Tsirogiannt AK, Moutsopoulos "M, Mou
: "SOpoulos  [im

mmunological aspects. Injury. 2006: 37 Suppl 1§
105 < Pl 118512

Adamson R. Role of macrophaocec : _
70. PRAges 1n normagl wound

Wound Care. 2009; 18(8):349-51

healing: ap overview. J

71. Davis VL, Abukabda AB, Radio NM, Witt-Enderby PA, (|

. afshenkel WP.
Cairone JV, et al. Platelet-rich prepar

alions to improve healing. Part I: workable
options for every size practice. J Orq/ Implantol. 2014: 40

4):500-10.
72. Davis VL, Abukabda AB, Radio NM. Witt-Enderby PA, ClafshenkelWP.
Cairone JV, et al. Platelet-rich preparations to improve healing. Part 1I: platelet

activation and enrichment, leukocyte inclusion, and other selection criteria. .J

Oral Implantol. 2014; 40(4):511--21.

73. Ghasemzadeh M. Hosseini E. Intravascular leukocyte migration through platelet

thrombi: directing leukocytes to sites of vascular injury. Thromb Haemost. 2015;

113(6):1224-35.

74. Eren G, Gurkan A, Atmaca H, Donmez A, Atilla G. Effect of centrifugation time

on growth factor and MMP release of an experimental platelet-rich fibrin-type

product. Platelets. 2016; 27(5):427-32.

ert N, Wiltfang J. platelet-rich plasma and

75. Gassli ' inger IN, Hub
e Surg Oral Med Oral Pathol Oral

platelet-rich fibrin in human cell culture. Oral

Radiol Endod. 2009; 108:48-55.

62

nnnnn



TE (2007) Platelet-rich plasma: growth factors and pro- and anti-inflamm mm Sl
ies. J Periodontol. 2007; 78:661-669 s

,]” 'ﬂ”"‘

r|

7. Su CY, Kuo YP, Tseng YH, Su CHL, Burnouf T In vitro release of growth factors

 from platelet-rich fibrin (PRF): a proposal to optimize the clinical applications of

9} .' 2, Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009: 108:56-61.

I--

& 11 "
il

.L

ﬁk{ﬂdﬂ K, Kawase I, Momose M, Murata M, Saito Y. Suzuki H, Wolff LF,

I_

et Yﬁshle H. Platelet-rich plasma contains high levels of platelet-derived growth

~ factor and transforming growth factor beta and modulates the proliferation of

-

J--.:g@;mcadt::n'ﬂtally related cells in vitro. J Periodontol. 2003; 74:849-857.

.
_I"
1

gg,Kawase T, Okuda K,Wolff LF, Yoshie H. Platelet-rich plasma-derived fibrin clot

formation stimulates collagen synthesis in periodontal ligament and osteoblastic

~ cells in vitro. J Periodontol. 2003; 74:858-864.

"é‘n WJ. Yang M. Zhang C, Xue R. Zhang W. Qin HX. Effects of Choukroun’s
n, migration and

h
‘--{

E’fﬁ telet-rich fibrin on human gingival fibroblasts proliferatio

,f;t;*;?I'collagen secretion. Zhonghua Ko Oiang Yi Xue Za Zhi. 2013 48(2):72-6.

Dohan Ehrenfest DM, Doglioli P, de Peppo GM, Del Corso M, Charrier JB.
‘ukroun s platelet-rich fibrin (PRF

) stimulates 1n vitro proliferation and

entlatlon of human oral bone mesenchymal stem cell in a dose-dependent

\ J,, . Arch Oral Biol. 2010; 55:185-] 94.

- K ”‘w:{ ' ', Okuda K, Saito Y. Am

”l ASma ']ur‘(n)*ﬂ 0 33 nucleus for mmerallzatm
Vitro Cell Dev Biol

izuka N Suzuki H, Yoshie H. Platelet-rich

n in cultures of partially differentiated

Anim. 2005; 41:1 71-176.
riodontal I L"éﬁifcells In

Scanned by CamScanner



B’BLI@ ??J' U ’f' *

: —

P e

- Ll
_.'-i‘-"- -

.

g e e i

!anase T, Tanaka T, Okuda K, Tsuchimochi M, Oda M, Hara T. Quanti ”'ﬂw

4 smg1‘3..cell motility analysis of platelet-rich plasma-treated endothelial cells
vitro. Cvtoskeleton (Hoboken). 2015; 72:246-255, "

in
: : |

I‘ |

]  34__ Gassling VL, Acil Y, Springer IN, Hubert N, Wiltfang J. Platelet-rich plasma and '
. platelet-rich fibrin in human cell culwure. Oral Surg Oral Med Oral Pathol Oral

Radiol Endod. 2009; 108:48-55.

g5, Gassling y V. Hedderich J; Acil Y, Purcz N, Wiltfang J, Douglas T. Comparison of
platelet rich fibrin and collagen as osteoblast seeded scaffolds for bone tissu€

engineering ¢ applications. Clin Oral Implants Kes. 2013; 24:320-328.

64

Scanned by CamScanner



B '—‘—1—-"- T

|
)
\
!
i

APPENDICES

Scanned by CamScanner



- The project titled Quantitative Analysis and Comparison of Growth Factors

X T;EGF-AB and TGF B4) in Advanced and Injectable —Platelet Rich Fibrin: An In-

" thsmdy submitted by Dr. Anshul Post graduate student from the

'_'Eﬁpaf.tment of Periodontics as part of MDS Curriculum for the academic

!‘ I

' year 2016-2019 with the Accompanying proforma was reviewed Dby the

o - th th At
. h‘imstituﬁona_l research committee present on 7 and 8 December 2016

i E-“’|ODS The Committee has granted approval on the scientific content

: T. e pro]eCt The proposal may now be reviewed by the institutional ethics

ee for granting ethical approval.

i i ‘l;‘rr :-. -
i ‘ :‘F' b! -ﬂjr : -' \ .J,_:_. E'la

I mmﬁ‘ﬂ’fﬁ“@‘&mn
rin 316 zh.iq o ﬁm«ﬁﬂ
ol II_.:.___-:::_%".‘..:*,.,: ,.u R'w [.llf.'i 05, {

. | || | . | < e
Chair m, Research Committe

Scanned by CamScanner



.
Dr. Lakshmi Baly

.

J*.p::r‘*,'_,\a.__ .
ek F"'

ember-Secre '_'_ Institutional Ethics Committee
nication of the Decision of the

§ L

L Lot e .

S T e P UL

._‘I r'r'-r'-"i l :I 1 l

‘- e LI ': LY ‘ < il X
RS

\;ﬂl

lnsti[utiunal I

L
- IEC Code: 01

thics Sub-Committee

LA . _ BBDCODS/03/2017
Title of the Project: Quantitative Analysis 4 ¢

B | ~ omparis 3 A & ow
“advanced and Injeciable Platclet Richy Fibrin: An Partson of growth factors (PDGF-AB and TGF 1) in

N Vitro study.

ol
i |
F M

P I Investigator: Dr, Anshul

. | Department: Periodontology
:r_;gfand.Addrcss of the Institution: B College of Dental Sciences |

- Type of Submission: New, MDS Project Protoco]
4 'Ifi .

ucknow,

D '__;-Dr._ Anshul.

,;L Institutional Ethics Sub-Committee me

02™ March. 2017,

cing comprising following four members was held on

g Dr. Lakshmi Bala - Prol. and Head, Department of Biochemistry, BBRCODS.

Mémbcr Secremr}' Lucknow
Dr. Neerja Singh Prof & Head. Department of Pedodontics. BEDCODS,
Member Lucknow
Dr. Rana Pratap Maurya Reader. Department of Orthodontics, BBDCODS.
Member Lucknow
; Ty Dr. Manu Narayan Reader, Department of Public Health Dentistry .-
Member BBDCODS. Lucknow

Il
rJ' ¥
| 1 : )
The committee reviewed and discussed vour submitted documents of the current MDS Project Protocol

e P

- T
“
I 1“#* el
.
i)
b

™

In tne meo
A Wr o iy
1l B
.

Hing. | |
Maa o I comments were communicated to Pl thereafter it was revised.

k-
, ==
N

Decisions: The committee approved the a

hove protocol from ethics point of view.

Forwarded by:

A & s
I 1’ al » n * Y
gretal . ADRIWEK Govila)
) '- 'm'?“ R Gapn) Banaresi D28 Coleos O Princip:
L guie el data) Banores| 0 Cue < Principio,
| 3 I £ 11 2L 1] D
BRD Uiy, Fesels - “-’%".1:'225(1?3

e e e

Scanned by CamScanner



|
& 11

|
J |
;":h,?“.'| Hl" ‘a}# ak
o i o '._f.

':

I
1 | "
- Il-l -

'|1 Lan] | ; - S ¢ , A
ﬁaﬂely used measure of central tendency is arithmetic mean,
IS¢ .”1;3

ly T %’;; ed to simply as the mean, calculated as
~
S

L3

1

[~
Eos

1= 1

1

l,uj eviation and standard error

Y

| | -
:r’fﬁ'[(ﬁ"*f dewatlon (SD) is the positive square root of the variance, an
: -rl'

_= .

- m [ E
— L | ey, 'I ’ o :‘ I;fl::_"- - u
.|".."-'I|"" | | | |.J'31 lL'_.“Ir '-'ﬂ J
AL UIALVAULE LY
1 [ P e S -.."‘-_.‘_!'-__- I"-"'H'_--':-

ik, A (ZXi)z

- s calculated as

.-
(6

ard er 1 f'ifthe mean) 1

SD

Scanned by CamScanner



amedlan 1s generally defined as the middle measurement in an ordered

ﬁgaja That 1s, there are just as many observations larger than the

1,n4r_1_'jf" as there are smaller. The median (M) of a sample of data may be
found by first arranging the measurements in order of magnitude
(?";'5‘:"7%;’53' ascending). For even and odd number ot measurements, the
L

LT
median is evaluated as

M= [(n+])/2]th observation- odd number

M= [n(n+l)/2]‘I1 observation — even number

Wilcoxon § m ed Rank Test

,h_ -
.‘rl :

T - 5y 5' ' _narametric statistical hypothesis test used to
the W .*I'L,,[;r 1 S i!’%ﬁ: -. Ia]]k teiSt 1s a non par

-

I..
. ":“f sopulation means ranks differ. And also for ordered

—

s, or repeated measurements on a single

68

Scanned by Camcanner



A "”ﬁj’z’,ﬂ

B —
..-_.-._

l—" ‘._._

—_1.—\--'_" -

> @ numerical scale is inappropriate but where it i possible 1"9

for calculating the Z statistic for Wilcoxon Signed Rank Test 15 given

7._17(}7+ )
| = 4-
e n(n+1)(2n+1)
24

t is a non-parametric alternative to ANOVA with repeated measures. It

”‘~s - differences between groups when the dependent variable being

Hrw; yarametric in nature a

| L
"ﬁ'- dentical populations for dependent data.

nd a continuous data. The Friedman test tests the

E . pe o oF 1 .
Heasul ;.'.-5.'

alct latmg the Q statistic for Friedman’s Test is given below:

"}-E‘ijr-lil_j: (l Iil|f~~ _

Scanned by CamScanner



| i"j.’:-.‘ii‘::‘ﬁ:f“f.' - were not specified before seeing the data. This typically creates @

oblem because each potential analysis is effectively a statistical test.

|

Number of tests

o3

-'*-;P-.*L"%L& -'f jcance “p” is the probability signifies level of significance. The

=0 .
| ¥ i 2%+ 11 'F

nentioned p i ‘rﬁhe text indicates the following:

. w
Ak
I ]

]uu l@'w Cal'lt

Just S ”S n:ilur.l

|
g |
1

Scanned by CamScanner



CASE RECORD PROFORMA

1. N
g =i
L -
o |

~ Name of the patient:
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Consent Form (English)
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; B < < s v ev st 0 v am i *
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S -'. . .
Annual income of the Subject......... ... - L
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. compet -ﬂni!l case ﬂ_f trial related dEEIU.'l). “&.} i ,_: ‘Li

i "D
L] "- -
I .
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e 1 | L
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APIPENDICES

APPENDIX. v

I

244.55
264,55
387.27
390.91

325.45

335.45
366.36
486.36
330.00
350.91
323.64
360.91

~290.91

268,18
207.27
226.36
109.09
320.00
160.00
303.64
291.82
457.27
311.82
259.09
164.55
286.36
291.82
285.45

Groups pdgfab_D1 pdgfab 3 pdefab D10
| 357.27

129.09
81,82
12,73
/8,18
314.55
110.91
120.91
110,91
193.64
244.55
125.45
115.45
110.00
123.64

107.27

Mastey Chayd

teftl D]

209.09
168.18
175.00
23591
183.64
207.27
215.00
18591
191.82
182.73
195.45
206.82
204.09
180.91
/il =13

AL VE

158.64
130.00
153.64
181.36
116.36
198.64
130.00
123.18
164.09
174.09
154.09
164.09
153.18
126,82
152.27

tgftil 10

107.73
112.27
55.00
123.64
62.27
104.09
93.64
46,82
50.45
58.64
62.27
56.82
652,27
58.64
54.55

pegl ab
201,57
177 68
167/ 66
191.52
441,82
194,79
253,33
256,36
379.09
295.45
245,15
201,21
252.4)
235,45
256,97
270,91
183,94
244.85
480.61
286,67
405,15
194 .85
196.97
223,38
201.52
291,52
261,82
267.88
273.33
315.76

14

tgf bl

126,48
100,15
120,30
132,30
139,45
126,21
139,85
123,64
113,79
133,97
125.15
118,64
106,82
128.18
125,76
158.48
136,82
127,88
180.30
120,76
170.00
146,21
118.64
135.45
138,48
137.27
142 .58
136,52
122.12
128,18
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