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RESUMO

A origem dos concentrados sanguineos ricos em plaquetas surgiu da coleta de plaquetas em
solugdes de plasma para serem utilizados em sitios cirurgicos. O objetivo era aumentar a
liberagdo de fatores de crescimento e citocinas locais a fim de promover a melhora do reparo.
O concentrado de fibrina rica em plaquetas (PRF) ¢ considerado como uma evolugdo na
geragdao de concentrados sanguineos devido a sua producdo sem aditivos. Além disso, a
capacidade do PRF de formar uma densa rede de fibrina permeada por células e plaquetas,
juntamente com a alta concentracdo de moléculas ativas liberadas de forma lenta, o torna
uma ferramenta promissora para melhorar a reparagado tecidual. Varios tipos de preparacdes
de PRF tém sido propostos na literatura com base em diferentes tempos de centrifugacao,
forcas relativas de centrifugagdo e tubos de diferentes materiais. Essas alteragdes nos
parametros de producdo permitiu a produgdo de concentrados com caracteristicas especificas
de acordo com o objetivo de sua utilizacdo. Assim, esta tese teve como objetivo geral
comparar protocolos de concentrados sanguineos de PRF, tipos de tubos de coleta e aplicacao
clinica do PRF na redug¢do dos sinais e sintomas inflamatorios pos-operatorios em pacientes
submetidos a exodontias de terceiros molares. Objetivo especifico 1: Avaliar um novo
protocolo de PRF obtido por varia¢do escalonada da forca centrifuga relativa, produzido em
tubos de coleta de sangue de plastico sem aditivos. Objetivo especifico 2: Comparar o
desempenho dos tubos Vacuette® e S-PRF® em relagdo a eficiéncia de coleta, resisténcia a
tracdo, celularidade e composi¢ao quimica do tubo, na produ¢do de membranas gigantes por
meio do protocolo PRF progressivo (PRO-PRF). Objetivo especifico 3: Investigar, por meio
de meta-andlise de rede, a eficicia dos concentrados sanguineos na reducdo da percep¢ao de
dor, trismo e edema, apos a extracao de terceiros molares inferiores. Apos analise dos dados
obtidos, foi possivel concluir que: 1) O novo protocolo de centrifugagdo progressiva de
fibrina rica em plaquetas (PRO-PRF), permite a producdo de membranas gigantes de PRF,
com maior resisténcia a tragdo e com distribuicdo celular adequada. Além disso, permite a
incorporagdo dos biomateriais durante sua producdo e o controle clinico da espessura e
tamanho da membrana, conforme a necessidade clinica. Considerando assim parametros
suficientes para uma nova geragdo de concentrados sanguineos. 2) Os tubos Vacuette® sao

equivalentes aos tubos S-PRF® em desempenho de coleta, composicdo quimica e
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membranas produzidas. Portanto, os tubos Vacuette© representam uma alternativa segura e
de baixo custo para a produgdo de membranas PRF. 3) Considerando a baixa certeza das
evidéncias, dentre os concentrados sanguineos avaliados, o A-PRF teve melhor desempenho
e pareceu eficaz na reducdo da dor poOs-operatoria, apds extragdes de terceiros molares

inferiores, e o trismo diminuiu no pico inflamatorio.

Palavras-chave: Dor; Engenharia tecidual; Fibrina rica em plaquetas; Inflamagao; Trismo;

Terceiros molares.
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ABSTRACT

Platelet-rich blood concentrates originates from platelet collections in plasma solutions for
surgical site use. The objective was to increase the release of growth factors and local
cytokines for improved tissue repair. Platelet-rich fibrin (PRF) concentrate is considered an
evolution in the generation of blood concentrates due to its additive-free production.
Moreover, PRF ability to form a dense fibrin network permeated by cells and platelets, along
with the high concentration of slow-release active molecules, makes it a promising tool for
tissue repair improvement. The literature has proposed several PRF preparations based on
different centrifugation times, relative centrifugal forces (RCF), and tubes of different
materials. These parameter changes allowed the production of concentrates with specific
characteristics according to their use goal. Thus, the general objective of this thesis was to
compare protocols of PRF blood concentrates, collection tube types, and clinical applications
to reduce postoperative inflammatory signs and symptoms in patients subjected to third molar
extractions. Specific objective 1: To evaluate a new PRF protocol obtained through stepped
variation of relative centrifugal force, produced in additive-free plastic blood collection
tubes. Specific objective 2: To compare the performance of Vacuette® and S-PRF® tubes
regarding collection efficiency, tensile strength, cellularity, and chemical composition of the
tube in producing giant membranes using the progressive PRF protocol (PRO-PRF). Specific
objective 3: To investigate, through a network meta-analysis, the effectiveness of blood
concentrates in reducing pain perception, trismus, and edema after lower third molar
extraction. After analyzing the obtained data, it was possible to conclude that: 1) The new
progressive centrifugation protocol for platelet-rich fibrin (PRO-PRF), allows the production
of giant PRF membranes with higher tensile strength and adequate cell distribution.
Additionally, it enables the incorporation of biomaterials during production and clinical
control of membrane thickness and size according to clinical need. Thus, providing sufficient
parameters for a new generation of blood concentrates. 2) Vacuette® tubes are equivalent to
S-PRF® tubes in collection performance, chemical composition, and produced membranes.
Therefore, Vacuette® tubes represent a safe and cost-effective alternative for PRF membrane

production. 3) Considering the low certainty of evidence, among the evaluated blood
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concentrates, A-PRF performed better and appeared to be effective in reducing postoperative

pain after lower third molar extractions, and trismus decreased at the inflammatory peak.

Keywords: Pain; Tissue engineering; Platelet-rich fibrin; Inflammation; Trismus; Third

molar.
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1. INTRODUCAO E REFERENCIAL TEORICO

A engenharia tecidual ¢ um campo interdisciplinar que envolve a aplicacdo de
principios de engenharia, biologia e medicina para desenvolver tecidos funcionais. Destina-
se a reparar, manter ou melhorar a fun¢do do tecido por meio da criacdo de arcabougos,
biologicamente compativeis, que suportem o crescimento e diferenciacdo de células em
tecido funcional (1). Os danos teciduais podem ser causados por diversas condigdes
biologicas, como doencas degenerativas ou congénitas, lesdes traumaticas, € mesmo o
proprio processo de envelhecimento (2). Abordagens de engenharia tecidual envolvem o uso
de biomateriais, fatores de crescimento e células, isoladamente ou em combinagdo, para
aprimorar o microambiente dos tecidos lesados, com o objetivo de restaurar sua morfologia
e funcdo originais. Para alcangar esse objetivo, tem sido propostos diferentes recursos como
enxertos, arcaboucos, culturas de células, impressao 3D, fatores de crescimento e citocinas,
que podem ser utilizados individualmente ou em conjunto, de acordo com a necessidade
especifica de cada caso (3—6). O avang¢o do conhecimento sobre os eventos celulares e
moleculares que ocorrem nos tecidos lesados, assim como os processos biologicos
envolvidos no processo de reparo, despertou interesse para a utilizagdo de concentrados

sanguineos em areas de tecidos danificados (7,8).

O conceito original que deu origem aos concentrados sanguineos ricos em plaquetas
surgiu da ideia de coletar plaquetas e fatores de crescimento autdlogos em solugdes de plasma
para serem utilizados em sitios cirargicos. O objetivo era promover a melhora do reparo local,
como inicialmente foi utilizado o adesivo de fibrina na década de 1970 (9). Resultados
promissores levaram a novas pesquisas que culminaram no desenvolvimento dos
concentrados sanguineos atuais, a partir de avangos na tecnologia de processamento do

sangue e na compreensao dos seus componentes (10).

O concentrado sanguineo denominado de plasma rico em plaquetas (PRP) foi
introduzido no final dos anos 90 por Whitmann, sendo o primeiro concentrado sanguineo
realmente difundido no meio clinico (10,11). Essa primeira geracdo de concentrados
sanguineo o PRP utiliza dupla centrifugacdo, sendo uma centrifugagao inicial em tubos com

anticoagulante, normalmente o citrato de sodio, seguida de uma segunda centrifugacao onde,
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ao final do processo, ¢ adicionado coagulantes, como trombina bovina e/ou cloreto de célcio.
A primeira centrifugac¢do separa os globulos vermelhos do plasma da camada leucocitaria.
Posteriormente, o tampao de plaquetas ¢ separado do plasma pobre em plaquetas, apds a

segunda centrifugacao (2).

Apesar da difusdo da utilizacdo do PRP, desvantagens foram relatadas, como
apresentar consisténcia gelatinosa, liberagdo rapida e curta das substancias bioativas € 0 uso
de fatores anticoagulantes e procoagulantes, que retardam os eventos normais de reparo de
feridas (10). Pouco tempo depois, Anitua e colaboradores, (1999) formularam um novo
concentrado de plaquetas, denominado fator de crescimento rico em plaquetas (PRGF) que
apresentava caracteristicas semelhantes ao PRP, mas com a possibilidade de formagao de
uma estrutura mais resistente, mas ainda com utilizacdo de anticoagulante e procoagulante

na sua producao (12).

A segunda geragdo de concentrados sanguineos, denominada fibrina rica em
plaquetas e leucoctios (LPRF) proposta por Choukroun (13,14), ¢ obtida a partir do sangue
periférico em uma Unica centrifugagdo, sem utiliza¢ao de aditivos na sua produgdo. Apods a
centrifugacdo, ¢ obtido um arcabougo de fibrina resistente com arquitetura tridimensional,
que retém leucocitos e plaquetas no seu interior (10,13,14). Esta matriz de fibrina contém
uma variedade de fatores de crescimento, citocinas e interleucinas que sdo liberadas
lentamente durante os 10 primeiros dias ap0s a sua utilizag¢do (13,15). Assim, os concentrados
sanguineos de fibrina rica em plaquetas e leucocitos, apresentam potencial terap€utico para
uma ampla gama de condi¢des médicas (7,8,16,17), como na cirurgia neuroldgica (18),
dermatologia (19), otorrinolaringologia (20), estética (21), e vdarias areas da odontologia

principalmente a cirurgia, implantodontia e harmonizacao orofacial (22-24).

A partir do concentrado sanguineo LPRF original, outros tipos de protocolos de PRF
tém sido propostos na literatura, com base na variagdo de tempo de centrifugacdo, forca de
centrifugacao relativas (Relative Centrifugal Force) e uso de tubos de diferentes materiais
(25,26). Nesse contexto, surgiu o conceito de centrifugacdao a baixa velocidade com o
objetivo de melhorar as propriedades biologicas dos concentrados de PRF. Assim, reduzindo

a forca relativa de centrifugacdo (RCF) e o tempo de centrifugagdo, obtém-se matrizes sélidas
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com maior reten¢do e melhor distribui¢ao de leucécitos na rede de fibrina e maior liberagao
de fatores de crescimento e citocinas. Em contrapartida, maiores RCFs geram matrizes PRF
com maior densidade de fibrina, portanto mais resistentes. Essas alteragdes nos parametros
de produgao permitiu a produgdo especifica de concentrados de acordo com o objetivo de sua

utilizacdo clinica (2,27-32).

Outro fator importante na producdo de PRF ¢ o tipo de material dos tubos de coleta
(10). Em geral, os tubos de vidro sdao utilizados para a producao de matrizes sélidas
(membranas) e tubos plésticos, sem aditivo, para a produ¢do de matrizes fluidas (29,30). No
entanto, o custo dos tubos originalmente projetados para preparar matrizes solidas e a
descontinuidade do fornecimento de tubos de vidro comuns, levaram ao uso de tubos de
plastico revestidos de silica (33-35). A silica imita o efeito do vidro acelerando o processo
de coagulagdo do sangue. No entanto, essas microparticulas desprendem-se dos tubos e sdo
incorporadas @ membrana de PRF (35), e apresentam citotoxicidade para as células
periosteais humanas (36). Considerando possiveis riscos para a satde humana, tubos
plasticos revestidos de silica ndo devem ser utilizados para a producao de concentrados

sanguineos (36).

Os diferentes tipos de PRF’s tém recebido atencdo pela sua rede de fibrina que
abriga principalmente plaquetas e leucdcitos, e consequente liberacdo lenta e continua de
fator de crescimento endotelial vascular (VEGF), fator de crescimento derivado de plaquetas
(PDGF), fator de crescimento transformador (TGF) e fator de crescimento semelhante a
insulina (IGF) (37,38). In vitro, o PRF ¢ capaz de suprimir a secre¢do de citocinas pro-
inflamatorias como IL-1p, TNF-a e IL-6 (39), modular a transi¢do da posi¢do M1 para M2
(fenodtipo anti-inflamatorio) da polarizacdo dos macrofagos (40) e diminuir a resposta
inflamatoéria de fibroblastos gengivais, células dendriticas (41) e células de Schwann (42).
Todas essas caracteristicas levaram sua utilizagdo como meio de modular a resposta

inflamatoria em procedimentos cirurgicos odontolégicos.

A extragdo de terceiros molares inferiores € um dos procedimentos mais realizados
pelos cirurgides-dentistas na 4area de cirurgia oral (43). No entanto, complicagdes

inflamatorias pos-operatorias, como dor, edema e trismo, podem ocorrer como resultado
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dessa intervencgdo (44). Esses sintomas normalmente manifestam-se nos primeiros dias apds
a remocdo cirurgica dos terceiros molares mandibulares, exigindo a implementagdo de
medidas eficazes para controlar € minimizar esses efeitos. Importante ressaltar que essas
complicagdes sdao consequéncia de uma resposta inflamatdria desencadeada pelo trauma local
e estdo diretamente associadas ao grau de manipulagdo dos tecidos duros e moles durante o

procedimento cirargico (45).

Diversos métodos sao empregados com o objetivo de controlar esses efeitos
indesejaveis, com destaque para abordagens farmacoldgicas, como o uso de anti-
inflamatorios esteroides, anti-inflamatdrios nao esteroides e analgésicos (46). A fim de
alcancar um controle mais efetivo da resposta inflamatoria pds-operatdria apds a extragao
dos terceiros molares, uma variedade de terapias coadjuvantes tém sido exploradas, incluindo
laserterapia de baixa poténcia (46,47), irrigagdo com agua ozonizada (48), aplicagdo de
kinesio tape (49,50), crioterapia (51), dreno cirtrgico (52) e uso de diversos tipos de

concentrados sanguineos nos alvéolos dos terceiros molares extraidos (53—56).

Atualmente, os concentrados sanguineos-PRF s3o amplamente utilizado para
cirurgia de terceiros molares mandibulares a fim de desenvolver a estratégia personalizada
para reduzir o risco de complicagdes e melhorar os sinais e sintomas inflamatorios pos-
operatdrios (57-59), no entanto, ndo estdo claros seus efeitos sobre possiveis complicagdes

inflamatoérias pos-cirtrgicas (60).
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2. OBJETIVOS
Objetivo Geral

Comparar diferentes protocolos de concentrados sanguineos de PRF, tipos de tubos
para sua producdo e sua aplicagdo clinica na redugdo dos sinais e sintomas inflamatérios pos-

operatorios em pacientes submetidos a exodontias de terceiros molares.

Objetivos Especificos

Objetivo especifico 1

Capitulo 1 — Platelet-Rich Fibrin Progressive Protocol: Third Generation of Blood
Concentrates

Avaliar um novo protocolo de PRF obtido por variagao escalonada da forca centrifuga

relativa, produzido em tubos de coleta de sangue de plastico sem aditivos.

Objetivo especifico 2

Capitulo 2 — Are non-PRF specific plastic tubes without additives a feasible alternative to
S-PRFO© PROCESS tubes in PRF membranes production?

Comparar o desempenho dos tubos Vacuette® e S-PRF® em relagdo a eficiéncia de
coleta, resisténcia a tragdo, celularidade e composicdo quimica do tubo, na producdo de

membranas gigantes através do protocolo PRF progressivo (PRO-PRF).

Objetivo especifico 3

Capitulo 3 — Do blood concentrates influence inflammatory signs and symptoms after
mandibular third molar surgery? A systematic review and network meta-analysis of
randomized clinical trials

Investigar, por meio de uma meta-analise de rede, a eficidcia dos concentrados
sanguineos na reducdo da percepcao de dor, trismo e edema apos a extracdo de terceiros

molares inferiores.
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3.  CAPITULOS
3.1 CAPITULO1
Artigo publicado no periodico Journal of Oral and Maxillofacial Surgery (JOMS)

Platelet-Rich Fibrin Progressive ®
Protocol: Third Generation of Blood

Concentrates

Carlos José Saboia-Dantas, DDS, MS, PbD,* )
Pedro Henrique Justino Oliveira Limirio, DDS, MS, PbD,’
Marcelo Dias Moretra de Assfs Costa, DDS, MS,_’
Camila Rodrigues Borges Linbares, DDS, MS,”
Maria Adelia Faleiro Santana Stiva, DDS, MS,’ )
Hany Angelis Abadia Borges de Oliveira, DDS, MS,” and Paula Dechichi, DDS, MS, PhD)/

Purpose: Platclet-rich fibrin (PRF) has been used in several fields of dentistry to improve tissue healing.
However, PRF from glass tubes results in a limited number of small membranes, increasing clinical diffi-
culty and work time. The aim of this study was to evaluate cell and platelet amounts and biomechanical
strength of PREgiant membranes produced from plastic tubes without additives.

Material and Methods: The investigators designed an ex vivo study, to compare 3 different centrifuga
tion protocols for obtaining PRF: 700 x g/12 minutes (leukocyte and PRF [L-PRF]), 350 = g/14 minutes
(GM350), and 60700 = g more than 15 minutes total (progressive PRF [PRO-PRF]). We collected blood
samples from 5 volunteers aged 2554 years, over 3 different time periods (triplicate and paired study).
From cach venipuncture, 4 mL of blood was collected in vacutainers with ethylenediamine tetraacetic
acid (EDTA) and approximately 104 mL in 12 plastic tubes without additives, which were separated
into 3 groups, as per the centrifugation protocols (n = 53 L-PRE GM350, and PRO-PRE The PRF from
the tubes of the same protocol was aspirated and 9 mL were placed in polylactic acid (PLA) forms and
3 mL were placed in a glass receptacle. The membranes from PLA forms were tested for tensile strength
and the membranes from glass receptacles were evaluated by histomorphometry, while platelets and
leukocytes were counted for those in tubes with EDTA. Statistical analyses were performed using
Shapiro-Wilk normality test and then a one-way repeated measures analysis followed by Tukey multiple
comparisons test (o < 0.05).

Results: In tensile analyses, PROPRF (0.85 £ 0.23 N) showed a significantly higher maximum breaking
strength than LPRF (0,61 £ 0.26 N, P = .01 and GM350 (0.58 £ 0.23 N, P < .01). The histomorphometry
revealed no significant statistical difference in cell counts berween the groups (F = .52). Furthermore,
there was no significant difference between the leukocyte (P = 25)and platelet counts (P = .59) in whole
blood between the groups.
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Conclusion:
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The progressive protocol (PRO-PRF) enabled the production of PRF giant membranes with

greater tensile strength and adequate cell distribution. Moreover, it allows biomaterial incorporation dur
ing production and enables clinical control of membrane thickness and size as per the surgical procedure.
L 2022 American Association of Oral and Maxillofacial Surgeons

J Oval Maxillofac Surg 81:80-87, 2023

New strategics in tissue enginecring have been pro-
posed o predictably regenemte or restore damaged,
diseased, injured, aged, and supporting tissues.’
Platclet-rich fibrin (PRF) has been used in several ficlds
of dentistry”** alone or in combination with materials
and drugs to protect the surgical site or bone grafts”
improve surgical recovery,” reduce the risk of postop-
erative infections™ and improve soft and hard tissue
repair. "2

PRF is considered the second generation of platelet
concentrates, differing in many aspects from the first
generation, which is represented by platelet-rich
plasma.”* The plateletrich plasma protocol involves
the double centrifugation of whole blood samples in
the presence of nonautologous anticoagulants and
clotting by the addition of coagulation factors.'*'® In
contrast, PRF prepamtion involves the immediate
subjection of blood samples to a  single
centrifugation  cycle  without the addition of
exogenous substances.''® The fibrin clot is obtained
through the activation of the intrinsic coagulation
pathway' “'* with a functional 3-dimensional matrix
in which leukocytes,'” circulating stem cells,' growth
factors, and platelets are entrapped.'® In addition, it
does not dissolve within a few hours after application
but is slowly replaced, similar to a natural blood clot.'”

The low-speed centrifugation concept (LSCC) ™ was
proposed to improve the biological properties of PRF
concentrates, based on centrifugation speed reduc
tion, to obtain fibrin clots. This approach generates a
variety of PRF protocols to enhance the tissue repair
potential of blood concentrates in regencrative medi
cine.”™** variations in centrifugation speed and time
affect the physicochemical and biological properties
of PRE favoring fibrin mesh density and resistance,
cellularity, cell distribution, and cell entrapment.”***
It further modulates tissue reactions toward an
increased angiogenic potential® %" at the surgical
site. PRF preparation with lower gforces results in
increased vascular endothelial growth factor release,
greater proliferation of endothelial cells, and increased
migration of these cells. ™

Based on the LSCC, PRF membranes can be pro-
duced from aspirated blood concentrates that are still
in a fluid state in glass tubes. Therefore, the blood
concentrate can be aspirated and placed in recipicnts
for clotting or injected intothe area ofinterest. ™ How-
ever, handling the material is challenging due to the
accelemted coagulation process, which occurs when

25

in contact with the ghss tube walls ***' This reduces
the clinical working time and limits the frequency and
quantity of use, thereby influencing the predictability
of the surgical procedure.

Thus, the purpose of this study was to obtain anew
generation of blood concentrates in plastic blood
collection tubes, with a staggered variation in the rela-
tive centrifugal force (RCF) over the same total time in-
terval. PRF giant membranes can be produced from
several collection muibes, thereby opening a range of
new possibilities for the use of blood concentrates in
regenerative surgery. Here, we hypothesized that giant
membranes generated using the progressive protocol
(progressive PRF [PRO-PRF]) must have equal or supe-
rior resistance and cellularity to leukocyte and PRF
(L-PRF) membranes, or those obtained with a constant
RCF during a centrifugation time interval (GM350).
Therefore, the specific aims of the study were to
compare the tensile strength, leukocytes, and platelet
counts of giant membranes obtained from plastic
blood-collection tubes without additives, produced
from different centrifugation protocols.

Materials and Methods

STUDY DESIGM/ SAMPLE

To address the research purpose, the investigators
designed and implemented an ex vivo study. The study
population was composed of 5 healthy individuals aged
25-54 years. To be included in the study sample, the in-
dividuals had to be healthy nonsmokers who had not
used anticoagulant, antiinflammatory, or antibiotic
dmgs in the last 3 months. Exclusion criteria included
the wuse of anticoagulant medication, anti
inflammatory drugs or antibiotics inthe 3 months prior
to the study, active systemic infections, and smokers.
The Brazilian Human Research Ethics Committee
(CAEE - 31,441,520.2.0000.5152) approved this study.
All individuals were informed of the procedures and
signed a consent form prior to testing. Volhinteer blood
samples were collected at 3 different times (trplicate
and paired study) by peripheml venipuncture in one
of the antecubital fossa veins and immediately trans-
femred to a fixed-angle rotor centrifuge (SpinPlus Titan,
Daiki, Ribeirio Preto, SP, Brazil). For each venipunc
ture, 4 mL of blood was placed in 1 tube with ethylene-
diamine tetraacetic acid (EDTA) (complete blood
count) and approximately 104 mL in 12 plastic tubes
without additives, separated into 3 groups as per the
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centrifugation protocol (n= 5) leukocyte and PRF (L-
PRF: 700 g/12 min), giant membrane 350 (GM350:
350 g/15 min), and progressive giant membrane
(PRO-PRF: 60 g/5 min, 200 g/5 min, and 700 g/5 min)
groups. The G-force of the centrifuge for the PRO-PRF
group was increased as soon as the determined time
limit for each RCF was reached, with a total centrifuga
tion time of 14 minutes. The supermatant fluid PRF from
plastic tubes using the same protocol was aspirated us-
ing a 40/12 needle and a 20-mL syringe (Fig 1A) and
placed in polylactic acid (PLA) forms (9 mL) for tensile
strength analysis (Fig 1B1),a glass rece pracle (3 mL) for
histomorphometric analysis (Fig 1B2), and a tube with
EDTA (4 mL) for platelet and leukocyte counts.

DATA COLLECTION METHODS

The aspirated fluid was dispensed into a standard
PLA form fixed on the central portion of a 6-mm
wide glass plate with 15 mm at cach end and a total
extension of 70 mm (EN IS0 527-2: 2012) for tensile

FLATELETRICH FIBRIN PROGRESSIVE PROTOCOL

testing of the ductile material. After poly merization
(approximately 45 minutes), the formed fibrin clot
was gently detached from the edges and removed
from the PLA form (Fig 2A.B). The clot was transferred
to the PREBOX and pressed for 5 minutes (Fig 2C) to
drmin excess serum and form a membrane. Each mem-
brne was then positioned vertically in 2 fixation ac-
cessories on a universal testing machine (EMIC DL
2000, EMIC Equipamentos ¢ Sistemas de Ensaio Lrda,
Sa0 Jos¢ dos Pinhais, Brazil). One of the accessories
was coupled to a 20N load cell to perform the tensile
test at a displacement of 5 mm/min with the mem-
brmne rupture as the maximum point (Fig 3A). The
analyzed parameter was the mechanical disruption
strength (W) of the evaluated membranes.

For the histomorphometric analysis, the clot formed
from the 4-mL fluid PRF dispensed in the glass recep-
tacle Cafrer 15 minutes) was tmnsferred to the PRF-
BOX and pressed for 5 minutes. The obtained mem-
brne was fixed in 10% formaldehyde in 0.1 M PBS
for 24 hours and embedded in pamffin. Subsequently,

FIGURE 1. Supernatont fluid plateletrich fibrin [PRF) aspirafion from the buffy coot region above the red cell junction [4). The PRF fluid was

dispensed in the polylactic acid [PLA] forms (B1) and a

s recipient [B2).

Saboia-Dantas et al. Platelet-Rick Fibrin Progressive Protocol. J Oral Maxillofac Swurg 2023,
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FIGURE 2. Afier polymerization, the clot was genfly compressed for 5 seconds by the PLA device (4] and removed from the form (B]. Mem-
branes softly compre ssed ianﬂF-BwhrSmilg:s Q. by

Sabola-Dantas et a. PlateletRich Fibrin Progressive Protocol, J Oral Masxallofac Surg 2023,

5 pm thickness slices were obtained using a micro- Turbo Scanner device (Copyright 2013, Leica Bio-
tome (Leica Biosystems RM 2245, Leica, Nussloch, Ger systems Imaging, Inc.) at 20 x magnification. For the
many) and stained with hematoxylin and cosin (H&E). analysis, 3 slides from each membrane were selected.
Histological images were digitized using the Aperio AT The digitized histological images werne visualized using

Mechanical disruption-strength
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L-PRF GM350 PRO-PRF
FIGURE 3. PRF giont membrane an the esting maching (EMIC DL 2000] [A). Results of tensila strangth analysis [B]. *P < .05.
Sabola-Dantas et al. PlateletRich Fibrin Progressive Protocol, [ Oral Masxallofac Surg 2023,
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the Aperio ImageScope image reading program (Copy-
right Aperio Technologies. Inc. 20032014). Thirty
600 » 600 images were obtained from each membrane
and the cells were counted using Image] software**

Blood count analysis was peformed with the fluid
PRF from 1 plastic tube without additives in each pro-
tocol, which was aspirated and dispensed in a ube
with anticoagulants (EDTA) (Greiner Bio-One, Ameri-
cana, SP Brzil). The tubes were immediately sub-
jected to an automated hemocytometer (ABC VET
Animal Blood Counter, Scil Animal Care Company Vet~
erinary Diagnostics, Orange City, Florida) to count
platelets and leukocytes in cach pmotocol for
cach volunteer.

DATA AMNALYSES

Statistical analyses were performed using Sigma Plot
v 13.1 (Systat Software Inc., San Jose, Califomia). The
results obtained were first subjected to the Shapiro-
Wilk normality test and then a one-way repeated mea-
sures anmalysis followed by a Tukey multiple compari-
sons test, and the results are presented as mean and
standard deviation (mean £ SD). Differences were
considered statistically significant at o < 0.05.

Results

The tensile test showed that PRO-PRF(0.85 £ 0.23 N)
had a higher mechanical disruption-strength than LPRF
.61 £ 026N, P= 0D and GM350 (0.58 + 0.23 N,
P < .01) (Fig 3B). Qualitative histological analysis
showed a delicate fibrin nerwork with cells distributed
throughout the network. In addition, many red blood
cells were observed in the fibrin mesh in all the groups
studied (Fig 4). The histomorphometric analysis re-
vealed no statistically significant difference in cell
counts between the groups (F = .52). Furthermore,
there was no significant statistical difference berween
the leukocyte (P= 25)and platelet counts (P = .59} in
the whole blood analysis between the groups (Table 1).

Discussion

The purpose of this study was to obtain a new PRF
protocol, produced in plastic tubes, opening a range of
paossibilities for the use of blood concentrates in regen-
crative surgery. We hypothesized that giant mem-
branes generated from the PRO-PRF protocol would
have equal or superior resistance and cellularity to L
PRF and GM350 membrmnes. Therefore, the specific
aims of the study were to evaluate the tensile strength
and the number of leukocytes and platelets of new
PRF protocols obtained in constant RCF and time or
in progressive RCF over the same time interval. The
fibrin from PROPRF had a higher tensile strength
than the other studied protocols. However, there
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FIGURE 4. R niative histdogical image of PRF giont mem-
brane showing red Hood cells [white arrow], cells [black arow),
and fibrin natwork (*] siined in hematoxylin-eosin.

Saboia-Dantas et al, Platelet-Rich Fibrin Progressive Protocol. J
Oral Maxiliafac Surg 2023

was no difference in the number of leukocytes and
platelets among the different protocols.

In this study, we proposed 2 protocols for obtaining
giant membranes from plastic tubes withoutadditives:
GM350 (350 g RCF/14 min) and PRO-PRF (progressive
RCF variation/15 min). The tensile strength, leuko-
cytes, and platelet numbers in the giant membranes
were compared to those of the standard PRF protocol
L-PRF (700 g RCF/12 min). This method of giant mem-
brmne (GM) genemtion enables for the production of
membranes that could provide vared clinical needs
with only 1 thick membrane, thereby simplifying the
clinical procedure.

The greater tensile strength of PRO-PRF can be
attributed to the higher concentration of fibrin mole-
cules and the establishment of equilateral junctions,
resulting in a flexible network. The lower forces in
the progressive RCF of PRO-PRF favored the slow
and progressive polymerization of fibrin molecules,
by increasing lateral aggregation and forming thicker
fibers.”® However, lower Gforces also promote a
decrease in fibrinfiber diameter® Considering that
the fibrin protofibrils only associate laterally after
reaching the determined length and that these interac-
tions are weak,”” it is puossible that progressive centri-
fugation favors this interaction. Thus, it would be
possible to obtain a delicate but integrated mesh
with a greater number of chemical bonds. This mesh
could facilitate the infittmtion of growth factors and
chemotaxis of other cells to the site'* and increase
membrane resistance.
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Table 1. RESULTS OF HISTO MORPHO METRIC AND WHOLE BLOOD COUNT ANALYSIS

Analysis Blood Count LFRF GM3 50 PRO-FRF PValues
Cells numbers® — 99 .49 + 66.86 79.61 + 4778 8837 +41.49 52
Platelet counts 209,600 + 252646 153,000 + 152369.6 265,600 £ 147,801.6 127,000+ 38,098.5 59
(platelets/uL)
Leukocyte counts 5,640 + 585.6 6,200 + 9539 5,080 + 1,706.4 5,640 + 1 4876 25
(leukocytes/pL)
* Histomorphometric.

Saboia-Damtas e af. Plateler-Rich Fibrin Progressive Protocol. J Oral Maxillofac Surg 2023

The histomorphometric and blood count analyses
showed no difference in the number of leukocytes
and platelet counts among the studied protocols.
However, a large standard deviation was observed in
the total means between the groups. Thus, we per
formed a oneway repeated measures test to compare
the different protocols based on blood samples from
the same individual. This is becanse there is great vari
ability in blood composition between genders, age,
and even period blood.* In addition, the variation in
cell count may have been due to technical challenges
or variation in access to the buffy coat during PRF aspi
ration. However, it is important to emphasize that aspi
rating the blood concentrate from several plastic tubes
without additives and dispensing it in a container
allow for better cell distribution in the produced mem-
brane. Despite the variation in cell count in the PRF
matrix, all had expressive and homogencous celhe
larity. Thus, in this context, the fibrin scaffold played
a more relevant role in the surgical environment
because it is a 3-dimensional structure that supports
tensional forces and allows cell migration, which opti-
mizes the tissue repair process.'”

In wound closure and ridge reconstruction, the vol
ume and strength of the membranes determine their ef-
ficiency as a framework. In our comparative study, the
methodology for obtaining the membranes efficiently
increased membrane resistance and cell distribution,
without compromising cellularity. Here, we suggested
aninnovative way to manipulate blood concentrates to
produce anew type of PRFmembrane, the GM, for clin-
ical purposes. In this technique, the fluid blood
concentrate was aspirated from severl plstic tubes
without additives and transferred to a container, where
it formed a single fibrin clot, with the size and shape of
the receptacle. This allowed the combination of the
GM with materials or drugs of clinical interest. The
clotwas then pressed intoa PRF box to drain the serum
and bring fibrin fibrils closer together to form the GM.

The use of plastic blood-collection tubes without ad-
ditives avoids the acceleration of coagulation, which
occurs when blood contacts the walls of glss
tubes.***" This process facilitates concentrate handling
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without limiting the working time and increases the
predictability of obtaining the GM in surgical proced-
ures. Furthermore, PRF contamination by silica parti-
cles from silicacoated tubes is avoided™ ** as silica
microparticles, depending on their amorphousness
and size, can be harmful to health.***" Manufacturers
advise against the use of silica-coated plastic tubes,
inchuding plstic tubes containing silica-coated film,
for the prepamtion of PRF for regenerative therapy
because these tubes have not been approved for this
purpose by regulatory agencies.™

Thus, we suggested a new protocol for obtaining
blood concentrates by varying the RCF progressively
inthe centrifugation from lower to higher values within
the same time interval. The new protocol represents a
new generation of blood concentmtes, generating a gi-
ant membrane (PROPRF). This PRO-PRF demonstrated
a more resistant fibrin matrix than that in the L-PRF and
GM350 membranes. Therefore, this material was called
PRO-PRF and was considered the third generation of
blood concentrates. It represents a new modality of
PRFforclinical use, obtained througha progressive pro-
tocol, which provides an excellent association between
resistance and cellularity. It likely improves the migra-
tion of the surrounding cells and replacement of the
fibrin matrix and features as a conductive and tempo-
rary scaffold. Moreover, PRO-PRF could be produced
in glass mubes to obtain solid clots following centrifuga-
tionand membranes after pressing in the box, similarto
the original LPRE Its resistance and cellularity were not
evahted in this study.

Considering the evolution of second-generation con-
centrates, as per the LSCC, biological properties such
as conduction and induction were favored over the
scaffold effect. Furthermore, several membmnes ob-
tained from glass tubes were limited in thickness and
shape, as their dimensions were defined by the tube
volume. Moreover, it is difficult to place and maintain
the membranes at the site during wound closure.
Thus, we devised a progressive protocol for obtaining
giant membranes in plstic tubes without additives
(PRO-PRF) that increased working time (without glass
tubes), making it possible to control the dimensions
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and shape of the membrane to increase the scaffolding
cffectand facilitate their applicationat the surgical site.

Owr initial clinical observations suggest that PRO-PRF
acts as a physical and biochemical barricr, probably by
releasing growth factors as per the tissue signaling
pattern, similar to a reciprocal induction mechanism. **
The resistance and control of dime nsions (mostly thick-
ness) allow it to be stabilized by sutures and surgical
tacks. Thus, PRO-PRF protects bone grafts or substi
tutes and wound closures by first intention bcmcrcgn—
eration or by means of an open wound technique. ™ In
addition, the inducing effect of PRO-PRF can be opti
mized by improving the spatial distribution of leuko-
cytes and platelets. However, these chamcteristics
need to be confirmed by analyzing the release of growth
factors over time and through controlled clinical trials.
The superior biological properties of PRO-PRE when
used as a conductive and inductive scaffold for tissue
repair, also need to be confirmed by additional labora-
tory amalysis and clinical trials.

The progressive protocol (PRO-PRF) enables the
production of PRF giant membranes with a greater ten-
sile strength and adequate cell distribution. Moreover,
it enables biomaterial incorporation during its produc-
tion and clinical control of membrane thickness and

size as per the surgical procedure.
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Abstract

Purpose: Platelet-rich fibrin (PRF), in the form of membranes, has been proposed to
predictably repair tissues. This study aimed to compare non-PRF specific plastic tubes
(Vacuette©) with tubes originally designed to produce PRF (S-PRF©), both without

additives, providing an economically viable alternative for their production.

Material and Methods: Blood samples were collected from five volunteers, over three

different periods (triplicate and paired study). From each venipuncture, approximately 48
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mL of blood was collected using plastic tubes without additives of two differents brands:
S-PRF® (n=3) and Vacuette® (n=3). The filling times of the tubes were registered, and
the PRF was aspirated from the same brand tubes using a needle and syringe, with the
resultant volume being recorded. Subsequently, 9 mL was placed into polylactic acid
(PLA) forms, and 4 mL was transferred to a glass recipient. The membranes from PLA
forms were subjected to a tensile strength test. The membranes from glass recipients were
subjected to cell counts under light microscopy; scanning electron microscope (SEM) and
transmission electron microscopy (TEM) qualitative analysis. The chemical composition
of the inner wall of the tubes was analyzed by attenuated total reflectance Fourier
transform infrared spectroscopy (ATR-FTIR). Statistical analyses were performed using

the Shapiro-Wilk normality test and then Paired Samples T-Test analysis (a < 0.05).

Results: Tube filling time (p=0.364) and volume of PRF (p=0.068) were not statistically
different between tubes. There was no difference in maximum breaking strength tensile
between S-PRF® Tubes and Vacuette® (p=0.389). Moreover, no statistically significant
difference was observed in the amount of cell (p=0.083) between S-PRF® and Vacuette®,
and cell integrity was confirmed by TEM analysis in both groups. SEM analysis revealed
that membranes from both tubes contained cells and platelets trapped in a delicate fibrin
network with varying thickness. Additionally, FTIR analysis showed that both tubes

exhibited similar chemical compositions.

Conclusion: The membranes produced from both Vacuette® and S-PRF® plastic
tubes demonstrated equivalent tensile strength, morphology, and amount of cell.
Furthermore, the tubes exhibited similar chemical composition, filling performance and

yielded comparable volumes of PRF.

Introduction

Platelet-rich fibrin (PRF) has emerged as a promising tool to enhance tissue repair
owing to its ability to form a dense fibrin network that is permeated by cells and platelets,
as well as a high concentration of active molecules that are locally released.! PRF has
been proposed for tissue repair in various medical fields such as neurological surgery?,
dermatology?, otorhinolaryngology®, aesthetics’, and several specialties of dentistry®®.

The blood concentrate proposed by Choukroun®!?, Leukocyte and Platelet Rich Fibrin
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(L-PRF), is produced from peripheral blood in glass tubes through single centrifugation
without any type of additive. This protocol results in the formation of a fibrin scaffold
with leukocytes, platelets, and growth factors’!!. PRF is used alone or in combination

with materials and drugs to protect the surgical site or bone graft'?, reduce postoperative

13,14 15-20

infections and accelerate and improve soft and hard tissue repair

From the original L-PRF blood concentrate, several types of PRF preparations
have been proposed in the literature based on different centrifugation times, relative
centrifugation forces (RCF) and tubes of different materials>'*>. These preparations
include solid (membranes) and fluid (injectable) matrices. Initially, plastic tubes without
additives were used to produce injectable PRF, but recently they have also been proposed
for the production of larger membranes from multiple collection tubes. Consequently,

numerous new applications for blood concentrates have emerged?.

The use of plastic tubes without additives, which exhibit a higher degree of
hydrophobicity in comparison to glass, delays the adsorption of proteins onto the tube
wall surfaces. This leads to a postponement in the conversion of fibrinogen and thrombin
into fibrin clots, that facilitates the generation of membranes from multiple tubes and the
incorporation of biomaterials and drugs*. Saboia-Dantas et al (2023)** suggested a novel
approach to produce giant PRF membranes with enhanced resistance and cellularity,

utilizing a progressive protocol.

At present, PRF production requires the use of specific collection tubes (plastic S-
PRF® or glass A-PRF®), considering that conventional hematology analysis tubes would
not be suitable for PRF production. The present study was designed with the concept of
facilitating the production of PRF blood concentrates and making it more accessible to
professionals. Given the high cost of tubes S-PRF®, it was hypothesized that Vacuette®
tubes (non-PRF specific plastic tubes) would exhibit comparable performance, and the
membranes generated from them would maintain similar biomechanical and histological
properties to those produced using S-PRF® tubes (PRF specific plastic tubes). Therefore,
the aim of the present study was to compare the performance of Vacuette® and S-PRF®
tubes in relation to collection efficiency, tensile strength, cellularity and tube chemical
composition (ATR-FTIR), in the production of giant membranes through the progressive

PRF protocol (PRO-PRF).
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Materials and Methods

Study design/sample

To address the research purpose, the investigators designed and implemented an
ex vivo study. This study involved the participation of five healthy volunteers aged
between 25 and 55. Exclusion criteria included the use of anticoagulant medication, anti-
inflammatory drugs, or antibiotics within three months prior to the study, active systemic
infections, and smokers. All individuals were informed of the procedures and signed a
consent form prior to testing. This study was approved by the Brazilian Human Research

Ethics Committee (CAEE — 31441520.2.0000.5152).

Peripheral venous blood samples were collected, alternately, in two types of
plastic vacuum tubes without additives: 3 S-PRF tubes (Process, Nice, France) e 3
Vacuette tubes (Greiner Bio-One, Americana, Brazil). The samples were centrifuged
using a fixed-angle rotor centrifuge Driller CS-TOUCH (Driller, Carapicuiba, Brasil),
and the centrifugation process was initiated no later than 4 minutes after the start of blood
collection. The centrifuge was sequentially programmed with 60 g for 5 minutes,
followed by 200 g for 5 minutes, and with 700 g for 5 minutes, without interruption, to
produce membranes, according to the progressive protocol (PRO-PRF). Then, the PRF
supernatant fluid from the same protocol was aspirated using a 40/12 needle and a 20 mL
syringe (Fig 1a). The fluid PRF was placed in polylactic acid (PLA) forms (9 mL) for
tensile strength analysis (Fig 1b1) and into a glass recipient (4 mL) for histomorphometric
analysis (Fig 1b2). This procedure was performed in triplicate from each volunteer with

a minimum interval of seven days between collections.
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Figure 1 — (a) Aspiration of PRF supernatant fluid; (b1) 9 mL of aspirated PRF fluid was
placed in the standardized PLA form and (b2) 4 mL was dispensed into the glass recipient;
(c) after coagulation, the PRF membrane produced in the PLA form was pressed and (d)
removed from the form; (¢) membranes softly compressed into PRF-Box for 5 minutes.

Data collection methods

To evaluate the tubes performance, the filling time and the volume of concentrate
produced were measured and recorded. Then, the aspirated fluid (Fig 1a) was dispensed
into a standard (EN ISO 527-2: 2012) polylactic acid form (PLA)> (Fig 1b1), fixed on a
wide glass plate, for tensile testing of the ductile material. After polymerization
(approximately 45 min) the PRF membrane produced was pressed (Fig 1c¢), the fibrin clot
formed was gently detached from the edges and removed from the PLA form (Fig 1d).
The clot was transferred to a PRF Box and pressed for 5 min to drain excess serum and
form a membrane (Fig le). Each membrane was positioned vertically in two fixation
accessories on a universal testing machine (EMIC DL 2000, EMIC, Sao José dos Pinhais,
Brazil). One of the accessories was coupled to a 20N load cell to perform the tensile test
at a displacement of 5 mm/min with the membrane rupture as the maximum point. The
analyzed parameter was the mechanical disruption strength (N) of the evaluated

membranes (Fig 2).
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Figure 2 - PRF membrane on the testing machine (EMIC DL 2000). (a) The membrane
was fixed vertically before the application of traction. (b) Elongation of the membrane
before rupturing upon application of traction.

For histomorphometric analysis, 4mL of PRF fluid was transferred to glass
containers to accelerate the fibrin network polymerization process. After 15 minutes, the
generated membrane was gently compressed with a PRF Box (Fig 1e). Each membrane
was fixed in a solution of 10% phosphate-buffered formaldehyde and 0.1%
glutaraldehyde for 24 hours. Then, the membrane was divided into 2 parts, one processed
for analysis at light microscope (LM) and the other divided into smaller fragments and
processed to scanning electron microscope (SEM) and transmission electron microscopy

(TEM) analysis.

For LM analysis, the paraffin-embedded membranes were cut into 5 um thick
sections using a microtome (Leica Biosystems RM2245, Leica®, Nussloch, Germany)
and stained with hematoxylin and eosin (HE). The histological images were captured at
Aperio AT Turbo Scanner (Copyright © 2013 Leica Biosystems Imaging, Inc. All Rights
Reserved) at x20 magnification. Following this, the images were visualized in the
software Aperio ImageScope (Copyright © Aperio Tecnologiches, Inc.). Thirty 600 x
600 images were obtained from each membrane, and the cells were automated counted

using a macro as a plugin in the ImageJ software %°.

For SEM analysis the membranes were mounted on metallic stubs, sputter-coated
with gold, and examined using field emission scanning electron microscopy (EVO MA
10, Carl Zeiss, London, UK) at a voltage of 20 kV after dehydrated an increasing series
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of alcohol (50; 75; 90; 100%) and dried in a device (critical point device) (Balzers CPD
-300 -Leica Microsystems Vienna, Austria). Then, the samples were pulverized with gold
in avacuum metallizingmachine (Bal-TecSCD-050, Leica Microsystems; Wetzlar,
Germany). At a 1000x magnification, images of each specimen were captured for SEM
analysis. The images were analyzed considering the morphology of the fibrin network

and trapped cells.

For TEM analysis, the membranes fragments were embedded in Epon and
ultrathin 60 um sections were obtained (Reichert-Jung Ultra-cut microtome 701701) and
double contrasted with uranyl acetate 3% and lead citrate 1%. The sections were analyzed
under a transmission electron microscope (HT7-700 Hitachi), considering cellular

membrane, organelles, and nuclei integrity.

For Fourier Transform Infrared Spectroscopy analysis, each tube was sectioned
with a diamond disk under constant irrigation to obtain three fragments measuring 2x2
mm, with the total thickness of the tube wall for the attenuated total reflectance Fourier
transform infrared spectroscopy (ATR-FTIR) analysis. The mean values of three spectra
in each tube were obtained on its inner surface of three tubes. The tube fragment was
placed against the diamond crystal of the ATR-FTIR unit and a force gauge at a constant
pressure to facilitate contact. Data were recorded and analyzed using the OPUS 6.5
software (Bruker, Ettlingen, Germany). The tube composition was analyzed using Fourier
Transform Infrared Spectroscopy (ATR-FTIR, Vertex 70 —Bruker, Ettlingen, Germany)
equipped with an accessory that allowed spectrum acquisitions in the Attenuated
Reflectance (ATR) mode. The ATR spectrums were recorded in the range of 400— 4,000
cm—1 at a 4 cm—1 resolution. Vector normalization and baseline correction were
performed in all spectrums and these were considered absorbance height ratios. The ATR-
FTIR spectra (ou spectrums) were further analyzed by comparing the equivalence of the

absorption bands of the peaks between the tubes.

Data analyses

Statistical analysis was performed using JAMOVI (Version 2.3.18). The results
obtained were subjected to the Shapiro-Wilk normality test and Paired Samples T-Test,
and the results are presented as mean and standard deviation (mean + SD). Differences

were considered statistically significant at o < 0.05.

38



Results

The mean filling time of the tubes showed that there was no statistically significant
difference between the S-PRF (69.5 + 11.7 sec) and Vacuette tubes (72.6 = 14.0 sec)
(p=0.364). The mean volume of blood concentrate produced in the S-PRF (12.8 £ 2.02
mL) and Vacuette (12.4 + 2.14 mL) tubes did not differ statistically (p = 0.068). The
tensile test showed that there was no statistical difference between S-PRF Tubes (0.599
+ 0.202N) and Vacuette (0.547 £ 0.197N) (p=0.389) in mechanical disruption strength.
Histological qualitative analysis showed a delicate fibrin network with cells dispersed
throughout the network. No statistical difference was found in cell counts between the

groups S-PRF and Vacuette in histomorphometric analysis (p=0.083) (Table 1).

Table 1. PERFORMANCE RESULTS OF TUBES AND ANALYSIS OF PRODUCED
MEMBRANES

R Tube filling time Volume of concentrate Call cotint Mechanical disruption-
(seconds) produced (mL) strenght (N)
S-PRE® 695 -E11.7 12.8 +2.02 2534 + 1085 0.599 + 0.202
Vacuette® 72.6+14.0 12.4 +2.14 2141 + 764 0.547 £ 0.197
P Values 364 .068 .083 .389

SEM ultrastructural analyses of S-PRF and Vacuette membranes did not reveal
qualitative differences. Both membranes exhibited a fibrin network with cells, platelets,
and a large number of entrapped red blood cells. Fibrin bundles showed variations in

thickness and irregular arrangement, configuring a three-dimensional network (Fig 3).
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Vacuett

Figure 3. Three-dimensional fibrin network, showing the fibrin bundles variations in

thickness and irregular arrangement.

TEM ultrastructural analyses of S-PRF and Vacuette indicated the presence of
cells with preserved morphological integrity. The nucleus and organelles were observed
with maintained membranes and components, as well as normal morphological features.
There were no signs of ruptured or apoptosis-like cells. Moreover, platelet aggregates of
varying sizes associated with fibrin bundles were observed in both tubes (Fig 4). In TEM
images, the interaction between platelets and fibrin can be observed as the presence of

platelets and fibrin fibers in close proximity to each other.
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Platelets

Figure 4. Transmission electron microscopy images showing leukocytes (green arrow),

red cells and platelet aggregates between bundles of fibrin (yellow circle).

The FTIR analysis revealed similarities in the spectra of the tubes, indicating that

they possess a similar chemical composition (Fig 5).
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Figure 5. Superposition of spectra showing similarity between the chemical composition

of S-PRF® and Vacuette® tubes.

Discussion

This study aimed to compare non-PRF specific plastic tubes with tubes originally
designed to produce PRF, both without additives, providing a viable alternative for their
production. Our hypothesis was confirmed once the Vacuette© and the S-PRFO showed
similar chemical composition, blood collection performance, and produced PRF

membranes with equivalent resistance and cellularity.

Traditionally, PRF membranes were obtained using glass tubes, while plastic
tubes without additives were utilized to produce fluid matrices?>. The collection tubes
employed were the same ones utilized in hematological analyses. However, due to
concerns regarding the efficacy and quality of the PRF produced using these tubes,
specific collection tubes for PRF production were proposed. Parameters as performance

during collection and chemical composition may impact the quality of the PRF produced.
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To our knowledge, the present study is the first attempt to compared specific and non-

specific tubes for PRF production.

The primary parameter examined in this study was the performance of the
collection tubes, as measured by the filling time and the volume of PRF produced after
centrifugation. There were no significant differences in either filling times or PRF
production volumes between the S-PRF® and Vacuette® tubes. Since the development of
second-generation blood concentrates, anticoagulants are no longer required for their
production?®. Consequently, a concise and fast collection and production protocol is
required®’. The efficiency of blood collection and transfer to the centrifuge is essential to
the success of the technique'!. The components and bioactivity of PRF are directly
influenced by every parameter used during its preparation®®. These parameters are
important because there is a working time limit from the moment the collection starts to
the start of centrifugation, which can make it impractical to use the concentrate produced.
The longer the collection time, the more fibrin diffusely polymerizes in the tube before
and during centrifugation, resulting in a blood clot that lacks consistency and is

129

dysfunctional””. The volume of concentrate produced is directly related to the size and

thickness of the membranes.

The present study employed the progressive protocol, which allows slow
polymerization, resulting in enhanced lateral aggregation between the protofibrils and
increased membrane resistance®®. The high tensile strength of PRO-PRF is due to the
higher concentration of fibrin molecules and the establishment of equilateral junctions,
resulting in a flexible network?. The results indicate that there were no statistically
significant differences in the tensile strength of the membranes produced from S-PRF®
and Vacuette® tubes. Strength and flexibility are criteria for a membrane to be able to
retain biomaterials, be fixed to neighboring or underlying tissues, be exposed to the oral

environment, and adapt to cavities or to the tissues contours>!.

The histomorphometric analysis found no significant difference in cell counts
between the studied tube brands. However, a high standard deviation was observed in the
means of groups. It is possible that gender and age differences among participants, as well
as the time interval between data collections, could have contributed to the observed
variance in the data. To address this variability, a paired-samples t-test was performed to
compare the same blood sample protocols from each participant. It is important to
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consider all potential sources of variance in the data in order to ensure that any
conclusions drawn from the analysis are reliable and accurate. This variation in cell
amount may be due to technical challenges or variation in access to the buffy coat during
PRF aspiration®’. It is to emphasize that the membranes generated from PRO-PRF in
plastic tubes without additives are the result of multiple collected tubes. This
homogenization of the concentrate prior to its polymerization prevents cell concentration

in the membrane end of the membrane, a phenomenon observed in glass tubes.

Plastic tubes made of more hydrophobic materials, such as polyethylene
terephthalate (PET), such as S-PRF and Vacuette tubes, delay the adsorption of proteins
to the tube wall surfaces, where clotting begins®*. The similarity between the spectra
obtained in the AT-FTIR suggests similar chemical composition between the S-PRF and
Vacuette tubes. These findings support the quantitative and qualitative results obtained,

which do not show significant differences in the evaluated aspects.

Regarding the cellular morphology assessed by transmission electron microscopy,
no significant morphological variations were observed from both tubes. The fibrin fibers
may appear as long, thin strands that form a mesh-like network around the platelets,
whereas the platelets may appear as pseudopodia or membrane fragments embedded
within the fibrin network. These results corroborate the similarity in the chemical
composition, indicating that the coagulation process was not different between the tubes.
The formation of a dense fibrin network is crucial for creating a stable membrane, and

the presence of platelets inside is important for hemostasis and tissue repair>?,

Several factors were investigated to better understand the clinical feasibility of the
progressive centrifugation protocol in producing large membranes from blood
concentrates using the Vacuette tube. The use of plastic blood collection tubes without
additives for the production of PRO-PRF prevents the acceleration of coagulation® >,
facilitates the handling of the concentrate without limiting the working time, allows the
production of customized membranes in terms of size and thickness?*. Moreover, allows
the incorporation of drugs and biomaterials®®, and additionally prevents PRF

contamination by silica particles from silica-coated tubes®”*!.

Vacuette® tubes are equivalent to S-PRF® plastic tubes in colection performance,
chemical composition, membranes produced. Therefore, Vacuette® tubes represent a safe

and low cost alternative for producing PRF membranes.
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Abstract

Objectives: To investigate, through a network meta-analysis, the effectiveness of blood concentrates in

reducing pain perception, trismus, and edema after mandibular third molar extraction.

Materials and Methods: An electronic search was performed in nine databases to locate randomized clinical
trials comparing blood concentrate use after mandibular third molar extraction. Two authors selected and
extracted the data independently. The individual risk of bias in the studies was assessed with the RoB v2.0
tool. A network meta-analysis compared postoperative pain and trismus scores after applying different
blood concentrates, using the mean difference (MD) as an effect estimate. The GRADE approach assessed

the certainty of evidence.

Results: Thirty-one randomized clinical trials were included in the review and 18 in the meta-analysis.
Leukocyte- and platelet-rich fibrin (L-PRF) was the most used blood concentrate, followed by platelet-rich
plasma (PRP). The network meta-analysis showed that A-PRF performed better among the analyzed blood
concentrates, decreasing postoperative pain in one, two, three, and seven days and reducing trismus up to

the inflammatory peak compared to blood clots. Only two studies had a low risk of bias.

Conclusions: Based on very low certainty of evidence, using concentrates seemed efficient compared to
blood clots in reducing pain and trismus after mandibular third molar surgeries. A-PRF decreased

postoperative pain throughout the evaluated time and trismus during the acute inflammatory peak.

Clinical relevance: A-PRF after mandibular third molar extractions performed better among the analyzed
blood concentrates and seemed efficient in improving postoperative quality by decreasing inflammatory

signs and symptoms.

Keywords: Platelet-rich fibrin; Leukocyte- and platelet-rich fibrin; Pain; Postoperative pain; Trismus;

Edema; Third molar surgery.

Introduction

Third molar removal is a routine surgery in dentistry [1] and is related to postoperative
inflammatory complications [2]. Pain, edema, and trismus are usually reported after surgery, decreasing the
patients quality of life [3—5]. Therapies to control pain, edema, and trismus have been proposed [6-8],
showing satisfactory results in minimizing the inflammatory sequelae from third molar extractions [9, 10].
Using different blood concentrates is one of these treatments, and it is accepted but does not show
established efficacy [11-13].

Applying different blood derivatives to modulate the repair process started over 40 years ago
[14]. Platelet-rich plasma (PRP) was the first autologous blood concentrate extensively used, but due to the

need for additives and the numerous production steps, studies were performed for its improvement [15-18].
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Second-generation platelet concentrates are autologous biomaterials from a fibrin clot rich in platelets,
leukocytes, cytokines, and stem cells, without any additive [19]. The second-generation blood concentrate
known as platelet-rich fibrin (PRF) later originated the leukocyte- and platelet-rich fibrin (L-PRF) [15, 16,
20, 21]. Studies on the low-speed centrifugation concept and relative centrifugal force application allowed
the development of new blood concentrates from L-PRF. These elements are known as A-PRF and A-
PRF+, showing a fibrin mesh with more leukocytes, more homogeneous platelet distribution, and increased
concentration of growth factors [20, 22].

Blood concentrates have stood out because of their fibrin network that houses mainly platelets
and leukocytes and the slow and continuous release of vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), transforming growth factor (TGF), and insulin-like growth factor (IGF) [23,
24]. In vitro, blood concentrates can suppress the secretion of pro-inflammatory cytokines, such as IL-1,
TNF-0, and IL-6 [25], modulate the transition from position M1 to M2 (anti-inflammatory phenotype) of
macrophage polarization [26], and decrease the inflammatory response of gingival fibroblasts, dendritic
cells [27], and Schwann cells [28].

Previous systematic reviews [11-13, 28-31] evaluated the role of blood concentrates as an
alternative therapy to control inflammatory signs and symptoms of mandibular third molar surgeries but
were only direct comparisons between L-PRF and A-PRF blood concentrates and blood clots, showing
contradictory results. Our alternative hypothesis is that replacing the blood clot in the alveolus of extracted
mandibular third molars with a blood concentrate may significantly decrease postoperative signs and
symptoms. Therefore, this systematic review of randomized clinical trials aimed to assess the efficacy of
different blood concentrates in controlling inflammatory signs and symptoms after mandibular third molar

extractions.

Methods
2.1 Protocol and registration

The review protocol was created and reported according to the PRISMA-P guidelines [32] and
then registered in the PROSPERO database (CRD42022371616). There were no changes or departures
from the protocol when performing the review.

This systematic review was reported according to the PRISMA [34] and PRISMA-NMA [35]
guidelines and conducted following the manual of the Joanna Briggs Institute (JBI) [36].

2.2 Research question and eligibility criteria
The research question was developed according to the PVO acronym (Population, Variable, and
Outcome): "In patients subjected to mandibular third molar extraction surgery (P), which blood concentrate

applied to the alveolus (V) is more effective in reducing pain perception, edema, and trismus (O)?"

Inclusion criteria:
The study included only randomized clinical trials with healthy no smoking adult patients

subjected to the extraction of mandibular third molars, impacted or not, comparing at least one blood

52



concentrate to another or blood clots, and reporting the protocol for blood concentrate preparation. Articles
that evaluated at least one of the three postoperative inflammatory parameters - pain perception (Visual
Analog / Numerical Scale), facial edema (linear facial measurements), or trismus (interincisal distance) -

were considered. There was no restriction on language or year of publication.

Exclusion criteria:
a) Studies that did not describe the data adequately;

b) Studies involving only exodontia with unconventional techniques, such as piezosurgery.

2.3 Sources of information and search

An electronic search was performed up to March 2022 in the MedLine (via PubMed), EMBASE,
Web of Science, Scopus, the Cochrane Library, LILACS, and SciELO databases. Moreover, the OpenGrey
and MedRxiv platforms were accessed for partially searching the "grey literature". The MedLine search
was updated constantly by PubMed through warnings until June 2022. The search strategies were created
using the Medical Subject Headings (MeSH), Descriptors in Health Science (DeCS), and Embase Subject
Headings (Emtree). Boolean operators (AND and OR) combined the descriptors and improved the search
strategy through different combinations (Table 1), respecting the syntax rules of each database. Previous
systematic reviews and the references of eligible studies were analyzed to capture qualified articles

potentially neglected in the search process.

Table 1. Strategies for database search.

Database Search Strategy (March, 2022)
#1 “Molar, Third”[MeSH] OR “Lower Third Molar”[tw] OR “Wisdom Teeth”[tw]
OR “Wisdom Tooth”[tw] OR “Third Molar’[tw])
#2 “Pain, Postoperative”[Mesh] OR “Pain”[tw] OR “Edema”[MeSH] OR
“Swelling”[tw] OR “Trismus”[MeSH] OR “Recovery”[tw] OR “Healing”[tw] OR
“Wound”[tw] OR “Outcomes”[tw] OR “Efficacy”’[tw] OR “Morbidities”[tw] OR
“Comparison”[tw]
#3 “Platelet-Rich Fibrin”[Mesh] OR “PRF’[tw] OR “CGF”[tw] OR “PRP”[tw]
OR “Platelet Rich Fibrin”[tw] OR “Leukocyte and Platelet Rich Fibrin”’[tw] OR
“Concentrated Growth Factor”’[tw] OR “Platelet-Rich Plasma”[tw] OR “Platelet-
Rich”[tw] OR “Platelet Rich”[tw]
#1 AND #2 AND #3
#1 “Lower Third Molar” OR “Wisdom Teeth” OR “Wisdom Tooth” OR “Third
Molar”
#2 “Pain” OR “Swelling” OR “Trismus” OR “Recovery” OR “Healing” OR
“Wound” OR “Outcomes” OR “Efficacy” OR “Morbidities” OR “Comparison”
#3 “PRF” OR “CGF” OR “PRP” OR “Platelet Rich Fibrin” OR “Leukocyte and

PubMed
http://www.ncbi.nlm.nih.gov/pubmed

EMBASE Platelet Rich Fibrin” OR “Concentrated Growth Factor” OR “Platelet-Rich
Plasma” OR “Platelet-Rich” OR “Platelet Rich”
#1 AND #2 AND #3
#1 TS=(“Lower Third Molar” OR “Wisdom Teeth” OR “Wisdom Tooth” OR
“Third Molar”)

#2 TS=(“Pain” OR “Swelling” OR “Trismus” OR “Recovery” OR “Healing” OR
“Wound” OR “Outcomes” OR “Efficacy” OR “Morbidities” OR “Comparison”)

Web of Science #3 TS=(“PRF” OR “CGF” OR “PRP” OR “Platelet Rich Fibrin” OR “Leukocyte
and Platelet Rich Fibrin” OR “Concentrated Growth Factor” OR “Platelet-Rich
Plasma” OR “Platelet-Rich” OR “Platelet Rich”)

#1 AND #2 AND #3
#1 "Lower Third Molar" OR "Wisdom Teeth" OR "Wisdom Tooth" OR "Third
Molar"

Scopus #2 “Pain” OR “Swelling” OR “Trismus” OR “Recovery” OR “Healing” OR

“Wound” OR “Outcomes” OR “Efficacy” OR “Morbidities” OR “Comparison”
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#3 "PRF" OR "CGF" OR "PRP" OR "Platelet Rich Fibrin" OR "Leukocyte and
Platelet Rich Fibrin" OR "Concentrated Growth Factor" OR "Platelet-Rich
Plasma" OR "Platelet-Rich" OR "Platelet Rich"
#1 AND #2 AND #3
#1 “Lower Third Molar” OR “Wisdom Teeth” OR “Wisdom Tooth” OR “Third
Molar”
#2 “Pain” OR “Swelling” OR “Trismus” OR “Recovery” OR “Healing” OR
“Wound” OR “Outcomes” OR “Efficacy” OR “Morbidities” OR “Comparison”
Cochrane Library #3 “PRF” OR “CGF” OR “PRP” OR “Platelet Rich Fibrin” OR “Leukocyte and
Platelet Rich Fibrin” OR “Concentrated Growth Factor” OR ‘“Platelet-Rich
Plasma” OR “Platelet-Rich” OR “Platelet Rich”
#1 AND #2 AND #3
(("Lower Third Molar" OR "Wisdom Teeth" OR "Wisdom Tooth" OR "Third
Molar") AND (“Pain” OR “Swelling” OR “Trismus” OR “Recovery” OR
LILACS “Healing” OR “Wound” OR “Outcomes” OR “Efficacy” OR “Morbidities” OR
. “Comparison”) AND ("PRF" OR "CGF" OR "PRP" OR "Platelet Rich Fibrin" OR
http://lilacs.bvsalud.org/ "Leukocyte and Platelet Rich Fibrin" OR "Concentrated Growth Factor" OR
"Platelet-Rich Plasma" OR "Platelet-Rich" OR "Platelet Rich" ))
(("Lower Third Molar" OR "Wisdom Teeth" OR "Wisdom Tooth" OR "Third
Molar") AND (“Pain” OR “Swelling” OR “Trismus” OR “Recovery” OR
SciELO “Healing” OR “Wound” OR “Outcomes” OR “Efficacy” OR “Morbidities” OR
X “Comparison”) AND ("PRF" OR "CGF" OR "PRP" OR "Platelet Rich Fibrin" OR
http://www.scielo.org/ "Leukocyte and Platelet Rich Fibrin" OR "Concentrated Growth Factor" OR
"Platelet-Rich Plasma" OR "Platelet-Rich" OR "Platelet Rich"))
“PRF” OR “CGF” OR “PRP” OR “Platelet Rich Fibrin” OR “Leukocyte and
MedRxiv Platelet Rich Fibrin” OR “Concentrated Growth Factor” OR ‘Platelet-Rich
Plasma” OR “Platelet-Rich” OR “Platelet Rich”
“PRF” OR “CGF” OR “PRP” OR “Platelet Rich Fibrin” OR “Leukocyte and
OpenGrey Platelet Rich Fibrin” OR “Concentrated Growth Factor” OR “Platelet-Rich
Plasma” OR “Platelet-Rich” OR “Platelet Rich”

2.4 Selection of studies

The research findings were exported to EndNote Web™ software (Thomson Reuters, Toronto,
Canada) for cataloging and removing duplicates. The "grey literature" was exported to Microsoft Word™
(Microsoft™, Ltd, Washington, USA) to remove duplicates manually.

Before selecting the studies, a calibration exercise was performed, in which the examiners
discussed the eligibility criteria. Next, the results were exported to Rayyan QCRI software (Qatar
Computing Research Institute, Doha, Qatar) [37], in which the titles and abstracts were read using the
previous eligibility criteria. Subsequently, the full texts of the preliminary eligible studies were obtained
and evaluated. Two eligibility reviewers (V.L.A. and M.D.M.A.C.) performed the entire process
independently. Disagreements were solved after consulting with a third reviewer (L.R.P.). The articles
excluded in the full-text analysis were listed separately, and the reasons for exclusion were specified. In the
cases of articles not found, other study centers were contacted to retrieve the studies in their libraries via
COMUT (Bibliographic Commutation Program). In the case of publications in languages other than English

or Portuguese, the full text was translated.

2.5 Data collection

To ensure consistency between the reviewers (V.L.A. and M.D.M.A.C.), they performed a
calibration exercise before data collection, which consisted of jointly extracting information from an
eligible study. Next, the texts of the selected studies were reviewed. The data were systematically extracted,
including authorship, publication year, country of origin, design (split-mouth or parallel), study sample

characteristics (sample size, sex, and age), lower third molar classification, surgical flap design, need for
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osteotomy and/or odontosection, used medication (postoperative drugs), blood concentrate type, the
protocol for blood concentrate preparation, outcome analyzed in each study (pain, edema, and mouth
opening), and primary conclusions. In case of missing data, the corresponding authors were contacted via

e-mail up to three times in seven days.

2.6 Critical assessment of individual evidence sources

Two reviewers (V.L.A. and M.D.M.A.C.) independently assessed the risk of bias and individual
quality of the selected studies using the Cochrane Collaboration Risk of Bias tool (version 2.0) (RoB2) for
randomized clinical trials [38]. Overall assessments and those for each domain followed the algorithms
proposed in the tool manual [38]. Disagreements between the reviewers were solved by discussing and

consulting with a third reviewer (L.R.P.).

2.7 Synthesis of results

Pairwise comparisons were made with the available head-to-head data. Independent analyses were
performed for two review outcomes (postoperative pain and trismus). A normalization protocol was
followed to ensure the comparability of the data from the included studies. Postoperative pain was assessed
across studies using VAS normalized to a 100-point scale. Additionally, trismus occurrence was measured
using (1) the percentage of interincisal opening reduction, (2) interincisal opening distance, and (3) the
difference between the pre- and postoperative interincisal opening. The studies were only grouped when
the outcome assessment was the same. Given the variability of facial swelling assessment protocols,
findings for this outcome were synthesized narratively.

Next, frequentist random-effects network meta-analyses (NMA) compared multiple concentrates
via shared comparators by integrating direct and indirect estimates [39] when at least three studies were
available for comparison. Random-effects models with the Der-Simonian and Laird variance estimator [40]
were preferred from fixed-effects models based on the deviance information criterion (DIC). Treatments
were grouped into common nodes to satisfy the transitivity assumption. Figure 1 displays the building of
each NMA. Direct comparisons among the different concentrates were represented by edges with sizes

proportional to the number of arms included in the corresponding pairwise meta-analysis.
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Fig. 1 Network plot geometries for (a) the percentage of interincisal opening reduction (one, two, three,
and seven days after surgery); (b) interincisal opening distance (one and seven days after surgery); (c) the
difference between pre- and postoperative interincisal opening (seven days after surgery); (d) postoperative
pain one, (e) two, (f) three, and (g) seven days after surgery.

The effect estimate was the mean difference (MD) instead of standardized MD (SMD), as this
study grouped only comparable scales for the outcomes to prevent the standard deviation (SD) effect on
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SMD estimates. A 95% confidence interval (CI) was calculated for all evaluations. Heterogeneity was
assessed using the Cochran Q test and I? statistics. Local incoherence was assessed by comparing direct,
indirect, and network estimates (0.05 significance level). Inconsistency was impossible to analyze for
postoperative pain (two days after surgery) and trismus, given the low number of comparisons. It is also
worth noting that seven days after surgery, four studies reported zero postoperative pain events [11, 41-43],
thus, proposed corrections were made [44, 45].

Results were presented in league tables, and each treatment was ordered from best to worst based
on ranking probabilities of treatment effects. When possible, sensitivity analyses were performed, excluding
studies with parallel design, as most were split-mouth. All analyses used Stata software (version 14.0) and

Metalnsight (version 4.0.2 beta).

2.8 Certainty of evidence

The GRADE system classified the certainty of evidence of treatment effect estimates for the
network meta-analysis [46, 47]. First, the certainty of evidence of each direct comparison was evaluated to
verify the risk of bias, inconsistency, indirectness, and publication bias. For indirect comparisons, a first-
order loop comparison with the lowest certainty was considered, and intransitivity was evaluated. Finally,
the certainty of evidence was downgraded in case of concerns of imprecision or incoherence for the network

meta-analysis [46]. The certainty of evidence could be high, moderate, low, or very low [47].

Results
3.1 Study selection

The electronic search showed 1,097 results, of which 868 continued for the title and abstract
analyses after excluding duplicates. After a detailed analysis, 50 studies went to the third phase, of which
ten were identified as randomized clinical trial records and three were not found. Thus, 37 studies were
fully read. Seven articles did not meet the eligibility criteria (Supplementary Table 1). Additionally, the
manual search in the references revealed an eligible study not located in the electronic search. Therefore,

31 studies were included in the systematic review (Figure 2).
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Identification of studies via databases and registers

Identification of studies via other methods

—
Records identified from: Records identified from:
s Main databases (n=386): Grey literature (n=711): Records removed before screening: + Articles included in systemalic reviews (n=1)
“5 « Medline (via PubMed) {n=75) | * OpenGrey (n=308) M:"“ d“‘_"flb“f"'sfl . . )
& « Embase (n=64) » MedRxiv (n = 403) Duplicate records removed by automation tools
§ = Weh of Science (n=71) (n=229)
= Scopus (n=106) .
h=3 . . i 5 T q anually (n=
=2 « Cochrane Library (n=66) Duplicate records removed manually (n=0)
« LILACS (n=2) Grey literature:
* SciELO (n=2) » Duplicate records removed manually in = ()
s A 4
Records excluded after reading titles and abstracts (n=818): Reports sought for retrieva > Reports not retrieved
! « Outside the objective (n=782) (n=1) (n=0)
* Review articles (n=20))
Records screened by title and abstract (n=868) * In vitre smdies (n=T)
» Case reports (n=3)
= Letters to the editor (n=2)
= Animal studies (n=1)
=
£
=
g A4 ¥
3 » - - > Reports nat retrieved (n=3) Reports assessed for »|  Reports excluded
Reports sought for retrieval (n=50) " Clinical trial records in= 10) eligibility (n=1) " (=0}
Reports excluded: (n=7):
Reports assessed for cligibility (n=37) * Sample does not contemplate the inclusion criteria (n=4)
« Non-randomized clinical trials (n= 3)
St
Y
3
£+ = Studies included in the review (n=31)
% +Studies included in the meta-analysis (n=18) -
=
—_—

Fig. 2 Flowchart of the search strategy.
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3.2 Characteristics of eligible studies

Most studies were performed in Asia, published between 2011 and 2021, included a total sample
of 1,276 patients aged between 16 and 60 years, and presented a split-mouth design [41, 43, 48—65].
Mandibular molars were categorized according to Pell and Gregory or Winter classifications. Platelet-rich
fibrin (PRF) was the most used blood concentrate (21 studies) [11, 41, 42, 48, 50-54, 56, 58-60, 62—64,
66-70], followed by platelet-rich plasma (PRP) (eight studies) [41, 43, 49, 57, 67, 71-73], advanced
platelet-rich fibrin (A-PRF) (four studies) [50, 55, 65, 74], and concentrated growth factor (CGF) (2 studies)
[61, 74] (Table 2).

Except for the study by Dutta et al. (2016), which used a visual analog scale (VAS) based on the
six-point facial Wong-Baker scale, the other articles evaluated postoperative pain intensity with the VAS.
The methods for measuring edema used several anatomic references: tragus to the labial commissure, tragus
to the pogonion, lateral corner of the eye to the gonion, lateral corner of the eye to the mandibular angle,
ear lobe to the corner of the mouth, gonion to the labial commissure, and tragus to the subnasal point.
Moreover, studies showed linear measures according to each analyzed distance, and others calculated the
values of each distance to determine a final score. All investigations assessing trismus used interincisal

distance during mouth opening.
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Table 2. Main data of the eligible studies.

Range
Author, year of .
i e Stu.dy Sar.nple Age Type of third Type of Bone ) Co- ) Type of blood Centrifuge Blood concentrate Tubes Outcomes
design size (mean - molar flap removal interventions concentrate protocol
Country SD)
Ogundipe et al., 253 19-35 13 41 :l?isfr?nglu; raré PowerSpin Fx 1200 rpm for 10 10-mL tubes with citrate Pain,
2011 Parallel (24.7+ stoangu’at, Triangular Yes n.r. PRP Centrifuge min and 1000 rpm  phosphate dextrose (no material)  swelling,
L 359 vertical, and 6 . . .
Nigeria [71] 3.6) . (Single) for 10 min (no brand) and trismus
horizontal
Kumar et al., 2015 % 19-35 19 mesioangular . ATB, NSAID, 3000 rpm for 10 5-mL tubes (no material) (no Pa“,"
. Parallel 31 . . Triangular Yes ANA, and L-PRF n.r. . swelling,
India [66] and 12 horizontal min brand) .
AMW and trismus
. 20 horizontal, 15 . .
Ozgul et al,, 2015 Split- 233 18*; 28 mesioangular, and  Triangular Yes ATB and ANA L-PRF or 3000 pm for 10 10-ml of glass-coated plastic Pain apd
Turkey [60] mouth 33 Q 21 vertical min tubes (plastic) [no brand] swelling
. . Pain,
Uyanik et al., 2015  Split- 43  19-35 Class IC by Pell . ATB, ANA, Elektro-mag 10-ml of glass-coated plastic .
Chipre [64] mouth 69 o and Gregory Triangular Yes and AMW L-PRF M415P (Turkey) 3000 rg]ririlfor 10 tubes (plastic) [no brand] S;:izlrgﬁf,
Bilginaylar and . Pain,
Uyanik, 2016 Parallel g g 1835 Cl;fs IGCr:yope“ Triangular  Yes ATB, ANA, L-PRF M]ilgklfrgﬁii ) 3000 mpm for 10 1?;;‘;0{ %ﬁf&;‘fﬁfﬁgﬁ‘ﬁw swelling,
Chipre [42] gory and AMW Y min P and trismus
2000 rpm for 15 PRP: ﬁrst. cenanugatlon: 4 mL
) min +3000 rpm for tubes with c1t_rate pho_sphate _
Dutta e.t al., 2016 Parallel  30* 17-36 or Triangular o PRP and L-PRF or 10 min (PRP) and dextrqse adenine solution (no Pain a}nd
India [67] 27+5) or envelope n.r. material) (no brand). Second swelling
3000 rpm for 10 . .
min (PRF) centrlfuggtlon. test tube (no
material) (no brand)
Kumar et al., 2016  Split- % 18 -40 . 3000 rpm for 10 PRF: test tube (no material) (no .
India [58] mouth 34 . nr. Triangular Yes nr. L-PRF nr. min brand) Pain
Vertical
Al-Hamed et al., . g .
2017 Parallel 1348 18-48 me‘smangular, Envelope Yes ATB, NSAID, L-PRF 80-1 e}ecmc 3000 pm for 10 NR Pain
79 * horizontal, and and AMW centrifuge min
Egypt [11] :
distoangular
Full bone
o 3 impacted, ) . . Pain,
Asutay et al., 2017  Split 64 18-29 symmetric, Triangular Yes ATB and ANA L-PRF o 2700 pm for 12 5-ml tubes w1t.h0ut anticoagulant swelling,
Turkey [48] mouth 249  (20.32) . min (no material) (no brand) .
bilateral, and and trismus
mesioangular
Gandevivala et al., . 1300 rpm for 10 10-mL tubes without .
2017 rizﬁtl-l 25 16*_*60 n.r. Triangular Yes nr. PRP n.r. min and 2000 rpm  anticoagulant (no material) (no S:;:ll?gd
India [43] for 10 min brand) &
Gulsen and . Vertical (Winter), First centrifugation: 10-mL tubes .
Split- 218 17-27 . ATB, NSAID, 3000 rpm for 10 o Pain and
Senturk, 2017 mouth 90 (20.03) Class I B (Pell and  Triangular Yes and AMW L-PRF NUVE NF 200, min with citrate phosphate dextrose swelling

Turkey [54]

Gregory)

adenine solution (no material)
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[no brand]. Second
centrifugation: no information

Pain
Afat et al., 2018 158 18-30 Class I1 B (Pell Elektro-mag 3000 rpm for 10 .
Turkey [68] Parallel 50 % and Gregory) nr. Yes nr. L-PRF M615P (Turkey) min 10-ml of glass arsl\:lvct:ill;r;is
. 1200 rpm for
Bhu];) ;lll Se tal, Split- 58 275 '12; Identical bilateral Triancular Yes PRP Elektro-mag 10 min and Coated plastic tubes (plastic) Pain and
mouth 159 s impaction & n.r. M615P (Turkey) 2000 rpm for [BD] swelling
Iran [49] 10 min
. 18 -50 10-mL tubes without .
Dar et.al., 2018 Split- 134 23.6 + Mesioangular Triangular Yes ATB and L-PRF n.r. 3000 pm for 12 anticoagulant (no material) (no Pain gnd
India [52] mouth 17 9 4385 NSAID min brand) swelling
Daugela et al 18 - 60 First centrifugation: 10-mL tubes
2018 Split- 143 2276 + Ideqtlcal b;lateral Triangular Yes NSAID L-PRF or 2800 pm for 12 with gltrate phosphate dextrpse Pain e}nd
. R mouth 209 impaction min adenine solution (no material) swelling
Lithuania [53] 2.02 [BD]
Hettich
Jeyaraj and Zentrifugen
Chakranarayan, . ATB, NSAID, centrifuge EBA 2700 rpm for 12 Second cent.rlfugatlon 12-mL Palp,
2018 Parallel 60 nr. nr. nr. Yes and ANA L-PRF 20 (Andreas min tubes (borosilicate glass tube) swelling,
R Hettich GmbH& [no brand] and trismus
India [69] Co, KG
Germany)
L-PRF: 3000 RPM . .
Caymazand o . 1) 2 18 26 ClassICbyPell .. ATB,ANAand L-PRF and A- for 10 min _ 10-mL tubes without Pain,
Uyanic, 2019 Triangular Yes n.r. . anticoagulant (no material) (no swelling,
mouth 59 ** and Gregory AMW PRF A-PRF: 1500 rpm .
Turkey [50] . brand) and trismus
for 14 min
. 18 -40 . . .
Kapse e.t al.,, 2019  Split- 138 2547 1 Ideqtlcal b}lateral nr Yes or L-PRF Elektro-mag 2700 pm for 12 9-mL gla_ss-coated tubes (no Pain e}nd
India [56] mouth 17 @ 0.9 impaction min material) (Intra Lock) swelling
. 16 -29 10-mL tubes without
Ritto et al., 2019 Spli- 103 NSAID, SAID, Elektro-mag M 2700 rpm for 12 . . .
Brazil [62] mouth 70 (2*1;8) n.r. Envelope Yes and ANA L-PRF 415 P (Turkey) min ant1c;:oagulangr(ar;(zi ;naterlal) (no Pain
Zahid and . . .
Nadershah, 2019 Split- 104 (24) Me51oangu1ar and Envelope or ATB, NSAID, A-PRF R-4C DX, 1300 pm for 13 L-PRF: 10 ml of glass Pain e}nd
. . mouth *x vertical and AMW REMI min swelling
Saudi Arabia [65]
18 -42 1200 rpm for 10 . . Pain,
Aftﬁ;g;it a[l;22]020 Parallel gg g (26.12 Clisds grby Pell Envelope Yes n.r. PRP A-PRF 12 min coated p last[lgg]b es (plastic) swelling,
a +5.92) a cgory 100 rpm for 10 min and trismus
. 1200 rpm for 10
Bhujbal et al., Split- 8 (2262 . ATB and D[(jpcr)oieel;tsnmﬁlr € min and 2000 rpm A-PRF: 10-mL tubes without Pain and
2020 P n.r. Triangular Yes PRP and L-PRF . for 10 min (PRP)  anticoagulant (glass)[A-PRF+ by .
R mouth 129 6.9) NSAID PREF, Nice, swelling
India [41] 3000 rpm for 10 Choukroun]
Hk France)
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2700 rpm in 2min,

Ozveri Koyuncu . B Vertical (Winter), 2400 rom in 4 min, } . Pain,
et al., 2020 ;21;;1 2; g g 5 832§ Class I B (Pell and nr. Yes ATB and ANA CGF n.r. 2700 rpm in 4 min, anticolao E;?Ebi?s:;lt[}rll?)u‘;ran d] swelling,
Turkey [61] ' Gregory) and 3000 rpm in 3 g g and trismus
min
Kumar et al.,, 2020 Split- 683 2050 Class I bilateral, A ATB and 2_0()0 rpm for 15 _ 10-mL tubes w1th0.ut Palp,
. or B by Pell and n.r. * PRP n.r. min and 3000 rpm  anticoagulant (no material) (no swelling,
India [57] mouth 329 *ok NSAID . .
Gregory for 10 min brand) and trismus
Miyamoto et al., . 171A,51B, 15 2A, 10-mL tubes without .
2020 rif’)ﬁth }g g 2051 5338,42C by nr Yes ‘?\ITgA‘;r]‘)d L-PRF Medifuge 400 g for 10 min  anticoagulant (glass)[A-PRF+ by svf:ﬁ‘i‘;l
Japan [59] Pell and Gregory Choukroun] &
Sybil et al., 2020 Split- 143 1(25 35)5 30 mesioangular ot % o L-PRF o 3000 rpm for 10 10-mL tubes with citrate (no Pain and
India [63] mouth 19 . and 50 horizontal ’ : o min material) (no brand) swelling
1300 rpm for 14
2343 min
529 (A-PRF)
Torul et al., 2020 SG1: 18-37 Vertical or 2 B by SG 1: A-PRF 2700 rpm in 2m1_n, PRP: ﬁrst_ cenanugatlon: 6-mL Palp,
Turkey [74] Parallel 25 (22.31 Pell and Grego n.r. Yes n.r. SG 2: CGF n.r. 2400 rom in 4 min, tubes with citrate phosphate swelling,
Y SG2: +4.65) gory ’ 2700 rpm in 4 min, dextrose adenine and trismus
25 and 3000 rpm in 3
CG:25 min
(CGF)
Gupta and . Pain,
Agarwal, 2021 Split- 83 18-35 n.r. Triangular Yes A-PRF 1500 pm for 14 Solution (no material) [BD] swelling,
. mouth 129 Hk n.r. min .
India [55] and trismus
Hanif and Sheik, 53 19-43 1200 rpm for 10 Second centrifugation: 12-mL
2021 Parallel 780 (27.95 n.r. n.r. n.r. ANA PRP A-PRF 12 min and 2000 rpm tubes (borosilicate glass tube) Pain
Pakistan [73] + 6.05) for 10 min [no brand]
Nourwali, 2021 " 18 -40 ATB, NSAID, 3000 rpm for 10 Pain and
Saudi Arabia [70] Parallel 20 . n.r. Envelope Yes and SMW L-PRF n.r. min Swelling
DaSivactal. g 6a 1872 Class1Aby Pel NSAID, ANA, 2700 rpm for 12 PRF:6-mL tubes without .
2021 23+ Envelope nr. L-PRF n.r. . . . Pain
Brazil [51] mouth 149 3.28) and Gregory and AMW min anticoagulant (no material) [BD]

Jd -male. Q - female. * It was impossible to measure the sample by gender. ** It was impossible to measure the range or standard deviation. Abbreviations: n.r., not reported; ATB, antibiotic drug;
NSAID, nonsteroidal anti-inflammatory drug; SAID, steroidal anti-inflammatory drug; ANA, analgesic drug; AMW, antiseptic mouthwash; SMW, normal saline mouthwash; PRP, platelet-rich
plasma; L-PRF, leukocyte-and platelet-rich fibrin; A-PRF, advanced-platelet-rich fibrin; A-PRF+, advanced-platelet-rich fibrin plus; CGF, concentrated growth factor; SD, standard deviation; rpm,
rotations per minute; min, minutes; mL, milliliters; g, relative centrifugal force.
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3.3 Individual results of eligible studies
Postoperative pain

All studies evaluated postoperative pain intensity after third molar extraction (Table 3). Twelve
studies comparing L-PRF to blood clots [11, 42, 51-53, 53, 56, 58, 59, 63, 64, 66, 67] showed significantly
lower pain values in patients treated with L-PRF in at least one of the evaluated times. When comparing
PRP and blood clots, five studies showed statistically favorable results for the group treated with the blood
concentrate [57, 67, 71-73]. Two articles statistically favored A-PRF [55, 65], compared to blood clots.
Pain severity in the group treated with CGF was significantly lower than with blood clots in only one study
[61].

Two articles also did not find differences between PRP and L-PRF [41, 67]. Finally, one study
[50] showed significantly higher pain scores in patients treated with L-PRF compared to A-PRF.
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Table 3. Main outcomes of eligible studies.

Outcomes
g LT Pain Edema Trismus
Afat et al., 2018 L-PRF There was no significant difference among groups in VAS The results suggest that L—PRI.*",.pa_rt icularly com_bmed with HA, There was no significant difference
L-PRF + HA . is an effective approach to minimize postoperative edema after
[68] pain scores. among groups.
Blood clot M3 surgery.
A significant lower pain score was observed in the There was a significant difference in both groups in relation to T[herf: was an o‘pvmus increase mn
Aftabetal., 2020 PRP gel ; : - . o interincisal opening (p = 0.001) in
experimental group compared to the control group at all  facial swelling at postoperative 1st, 3rd, 5", and 7th days (p < .
[72] Blood clot S the experimental group compared to
time intervals (p < 0.05). 0.05).
the control group.
PREF patients significantly reported less pain for the fifth,
Al-Hamed et al., PRF sixth, and seventh postoperative days (p< 0.05), and there or or
2017 [11] Blood clot were no differences for the second, third, and fourth o o
postoperative days (p> 0.05).
Asutay et al, PRF There was no significant difference among groups in VAS  There was no significant difference among groups. There was no significant difference
2017 [48] Blood clot pain scores. among groups.
Bhuibal et al PRP There was no significant difference between immediate = Swelling significantly decreased on the experimental side on the
J ” postoperative pain and after 1, 3, and 7 days between 1st(p=0.0059)and 3rd (P=0.0001) days. However, on the 7thday, n.r.
2018 [49] Blood clot - L O .
experimental and control groups. there was no statistically significant difference.
Bhuibal et al PRP There was no significant difference for the immediate = Measurement of swelling on the Ist (p < 0.0020) and 3rd (p<
2020J [41] ” PRF postoperative period (p <0.15), 1st day (p < 0.96), 0.0010) days showed significant differences on the PRF site, but n.r.
3rd day (p <0.58), and 7th day (p <0.78). it ceased without a significant difference on the 7th day (p < 1.00).
Bilginaylar & Lo . . Lo .
Uyanik, 2016 PRF There was a significant (p < 0.05) pain reduction on days There was no significant difference among groups. There was no significant difference
[42] Blood clot 1,2, and 3 in the PRF group. among groups.
VAS pain scores were significantly higher in the L-PRF
Cayn!az & L-PRF group than thej ones in the A-PRF group during the first, o _ There was no significant difference
Uyanik, 2019 A-PRF second, and third days (p < 0.05). On the seventh day, there =~ There was no significant difference among groups. AMOng SrouDs
[50] was no significant difference between A-PRF and L-PRF & groups.
groups.
Dar et al.,, 2018 [ PRF Postoperative pain score (VAS) was lower for the PRF  There was different and higher swelling score for the blood clot or
52] Blood clot group at all times compared with the blood clot control. groups as compared to PRF group at all time periods )
Sites treated with L-PRF resulted in lower pain VAS scores  Facial swelling significantly decreased on the first (p = .035) and
Daugela et al., L-PRF ~ 00D) in the fi . X hird (0= 02 ive davs in L-PRF si :
2018 [53] Blood clot (p =.001) in the first postoperative week. thire v(p = 10 3) postoperative days in L- sites versus controls,  n.r.
ceasing without a significant difference at day 7 (p = .224).
Duttaetal,, 2016 L0 The results show pain intensity reduction in all groups from .y o ooy swelling reduction was in PRE- and PRP-treated
167] PRF day 1 up to maximum pain reduction in PRF- and PRP- atients (p < 0.05) n.r
Blood clot treated patients (p < 0.05). pati p =152
Gandevivala et = PRP There was no significant difference among groups There was no significant difference among groups nr
al., 2017 [43] Blood clot g g groups. g g groups. :
Gulsen and PRF
Sertuk, 2017 There was no significant difference among groups. There was no significant difference among groups. nr
54] Blood clot
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Data from dayl does not show statistically significant

At day 1, the values were not
statistically significant. The values

Gupta and A-PRF differences between test and control groups, but values Atday 1, the mean scores for swelh‘ng' were 2'43 and 2.61, with a at day 3 were highly significant with
Agarwal, 2021 - S . p-value of 0.061, indicating no statistical significance. However, - L2 .
Blood clot from days 3 and 7 were statistically significant, favoring e p = 0.0001, indicating a noticeable
[55] the scores at day 3 (3.46 and 3.71) were significant. : . .
the A-PRF group. improvement in mouth opening
when using A-PRF.
Halflf and PRP Pain was 10w.er in the PRP group compared to non-PRP Trismus was lower in the PRP group
Sheikh, 2021 Blood clot group according to the Visual Analog scale, on the 7th n.r. than in the non-PRP group (p<0.05)
[73] follow-up visit (p<0.05). group (p=u.9>).
Jeyaraj and PRF Pain was lower in the PRF group compared to non-PRF Trismus was lower in the PRF grou
Chakranarayan, group P Swelling was lower in the PRF group than in the non-PRF group. . group
2018 [69] Blood clot group. than in the non-PRF group.
Kapse et al PRF Pain was lower in the PRF group compared to the blood  Swelling was lower in the PRF group than in the blood clot group
9 T 3 st rd th th st rd th th
2018 [56] Blood clot clot group (p<0.05) in all periods (1%, 3%, 7%, 14" days). (p<0.05) at the 1%, 3", 7", 14" days. n.r.
The mean values of mouth opening
Ozveri Koyuncu  CGF Postoperative pain severity for the CGF group was lower The total swelling in the CGE group was lower than in the non-  were significantly dlfferenF for the
et al., 2020 [61] Blood clot than the non-CGF group for 7 days (p<0.001) CGF group, and there was a significant difference between them  groups on days 3 and 7, with better
" ood clo an the no group for /days (p<L. ’ in time interactions (P < 0.001). results for the  CGF-group
(p<0.001).
Kumar et al PRF Interincisal distance was
! ” Pain was significantly lower in the PRF group (p=0.017). Swelling was significantly lower in the PRF group (p=0.022). significantly high in the PRF group
2015 [66] Blood clot (p=0.022)
Kumar et al, PRF Pain scores s1gn1ﬁcar_1tly differed between groups (p =
0.00) at all follow-up intervals (day 1, day 3, and week 1) n.r. n.r.
2016 [58] Blood clot
except for the 4th week.
The mean trismus of patients in the
Kumar et al, PRP The pain score of patients in non-PRP group was higher =~ Swelling at Tragus-Subnasal and Tragus-Pogonion was higher ~PRP group was significantly lower
2020 [57] Blood clot than the PRP group. among patients of non-PRP group compared to the PRP group. (p < 0.001) than that of non-PRP
group.
. There were no significant differences from the day of tooth The PRF group showed swelling relief slightly earlier but the
Miyamoto et al., PRF extraction to day 2 after the surgery, but at days 3 and 4 . . . L
A difference was mild, and there was no statistically significant n.r
2020 [59] Blood clot after the surgery, the PRF group showed a significantly S .
effect of PRF on alleviating swelling.
lower value than the control group.
Nourwali, 2021 PRF L . - .
[70] Blood clot There was no significant difference among groups. There was no significant difference among groups. n.r.

. The mean postoperative pain score (visual analog scale) L .
Ogundipe et al.,  PRP was lower for the PRP group at all times, and it was There was no significant difference among groups. There was no significant difference
2011 [71] Blood clot L - among groups.

statistically significant (p< 0. 05).
Ozgul et al, PRF There were no statistically significant differences for pain . .
2015 [60] Blood clot among the groups. There was more swelling on the control side (p< 0.05). n.r.
Ritto et al., 2019 L-PRF There were no statistically significant differences for pain
n.r. n.r.
[62] Blood clot among the groups.
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The mean postoperative pain score (visual analog scale)

]2)(;[218;]5‘;2; et al, I];ig(l)z(fclot was lower for the L-PRF group at all times, and it was n.r. n.r.
statistically significant (p< 0.05).
. There was a statistically significant difference for pain . .
Sybil et al., 2020 PRF intensity in the control and test sides at days 1, 3, and 7 (p Edema was always statistically significantly less (p < 0.001) on or
[63] Blood clot <0.001) > the test side compared to that of the control side. ’
The change in tragus to labial commissure measurements was
A-PRF significantly different at baseline-7th day between the control and
Torul et al., 2020 CGF There were no statistically significant differences for pain  CGF groups (p = 0.038). There were significant differences There was no significant difference
[74] Blood clot among the groups. between the tragus to pogonion measurements at baseline-7th day ~ among groups.
between the control-CGF groups (p = 0.014) and A-PRF-CGF
groups (p = 0.038).
Uyanik et al., PRF The statistical analysis revealed a significant postoperative ~ Postoperative days 1, 3, and 7, did not show significant group 3;1}?;t\gr?tsoafi;%:r;i(;?st?x;iier;gilrsl
2015 [64] Blood clot pain reduction (1st, 2nd, 3, and 7th days). differences in swelling (p > 0.05). (p=0.05) group
Zahid and . . Lo . . . .o . .
A-PRF The statistical analysis revealed a significant postoperative  The statistical analysis revealed a significant swelling reduction
Nadershah, R . h i n.r.
2019 [65] Blood clot pain reduction on the 7" day. on the 7" day.

Abbreviations: n.r., not reported; PRP, platelet-rich plasma; L-PRF, leukocyte-and platelet-rich fibrin; A-PRF, advanced-platelet-rich fibrin; A-PRF+, advanced-platelet-rich fibrin plus; CGF,

concentrated growth factor; HA, hydroxyapatite.
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Edema

Twenty-six articles assessed edema, of which 16 showed favorable results in patients who
received blood concentrates compared to those in the blood clot group (Table 3). In eight studies [52, 53,
56, 60, 63, 66—68], the group treated with L-PRF presented significantly lower edema than those treated
with blood clots in at least one evaluation time. Six articles [42, 48, 54, 59, 64, 70] did not show differences
between L-PRF and blood clots. Only four studies [49, 57, 67, 72] concluded that PRP significantly
decreased edema compared to blood clots, and two did not find differences between PRP and blood clots
[43, 71]. All studies [55, 65, 74] comparing A-PRF and blood clots presented favorable results for blood
concentrates. Two articles [61, 74] associated CGF use with lower edema compared to blood clots.

Among studies directly comparing blood concentrates, one did not find differences between L-
PRF and A-PRF [50]. However, one article found favorable results for L-PRF compared to PRP in the first
three days but without difference on the seventh day [41].

Trismus

Only 13 studies evaluated trismus, of which seven had satisfactory results for blood concentrates
compared to blood clots (Table 3). Two articles [64, 66] showed lower trismus in patients treated with L-
PRF compared to blood clots, and three [42, 48, 68] did not find differences between using L-PRF or blood
clots. PRP was superior to blood clots in three studies [57, 72, 73], and one did not find differences between
the groups [71]. Only one study showed superior A-PRF [55] and CGF [61] compared to blood clots.
Finally, one article [50] also did not find differences between A-PRF and L-PRF.

3. Risk of individual bias in the eligible studies

Two studies [53, 62] presented a low risk of bias, 12 showed "some concerns", and 17 had a high
risk of bias [41-43, 49, 50, 52, 54-59, 66, 67, 69, 72, 73] (Figure 3). The randomization process was the
domain with the highest prevalence of high risk of bias. Moreover, most eligible studies were classified as
"some concerns" in the "selection bias of reported results" domain because they did not perform or present

the randomized clinical trial registration.
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Fig. 3 Risk of bias and the percentage of all included studies according to the domain.
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3.5 Network meta-analysis (NMA)

Postoperative pain

Day 1

This NMA included 16 studies, with four treatments and five pairwise comparisons, totaling 1,032
mandibular third molar extractions. Supplementary Figure 1 presents direct evidence results. A-PRF (MD:
-12.60; 95% CI: -22.95 — -2.26) and L-PRF (MD: -5.87; 95% CI: -10.66 — -1.08) showed statistically
significant lower postoperative pain than blood clots (Figure 4a). The difference among direct, indirect,
and NMA evidence suggested inconsistency in the comparisons between A-PRF and blood clots and A-

PRF and L-PRF (Supplementary Figure 2).

(a) one day
A-PRF

-6.74 [-17.05; 3.57] L-PRF
-7.23[-19.72; 527] | -0.49[-8.59; 7.61] PRP
-12.60 [-22.95; -2.26] -5.87 [-10.66; -1.08] | -5.38 [-12.85; 2.09] Blood clot

(b) two days

A-PRF

-16.77 [-28.36; -5.18] L-PRF
-21.33 [-34.37; -8.29] -4.56 [-10.53; 1.41] Blood clot

(c) three days

A-PRF

-11.94 [-29.35; 5.46) -3.72 [-15.20; 7.75) PRP
-16.91 [-30.79; -3.03) -8.69 [-14.28; -3.10] -4.97 [-16.09; 6.16] Blood clot

(d) seven days

A-PRF

-0.26 [-4.88; 4.37] L-PRF
-0.65 [-6.09; 4.78] -0.40 [-3.74; 2.94] “
-5.14 [-9.82; -0.46] -4.88 [-6.98; -2.79] -4.49 [-7.45; -1.52] Blood clot

Fig. 4 League tables with postoperative pain results from NMA one (a), two (b), three (c), and seven (d)
days after surgery. Treatments were ordered from best to worst according to the ranking probabilities of
treatment effects. Significant results are in bold.

The sensitivity analysis showed similar findings, including only studies with a split-mouth design
(Supplementary Figure 3), and comparisons between A-PRF and blood clots and A-PRF and L-PRF

remained inconsistent (Supplementary Figure 4).
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Day 2

This NMA included seven studies, with three treatments and two pairwise comparisons, totaling
402 mandibular third molar extraction procedures. Supplementary Figure 5 presents direct evidence
results and Figure 4b describes NMA outcomes. A-PRF showed statistically significant lower
postoperative pain than L-PRF (MD: -16.77; 95% CI: -28.36 —-5.18) and blood clot (MD: -21.33; 95% CI:
-34.37 —-8.29).

Day 3

This NMA included 16 studies, with four treatments and five pairwise comparisons, totaling
1,032 mandibular third molar extractions. Supplementary Figure 6 presents direct evidence results.
Postoperative pain was significantly lower for PRP, L-PRF, and A-PRF than for blood clots and for A-PRF
than L-PRF. Figure 4¢ describes NMA results, and there were no inconsistencies (Supplementary Figure
7).

The sensitivity analysis detected similar findings, including only studies with a split-mouth

design (Supplementary Figure 8), showing no inconsistencies (Supplementary Figure 9).

Day 7

This NMA included 17 studies, with four treatments and five pairwise comparisons, totaling 1,092
mandibular third molar extractions. Supplementary Figure 10 presents direct evidence results and Figure
4d shows NMA estimates. There was a statistically significant lower postoperative pain for A-PRF (MD: -
5.14; 95% CI: -9.82 — -0.46), L-PRF (MD: -4.88; 95% CI: -6.98 — -2.79) and PRP (MD: -4.49; 95% CI: -
7.45 — -1.52) than for blood clots. There were no inconsistencies (Supplementary Figure 11).

The sensitivity analysis detected similar findings, including only studies with a split-mouth design

(Supplementary Figure 12), showing no inconsistencies (Supplementary Figure 13).

Trismus

Day 1

The NMA of percentage results of interincisal opening reduction included three studies, with three
treatments and two pairwise comparisons, totaling 114 mandibular third molar extractions (Figure 1a).
Supplementary Figure 14 presents direct evidence results and Figure 5a shows NMA estimates.

The NMA of interincisal opening distance results included three studies, with four treatments and
three pairwise comparisons, totaling 271 mandibular third molar extraction procedures (Figure 1b).

Supplementary Figure 15 presents direct evidence results and Figure 6a shows NMA estimates.
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(a) one day

A-PRF
-6.08 [ -7.72; -4.44]
-17.64 [-26.10; -9.18] -11.56 [-19.85; -3.26]

Blood clot

(b) two days
A-PRF
-7.71 [ -9.36; -6.06]
-14.97 [-22.97; -6.98] -7.26 [-15.09; 0.56]
(c) three days
A-PRF
-7.59 [ -9.16; -6.02]
-13.37 [-20.59; -6.14] -5.78 [-12.83; 1.27]
(d) seven days
A-PRF

-1.68 [-3.05; -0.31] L-PRF
-4.85[-9.96; 0.26] -3.17 [-8.10; 1.75] Blood clot

Fig. 5 League tables with trismus results (measured as the percentage of interincisal opening reduction)
from NMA after one (a), two (b), three (c), and seven (d) days after surgery. Treatments were ordered from
best to worst according to the ranking probabilities of treatment effects. Significant results are in bold.

Day 2
This NMA included three studies, with four treatments and two pairwise comparisons, totaling
114 mandibular third molar extractions. Supplementary Figure 14 presents direct evidence results and

Figure 5b describes NMA outcomes.

Day 3
This NMA included three studies, with four treatments and two pairwise comparisons, totaling
114 mandibular third molar extractions. Supplementary Figure 14 presents direct evidence results and

Figure 5c describes NMA outcomes.

Day 7
The NMA of percentage results of interincisal opening reduction included three studies, with three
treatments and two pairwise comparisons, totaling 114 mandibular third molar extractions (Figure 1a).

Supplementary Figure 14 presents direct evidence results and Figure 5d shows NMA estimates. There
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was a statistically significant lower percentage of interincisal opening reduction for A-PRF (MD: -1.68;
95% CI: -3.05 — -0.31) than for L-PRF.

The NMA of interincisal opening distance results included three studies, with three treatments and
two pairwise comparisons, totaling 300 mandibular third molar extractions (Figure 1c). Supplementary
Figure 15 presents direct evidence results. There was no difference between treatments. Figure 6b shows

NMA estimates and no difference between treatments.

(a) one day

2.73[0.77; 4.69] L-PRF
3.25[ 1.54; 4.96] 0.52[-1.83; 2.87] A-PRF
4.66 [ 3.87; 5.45] 1.93[0.13; 3.73] 1.41[-0.10; 2.92] = R0

(b) seven days

1.40[-0.02; 2.82] 0.37 [-0.58; 1.32] [N=IeeRe e
2.18[-1.87; 6.23] 1.15[-2.76; 5.06] 0.78 [-3.01; 4.57] L-PRF

Fig. 6 League tables with trismus results (measured as interincisal opening distance) from NMA after one
(a) and seven (b) days after surgery. Treatments were ordered from best to worst according to the ranking
probabilities of treatment effects. Significant results are in bold.

3.6 Certainty of evidence
All comparisons were considered "very low certainty of evidence" (Table 4). The reasons for

downgrading the certainty of evidence included the risk of bias, incoherence, and imprecision.
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Table 4. GRADE assessment for direct and indirect certainty of evidence comparisons.

Postoperative Comparison Direct evidence Direct Indirect Indirect Lowest Intransitivity Incoherence Imprecision Final
period certainty evidence evidence between for NMA for NMA certainty
Risk of Inconsistency Indirectness Publication  ©f comparison  comparison  both of
bias bias evidence from the from the evidence
closest loop  closest loop

Pain

1 day Blood clot vs  Very Very serious® None None Very low Blood clot L-PRF vs Very None None Very Very low
PRP serious! vs L-PRF PRP low serious®
Blood clot vs  Very Very serious® None None Very low Blood clot L-PRF vs Very None Serious® Serious’ Very low
L-PRF serious' vs PRP PRP low
Blood clot vs  Very - None None Low Blood clot A-PRF vs Very None Serious® Serious’ Very low
A-PRF serious' vs L-PRF L-PRF low
A-PRF vs L- Very - None None Low Blood clot Blood clot Very None Serious® Very Very low
PRF serious' vs L-PRF vs A-PRF low serious®
L-PRF vs Very - None None Low Blood clot Blood clot Very None None Very Very low
PRP serious' vs L-PRF vs PRP low serious®

2 days Blood clot vs  Very Serious* None None Very low - - - - - Very Very low
L-PRF serious' serious®
A-PRF vs L- Very - None None Low - - - - - Serious’ Very low
PRF serious'
Blood clot vs - - - - - Blood clot A-PRF vs Low None - Serious’ Very low
A-PRF vs L-PRF L-PRF

3 days Blood clot vs  Very Very serious® None None Very low  Blood clot L-PRF vs Low None None Serious’ Very low
L-PRF serious' vs PRP PRP
Blood clot vs ~ Very None None None Low Blood clot L-PRF vs Very None None Very Very low
PRP serious' vs L-PRF PRP Low serious®
Blood clot vs  Very - None None Low Blood clot A-PRF vs Very None None Serious’ Very low
A-PRF serious' vs L-PRF L-PRF Low
A-PRF vs L-  Very - None None Low Blood clot Blood clot Very None Serious® Very Very low
PRF serious’ vs L-PRF vs A-PRF Low serious®
L-PRF vs Very - None None Low Blood clot Blood clot Very None None Very Very low
PRP serious' vs L-PRF vs PRP Low serious®

7 days Blood clot vs  Very Very serious® None None Very low  Blood clot L-PRF vs Low None None Serious’ Very low
L-PRF serious' vs PRP PRP
Blood clot vs ~ Very None None None Low Blood clot L-PRF vs Very None None Serious’ Very low
PRP serious’ vs L-PRF PRP low
Blood clot vs ~ Very - None None Low Blood clot A-PRF vs Very None None Very Very low
A-PRF serious' vs L-PRF L-PRF low serious®
A-PRF vs L- Very - None None Low Blood clot Blood clot Very None None Very Very low
PRF serious' vs L-PRF vs A-PRF low serious®
L-PRF vs  Very - None None Low Blood clot Blood clot Very None None Very Very low
PRP serious’ vs L-PRF vs PRP low serious®

Trismus (measured as a percentage of interincisal opening reduction)
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1 day Blood clot vs  Very None None None Low - - - - Serious’ Very low
L-PRF serious'
A-PRF vs L- Very - None None Low - - - - Serious’ Very low
PRF serious'
Blood clot vs - - - - - Blood clot A-PRF vs Low None Serious’ Very low
A-PRF vs L-PRF L-PRF

2 days Blood clot vs ~ Very None None None Low - - - - Very Very low
L-PRF serious’ serious®
A-PRF vs L- Very - None None Low - - - - Serious’ Very low
PRF serious'
Blood clot vs - - - - - Blood clot A-PRF vs Low None Serious’ Very low
A-PRF vs L-PRF L-PRF

3 days Blood clot vs  Very None None None Low - - - - Very Very low
L-PRF serious' serious®
A-PRF vs L- Very - None None Low - - - - Serious’ Very low
PRF serious'
Blood clot vs - - - - - Blood clot A-PRF vs Low None Serious’ Very low
A-PRF vs L-PRF L-PRF

7 days Blood clot vs  Very None None None Low - - - - Very Very low
L-PRF serious' serious®
A-PRF vs L-  Very - None None Low - - - - Very Very low
PRF serious' serious®
Blood clot vs - - - - - Blood clot A-PRF vs Low None Serious’ Very low
A-PRF vs L-PRF L-PRF

Trismus (measured as an interincisal opening distance)

1 day Blood clot vs  None - None None High - - - - Very Low
L-PRF serious®
Blood clot vs ~ Very - None None Low - - - - Serious’ Very low
PRP serious'
Blood clot vs  Very - None None Low - - - - Very Very low
A-PRF serious' serious®
A-PRF  vs - - - - - Blood clot Blood clot Low None Serious’ Very low
PRP vs PRP vs A-PRF
A-PRF vs L- - - - - - Blood clot Blood clot Low None Very Very low
PRF vs L-PRF vs A-PRF serious®
L-PRF vs - - - - - Blood clot Blood clot Low None Very Very low
PRP vs L-PRF vs PRP serious®

7 days Blood clot vs ~ Serious® - None None Moderate - - - - Very Very low
L-PRF serious®
Blood clot vs ~ Very - None None Low - - - - Serious’ Very low
PRP serious’
Blood clot vs ~ Very - None None Low - - - - Serious’ Very low
A-PRF serious’
A-PRF vs L- - - - - - Blood clot Blood clot Low None Very Very low
PRF vs A-PRF vs L-PRF serious®
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A-PRF  vs - - - - - Blood clot Blood clot Low None - Very Very low

PRP vs A-PRF vs PRP serious®
L-PRF vs - - - - - Blood clot Blood clot Low None - Very Very low
PRP vs L-PRF vs PRP serious®

1 — High risk of bias due to problems in the randomization process and/or outcome assessment. 2 — Some concerns due to problems in the randomization process and/or outcome assessment. 3 -
I? for direct comparisons if they were moderate (30-60%), substantial (50-90%), or considerable (75%-100%), and there was no 95%CI overlap. 4 - I? for direct comparisons if they were
moderate (30-60%), substantial (50-90%), or considerable (75%-100%), and there was 95%CI overlap. 5 - Global inconsistency statistics had a p < 0.05 or the evidence was downgraded one
level if the direct and indirect evidence favored opposite treatments, but the direct effect estimate agreed with the NMA effect estimate; and two levels if the direct effect estimate was incoherent
with the indirect and NMA effect estimates. 6 - Downgraded one level if the 95%CI of the NMA effect estimate crossed the large effect threshold (>0.8 SD); and two levels if the NMA 95%CI
also crossed the null effect line. 7 - Whenever OIS was not achieved, one point was downgraded.
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Discussion

Blood concentrates increase the local concentration of cytokines and growth factors rapidly and
sustainably, depending on the type, which is among the characteristics that biologically distinguish these
concentrates [75]. Releasing such substances causes - in vitro - pro-inflammatory cytokine suppression [25—
28]. Therefore, this network meta-analysis (NMA) aimed to examine the efficacy of applying blood
concentrates after mandibular third molar removal regarding postoperative signs and symptoms. The study
hypothesized that postoperative inflammatory signs and symptoms would be minimized by applying blood
concentrates compared to blood clots to the alveolus of extracted mandibular third molars. Hence, in this
network systematic review, the patient's blood clot, as a normal process, was the more adequate and
reasonable reference group for indirect comparisons to assess PRF potential for controlling pain perception,
edema, and trismus.

According to the qualitative analysis of the included studies, blood concentrate actions were
contradictory. There was no consensus on the efficacy of these elements in promoting a postoperative
period with lower pain perception, lower edema, and larger mouth opening. Studies indicating the
effectiveness of PRP for pain control are based on the ability of this concentrate to reduce the rate of
prostaglandins, the primary mediator responsible for pain perception [76, 77]. Investigations with
postoperative outcomes favoring L-PRF use for pain control evaluate this concentrate not exclusively as a
source of growth factors because it is also a fibrin-based biomaterial containing cells, matrix proteins, and
anti-inflammatory mediators released for a longer time and working throughout the inflammatory repair
phase [53]. Thus, L-PRF inserted in the alveolus would modulate the inflammatory response and promote
higher hemostasis, chemotaxis, and angiogenesis, working as a bioactive scar matrix for the complex repair
cascade that would occur later [17, 78]. However, lower pain levels cannot be explained only by PRF action
because patients also used medications in different regimens, which may affect postoperative pain
perception. The network meta-analysis showed that the analyzed blood concentrates for pain perception
(A-PRF, L-PRF, and PRP) were better for reducing inflammatory signs and symptoms than blood clots. A-
PRF was statistically superior to blood clots in all evaluated times and L-PRF in the third and seventh
postoperative days. The release of growth factors and cytokines from A-PRF and L-PRF predominantly
occurs between the first and third days, coinciding with the acute inflammatory peak. That may be due to
the extension of this release to the tenth day, and A-PRF was the concentrate with the highest total release
of these factors throughout the evaluated time [75, 79]. Second-generation blood concentrates, such as L-
PRF and A-PRF, have a three-dimensional network structure that provides a favorable site for cell
migration, fixation, and differentiation but also retain a high number of growth factors and cytokines that
remain trapped in the fibrin mesh and probably even in fibrin polymers [ 16, 80]. Progressive polymerization
would mean a higher circulating cytokine incorporation into fibrin meshes, allowing a continuous release
of these factors and causing the anti-inflammatory effect sustained during the evaluated time. Using anti-
and procoagulants to produce PRP would promote lower incorporation of these cytokines and a short-term
release at lower amounts [18, 75]. Pain decreased more using A-PRF than blood clots in the second and
third days, coinciding with the acute inflammatory peak.

As for trismus, the NMA was divided according to the measurement method. The evaluated

concentrates for the interincisal opening percentage were L-PRF and A-PRF, providing evidence for the
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positive effect of A-PRF compared to L-PRF at all evaluated times and A-PRF for the control group at one,
three, and seven days. L-PRF was superior to blood clots only for the measurement on the first day. When
measuring interincisal opening distance, the first-generation concentrate (PRP) was added to the
comparisons and surpassed all other treatments on the first day. There were no differences between the
treatments and the control group on the seventh day. The difference between PRP and the other concentrates
may be due to the higher release of cytokines and growth factors in the initial times after its use compared
to the slow and continuous release of second-generation concentrates [75].

Studies evaluating blood concentrate action related to mouth opening showed a consensus
regarding CGF efficacy in reducing trismus [61, 74]. Such findings should be interpreted carefully because
these were the only included studies using CGF. Moreover, TORUL et al. (2020) did not show statistically
significant differences among patients treated with CGF. The findings of KOYUNCU et al. (2020) were
statistically significant, indicating the success of CGF as a fibrin matrix working as a support material and
reservoir for growth factors, such as PDGF, TGF, and VEGF and inflammatory cytokines.

Edema assessments presented heterogeneous results, hindering a quantitative evaluation,
especially for edema and trismus, which made it impossible to group the data for the network analysis. The
low number of patients receiving some concentrates for the outcomes may affect estimate precisions in the
data analyses.

Blood concentrates are prepared by varying the relative centrifugal force (RCF), centrifugation
time, and tubes [15, 20]. Centrifuge characteristics and correctly using the centrifugation protocol
significantly affect the quality of the produced concentrate [81]. Although RCEF is the reference standard to
produce blood concentrates, only three studies described it in the methodology [51, 59, 64]. Among the
main limitations in the literature on blood concentrates is the absence of a standard method to report RCF
values [82, 83]. RCF may be obtained by measuring the maximum rotor radius and rotations per minute.
Most studies cannot determine the exact RCF to produce blood concentrates because none informed the
rotor radius and only a few described the centrifuge used to produce the concentrates. All articles mentioned
the centrifugation time. Considering that each of these aspects is relevant for blood concentrate production,
the absence of such information hinders the knowledge of whether the concentrates were produced correctly
(standardized). Standardizing blood concentrate protocols and their description is required for correct
production and improved reproducibility of new randomized clinical trials - the most reliable clinical study
for making decisions about therapy applications in the health field.

Considering their significance, these interventions must be described through high-quality reports
that provide transparency and allow readers to assess the study findings critically [84]. Hence, execution
failures in this study type interfere with results, causing conclusion errors regarding the effectiveness or
safety of the evaluated interventions [38]. The main goal of randomization in treatment arms is to stop
researchers, clinicians, and patients from predicting and influencing the appointment of a given intervention
group [85]. Most studies showed a high risk of bias, especially regarding the randomization process. Among
the limitations of this systematic review is the low certainty of evidence caused by the high risk of bias in
most eligible studies, mainly referring to randomization. There were only a few studies included in each
outcome, and the methodologies applied to the outcomes showed heterogenicity. Therefore, most analyzed

studies presented major methodological problems.
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Postoperative sequelae after lower third molar extraction varied according to several factors, such
as age, comorbidities, tooth difficulty level, surgeon experience, oral hygiene level, and surgical procedure
[86, 87]. The studies included in this review presented limitations regarding these comparative effects.
There was no standardization among the factors that might affect the analyzed outcomes, such as the
position and difficulty of extracted lower third molars, the flap used, the interval between procedures in the
study/control (washout), and medications used before and after surgery. Additionally, different study
designs, measurement scales, and surgical protocols might explain the heterogeneity. Sensitivity tests were
performed to minimize these biases, including only split-mouth studies for pain perception, and all results
were similar at one, three, and seven days. Regarding the analyzed outcomes, even though the
measurements simulated comparison conditions, several results were non-consonants due to their forms of
expression. These data acquisition limitations indicate the need for improving reporting quality and
standardization in further studies.

Numerous factors can affect the analyzed outcomes, such as prior toothache experience,
medications used before and after surgery, hygiene, surgeon experience, and surgical duration and difficulty,
complicating the interpretation of results. The low number of patients receiving some concentrates for the
outcomes may affect estimate precisions in the data analyses. Therefore, new clinical studies with higher
standardization, improved methodological quality, and a larger scale are required to establish the actual
effect of blood concentrates on pain perception, edema, and trismus. Improving these factors may help
further reviews determine the efficacy of blood concentrates in controlling inflammatory signs and
symptoms after lower third molar surgeries, thus establishing the potential cost-effectiveness of their

clinical application to the routine of this procedure.

Conclusion

Considering the low certainty of evidence, A-PRF after mandibular third molar extractions
performed better among the analyzed blood concentrates and seemed effective in reducing postoperative
pain at all analyzed times. Trismus decreased when using A-PRF at the inflammatory peak. Considering
the relevance of third molar extractions in the clinical routine of dentists and the evidence level of the
evaluated articles, further randomized clinical trials are required, presenting better designs and supporting

solid guidelines for recommending blood concentrates for reducing inflammatory signs and symptoms.
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Supplementary Material

Supplementary Table 1. Studies excluded after reading the full texts, and the reasons for exclusion (n=7).

Excluded study Reason for exclusion

1. Vivek and Sripathi, 2009 The study design is not a randomized clinical trial.

2. Rutkowski et al., 2010 The study design is not a randomized clinical trial.

3. Haraji et al., 2012 The sample consists of patients who use
contraceptives, are smokers, and have bruxism or
alveolar osteitis.

4. Singh et al., 2012 The study design is not a randomized clinical trial.

5. Unsal and Erbasar, 2018 Sample composed of smokers.

6. Yuce and Komerik, 2019 The sample consists of patients with alveolar osteitis.

7. Alfarraj and Karabit, 2021 Sample composed of smokers.
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Supplementary Figure 1. Pairwise comparisons for postoperative pain one day after surgery.

Subgroup and Study

PRP vs. Blood clot

Ozgul et al., 2015

Kumar et al., 2020

Gandevivala et al., 2017

Subgroup, DL (F = 92.5%, p = 0.000)

L-PRF vs. Blood clot

Bilginaylar and Uyanik, 2016 —_——

Asutay et al., 2017 ——
Miyamoto et al., 2020 -
Gulsen and Senturk, 2017 —_——
Afat et al., 2018 —1—
Dar et al., 2018 ——

Daugela et al., 2018 ——

Kapse et al., 2019 *

Ritto et al., 2019 —_—
Sybil et al., 2020 ——

Subgroup, DL (I = 92.8%, p = 0.000)

L-PAF vs. A-PRF
Caymaz and Uyanic, 2019

L-PRF vs. FRP
Bhujbal et al., 2020

A-PRF vs. Blood clot
Gupta and Agarwal,

Ok

MD (95% CI)

4.32 (-6.86, 15.50)
-13.60 (-15.79, -11.41)
-3.00 (-7.17, 1.17)
-5.17 (-14.83, 4.49)

-20.12 (-31.54, -8.70)
5.15 (-8.60, 18.90)
2.35 (0.14, 4.56)

4.91 (-8.35, 18.17)
5.50 (-4.37, 15.37)
-20.00 (-27.70, -12.30)
-13.30 (-18.89, -7.71)
-9.40 (-10.43, -8.37)
-9.80 (-29.24, 9.64)
-12.80 (-18.89, -6.71)
-7.19 (-12.74, -1.63)

16.74 (13.93, 19.55)
16.74 (13.93, 19.55)

-0.50 (-0.97, -0.03)
-0.50 (-0.97, -0.03)

-2.00 (-6.43, 2.43)
-2.00 (-6.43, 2.43)

Supplementary Figure 2. Assessment of inconsistency between direct and indirect comparisons of
interventions (postoperative pain one day after surgery).
Comparison No.Studies NMA Direct Indirect Difference Diff_95CI_lower Diff_95CI_upper pValue
1| A_PRF:Blood_clot 1|-12.6036013423496 -2 | -23.8478968863388 | 21.8478968863388 1.15116416111428 | 42.5446296115634 | 0.0385481223966034
2| A_PRF:L_PRF 1 -6.73701661167276  16.74 5.107 7 | -21.847 -42.5446296115634 | -1.1511641611143 | 0.0385481223966033
3| A_PRF:PRP 0| -7.22541585636881 | NA -7.22541585636881 | NA NA NA NA
4| L_PRF:Blocd_clot 10 | -5.86658473067688 | -7.18230152489153 2.26725260182995 | -9.49955412672149 -23.1551552555185 | 4.15604700207557 | 0.172739472934712
5 | PRP:Blood_clot 3| -5.37818548598082 | -5.16283601660808 -5.36503711012615 | -0.0177989064819206 | -17.0218687054571 | 16.9862708924933 | 0.99836307685244
6| L_PRF:PRP 1 -0.488399244696053 -0.5 -0.48220109351808 | -0.0177989064819196 | -17.0218687054571 | 16.9862708924933 | 0.99836307685244

88



Supplementary Figure 3. Sensitivity analysis (postoperative pain one day after surgery). Significant

results are in bold.

A-PRF

-6.81[-17.06; 3.45] L-PRF
-7.19[-19.57; 5.19] | -0.38[-8.53; 7.77] “
-12.54 [-22.84; -2.25] -5.74 [-10.90; -0.58] | -5.36 [-12.78; 2.07] Blood clot

Supplementary Figure 4. Assessment of inconsistency between direct and indirect comparisons of

interventions after removing studies with a parallel design (postoperative pain one day after surgery).

Comparison No.Studies NMA Direct Indirect Difference Diff_95CI_lower Diff_95CI|_upper pValue
1| A_PRF:Blood_clot 1| -12.5431159620504 -2 | -23.9524674454913 | 21.9524674454913 1.34697033072421 | 42.5579645602584 | 0.036790097319184
2| A_PRF:L_PRF 1 -6.8057327675274 16.74 5.21246744549132 | -21.9524674454913 | -42.5579645602584 -1.34697033072424 | 0.0367900973191837
3| A_PRF:PRP 0| -7.18777799014718 NA -7.18777799014718 | NA NA NA NA
4| L_PRF:Blood_clot 8 -5.73738319452299 | -7.37485070076869 2.25218906885863  -9.62703976962732  -23.3576567477248 4.10357720847015 | 0.16937875594435
5| PRP:Blood_clot 3 | -5.3553379719032 -5.16283601660808 | -5.21841456594787 | -0.184347606053011 | -17.1638430643226 | 16.7951478522166 | 0.983022720497
6| L_PRF:PRP 1| -0.382045222619783 | -0.5 -0.315652393947 -0.184347606053 -17.1638430643226 | 16.7951478522166 | 0.983022720497001

Supplementary Figure 5. Pairwise comparisons for postoperative pain two days after surgery.

Subgroup and Study

L-PRF vs. Blood clot

Bilginaylar and Uyanik, 2016

Asutay et al., 2017

Gulsen and Senturk, 2017

Afat et al., 2018

Daugela et al., 2018

Al-Hamed et al., 2017

Subgroup, DL (I = 63.9%, p = 0.017)

L-PRF vs. A-PRF
Caymaz and Uyanic, 2019

——
—_—
——
—_— -11.60 (-27.15, 3.95)

MD (95% ClI)

-13.22 (-21.00, -5.44)
- -0.08 (-10.70, 10.54)
-— 2.00 (-7.75, 11.75)
— 3.50 (-4.39, 11.39)
-8.60 (-14.12, -3.08)

- -4.56 (-10.53, 1.41)

16.77 (14.49, 19.05)
16.77 (14.49, 19.05)

X

-20

0 20

89



Supplementary Figure 6. Pairwise comparisons for postoperative pain three days after surgery.

Supplementary Figure 7. Assessment of inconsistency between

Subgroup and Study MD (95% CI)
PRP vs. Blood clot
Ozgul etal., 2015 — -0.98 (-12.15, 10.19)
Kumar et al., 2020 —— 60 (-8.13,-1.07)
Subgroup, DL (12 = 0.0%, p = 0.545) < -4.27 (-7.64, -0.90)
L-PRF vs. Blood clot
Bilginaylar and Uyanik, 2016 —— -8.55 (-13.31, -3.79)
Al-Hamed et al., 2017 —_— -9.60 (-22.44, 3.24)
Asutay et al.,, 2017 —_— 4.27 (-8.05, 16.59)
Miyamoto et al., 2020 - -9.91 (-11.46, -8.36)
Gulsen and Senturk, 2017 —— -0.10 (-6.27, 6.07)
Afat et al., 2018 —_—— -1.50 (-11.23, 8.23)
Dar et al., 2018 — -17.00 (-24.47, -9.53)
Daugela et al., 2018 —— -14.60 (-19.82, -9.38)
Kapse et al., 2019 L -23.43 (-24.46, -22.40)
Ritto et al., 2019 —_— -2.60 (-18.73, 13.53)
Sybil et al.,, 2020 —— -12.40 (-17.34, -7.46)
Subgroup, DL (F = 86.6%, p = 0.000) < -9.43 (-15.41, -3.46)
L-PRF vs. A-PRF
Caymaz and Uyanic, 2019 - 11.98 (10.52, 13.44)
~ 11.98 (10.52, 13.44)
L-PRF vs. PRP
Bhujbal et al., 2020 * -0.50 (-1.03, 0.03)
‘ -0.50 (-1.03, 0.03)
A-PRF vs. Blood clot
Gupta and Agarwal, —_— -12.00 (-22.04, -1.96)
_ -12.00 (-22.04, -1.96)
I T
20 ] 20

interventions (postoperative pain three days after surgery).

direct and indirect comparisons of

Comparison No.Studies NMA Direct Indirect Difference Diff 95CI_lower Diff 95C]_upper  pValue
1| A_PRF:Blood_clot 11-16.9102262246741 -12|-21.049834079385 | 9.04983407938501  -18.8020413664548 | 36.9017095252248 0.524225314225848
2| A_PRF:L_PRF 1-8.22112490763487 | 11.98 -2.930165920615 -9.049834079385 -36.9017095252248 | 18.8020413664548 | 0.524225314225848
3| A_PRF:PRP 0 -11.9442674069877 NA -11.9442674069877 | NA NA NA NA
4| L_PRF:Blood_clot 11| -8.68910131703919 | -9.42658622556892 | -2.11305270256245 | -7.33353352300647 | -25.7054631542295 11.0383961082166 0.434003075470757
5| PRP:Blood_clot 2 | -4.96595881768639 | -4.27141162695456 -8.52414120401119 | 5.47272957705664 | -17.850183245078 | 28.7 1913 | 0. 17
6| L_PRF:PRP 1/-3.7231424993528  -0.5 -5.97272957705685 | 5.47272957705665 | -17.850183245078  28.7956423991913  0.645583520483516

Supplementary Figure 8. Sensitivity analysis (postoperative pain three days after surgery). Significant

results are in bold.

A-PRF

-7.94 [-21.82; 5.95] L-PRF
-12.06 [-29.60; 5.48]  -4.13[-15.84; 7.59] “
-17.26 [-31.34; -3.18] -9.32 [-15.74; -2.90] ' -5.20 [-16.46; 6.06] Blood clot
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Supplementary Figure 9. Assessment of inconsistency between direct and indirect comparisons of

interventions after removing studies with a parallel design (postoperative pain three days after surgery).

Comparison No.Studies NMA Direct Indirect Difference Diff_95CI_lower Diff_95CI_upper pValue
1| A_PRF:Blood_clot -17.2621201093814 -12 | -21.8435005688038 | 9.84350056880382 | -18.3808532769531 | 38.0678544145608 | 0.494256020558576
2| A_PRF.L_PRF -7.93736813608725 11.98 -2.13649943119623 | -9.84350056880377 | -38.0678544145607 | 18.3808532769532 | 0.494256020558578
3| A_PRF:PRP -12.0642590425719  NA -12.0642590425719  NA NA NA NA

4| L_PRF:Blood_clot
5| PRP:Blood_clot
6| L_PRF:PRP

-9.32475197329417 -10.4437328121654 -2.10999095082872 | -8.33374186133671 | -27.1631928483922 | 10.4957091257188 | 0.385688903707806
-5.19786106680953 -4.2714116 -0.32392821037363 | 6.27581120805801 | -17.4502348960493 | 30.0018573121653 | 0.604156234035813
-4.12689090648463 -0.5 -6.77581120805806 | 6.27581120805806 | -17.4502348960492 | 30.0018573121653 | 0.604156234035811

N - R

Supplementary Figure 10. Pairwise comparisons for postoperative pain seven days after surgery.

Individual study results (for all studies) grouped by treatment comparison

L_PRF vs Blood_clot

Asutay 2017 —_— 3.31 [-3.59, 10.21]
Gulsen and Senturk 2017 e 0.20[-1.24, 1.64]
Afat 2018 —— -2.50 [ -5.59, 0.59]
Dar 2018 —_— -8.00 [-14.03, -1.97]
Daugela 2018 ——— -14.60 [-17.48, -11.72]
Kapse 2019 [ ] -15.60 [-16.16, -15.04]
Ritto 2019 : -5.80 [-24.51, 12.91]
Sybil 2020 - -1.24 [ -2.07, -0.41]

A_PRF vs Blood_clot 5
Gupta and Agarwal 2021 —— -3.50 [ -6.68, -0.32]

A_PRF vs L_PRF 5
Caymaz and Uyanic 2019 [ § -1.55[-2.10, -1.00]

PRP vs Blood_ciot

Ozgul 2015 -—-— 0.80[-5.95, 7.55]

Kumar 2020 —-— -8.30 [-10.29, -6.31]

Hanif and Sheik 2021 —.— -7.90 [ -9.85, -5.95]
| _

=30 =20 -10 ] 10 20
Observed MD
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Supplementary Figure 11. Assessment of inconsistency between direct and indirect comparisons of

interventions (postoperative pain seven days after surgery).

Comparison No.Studies NMA Direct Indirect Difference Diff_ 95CI_lower Diff 95C1_upper  pValue
1| A_PRF:Blood_clot 1/ -6.14007777051297 | -3.5 -6.59811493620816 | 3.09811493620816 | -6.27397982333029 12.4702096957466 | 0.517048699012995
2| A_PRF:L_PRF 1 -0.255299184386681 | 1.55 1.54811493620815 | -3.09811493620815 | -12.4702096957466 | 6.2739798233303 | 0.517048699012997
3| A_PRF:PRP 0 -0.654643128166252 NA -0.654643128166252 | NA NA NA NA
4| L_PRF:Blood_clot 10 | -4.88477858612629 | -4.95784684828745 -3.5674901373237 | -1.54035671096375 | -7.49190841547646 4.41119499354895 0.611965379994602
5| PRP:Blood_clot 4| -4.48543464234671 | -4.13344961430157 | -4.82447364649468 | 0.431024032193107 | -6.81217619317434 | 7.67422425756056 | 0.907151388408841
6| L_PRF:PRP 1 -0.399343943779571  -0.1 -0.531024032193108 | 0.431024032193108 | -6.81217619317435 | 7.67422425756056 0.90715138840884

Supplementary Figure 12. Sensitivity analysis (postoperative pain seven days after surgery). Significant

results are in bold.

-0.24[-5.11; 4.63]
-0.66 [ -6.38; 5.07] -0.42[-3.93; 3.10] “
-5.12 [-10.05; -0.20] -4.88 [ -7.08; -2.68] -4.47 [ -7.59; -1.34]

Supplementary Figure 13. Assessment of inconsistency between direct and indirect comparisons of

interventions after removing studies with a parallel design (postoperative pain seven days after surgery).

Comparison No.Studies NMA Direct Indirect Difference Diff_95CI_lower Diff_95CI_upper pValue
1| A_PRF:Blood_clot 1/-5.12221072103197 | -3.5 -6.59548631226926 | 3.09548631226926  -6.76827648000906 12.9592491045476 | 0.538499313996355
2| A_PRF.L_PRF 1| -0.239328565789362  1.55 1.54548631226925 | -3.09548631226925 | -12.9592491045476  6.76827648000906 | 0.538499313996355
3| A_PRF:PRP 0 -0.656469292779753 NA -0.656469292779753 NA NA NA NA
4| L_PRF:Blood_clot 9 -4.88288215524261  -5.10652051906213 | -3.54631528608639 | -1.56020523297574  -7.8399225115503 | 4.71951204559882 | 0.626289505885098
5| PRP:Blood_clot 3 -4.46574142825222 | -4.36971455025036  -4.82414919724379 | 0.454434646993427 | -7.20388509250431 | 8.11275438649116 | 0.907413444913863
6| L_PRF:PRP 1/-0.41714072699039 | -0.1 -0.554434646993439 | 0.454434646993439 | -7.2038850925043 | 8.11275438649118 | 0.907413444913961
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Supplementary Figure 14. Pairwise comparisons for trismus (percentage of interincisal opening

reduction) one day after surgery.

(a) one day
Subgroup and Study MD (95% ClI)
L-PRF vs. Blood clot
Uyanik et al., 2015 —_— -16.58 (-29.48, -3.68)
Bilginaylar and Uyanik, 2016 — -8.02 (-18.85, 2.81)
Subgroup, DL (I2 = 0.0%, p = 0.319) - -11.56 (-19.85, -3.26)
L-PRF vs. A-PRF
Caymaz and Uyanic, 2019 L 6.08 (4.44,7.72)
O 6.08 (4.44, 7.72)
T T
-20 o] 20
(b) two days
Subgroup and Study MD (95% Cl)
L-PRF vs. Blood clot
Uyanik et al., 2015 —_— -12.20 (-25.02, 0.62)
Bilginaylar and Uyanik, 2016 —_— -4.34 (-14.21, 5.53)
Subgroup, DL (I? = 0.0%, p = 0.341) - -7.26 (-15.09, 0.56)
L-PRF vs. A-PRF
Caymaz and Uyanic, 2019 - 7.71 (6.06, 9.36)
$ 7.71 (6.08, 9.36)
T T
-20 0 20
Subgroup and Study (C) three days MD (95% Cl)
L-PRF vs. Blood clot
Uyanik et al., 2015 e -9.21 (-20.87, 2.45)
Bilginaylar and Uyanik, 2016 —_— -3.80 (-12.65, 5.05)
Subgroup, DL (12 = 0.0%, p = 0.469) == -5.78 (-12.83, 1.27)
L-PRF vs. A-PRF
Caymaz and Uyanic, 2019 - 7.59 (6.02, 9.16)
L 7.59 (6.02, 9.16)
T T
20 0 20
(d) seven days
Subgroup and Study MD (95% Cl)
L-PRF vs. Blood clot
Uyanik et al., 2015 —_— 475 (-12.41, 2.91)
Bilginaylar and Uyanik, 2016 —_— -2.06 (-8.49, 4.37)
Subgroup, DL (I2 = 0.0%, p = 0.598) ~<>=— -3.17 (-8.10, 1.75)
L-PRF vs. A-PRF
Caymaz and Uyanic, 2019 - 1.68 (0.31, 3.05)
<> 1.68 (0.31, 3.05)
T T
-10 0 10
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Supplementary Figure 15. Pairwise comparisons for trismus (interincisal opening distance) one day after

surgery.

(a) one day
Subgroup and Study MD (95% Cl)

Blood clot vs. L-PRF
Kumar et al., 2015 —— 1.93(0.13, 3.73)

<>  193(0.13,3.73)

Blood clot vs. PRP
Kumar et al., 2020 4.66 (3.87, 5.45)

——
<> 4.66(3.87, 5.45)

Blood clot vs. A-PRF

Gupta and Agarwal et al., 2021 —— 1.41 (-0.10, 2.92)
<> 1.41 (-0.10, 2.92)
T T
-5 0 5
(b) seven days
Subgroup and Study MD (95% Cl)

Blood clot vs. L-PRF
Asutay et al., 2017 - -0.78 (-4.57, 3.01)

—_— -0.78 (-4.57, 3.01)

Blood clot vs. PRP
Kumar et al., 2020 —— 0.37 (-0.58, 1.32)
~< > 0.37 (-0.58, 1.32)

Blood clot vs. A-PRF
Gupta and Agarwal et al., 2021 — 1.40 (-0.02, 2.82)

< 1.40 (-0.02, 2.82)
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4 — CONSIDERACOES FINAIS

O novo protocolo de fibrina rica em plaquetas proposto pela equipe de pesquisa,
PRO-PRF, demonstrou ser capaz de produzir membranas gigantes de PRF com maior
resisténcia sem perda da celularidade. Além disso, a utilizagao de tubos de plasticos sem
aditivos proporcionou vantagens significativas, permitirndo a personalizagao do tamanho
e da espessura da membrana produzida, bem como a incorporacdo de biomateriais e/ou
farmacos durante o processo de producgdo. Esses resultados apontam para um avango no
campo dos concentrados sanguineos e indicam que o PRO-PRF pode ser considerado uma
nova geracao de concentrados sanguineos, com parametros que justificam sua utilizagdo
em diversas aplicagoes clinicas.

Os tubos de plastico sem aditivos Vacuette® se mostraram como uma alternativa
viavel e segura para a producdo de membranas de PRF. Esses tubos tém a vantagem de
serem mais acessiveis, financeiramente, do que os tubos S-PRF® PROCESS, que,
atualmente, sdo considerados tubos de referéncia para producao de PRF.

Apesar da baixa certeza de evidéncia foi possivel observar que, dentre os
concentrados sanguineos avaliados, o A-PRF foi o que apresentou o melhor desempenho
na redugdo da dor pds-operatoria e trismo, apos extragdes de terceiros molares inferiores.
Considerando o nivel de evidéncia muito baixo e os vieses dos ensaios clinicos
randomizados atualmente existentes na literatura, comparando as sequelas inflamatodrias
das extragdes de terceiros molares, nossa proxima etapa sera realizar ensaio clinico
randomizado com essa temadtica, apoiado em diretrizes s6lidas para ajudar na elucidag¢ao

da tematica.
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