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1 | INTRODUCTION

Platelet-rich fibrin (PRF) is a blood byproduct that has been used
for over 20years in the medical field. PRF belongs to the second
generation of platelet concentrates which differs from its pro-
cessors as it does not contain anticoagulants or other additives.
Blood centrifugation produces PRF after a 9-10mL sample is
drawn.! There are different methods to prepare PRF. However,
the final product must include fibrin mesh-containing leukocytes
and platelets. Together, these cells produce an essential release of
growth factors and cytokines that participate in critical phases of
the healing process, such as collagen matrix formation and neo-
vascularization? (Figure 1).

Recently, PRF has been used as an adjuvant in treating wounds
(e.g., diabetic foot) to form a protective barrier to increase local
cellular activity, causing tissue recovery.3 This action is due to
PRF's tissue regeneration potential.* PRF's involvement in wound
healing may go beyond acting as a protective barrier. Several stud-
ies have pointed to the benefits of PRF as an autologous biomate-
rial with not only regenerative potential but also an antimicrobial

activity.>"® This phenomenon could be caused by the blood cells

© 2023 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.

present in the fibrin matrix or the chemotaxis caused by cytokines
released in the recipient tissue.

The release of pro- and anti-inflammatory cytokines and
growth factors from the PRF scaffolds is essential for tissue recov-
ery. Platelets play a vital role in this process due to their production
of a-granules, which serve as a significant storage pool of proteins
that are essential for wound healing. The resulting byproducts,
such as interleukin-8 (IL-8),” 1L-15,° and 1L-18,* and the chemokine
MIP1-a,'? act in the chemotaxis of neutrophils and natural killer
cells, increasing protection against microorganisms at the level of
the intervened tissue. Some studies have highlighted the antimicro-
bial activity of blood byproducts through the induction of human
p-defensin 2 (hBD-2)'% and hBD-3.2

Although the issue of PRF's antimicrobial activity requires future
translational evidence, some studies have demonstrated the robust
tissue regeneration potential of blood byproducts.ls'16 Well-defined
protocols are required to produce PRF.}Y In addition, studies will
need to focus on PRF's antimicrobial activity in affected tissues and
the efficacy of its scaffold against various microorganisms. There-
fore, this SR aimed to analyze the antimicrobial potential of different

types of PRF often used in regenerative treatments.

Periodontology 2000. 2023;00:1-12.

wileyonlinelibrary.com/journal/prd 1


www.wileyonlinelibrary.com/journal/prd
mailto:
https://orcid.org/0000-0001-5739-394X
https://orcid.org/0000-0003-3290-3418
https://orcid.org/0000-0001-5775-0222
https://orcid.org/0000-0003-2836-5477
https://orcid.org/0000-0001-5882-9493
https://orcid.org/0000-0001-5759-7926
https://orcid.org/0000-0003-1971-0195
mailto:vitt.mf@gmail.com

MORASCHINI ET AL.

2
A\WAIBaA%S Periodontology 2000
Provisional

o - -1
_— By
Ty 4 A N
) e
' an | Y
Platelet

Fibrin matrix:

* Fibronectin
vitronectin

Red blood cells

2 | MATERIALS AND METHODS

2.1 | Protocol and registration

The protocol of this SR was performed following the recom-
mendations of PRISMA-P'® and registered in the INPLASY da-
tabase under the number INPLASY202340016 (DOl 10.37766/
inplasy2023.4.0016). The final version of this SR followed the
PRISMA guidelines.? There were no deviations between the cre-
ated protocol and the final version of this SR.

2.2 | Focused question
The main question was structured according to the PICOS strategy2°:
What is the antimicrobial effect of human PRF in in vitro studies?

2.3 | Eligibility criteria and study selection process
The eligibility criteria were determined using the PICOS strategy. The
search and selection process were conducted by two independent
authors (J.M.M. and V.M.). First, titles and abstracts were analyzed.
Next, selected studies were read in full to verify whether they met all
eligibility criteria. The search concordance between the two reviewers
was evaluated by the Cohen's kappa (k) test. Disagreements between
the reviewing authors were resolved through careful discussion.

Several eligibility criteria were established:

Population: PRF collections in healthy humans.

Intervention: Use of human PRF as an antimicrobial agent.

Comparison: Antibiotic efficacy between different types of PRF
with other antibiotic agents and different microorganisms.

Outcome: Analyzes of microorganism growth, microorganism in-
hibition, and microorganism activity.

FIGURE 1 The composition of
Leukocyte Platelet-Rich Fibrin (L-PRF)
includes various cell types, a 3-D
provisional extracellular matrix scaffold
made of autologous fibrin enriched

Bioactive
molecules

* PDGF with fibronectin and vitronectin, and a
*TGFB collection of molecules such as platelet-
*VEGF derived growth factor (PDGF), vascular
*IGF endothelial growth factor (VEGF),

*EGF insulin-like growth factor (IGF), epidermal

growth factor (EGF), and transforming
growth factor-beta (TGF-R). Source:
Figure adapted from Miron RJ, Fujioka-
Kobayashi M, Bishara M, Zhang Y,
Hernandez M, Choukroun J. Platelet-Rich
Fibrin and Soft Tissue Wound Healing: A
Systematic Review. Tissue Eng Part B Rev
2017;23(1):83-99.

Study design: In vitro studies.

The exclusion criteria included animal studies, case series, case
reports, and reviews. Studies that used PRF from animals or humans
with chronic or hematological diseases were also excluded.

2.4 | Search strategy

The PubMed/MEDLINE, EMBASE, Web of Science, and Scopus data-
bases were searched for relevant articles published prior to January
2023. There were no restrictions regarding the date of publication
or language. Gray literature was searched using the Literature Re-
port and OpenGrey databases. In addition, the study reference lists
were evaluated (cross-referenced) to identify other potential studies
for inclusion. Several search terms were used: (“platelet-rich fibrin”
OR “leucocyte platelet-rich fibrin” OR “advanced platelet-rich fibrin”
OR “injectable platelet-rich fibrin” OR “PRF”) AND (“microbiome” OR
“biofilm” OR “oral pathogen” OR “microbial” OR “antimicrobial” OR
“microorganisms” OR “antibacterial” OR “antimicrobial” OR “infec-

tion”) NOT (“review”).

2.5 | Data extraction and management

Data were extracted by J.M.M. and systematically reviewed by
V.M. When available, the data regarding authors, sample size,
type of platelet concentrate, control group, types of microor-
ganisms, type of culture, time of response, outcomes, results,
and finding summaries were obtained. Missing information was
investigated by contacting the authors via email. In the case
of multiple publications of the same trial, data were extracted
for general characteristics only. Specific data (i.e., outcomes
and results of interest) were extracted from the most relevant
publications.
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2.6 | Risk of bias within studies

For the analysis of the risk of bias, the modified OHAT (Office of
Health Assessment and Translation)?* tool was used. The tool was
developed to assess the risk of bias in all study designs, including
in vitro studies. Nine domains were used to rank each study. Each

»

domain was classified as “definitely low risk of bias,” “probably low

n o«

risk of bias,” “probably high risk of bias,” or “definitely high risk of
bias.” These ratings were coded as “++", “+”, “-/NR” (not reported),
and “--", respectively. To estimate the risk of bias between stud-

ies, a percentage estimate of each four ratings was calculated.

2.7 | Summary of results

A quantitative analysis based on the meta-analysis could not be de-
veloped due to the heterogeneity observed in the design and meth-
odologies adopted by the included studies. However, a qualitative
analysis based on the synthesis of the results of the included stud-

ies was carried out.

3 | RESULTS

3.1 | Study selection

The initial search produced 306 titles from the MEDLINE/PubMed
database, 454 from Embase, 702 from Web of Science, and 398 from
Scopus. The first evaluation of titles and abstracts excluded 1842 arti-
cles that did not adhere to the eligibility criteria. After reading the full

ooy o) AR

text of the remaining studies, two articles?*? did not meet the inclu-
sion criteria and were excluded. The reasons for exclusion are reported
in Figure 1. Therefore, 16 studies published between 2013 and 2021
were included in this SR. The coefficients of agreement (k) between
reviewers in relation to the search process were 0.97 (titles and ab-
stracts) and 0.85 (inclusion of studies), an almost perfect agreement.?*

A flowchart demonstrating the selection process is shown in Figure 2.

3.2 | Characteristics of the included studies

3.2.1 | Design and methods

The characteristics and methods used by the included studies are shown
in Table 1. The antimicrobial effects of PRF variations (PRF, I-PRF, agNP-
PRF, and H-PRF) were compared to each other and with controls, such
as phosphate-buffered saline, platelet-rich plasma (PRP), platelet-poor
plasma (PPP), chlorhexidine, and antibiotics. One study® did not use a
control group. Over 16 subgroups of bacteria from the oral, periodontal,
and endodontic environments were analyzed. The most used culture
medium was blood agar plates. The culture and response time ranged
from 16%° to 168h.26 The number of samples ranged from 5% to 64.%7

3.3 | Interventions and comparisons

3.3.1 | Efficacy and comparison with control groups

With the exception of one article,® all other included studies re-
ported a positive antibacterial action of PRF compared with the

—
§ MEDLINE/PubMed Embase Web of Science Scopus
; Records identified through Records identified through Records identified through Records identified through
-‘E database searching database searching database searching database searching
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=
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S h
Records screened ™ ) .
(n=1,860) Records excluded (n= 1,842)
5]
%]
o J
|
g N
Full-text articles excluded (n= 2)
g‘ Full-text articles assessedfor | _ _ _ _ _ _
= eligibility (n= 18) - 1 review
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—

FIGURE 2 Flow diagram (PRISMA format) of the screening and selection process.
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TABLE 1 Main characteristics of the included studies.

Author/Year
Wu et al., 2013

Joshietal.,, 2016

Badade et al.,
2016

Karde et al., 2017

Kour et al., 2018

Haddadi et al.,
2018

Khorshidi et al.,
2018

Polak et al., 2019

Castro et al., 2019

Samples

14

15

10

10

18

10

9

Platelet concentrates

PRF

PRF

PRF

I-PRF and PRF

PRP, PRF, and I-PRF

PRF and agNP-PRF

PRF and agNP-PRF

PRF with the addition

of antibiotics
(5mg/mL
metronidazole;
150mg/mL

clindamycin; 1mU/

mL penicillin)
and PRF free
antibiotics

PRF and PRF exudate

Control Group

- Phosphate-buffered saline
- PRP
- PPP

Sterile BHI broth containing tube
served as a negative control.
In addition, test tubes with
BHI broth along with patient's
plaque sample without PRF and
with metronidazole (5 pg) were
used independently as controls
for each individual

PRP

- PRP

- A volume of 2mL blood collected
in ethylenediaminetetraacetic
acid anticoagulant containing
vacutainer which was not
subjected to any centrifugation

- RPMI medium
- PRP

RPMI medium without any
microorganism and 0.5
McFarland microorganism
suspensions were considered
as negative and positive
controls

Positive and negative controls
in this study were the saliva
cultured in RPMI and RPMI
medium

Collagen sponges saline

CHX0.12%

Micro-organisms tested

Escherichia. coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae

Subgingival plaque of individuals with
active periodontal disease

Porphyromonas gingivalis
and Aggregatibacter.
actinomycetemcomitans

Human supragingival plaque

Porphyromonas gingivalis
and Aggregatibacter.
actinomycetemcomitans

Candida albicans, Candida parapsilosis,
Candida glabrata, Streptococcus
mitis

Streptococcus viridans and
Klebsiella pneumonia

Staphylococcus aureus and
Fusobacterium nucleatum

Porphyromonas gingivalis,
Prevotella intermedia,
Fusobacterium nucleatum,
Aggregatibacter
actinomycetemcomitans
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Culture medium

Bacteria were maintained
on nutrient agar slant
(Oxoid) at 4°C

BHI broth and a disc of PRF.

The test tube was then
incubated at 37°C in an
anaerobic chamber

Blood agar plates

Blood agar plates

Blood agar plates

Sabouraud dextrose agar and

blood agar

Blood agar plates and
thioglycolate broth

Staphylococcus aureus
(clinical isolate) was
cultured in aerobic
condition at 37°C for
24 h. Fusobacterium
nucleatum was cultured

in anaerobic condition at

37°C for 24h

Blood agar plates

Time of

response

16-18h

48h

48-96h

48h

24h

24h

24h

168h

72h

Evaluated outcome

Inhibition zone

Colorimetric analysis

Inhibition zone

Disc diffusion method

Turbidity (absorbance)
of medium (negative
control)

The biofilm formation of
each membrane was
evaluated by crystal
violet (0.1%) staining
and optical density
ELISA reader device

Turbidity (absorbance)
of medium (negative
control)

Antibiogram assay

Inhibition zone

Protocol of PRF
NR

3000rpm for 10 min

3000rpm for 10 min

I-PRF 700rpm for 3-4 min
PRF 3000rpm for 10 min

I-PRF 700rpm for 3min
PRF 3000 rpm for 10 min

2700rpm for 12min

2700rpm for 12min

2700rpm for 12min with
a g-force of 735

NR

ooy ) AR

Summary of finding

PRF compared with commercial products,
had remarkable antimicrobial activity
against gram negative bacteria
relevant to fistula colonization. The
presence of platelets and leukocytes
may play an important role in bacterial
defense.

The use of PRF will be benefit in reducing
microbial load at periodontally
infected sites

P. gingivalis and A. actinomycetemcomitans
were inhibited by PRP but not by PRF

I-PRF has maximum antimicrobial
efficacy and higher platelet count
in comparison to PRF and PRP,
thereby indicating to have a better
regenerative potential

All the three platelet concentrates (PRP,
PRF, and I-PRF) have antibacterial
activity, but PRP and I-PRF are more
active as compared to PRF

agNP-PRF as a biological material
presented the more inhibition of
biofilm formation of contaminating
microorganisms and it can be used as
anti-infectious material in the surgical
sites.

agNP-PRF improves the antibacterial
activity of the PRF. It can play an
important role in regenerative
procedures.

PRF incorporated with antibiotics
showed long-term antibacterial effect
against F. nucleatum and S. aureus.
This modified PRF preparation may
be used to reduce the risk of post-
operative infection in addition to the
beneficial healing properties of PRF

This study demonstrated the antibacterial
effect of the PRF membrane
against P. intermedia, F. nucleatum,
and A.actinomycetemcomitans, but
especially against P. gingivalis.

(Continues)
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TABLE 1 (Continued)
Author/Year Samples Platelet concentrates
Mamajiwala etal.,, 60 PRF

2020

Rafiee et al., 2020

64 intact, caries-

MORASCHINI ET AL.

Triple antibiotics

free single- mixture, I-PRF
rooted human containing
mandibular triple antibiotics

first premolars

mixture,
antibiotics free

Control Group

Different ages groups 20-34 years,
35-49years, 50-65years

Biofilm untreated and bacteria-free
untreated

I-PRF
Schuldt et al., 12 PRF No control group
2020
Nagaraja et al., 16 PRF and PRF matrix Calcium hydroxide
2020
Jasmine et al., NR I-PRF Staphylococcus. epidermis
2020 (biofilm forming strain) and
Staphylococcus. epidermis
(biofilm negative strain)
Feng et al., 2020 8 Horizontal-PRF and NR
PRF
Melo-Ferrazetal., 6 PRF CHX 0.12%

2021

Micro-organisms tested

Subgingival biofilm from health
patients

Actinomyces naeslundii and
Enterococcus faecalis

Subgingival plaque of individuals with
healthy periodontium

The microbial samples from the root
canal and Candida albicans

The bacterial strains of
Staphylococcus aureus and
Staphylococcus epidermis were
isolated from patients with oral
and dental abscess

Staphylococcus aureus and
Escherichia coli

Enterococcus faecalis, Pseudomonas
aeruginosa, Candida albicans

Abbreviations: agNP-PRF, platelet-rich fibrin with silver nanoparticles; Anti-biogram assay; BHI, brain-heart infusion; CHX, chlorhexidine; I-PRF,
injectable platelet-rich fibrin; MBC, minimal bactericidal concentration; MIC, minimal inhibitory concentration; NR, not reported,;

PPP, platelet-poor plasma; PRF, Platelet-rich fibrin; PRP, platelet-rich plasma; RPM, revolutions per minute; TBS, trypticase soy broth.

control groups. Badade et al.® investigated the action of PRF on two
types of bacteria (Porphyromonas gingivalis and Aggregatibacter actin-
omycetemcomitans) commonly associated with periodontal disease.
There was no mean inhibition rate for either bacteria after 48h of
observation. However, the control group (PRP) demonstrated a posi-
tive action. Nagaraja et al.?® demonstrated the antibacterial activity
of PRF against bacteria isolated from the root canal. However, the
membrane did not demonstrate antifungal efficacy against Candida

albicans. Similarly, another study29 did not observe a positive effect
of PRF against C. albicans.

3.3.2 | Comparison between different types of PRF

30,31

Two studies compared the antimicrobial effect of PRF and I-

PRF in inhibiting periodontium-related bacteria (including the red
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Protocol of PRF Summary of finding

PRF 1400, 2800,
and 3500rpm for
8min while other 3
membranes were
obtained after 14 min
of centrifugation with
a g-force of 228-1425

I-PRF 60g for 3min at 4
grades

2700rpm for 2min

2400rpm for 4 min;
2700rpm for 4 min and
3000rpm for 3min
with a g-force of 400

3000rpm for 10 min

I-PRF 1000rpm for 5min
at 37 grades

PRF was obtained with g-
force of 700 for 12min

H-PRF was collected by a
horizontal centrifuge
at a g-force of 700 for

This study demonstrated that platelet
count, antimicrobial efficacy, and
fibrin network, get affected by
centrifugation speed (rpm) and time
duration in different age groups.

The highest antibacterial activity against
A. naeslundii belonged to (I-PRF
containing triple antibiotic mixture.
However, the other two groups had
similar antibacterial property against
E. faecalis.

Application of PRF significantly reduced
bacterial counts on contaminated SLA
titanium surface, most likely through
anti-microbial action by platelets.

PRF matrix had no demonstrable
antibacterial or antifungal efficacy.
PRF demonstrated antibacterial
activity against root canal isolates but
had no antifungal efficacy.

I-PRF exhibited bactericidal activity
against both non biofilm and biofilm
producing bacteria. I-PRF could be
potential antimicrobial peptide used
to combat postoperative infections
caused by biofilm producing
staphylococcus

This study demonstrated that the PRF
prepared by horizontal centrifugation
exhibited significantly better
antibacterial activities against both S.
aureus and E. coli than traditional PRF.

Time of
Culture medium response Evaluated outcome
Blood agar plates 48h Agar well-diffusion
method
BHI +1% sucrose 168h Real-time PCR analysis
The samples were placed in 48h Decontamination by
2mL of sterile phosphate- scanning electron
buffered saline microscopy
Moistfree blood agar 48h Inhibition zone
culture plate (bacterial).
Sabouraud's dextrose
agar plate (fungal)
TSB 24h MIC and MBC
Blood agar plates 24h Inhibition zone and
colony-forming unit
measurements
Blood agar plates 24h Inhibition zone

and molecular
biomarkers

complex periodontal pathogens described by Socransky et al.??).

Although PRF demonstrated a positive effect, the two studies con-
cluded I-PRF demonstrated a significantly greater effect.

Other studies?”3® compared the antimicrobial effect of PRF with
agNP-PRF. In the study by Haddadi et al.,>’ the PRF membrane was
not able to inhibit C. albicans after 24h. However, when agNP-PRF
was used, a significant decrease in biofilm was observed. The effec-
tiveness of agNP-PRF was proportional to the concentration of agNPs

8min

2700rpm for 12min The PRF products are efficient in

activating platelets of whole blood,
and in inhibiting microbial growth
of aerobic and facultative anaerobic
microorganisms that frequently
contribute to the failure of dental
treatments

(the more concentrated, the greater the antimicrobial effect). In the
study by Khorsshidi et al.,® after 12h of incubation, greater bacterial
growth (e.g., Streptococcus virudans and Klebsiella pneumonia) was ob-
served on PRF membranes compared to agNP-PRF membranes. Thus,
the authors concluded that the modification of PRF with agNPs can
prevent the growth of microorganisms in surgical wounds.

One study’ investigated the antimicrobial effects of H-PRF and
PRF against Staphylococcus aureus and Escherichia coli after 24 h of
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H-PRF

agNP-PRF

incubation. H-PRF was prepared by horizontal centrifugation, and
PRF was produced using a fixed-angle centrifuge. The zone of inhi-
bition in the H-PRF group was significantly (p <0.05) larger than the
PRF group for both bacteria. Figure 3 demonstrates the microbial
sensitivity evidence in relation to the type of PRF used.

3.4 | Risk of bias within studies

57298303435 \were rated at medium risk of bias. All the

Six studies
other studies had a low risk of bias. Items 2 (was allocation to study
groups adequately concealed?), 4 (were research personnel blinded
to the study group during the study?), and 7 (can we be confident in
the outcome assessment?) were the topics least scored by the stud-

ies. The risk-of-bias analysis is detailed in Table 2.

4 | DISCUSSION

Antimicrobial activity is desirable for any biomaterial during tissue
regeneration. Despite the majority of studies analyzing the regen-
erative potential of PRF, the literature remains scarce regarding its
antimicrobial effectiveness. This SR aimed to analyze the antimicro-
bial potential of different types of PRF often used in regenerative
treatments.

Some antimicrobial mechanisms of PRF have been described in
the literature, such as thrombin-stimulated platelets that release
proteins with antimicrobial activity against fungi and bacteria®® and
platelets that generate reactive oxygen species, bind and internalize

FIGURE 3 Venn diagram showing
microbial sensitivity evidence in relation
to the type of PRF used.

microorganisms, and participate in antibody-dependent cellular cy-
totoxicity.37 In addition, platelets can recognize, isolate, and neutral-
ize possible antigens and signal leukocyte recruitment.3®

Most of the included studies demonstrated the antimicrobial
efficacy of different types of analyzed PRF. However, one study®
did not report inhibition of two types of bacteria (P. gingivalis and
A. actinomycetemcomitans) after 48h of observation. Special atten-
tion has been given to these bacteria due to their strong associa-

5239 and rheumatoid

tion with periodontal and peri-implant diseases
arthritis. 404! Conversely, two other studies,”! concluded that PRF
was effective in inhibiting these two bacteria after a maximum 72h
of observation. In a direct comparison between PRF and |-PRF, al-
though both platelets were effective against these bacteria, the ef-
fect of I-PRF was significantly greater.31

In all comparative studies, |-PRF demonstrated a greater perfor-
mance compared to standard PRF. One hypothesis explaining this
greater performance is that a higher concentration of cells and cy-
tokines are present in I-PRF due to the slower and longer centrifu-
gation spin associated with its production.*? Furthermore, another
advantage of I-PRF is that it is presented in liquid form (injectable),
which allows for its incorporation into other biomaterials providing
new strategies to load antimicrobial effects within any biomaterial.

Regarding the antifungal activity of PRF, two studies?®??

re-
ported that PRF did not have an inhibitory effect on C. albicans.
However, Mello-Ferraz et al.*® reported that the PRF membrane
was able to inhibit C. albicans, producing a better result than the
control group (chlorhexidine 0.12%). The use of agNP-PRF was also
found to inhibit C. albicans.?’ Oral candidiasis is seen in 8% of pedi-

atric patients and 46% of patients with hematological disorders.** In
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TABLE 2 Risk of bias tool from the National Toxicology Program's Office of Health Assessment and Translation (OHAT).

Karde
etal, 2017

1. Was administered dose or exposure level adequately
randomized?

2. Was allocation to study groups adequately concealed?
3. Were experimental conditions identical across study groups?

4. Were research personnel blinded to the study group during
the study?

5. Were outcome data complete without attrition or exclusion
from analysis?

6. Can we be confident in the exposure characterization?

7. Can we be confident in the outcome assessment (including
blinding of assessors)?

8. Were all measured outcomes reported?
9. Were there no other potential threats to internal validity +

ROB estimation

Khorshidi
etal., 2018

Jasmine Nagaraja

et al., 2020

Joshietal.,
2016

Mamajiwala
etal., 2019

etal, 2019

Badade
etal, 2016

Haddadi et
al., 2018

Castro
etal., 2019

Feng
etal, 2020

E

Polak Kour Rafiee Schuldt Wu
etal., etal., etal., etal., Melo-Ferraz etal.,
2019 2019 2020 2020 etal., 2021 2013

Medum  Medium  Low Low Low

+ + + + + +

Low Low Low Low Low Low

Abbreviations: ROB, risk of bias; ++, definitely low risk of bias; +, probably low risk of bias; -, probably high risk of bias; -, definitely high risk of bias.

Red: Definitely high risk of bias; Light green: Probably low risk of bias; Dark green: Definitely low risk of bias; Yellow: low risk of bias.

addition, C. albicans is the most common fungal species associated
with root canals.?® Controlling this fungus is essential, especially in
wounds of immunocompromised patients.

Different studies demonstrated the antimicrobial potential of
agNPs.“s’46 AgNP may play an anti-inflammatory role by inhibiting
some matrix metalloproteinases, which may, in turn, enhance wound
healing.** According to two of the included studies, the association
of agNP with PRF results in increased antimicrobial activity when
compared with PRF alone.??%3

Some recent evidence demonstrates that the preparation of
PRF using horizontal centrifugation (H-PRF) increases the number
of immune cells present.*”*® One included study demonstrated
that H-PRF exhibited significantly better antibacterial activities
against S. aureus and E. coli when compared with standard PRF’
produced via fixed-angle centrifugation. Furthermore, histological
results demonstrate that cells (platelets and leukocytes) in standard
PRF membranes are found unevenly along the back distal surface,
while in H-PRF, they are more uniformly distributed along the en-
tire membrane.*® This characteristic may be particularly interesting

for a more homogeneous release of growth factors and cytokines
throughout all wound regions.

This SR presents some strengths, such as its broad and unre-
stricted search that included data from nonpublished outcome re-
sults, minimizing the risk of selective reporting bias. Furthermore,
this SR was performed in line with a previous protocol registered
at INPLASY and in accordance with the recommendations of Co-
chrane and PRISMA.

However, some limitations can be highlighted. The antimicro-
bial activity of PRF has been little explored in the literature, and
the available evidence primarily involves in vitro studies. Therefore,
most of the included studies demonstrated a moderate potential
risk of bias. Because of this, these results should be interpreted with
caution. The significant divergence in the methodology (e.g., method
of preparation, type of tubes [plastic, glass, and glass coated], and
method of application [liquid, membrane, and gel]) used by the in-
cluded studies could result in reporting bias and deserves greater
attention in future studies. The preparation of PRF and its stan-
dardization can have a direct influence on the final composition
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FIGURE 4 (A) Extra-oral lesion from
endodontic dental abscess origin and

(B) tomographic examination showing
endodontic lesion. Clinical tests were
also realized and confirmed the necrosis
of the pulp; (C) the lesion was cleaned
and covered with 4L-PRF membranes.
The membranes were protected using an
adhesive bandage. (D) Clinical aspect after
5days post-treatment; (E) After 10days
the bandage was removed the previous
lesion became epithelized and the border
was covered with clinically healthy tissue;
the lower lesion was observed that the
lesion decreased; (F) 45days after PRF
treatment it was observed a clinical
improvement of the initial extra-oral
lesion. Courtesy of the Professor Ronaldo
lurovisk.

specifically of leukocytes within PRF and therefore present large

variability in the final outcomes. Conducting future clinical studies
on the antimicrobial effect of PRF is essential. In addition, method-
ological standardization for PRF preparation protocols and analysis
techniques should be prioritized.

Based on the current state of evidence, the use of PRF should
be considered in oral and reconstructive surgery. The increased
expression of growth factors and immunological components (e.g.,
macrophages) in wounds, can act (isolated or associated with other
biomaterials) by accelerating and inducing tissue neoformation. In
addition, antimicrobial activity should be considered prophylacti-
cally in oral surgeries or as an adjunct in the treatment of chronic

infectious wounds (Figure 4).

5 | CONCLUDING REMARKS

e The data observed suggest that the analyzed PRF variations have
a significant antimicrobial effect.

e The data suggest a more robust bacterial effect compared with a
fungal effect.

e The data indicate that first-generation PRF evolutions (I-PRF H-
PRF, and agNP-PRF) improve antimicrobial activity.

e The evaluation of the microbiome in clinical studies could be ben-
eficial for a better comprehensive analysis of the action of the
PRF and complete the challenge presented in Figure 2.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author.

ORCID

Vittorio Moraschini © https://orcid.org/0000-0001-5739-394X
Richard J. Miron © https://orcid.org/0000-0003-3290-3418
Carlos Fernando de Almeida Barros Mourdo © https://orcid.
org/0000-0001-5775-0222

Anton Sculean © https://orcid.org/0000-0003-2836-5477
Luiz Afonso Morgenstern da Fonseca (i) https://orcid.
org/0000-0001-5882-9493

Monica Diuana Calasans Maia © https://orcid.
org/0000-0001-5759-7926

Jamil Awad Shibli © https://orcid.org/0000-0003-1971-0195


https://orcid.org/0000-0001-5739-394X
https://orcid.org/0000-0001-5739-394X
https://orcid.org/0000-0003-3290-3418
https://orcid.org/0000-0003-3290-3418
https://orcid.org/0000-0001-5775-0222
https://orcid.org/0000-0001-5775-0222
https://orcid.org/0000-0001-5775-0222
https://orcid.org/0000-0003-2836-5477
https://orcid.org/0000-0003-2836-5477
https://orcid.org/0000-0001-5882-9493
https://orcid.org/0000-0001-5882-9493
https://orcid.org/0000-0001-5882-9493
https://orcid.org/0000-0001-5759-7926
https://orcid.org/0000-0001-5759-7926
https://orcid.org/0000-0001-5759-7926
https://orcid.org/0000-0003-1971-0195
https://orcid.org/0000-0003-1971-0195

MORASCHINI ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kawase T, Mubarak S, Mouréo CF. The platelet concentrates ther-
apy: from the biased past to the anticipated future. Bioengineering
(Basel). 2020;7(3):82.

Ratajczak J, Vangansewinkel T, Gervois P, et al. Angiogenic proper-
ties of ‘Leukocyte- and Platelet-Rich Fibrin’. Sci Rep. 2018;8(1):14632.
Wang Y, Wang X, Chen R, et al. The Role of Leukocyte-Platelet-
Rich Fibrin in Promoting Wound Healing in Diabetic Foot
Ulcers. Int J Low Extrem Wounds. 2021;15347346211052811.
doi: 10.1177/15347346211052811. Epub ahead of print.

Ding Y, Cui L, Zhao Q, Zhang W, Sun H, Zheng L. Platelet-rich fi-
brin accelerates skin wound healing in diabetic mice. Ann Plast Surg.
2017;79(3):e15-e19.

Castro AB, Herrero ER, Slomka V, Pinto N, Teughels W, Quirynen
M. Antimicrobial capacity of leucocyte-and platelet rich fibrin
against periodontal pathogens. Sci Rep. 2019;9(1):8188.

Badade PS, Mahale SA, Panjwani AA, Vaidya PD, Warang AD.
Antimicrobial effect of platelet-rich plasma and platelet-rich fibrin.
Indian J Dent Res. 2016;27(3):300-304.

Feng M, Wang Y, Zhang P, et al. Antibacterial effects of platelet-
rich fibrin produced by horizontal centrifugation. Int J Oral Sci.
2020;12(1):32.

Schuldt L, Bi J, Owen G, et al. Decontamination of rough im-
plant surfaces colonized by multispecies oral biofilm by ap-
plication of leukocyte- and platelet-rich fibrin. J Periodontol.
2021;92(6):875-885.

Anitua E, Zalduendo M, Troya M, Padilla S, Orive G. Leukocyte in-
clusion within a platelet rich plasma-derived fibrin scaffold stim-
ulates a more pro-inflammatory environment and alters fibrin
properties. PLoS One. 2015;10(3):e0121713.

Mariani E, Roffi A, Cattini L, et al. Release kinetic of pro- and anti-
inflammatory biomolecules from platelet-rich plasma and func-
tional study on osteoarthritis synovial fibroblasts. Cytotherapy.
2020;22(7):344-353.

Sordi MB, Panahipour L, Kargarpour Z, Gruber R. Platelet-rich fibrin
reduces IL-1p release from macrophages undergoing pyroptosis. Int
J Mol Sci. 2022;23(15):8306.

Pochini AC, Antonioli E, Bucci DZ, et al. Analysis of cytokine
profile and growth factors in platelet-rich plasma obtained by
open systems and commercial columns. Einstein (Sao Paulo).
2016;14(3):391-397.

Bayer A, Lammel J, Rademacher F, et al. Platelet-released growth
factors induce the antimicrobial peptide human beta-defensin-2 in
primary keratinocytes. Exp Dermatol. 2016;25(6):460-465.

Bayer A, Lammel J, Tohidnezhad M, et al. The antimicrobial
peptide human beta-defensin-3 is induced by platelet-released
growth factors in primary keratinocytes. Mediat Inflamm.
2017;2017:6157491.

Al-Maawi S, Becker K, Schwarz F, Sader R, Ghanaati S. Efficacy of
platelet-rich fibrin in promoting the healing of extraction sockets: a
systematic review. Int J Implant Dent. 2021;7(1):117.

de Almeida Barros Mourdao CF, de Mello-Machado RC, Javid K,
Moraschini V. The use of leukocyte- and platelet-rich fibrin in the
management of soft tissue healing and pain in post-extraction
sockets: a randomized clinical trial. J Craniomaxillofac Surg.
2020;48(4):452-457.

Miron RJ, Pinto NR, Quirynen M, Ghanaati S. Standardization of
relative centrifugal forces in studies related to platelet-rich fibrin. J
Periodontol. 2019;90(8):817-820.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev. 2015;4(1):1.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

 perocartaogy 2000 SUIRSERS

Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of
the PICO framework to improve searching PubMed for clinical
questions. BMC Med Inform Decis Mak. 2007;7:16.

Office of Health Assessment and Translation (OHAT). Handbook
for conducting a literature-based health assessment using OHAT
approach for systematic review and evidence integration: National
Institute of Environmental Health Sciences 2019. Accessed May 12,
2022. https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookmarch20
19_508.pdf

Cieslik-Bielecka A, Dohan Ehrenfest DM, Lubkowska A, Bielecki T.
Microbicidal properties of Leukocyte- and Platelet-Rich Plasma/
Fibrin (L-PRP/L-PRF): new perspectives. J Biol Regul Homeost
Agents. 2012;26(2 Suppl 1):43s-52s.

Yang LC, Hu SW, Yan M, Yang JJ, Tsou SH, Lin YY. Antimicrobial ac-
tivity of platelet-rich plasma and other plasma preparations against
periodontal pathogens. J Periodontol. 2015;86(2):310-318.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159-174.

Wu X, Ren J, Yuan 'Y, Luan J, Yao G, Li J. Antimicrobial properties of
single-donor-derived, platelet-leukocyte fibrin for fistula occlusion:
an in vitro study. Platelets. 2013;24(8):632-636.

Polak D, Clemer-Shamai N, Shapira L. Incorporating antibiotics into
platelet-rich fibrin: a novel antibiotics slow-release biological de-
vice. J Clin Periodontol. 2019;46(2):241-247.

Rafiee A, Memarpour M, Najibi Y, Khalvati B, Kianpour S,
Morowvat MH. Antimicrobial efficacy of a novel antibiotic-eluting
injectable platelet-rich fibrin scaffold against a dual-species bio-
film in an infected immature root canal model. Biomed Res Int.
2020;2020:6623830.

Nagaraja S, Mathew S, Jain N, et al. Study of antibacterial and anti-
fungal efficacy of platelet-rich fibrin and platelet-rich fibrin matrix.
J Conserv Dent. 2019;22(5):415-419.

Haddadi P, Khorshidi H, Raoofi S, Nazhvani AD, Badiee P.
Comparative evaluation of conventional and nanosilver-containing
leucocyte and platelet-rich fibrin/biomaterial in the anti-biofilm
formation of standard species of Candida and Streptococcus.
Jundishapur J Microbiol. 2018;11(8):e68423.

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.

Kour P,PudakalkattiPS,Vas AM, DasS,PadmanabhanS. Comparative
evaluation of antimicrobial efficacy of platelet-rich plasma, platelet-
rich fibrin, and injectable platelet-rich fibrin on the standard strains
of Porphyromonas gingivalis and Aggregatibacter actinomycetemcom-
itans. Contemp Clin Dent. 2018;9(Suppl 2):5325-s330.

Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL Jr.
Microbial complexes in subgingival plaque. J Clin Periodontol.
1998;25(2):134-144.

Khorshidi H, Haddadi P, Raoofi S, Badiee P, Dehghani NA. Does
adding silver nanoparticles to leukocyte- and platelet-rich fibrin im-
prove its properties? Biomed Res Int. 2018;2018:8515829.

Joshi CP, Patil AG, Karde PA, Khedkar SU, Mahale SA, Dani NH.
Autologous Platelet Rich Fibrin as a potential antiperiopathogenic
agent: anin-vitrostudy. IP Int J Periodontol Implantol. 2016;1(2):50-54.
Jasmine S, Thangavelu A, Janarthanan K, Krishnamoorthy R,
Alshatwi AA. Antimicrobial and antibiofilm potential of injectable
platelet rich fibrin-a second-generation platelet concentrate-
against biofilm producing oral staphylococcus isolates. Saudi J Biol
Sci. 2020;27(1):41-46.

Krijgsveld J, Zaat SA, Meeldijk J, et al. Thrombocidins, microbicidal
proteins from human blood platelets, are C-terminal deletion prod-
ucts of CXC chemokines. J Biol Chem. 2000;275(27):20374-20381.
Yeaman MR. The role of platelets in antimicrobial host defense. Clin
Infect Dis. 1997;25(5):951-968; quiz 969-970.


https://doi.org//10.1177/15347346211052811
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookmarch2019_508.pdf
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookmarch2019_508.pdf

12
—I—W] | aA'%% Periodontology 2000

38.

39.

40.
41.
42.
43.

44,

MORASCHINI ET AL.

Jenne CN, Kubes P. Platelets in inflammation and infection.
Platelets. 2015;26(4):286-292.

Fine DH, Markowitz K, Fairlie K, et al. A consortium of
Aggregatibacter actinomycetemcomitans, streptococcus
parasanguinis, and Filifactor alocis is present in sites prior to bone
loss in a longitudinal study of localized aggressive periodontitis. J
Clin Microbiol. 2013;51(9):2850-2861.

Koziel J, Potempa J. Pros and cons of causative association
between periodontitis and rheumatoid arthritis. Periodontol.
2022;89(1):83-98.

Gonzalez-Febles J, Sanz M. Periodontitis and rheumatoid arthritis:
what have we learned about their connection and their treatment?
Periodontol. 2021;87(1):181-203.

Ghanaati S, Booms P, Orlowska A, et al. Advanced platelet-rich fi-
brin: a new concept for cell-based tissue engineering by means of
inflammatory cells. J Oral Implantol. 2014;40(6):679-689.
Melo-Ferraz A, Coelho C, Miller P, Criado MB, Monteiro MC.
Platelet activation and antimicrobial activity of L-PRF: a preliminary
study. Mol Biol Rep. 2021;48(5):4573-4580.

Gamaletsou MN, Walsh TJ, Sipsas NV. Invasive fungal infections
in patients with hematological malignancies: emergence of resis-
tant pathogens and new antifungal therapies. Turk J Haematol.
2018;35(1):1-11.

45.

46.

47.

48.

Jain J, Arora S, Rajwade JM, Omray P, Khandelwal S, Paknikar KM.
Silver nanoparticles in therapeutics: development of an antimicro-
bial gel formulation for topical use. Mol Pharm.2009;6(5):1388-1401.
Esteban-Tejeda L, Malpartida F, Esteban-Cubillo A, Pecharroman
C, Moya JS. The antibacterial and antifungal activity of a soda-
lime glass containing silver nanoparticles. Nanotechnology.
2009;20(8):085103.

Sato A, Kawabata H, Aizawa H, et al. Distribution and quantifica-
tion of activated platelets in platelet-rich fibrin matrices. Platelets.
2022;33(1):110-115.

Fujioka-Kobayashi M, Kono M, Katagiri H, et al. Histological com-
parison of platelet rich fibrin clots prepared by fixed-angle versus
horizontal centrifugation. Platelets. 2021;32(3):413-419.

How to cite this article: Moraschini V, Miron RJ, Mourao
CFdAB, et al. Antimicrobial effect of platelet-rich fibrin: A
systematic review of in vitro evidence-based studies.
Periodontol 2000. 2023;00:1-12. doi:10.1111/prd.12529


https://doi.org/10.1111/prd.12529

	Antimicrobial effect of platelet-­rich fibrin: A systematic review of in vitro evidence-­based studies
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Protocol and registration
	2.2|Focused question
	2.3|Eligibility criteria and study selection process
	2.4|Search strategy
	2.5|Data extraction and management
	2.6|Risk of bias within studies
	2.7|Summary of results

	3|RESULTS
	3.1|Study selection
	3.2|Characteristics of the included studies
	3.2.1|Design and methods

	3.3|Interventions and comparisons
	3.3.1|Efficacy and comparison with control groups
	3.3.2|Comparison between different types of PRF

	3.4|Risk of bias within studies

	4|DISCUSSION
	5|CONCLUDING REMARKS
	DATA AVAILABILITY STATEMENT

	REFERENCES


