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Abstract: Platelet concentrates are used for cell induction and stimulation in tissue repair processes.
The aim of the present systematic review and meta-analysis was to compare the biological and cellular
properties of advanced platelet-rich fibrin (A-PRF) to those of other platelet concentrates. Searches
were conducted on the PubMed /Medline, Scopus, Web of Science, Embase and LILACS databases
using a search strategy oriented by the guiding question. A total of 589 records were retrieved. Seven
articles of in vitro experimental studies were selected for qualitative data analysis and four were
selected for meta-analysis. The release of growth factors, distribution of cells in the fibrin membrane,
and cell viability, the fibrin network, and fibroblast migration were investigated. In the final analysis,
statistically significant differences were found for the A-PRF group with regard to platelet-derived
growth factor, transforming growth factor, epidermal growth factor and vascular endothelial growth
factor at all assessment times. A difference was found with regard to bone morphogenetic protein only
in the later assessment, and no differences among groups were found with regard to platelet-derived
growth factor or insulin-like growth factor. The results of this systematic review and meta-analysis
suggest that A-PRF has superior cellular properties and better release of growth factors compared to
other platelet concentrates.

Keywords: blood platelets; fibrin; platelet-rich plasma; platelet-rich fibrin; platelet concentrates

1. Introduction

Platelet concentrates are products obtained through the fractionation of blood plasma
by centrifugation. The products of this process are cells, platelet concentrates and factors
that stimulate cellular proliferation. As an easily manipulated autologous formulation,
these blood products have generated considerable interest in current tissue regeneration
techniques [1,2].

Different types of platelet concentrates can be obtained through changes in the cen-
trifugation process. These formulations are classified based on the cellular products and
architecture of the fibrin network. Such differences have evolved with the successive gener-
ations of platelet concentrates with the aim of resolving clinical problems through cellular
properties [3]. The first generation was platelet-rich plasma, also known as leukocyte-poor
platelet-rich plasma, which led to deficiencies in the healing process due to the presence of
anticoagulant agents and the negative influence of the product on cellular inflammatory
activation [4,5].

Beginning with the second generation, concentrates were grouped into platelet-rich
fibrin (PRF), for which the presence of anticoagulants was no longer necessary. This led
to leukocyte-platelet rich fibrin (L-PRF), which, along with the growth factors found in
platelet concentrates, also has a high concentration of leukocytes. More recently, a new
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centrifugation process has been proposed, denominated low-speed centrifugation, the aim
of which is to improve the distribution and quality of growth factors in the membranes
used in tissue reconstruction. This novel protocol has provided advanced plasma-rich fibrin
(A-PRF), and more recently an injectable formulation, which, due to its liquid structure,
has different applications compared to previously produced platelet concentrates [4,6].

Advanced platelet-rich fibrin is used clinically for various purposes related to re-
constructive and jaw graft surgeries. Clinical studies have shown that A-PRF achieves
satisfactory results for alveolar preservation after extractions, assisting in repair and min-
imizing bone resorption. A-PRF has also demonstrated effectiveness as an adjuvant in
the treatment of alveolar osteitis, minimizing pain, recovery repair time and associated
complications. Randomized clinical trials have demonstrated the inherent advantages
of A-PRF in alveolar preservation surgeries and guided bone regeneration through the
osteoinductive properties and repair enhancement induced by platelet concentrates [7].

Like previous platelet concentrates, A-PRF was processed in the formulation of a
membrane but with a more homogeneous distribution with regard to the quantity of
platelets and leukocytes present, as well as the distribution of these cells throughout the
entire membrane, except for the acellular zone, obviously. While PRF is centrifuged at
700x g for 12 min, A-PRF is centrifuged at 200x g for 14 min and I-PRF is centrifuged at
60x g for 3 min [7].

The satisfactory results achieved with A-PRF in tissue repair and gains are explained
by biological concepts inherent to the cells found in this compound. However, much is
explained by the action of growth factors, such as insulin-like growth factor 1 (IGF-1),
platelet-derived growth factor (PDGF), vascular endothelial growth factor (VEGEF), fibrob-
last growth factor (FGF), epidermal growth factor (EGF), platelet-derived epidermal growth
factor (PDEGF) and proteins of the fibrin matrix, which are found in these formulations at
higher concentrations than in the blood and make a direct contribution to the acceleration
of the tissue regeneration process [8].

Due to the different types of platelet concentrates, questions remain with regard to
the selection of which to use in accordance with the desired property in in vitro studies to
provide the best assessment for the quantification of cells and growth factors. Therefore,
the aim of the present systematic review and meta-analysis was to provide a detailed
description of the biological and cellular properties of platelet concentrates, compiling
information found in the literature to assist in the selection of concentrates based on cellular
properties and the consequences of the composition.

2. Materials and Methods

This study was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA, 2020) guidelines [9] and the handbook of the
Cochrane Collaboration (2023) [10]. The following was the guiding question: “What
are the advantages in terms of biological and cellular properties of the use of advanced
platelet-rich fibrin (A-PRF)?” The PICO method was used to establish the guiding question.
Population—platelet concentrates from cellular cultures; intervention—advanced platelet-rich
fibrin (A-PRF); control—platelet-rich plasma (PRP), leukocyte-platelet rich fibrin (L-PRF),
platelet-rich fibrin (PRF), injectable platelet-rich fibrin (I-PRF), concentrated growth factors
(CGFs), pure platelet rich plasma (P-PRP), and blood clots; outcomes—cytokines, chemokines
and growth factors, distribution of cells in the fibrin membrane, cell viability, fibrin network,
and fibroblast migration.

2.1. Eligibility Criteria

The inclusion criteria were (i) in vitro studies that (ii) addressed biological or cellular
aspects of A-PRF. The exclusion criterion was studies that did not compare A-PRF to
another platelet concentrate of any generation or blood clot with the proposed method.
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2.2. Information Sources and Search Criteria

Searches were performed independently by two reviewers (V.B.S.P. and D.d.S.B.) on
the PubMed /Medline, Scopus, Web of Science, Embase and LILACS databases for relevant
articles published to May 2023. Divergences of opinion were resolved by consulting a third
reviewer (B.C.d.E.V.). Search terms combined with Boolean operators were used for each
database (Table 1).

Table 1. Search terms combined with Boolean operators.

Terms Database

(guided tissue regeneration OR tissue regeneration, guided OR regeneration, guided
tissue OR guided regeneration, periodontal OR regeneration, periodontal guided
tissue OR guided periodontal tissue regeneration OR periodontal guided tissue

regeneration OR bone regeneration OR bone regenerations OR regeneration, bone
OR regenerations, bone OR osteoconduction OR bone transplantation OR grafting,
bone OR bone grafting OR transplantation, bone OR alveolar bone grafting OR
alveolar cleft grafting OR alveolar ridge augmentation OR alveolar ridge
augmentations OR augmentation, alveolar ridge OR augmentations, alveolar ridge
OR ridge augmentation, alveolar OR ridge augmentations, alveolar OR mandibular
ridge augmentation OR augmentation, mandibular ridge OR augmentations,
mandibular ridge OR mandibular ridge augmentations OR ridge augmentation,
mandibular OR ridge augmentations, mandibular OR maxillary ridge augmentation
OR augmentation, maxillary ridge OR augmentations, maxillary ridge OR maxillary
ridge augmentations OR ridge augmentation, maxillary OR ridge augmentations,
maxillary OR sinus floor augmentation OR augmentation, sinus floor OR
augmentations, sinus floor OR floor augmentation, sinus OR floor augmentations,

PubMed | Medline, Web of Science

sinus OR sinus floor augmentations OR maxillary sinus floor augmentation OR
sinus augmentation therapy OR augmentation therapies, sinus OR augmentation
therapy, sinus OR sinus augmentation therapies OR therapies, sinus augmentation
OR therapy, sinus augmentation OR regeneration OR guided tissue regeneration,
periodontal) AND (A-PRF OR advanced platelet-rich fibrin) AND (L-PRF OR
platelet-rich fibrin OR fibrin, platelet-rich OR platelet rich fibrin OR L-PRF OR
leukocyte- and platelet-rich fibrin OR leucocyte and platelet rich fibrin)

(ALL (tissue AND regeneration) OR ALL (bone AND conduction) OR ALL (bone
AND graft) OR ALL (alveolar AND ridge AND augmentation) OR ALL (sinus AND Scopus
floor AND augmentation) AND ALL (platelet-rich AND fibrin) OR ALL P
(platelet-rich AND fibrin AND matrix)) AND (LIMIT-TO (DOCTYPE, “ar”))
((“tissue regeneration” OR “bone conduction” OR “bone graft” OR “alveolar ridge
augmentation” OR “sinus floor augmentation”) AND (“platelet-rich fibrin” OR Embase
“platelet rich fibrin matrix”)) AND “article” /it

(tissue regeneration OR bone conduction OR bone graft OR alveolar ridge
augmentation OR sinus floor augmentation) AND (platelet-rich fibrin OR platelet LILACS Ibvs

rich plasma)

2.3. Article Selection

Articles were selected in two steps by two independent reviewers (V.B.S.P. and
D.d.S.B.). Divergences of opinion were resolved by consulting a third reviewer (B.C.d.E.V.).
Preselection was performed with the analysis of titles and abstracts based on the eligibility
criteria. Preselected articles were then submitted to full-text analysis.

2.4. Data Extraction

Data extraction was performed by two reviewers (V.B.S.P. and D.d.S.B.) with the aid
of a specific form for collecting information from the studies included in the systematic
review. The following data were extracted from the articles: authors, year of publication
and country of origin; cell culture; analysis; control and test groups; centrifugation protocol;
and quantification of growth factors for the quantitative analysis of the data.
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2.5. Additional Analysis

Inter-examiner agreement with regard to the articles selected was determined using
the kappa statistic. Reliability between the reviewers in the article selection process was
assessed assuming an acceptable limit of 80%. Disagreement at any stage was resolved by
discussion and mutual decision with a third reviewer (B.C.d.E.V). The final decision was
always based on the reading of the full text.

2.6. Risk of Bias

Risk of bias in the studies included was appraised using the QUIN method [11] for
in vitro studies, with 12 quality criteria: clearly stated aims/objectives; detailed expla-
nation of sample size calculation; detailed explanation of sampling technique; details of
comparison group; detailed explanation of methodology; operator details; randomization;
outcome measurement method; outcome assessor details; blinding; statistical analysis; and
presentation of results. A score was attributed to each criterion and the sum total was used
to classify the article as having a high, medium, or low risk of bias. Each appraisal criterion
was judged as adequately specified, inadequately specified, or not specified (Table S1).

2.7. Synthesis of Data

Data synthesis was performed qualitatively for seven articles [12-18], four of which
were also included in the quantitative analysis [13-16]. Meta-analyses were performed
with the aid of the Review Manager 5.4. program for the outcome “release of growth
factors” in two timeframes: early (1-2 days) and later (10 to 14 days). Forests plots were
created considering A-PRF (intervention) and other platelet concentrates (control). The
outcome was a continuous variable expressed as mean and standard deviation, with the
mean difference (MD) used as the effect measure. Inverse variance and the random model
were adopted as the statistical method. A confidence level of 95% was considered and
a p-value < 0.05 was considered indicative of statistical significance. Heterogeneity was
investigated using the chi-square test, considering variability among the studies when
p < 0.10, tau, and the I? statistic. Subgroup analysis for the different platelet concentrates
considered as control was performed to control heterogeneity.

2.8. Assessment of Certainty of the Evidence

The Grading of Recommendations, Assessment, Development and Evaluation (GRADE)
approach [19] adapted for in vitro experimental studies was used to determine the certainty of
the evidence of this systematic review and meta-analysis for the outcome “release of growth
factors”. The assessment was based on five aspects: risk of bias, inconsistency, indirect
evidence, imprecision and publication bias. The certainty of the evidence was then classified
as high, moderate, low, or very low [20].

3. Results
3.1. Article Selection

After the first step of the search for titles and abstracts in the databases, a total of
589 articles were identified. Six were duplicates and were removed and 567 were excluded
for not addressing the topic of interest. Fifteen articles were submitted to full-text analysis,
seven of which were excluded for not meeting the eligibility criteria and one for analyzing
blood of an animal origin (Table S2). Thus, seven in vitro experimental studies investigating
the biological properties of the effects of A-PRF on tissue gain, cell viability, cell counts and
growth factor counts were selected for the qualitative analysis [12-18], four of which were
also selected for meta-analysis [13-16] (Figure 1—Flowchart of article selection process).
The kappa coefficient of agreement between the reviewers (V.B.S.P. and D.d.S.B.) confirmed
the precision of the eligibility criteria in the selection of the articles based on the search
strategy applied in each database (k = 0.92 for PubMed | Medline, Scopus, Embase, Web of
Science, Cochrane Library and LILACS | bvs).
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Identification of studies via databases and registers

Records removed before
screening:

c
o ;
® Records identified from: ?upllcate records removed (n
e Databases (n = 589) =4)
b5 Registers (n = 0) Records marked as ineligible
] 9 by automation tools (n = 0)
= Records removed for other
reasons (n = 0)
Records screened Records excluded
(n = 585) (n=4)
Reports sought for retrieval Reports not retrieved
o (n=0) (n=0)
e
[
e
3 Reports excluded:
@ Reports assessed for eligibility pDivergence from topic (n =
(n = 586) 570)
Did not meet the eligibility
criteria (n =7)
Use animal blood in the
analysis (n = 1)
Studies included in review
3 (n=7)
T Studies included in Meta-analyse
5 (=4

Figure 1. Flowchart of article selection process in accordance with the PRISMA statement.

3.2. Characteristics of Studies

Among the seven articles selected [12-18], all were experimental studies with in vitro
analyses comparing the biological and cellular characteristics of advanced platelet-rich
fibrin (A-PRF) to at least one other platelet concentrate as control. The following were
used for comparison: leukocyte- and platelet-rich fibrin (L-PRF), injectable platelet-rich
fibrin (I-PRF), blood clots, platelet-rich plasma (PRP), concentrated growth factors (CGFs)
and platelet-rich growth factors. Among the samples collected, seven were derived from
healthy humans with no systemic comorbidities or altered blood parameters and with
normal platelet counts, as displayed in the data extraction table (Table S3). Two studies
investigated fibroblast proliferation and viability in periodontal defects [17,18]. The “blood
clots” variable does not fit the category of platelet concentrate but was used as a control
group in some articles. All seven of the articles included had a moderate risk of bias,
according to Sheth and colleagues [11]. The similarity in the appraisal results may be
explained by the methodological and assessment similarities among the studies selected,
as demonstrated in the risk-of-bias table (Table S1).

3.3. Release of Growth Factors

Four of the studies [13-16] investigated the release of growth factors, which was
the most common outcome among the studies. Growth factor counts were performed at
different times, such as 1, 3, 7 and 14 days. The main growth factors investigated were
insulin-like growth factor (IGF-I), platelet-derived growth factor (PDGF-BB, PDGF-AA),
vascular endothelial growth factor (VEGF), bone morphogenetic protein (BMP-2) and trans-
forming growth factor (TGF-f1). Both A-PRF and L-PRF led to a significant release of
growth factors in the initial assessments, especially IGF-I. Other growth factors had a more
sustained release throughout the entire assessment period, such as VEGF [13-15]. The best
initial values were found for PRP, but A-PRF demonstrated better results after the 10th
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day due to its constancy. The best release results for PDGF were found for both A-PRF
and I-PRF, with higher values after the third day of incubation. The release of BMP-2 was
statistically similar among all platelet concentrates analyzed, with the best values found
for P-PRP, intermediary values found for L-PRF, lower values found in the A-PRF group
and the worst results found in the I-PRF group [16]. TGF-f3, A-PRF and CGFs had similar
values in the initial days, but A-PRF demonstrated superior values after seven days [13-15].
In the study conducted by Masuki et al. (2016) [14], the growth factor release sequence was
A-PRF > CGFs > PRP > PRGF. The concentrates exhibited different release kinetics, demon-
strating better results for each one, depending on the necessary release period. A-PRF had
better release than traditional PRF in the long term [12].

3.4. Platelet Recovery

Among the studies analyzed, only one [14] investigated platelet recovery, with A-PRF
demonstrating inferior results to P-PRF and L-PRF and similar results only compared
to I-PRF. In the comparison to other concentrates not derived from fibrin, A-PRF (17.85)
achieved better results than PRP (8.79), PRGF (2.84) and CGFs (15.51).

3.5. Cell Viability

Fibroblast proliferation was investigated in two studies [17,18]. Cell counts were
performed 24 h after addition. A-PRF achieved better results compared to L-PRF and
FGF (A-PRF = (69.2 £ 31.3%); L-PRF = (49.6 £ 24.9%; p = 0.00767); FGF = (26.7 £ 22.8%;
p = 0.0078) [13]. A-PRF achieved similar fibroblast viability results compared to L-PRF and
FGE, with no statistically significant differences (p > 0.05) [13]. In another comparison [15],
A-PRF had better fibroblast proliferation values (140 = 4%) compared to L-PRF (132.3 £ 2%),
but the difference did not achieve statistical significance (p > 0.05) [14].

3.6. Cell Distribution

One study [12] investigated the distribution of cell types based on histological and
histomorphometric analyses. The largest number of cells was found in the proximities of
the red buffy coat (RBC) or in the buffy coat (BC). The cells present were T lymphocytes
(CD3-positive cells), B lymphocytes (CD20-positive cells), stem cells (CD34-positive cells)
and monocytes (CD68-positive cells). All these cells were found in the faction of red
blood cells, buffy coat (BC) and distal parts. In the comparison of the L-PRF and A-PRF
groups, a reduction in distribution was found from the proximal to the distal part of
the clots in the control group (L-PRF). The BC was more extensive in the A-PRF group,
with a more homogenous distribution and a greater presence of cells (CD15-positive
neutrophilic granulocytes) in the distal part of the clots, more distant from the BC, which
was not seen in the L-PRF group. The histomorphometric analysis revealed no statistically
significant differences with regard to T lymphocytes (L-PRF: 12.6 &= 5%; A-PRF: 17.6 &+ 9%),
B lymphocytes (L-PRF: 14.6 & 7%; A-PRF: 12.6 & 9%) or CD34-positive stem cells (L-PREF:
17.6 £ 6%; A-PRF: 21.6 &= 11%) between the two groups in terms of the allocation of these
types of cells. With the change in the centrifugation protocol for A-PRF, an increase occurred
in the distribution of neutrophilic granulocytes (up to 68.6 £ 24% of the framework in the
A-PRF group), whereas this type of cell was located in up to 25.6 & 12% of the length of the
clots in the L-PRF group. The statistical analysis revealed a highly significant difference in
the distribution of this type of cell between the two groups (p < 0.05) [12].

3.7. Fibrin Network

Only one study [16] investigated the constitution of the fibrin network, comparing
A-PRF to concentrated growth factors (CGFs) and I-PRF. The fibrin network differed in
terms of thin and thick fibrillar structures among multiple regions of the concentrate. The
fibrin network of CGFs and A-PRF had thicker, more organized fibers compared to the
control (I-PRF). CGFs had more highly reticulated fibers compared to A-PRF. Multiple cells
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were found attached to the fibrin network, such as platelets and white globules, in the
aggregates of A-PRF and CGFs, in contrast to the control group (I-PRF) [16].

3.8. Meta-Analysis

Meta-analyses were performed for the release of growth factors at two assessment
times. For the release of PDGF-AA, A-PRF was superior to the control at both the 1-day
assessment (MD: 322.32; 95% CI: 142.78 to 501.85; p = 0.0004) and 10-day assessment (MD:
211.06; 95% CI: 91.56 to 30.57; p = 0.0005) (Figure 2).

A A-PRF Outros hemoderivados Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1PRP
Kohayashi 1,471.96 280.38 6 18692 0 6 Not estimable
Subtotal (95% CI) 6 6 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
3.1.2 PRF
Kohayashi 1,471.96 289.38 6 1,261.68 116.82 6 401% 210.28[-39.42 459.99) T =
Subtotal (95% CI) 6 6 40.1% 210.28 [-39.42,459.98] ea—
Heterogeneity: Not applicable
Test for overall effect Z=1.65 (P=0.10)
3.1.3 L-PRF
Fugioka-Kobayashi  1,128.92 229.97 8 7371 14634 8 59.9% 397.21[208.32,586.10] —i—
Subtotal (95% Cl) 8 8 50.9% 397.21[208.32, 586.10]
Heterogeneity: Not applicable
Test for overall effect: Z= 4.12 (P < 0.0001)
Total (95% CI) 20 20 100.0% 322.32[142.78, 501.85] S
Heterogeneity, Tau*= 4711.92; Chi*=1.37, df=1 (P=0.24), F= 27%

Test for overall effect: Z= 3.52 (P = 0.0004)

Test for subgroup differences: Chi*=1.37,df=1{P=0.24),F=27.0%

500 -250 0 250 500
Favours Control Favours A-PRF

B A-PRF Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
41.1PRP

Kobayashi 70093 280.38 6 35047 163.55 6 21.2% 350.46[90.74,610.18] -
Subtotal (95% CI) 6 6 21.2% 350.46[90.74,610.18] "
Heterogeneity: Not applicable

Test for overall effect: Z= 2.64 (P = 0.008)

4.1.2 PRF

Kobayashi 700.93 280.38 6 537.38 140189 6 227% 163.55[-87.28, 414.38] T
Subtotal (95% CI) 6 6 22.7% 163.55[-87.28,414.38] —=cuiilifee-—
Heterogeneity: Not applicable

Test for overall effect Z=1.28 (P = 0.20)

4.1.3 L-PRF

Fugioka-Kobayashi  397.21 1777 8 21951 146.34 8 56.1% 177.70[18.18,337.27] —i—
Subtotal (95% CI) 8 8 56.1% 177.70[18.18,337.22] e
Heterogeneity: Not applicable

Test for overall effect Z=2.18 (P=0.03)

Total (95% Cl) 20 20 100.0% 211.06 [91.56, 330.57] -
Heterogeneity: Tau®= 0.00; Chi*=1.41, df= 2 (P=0.49); F= 0% S0 250 0 250 500

Test for overall effect: Z= 3.46 (P = 0.0005)

Favours Control Favours A-PRF

Testfor subgroup differences: Chi*=1.41, df=2 (P = 0.49), F= 0%

Figure 2. Forest plot comparing A-PRF and other platelet concentrates for release of PDGF-AA:
(A) 1 day; (B) 10 days.

For PDGEF-BB, no significant differences were found between the test and control
groups at the 1-day assessment (MD: 55.67; 95% CI: —9.83 to 121.18; p = 0.10) or the
assessment at 10 to 14 days (MD: —8.81; 95% CI: —26.67 to 9.05; p = 0.33) (Figure 3).

For the release of PDGF-AB, A-PRF was superior to the control group at the 1-day
assessment (MD: 706.76; 95% CI: 481.48 to 932.04; p = 0.00001) and 10-day assessment
(MD: 277.93; 95% CI: 101.15 to 454.72; p = 0.002) (Figure 4).
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A A-PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.1.1 PRP
Kohayashi 229.35 45.05 6 106.48 2048 6 16.4% 122.87 [83.27,162.47) —m—
Subtotal (95% Cl) 6 6 16.4% 122.87 [83.27, 162.47] -

Heterogeneity: Not applicable
Test for overall effect: Z= 6.08 (P < 0.00001)

5.1.2 PRF
Kohayashi 229.35 4505 6 7986 1024 B 16.5% 149.49[112.52, 186.46) =
Subtotal (95% CI) 6 6 16.5% 149.49[112.52, 186.46] -

Heterogeneity: Not applicable
Test for overall effect: Z= 7.93 (P < 0.00001)

5.1.31-PRF

Lei 179.18 17.51 8 22062 1518 8 17.2%  -41.44 [-57.50,-25.38) il

Subtotal (95% CI) 8 8 17.2% -41.44 [-57.50, -25.38] 0

Heterogeneity: Not applicable

Test for overall effect: Z= 5.06 (P < 0.00001)

5.1.4 L-PRF

Fugioka-Kobayashi  268.72 74.89 8 837 881 8 157% 185.02[132.77, 237.27] ——
Lei 17918 17.51 8 18852 251 8 171% -9.34 [130.55,11.87] —=r

Subtotal (95% ClI) 16 16 32.8% 86.31[-104.13, 276.76] | e
Heterogeneity: Tau*=18473.98; Chi*= 4563, df=1 (P < 0.00001); P = 98%

Testfor overall effect: Z=0.89 (P = 0.37)

5.1.5 CGF

Lei 179.18 17.51 8 23346 18.68 8 17.2% -54.28[72.02,-36.54] il

Subtotal (95% ClI) 8 8 17.2% -54.28[-72.02,-36.54] L

Heterogeneity: Not applicable

Test for overall effect: Z= 6.00 (P < 0.00001)

Total (95% CI) 44 44 100.0% 55.67 [-9.83, 121.18] e o

Heterogeneity: Tau®= 6420.03; Chi*= 206.88, df= 5 (P = 0.00001); F=98%
Test for overall effect: Z=1.67 (P=0.10)
Testfor subgroup differences: Chi*=152.84, df= 4 (P < 0.00001), F=97.4%

2200 -100 0 100 200
Favours Control Favours A-PRF

B A-PRF Outros hemoderivados Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.2.1 PRP
Kobayashi 57.34 819 6 4096 3277 6 17.6% 16.38 [10.65, 43.41] -
Subtotal (95% CI) 6 6 17.6% 16.38 [-10.65, 43.41] B
Heterogeneity: Not applicable
Testfor overall effect: Z=119(P=0.23)

5.2.2 PRF

Kobayashi 57.34 819 6 5939 6.14 6 27.9% -2.05[10.24,6.14] -

Subtotal (95% Cl) 6 6 27.9% -2.05[-10.24, 6.14]

Heterogeneity: Mot applicable

Testfor overall effect: Z=0.49 (P = 0.62)

5.2.3 L-PRF

Fugioka-Kobayashi 79.3 881 8 79.3 8.81 8 27.7% 0.00[-8.63, 8.63]

Subtotal (95% CI) 8 8 27.7% 0.00 [-8.63, 8.63]

Heterogeneity: Not applicable

Testfor overall effect: Z=0.00 (P =1.00)

5.2.4 CGF

Lei 14591 41.44 8 13949 4553 8 11.0% 6.42[-36.24, 49.08] - T

Subtotal (95% CI) 8 8 11.0% 6.42 [-36.24, 49.08] ——cofijjiten—

Heterogeneity: Mot applicable

Testfor overall effect: Z=029(P=077)

5.2.51-PRF

Lei 14591 41.44 8 22062 1518 8 158% -74.71[105.29,-4413] ——

Subtotal (95% ClI) 8 8 158% -74.71[-105.29, -44.13] —csiiifite-

Heterogeneity: Not applicable

Test for overall effect: Z=4.79 (P < 0.00001)

Total (95% CI) 36 36 100.0% -8.81 [-26.67, 9.05] q

Heterogeneity: Tau?= 280.53; Chi*= 23.79, df= 4 (P < 0.0001); P= 83% + + t + +

Testfor overall effect: Z=0.97 (P = 0.33) p .. d = 1o
Favours Control Favours A-PRF

Testfor subgroup differences: Chi*=23.79, df= 4 (P < 0.0001), F=83.2%

Figure 3. Forest plot comparing A-PRF and other platelet concentrates for release of PDGF-BB:
(A) 1 day; (B) 10 to 14 days.
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A A-PRF Outros hemoderivadosl| Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.1.1 PRP
Kohayashi 99545 177.28 6 190.91 27.27 6 356% 80454 ([661.02, 948.06] —a—
Subtotal (95% ClI) 6 6 35.6% 804.54[661.02, 948.06] e
Heterogeneity: Not applicable
Test for overall effect: Z=10.99 (P < 0.00001)
6.1.2 PRF
Kohayashi 99545 177.28 6 50455  81.81 6 347% 490.90([334.67,647.13] —a—
Subtotal (95% CI) 6 6 34.7% 490.90 [334.67,647.13] B
Heterogeneity: Not applicable
Test for overall effect: Z=6.16 (P < 0.00001)
6.1.3 L-PRF
Fugioka-Kobayashi  1,25517 303.45 8 41379 9655 8 29.7% 841.38[620.72,1062.04] —a—>
Subtotal (95% CI) 8 8 29.7% 841.38[620.72, 1062.04] e
Heterogeneity: Not applicable
Test for overall effect: Z=7.47 (P < 0.00001)
Total (95% ClI) 20 20 100.0% 706.76 [481.48, 932.04] gl
Heterogeneity: Tau*= 31754.00; Chi*= 10.48, df= 2 (P = 0.005); F=81% t t t {
Test for overall effect Z= 6.15 (P < 0.00001) +1000 Fa-\?(?t?rs Oitisrs UFavours SE’??F 1000
Test for subgroup differences: Chi*=10.48, df= 2 (P = 0.005), F= 80.9%

B A-PRF Outros hemoderivadosl Mean Difference Mean Difference

Study or Subgroup Mean SD Total  Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

6.2.1 PRP

Kobayashi 436.36 81.82 6 12273 14.26 6 369% 313.63[247.17,380.09)] -

Subtotal (95% CI) 6 6 36.9% 313.63[247.17,380.09] 3

Heterogeneity: Not applicable
Test for overall effect: Z=9.25 (P < 0.00001)

6.2.2 PRF

Kobayashi 436.36 81.82 6 327.27 54.55 6 361% 109.09[30.41,187.77) B

Subtotal (95% CI) 6 6 36.1% 109.09 [30.41,187.77] L3

Heterogeneity: Not applicable
Test for overall effect Z=2.72 (P = 0.007)

6.2.3 L-PRF

Fugioka-Kobayashi  717.24 262.97 8 26207 68.96 8 27.0% 455.17[266.78, 643.56) —
Subtotal (95% CI) 8 8 27.0% 455.17 [266.78, 643.56] B
Heterogeneity: Not applicable

Test for overall effect: Z=4.74 (P < 0.00001)

Total (95% CI) 20 20 100.0% 277.93[101.15,454.72] B
Heterogeneity: Tau®= 20907.04; Chi*= 20.34, df= 2 (P < 0.0001); F= 90% t p t {
Testfor overall effect Z= 3.08 (P = 0.002) -1000 F;fgfrs Ottisis “Favours AS_E,?QF 1000

Test for subgroup differences: Chi*= 20.34, df= 2 (P < 0.0001), F=90.2%

Figure 4. Forest plot comparing A-PRF and other platelet concentrates for release of PDGF-AB:
(A) 1 day; (B) 10 days.

For the release of TGF-3, A-PRF was superior to the control group at the 1-2-day
assessment (MD: 94.83; 95% CI: 72.19 to 117.47; p = 0.00001) as well as the 10-14-day
assessment (MD: 95.90; 95% CI: 38.52 to 153.28; p = 0.001) (Figure 5).

A-PRF was superior to the control group for the release of VEGF at both the
1-day assessment (MD: 41.76; 95% CI: 23.44 to 60.09; p = 0.00001) and 10-day assessment
(MD: 9,27; 95% CI: 2.35 to 16.19; p = 0.009) (Figure 6).

For EGF, A-PRF was superior to the control group at both the 1-day assessment
(MD: 82.99; 95% CI: 17.49 to 148.49; p = 0.01) and 10-day assessment (MD: 28.13; 95% CI:
6.79 to 49.47; p = 0.010) (Figure 7).

For the release of IGF-1, the control group was superior to A-PRF at both the
1-day assessment (MD: —16.72; 95% CI: —44.43 to 10.99; p = 0.24) and 10-day assessment
(MD: —0.98; 95% CI: —3.59 to 1.63; p = 0.73) (Figure 8).

No significant difference was found between the A-PRF and control group for the
release of BMP-2 at the 1-day assessment (MD: —0.09; 95% CI: —0.61 to 0.42; p = 0.35).
However, A-PRF was superior to the control group at the 14-day assessment (MD: 7.60;
95% CI: 5.53 to 9.67; p = 0.00001) (Figure 9).
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A A-PRF Outros hemoderivados Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 PRP
Kobayashi 379.31 41.38 6 98.28 2413 6 12.2% 281.03 [242.70, 319.36] -
Masuki 38267 7764 7 235.7 85.96 T 5.1% 146.97 [61.16, 232.78] ———
Subtotal (95% CI) 13 13 17.3% 219.72 [88.83, 350.62] B
Heterogeneity: Tau®= 7836.46; Chi*= 7.82, df=1 (P = 0.005); F=87%
Test for overall effect: Z= 3.29 (P = 0.001)
1.1.2 PRF
Kobayashi 379.31 41.38 6 198.28 29.31 6 11.7% 181.03 [140.46, 221.60] S
Subtotal (95% CI) 6 11.7% 181.03 [140.46, 221.60] <
Heterogeneity: Not applicable
Test for overall effect: Z= 8.74 (P < 0.00001)
1.1.3 I-PRF
Lei 20.55 411 8 6.75 1.18 8 18.8% 13.80[10.84, 16.76] r
Subtotal (95% CI) 8 8 18.8% 13.80 [10.84, 16.76]
Heterogeneity: Not applicable
Test for overall effect: Z=8.13 (P < 0.00001)
1.1.4 L-PRF
Fugioka-Kobayashi 3,973.21 848.22 8 1,205.36 3125 =] 0.1% 2767.85[2141.45,3394.25] 4
Lei 20.55 411 8 14.38 3.53 8 18.7% 6.17 [2.42,9.92]
Subtotal (95% CI) 16 16 18.9% 1368.52 [-1337.64, 4074.67] e ————
Heterogeneity: Tau®= 3762365.54; Chi*= 74.67, df=1 (P < 0.00001); F=99%
Test for overall effect: Z=0.99 (P =0.32)
1.1.5 CGF
Lei 20.55 411 8 22.02 293 8 18.8% -1.47 [[4.97, 2.03] "
Masuki 382.67 7764 7 382.67 51.3 7 6.9% 0.00 [-68.94, 68.94] b
Subtotal (95% CI) 15 15 25.6% -1.47 [-4.96, 2.03]
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P =0.97); F=0%
Test for overall effect: Z=0.82 (P = 0.41)
1.1.6 PRGF
Masuki 382.67 77.64 7 61.01 3466 7 7.7% 321.66 [258.67, 384.65] -
Subtotal (95% CI) 7 7.7% 321.66 [258.67, 384.65] L 4
Heterogeneity: Not applicable
Test for overall effect: Z=10.01 (P < 0.00001)
Total (95% CI) 65 65 100.0% 94.83 [72.19,117.47] +
Heterogeneity: Tau®= 708.19; Chi*= 488.21, df= 8 (P < 0.00001); F= 98% t + t 1
Testfor overall effect: Z= 8.21 (P < 0.00001) e A S L
Testfor subgroup differences: Chi®= 218.94, df= 5 (P < 0.00001), F=97.7%

B Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 PRP
Kobayashi 191.38 13.79 6 8.62 5.17 6 19.6% 182.76 [170.98, 194 .54) =

Subtotal (95% CI) 6 6 19.6% 182.76 [170.98, 194.54] ]
Heterogeneity: Not applicable
Test for overall effect: Z= 30.40 (P < 0.00001)
2.1.2 PRF
Kobayashi 191.38 13.79 6 141.38 17.24 6 19.4% 50.00 [32.34, 67.66] -

Subtotal (95% CI) 6 6 19.4% 50.00 [32.34, 67.66] L
Heterogeneity: Not applicable
Test for overall effect: Z= 5.55 (P < 0.00001)
2.1.3 L-PRF
Fugioka-Kobayashi 1,875 491.07 8 758.93 223.21 8 21% 1116.07 [742.28, 1489.86] —
Lei 59.59 16.14 8 9.98 2.35 8 19.6% 49.61 [38.31, 60.91] -

Subtotal (95% CI) 16 16 21.7% 565.80 [-478.77, 1610.38] | —S—
Heterogeneity: Tau®= 550466.06; Chi*= 31.24, df=1 (P < 0.00001); F=97%
Test for overall effect: Z=1.06 (P = 0.29)
2.1.41-PRF
Lei 59.59 16.14 8 11.74 3.23 8 19.6% 47.85 [36.44, 59.26] -

Subtotal (95% CI) 8 8 19.6% 47.85 [36.44, 59.26] ]
Heterogeneity: Not applicable
Test for overall effect: Z=8.22 (P < 0.00001)
2.1.5 CGF
Lei 59.59 16.14 8 20.25 7.05 8 19.6% 39.34 [27.14,51.54] =

Subtotal (95% CI) 8 8 19.6% 39.34 [27.14, 51.54] ]
Heterogeneity: Not applicable
Test for overall effect: Z=6.32 (P < 0.00001)
Total (95% CI) 44 44 100.0% 95.90 [38.52, 153.28] >
Heterogeneity: Tau®= 4333.21; Chi*= 432.30, df= 5 (P < 0.00001); IF= 99% =_1 000 _5100 ) 560 1000:

Test for overall effect: Z= 3.28 (P = 0.001)
Test for subgroup differences: Chi*= 374.79, df= 4 (P < 0.00001), F=98.9%

Figure 5. Forest plot comparing A-PRF and other

(A) 1 to 2 days; (B) 10 to 14 days.

Favours Control

Favours A-PRF

platelet concentrates for release of TGF-f:
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A Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.1.1PRP
Kobayashi n 19 6 112 [ 6 156% 99.00[83.06,114.94] ——
Subtotal (95% CI) 6 6 15.6% 99.00[83.06,114.94] <
Heterogeneity: Not applicable
Test for overall effect: Z=12.17 (P < 0.00001)
7.1.2 PRF
Kobayashi 21 19 6 127 10 6 153% B84.00[66.82,101.18] —
Subtotal (95% CI) 6 6 15.3% 84.00([66.82,101.18] i
Heterogeneity: Not applicable
Test for overall effect: Z= 9.58 (P < 0.00001)
7.1.31-PRF
Lei 36.51 7.25 8 656 1.96 8 17.4% 29.95[24.75, 35.15] <
Subtotal (95% CI) 8 8 17.4% 29.95[24.75, 35.15] 4
Heterogeneity: Not applicable
Test for overall effect: Z=11.28 (P < 0.00001)
7.1.4 CGF
Lei 3651 7.25 8 31.55 461 8 17.3% 4.96 [-0.99, 10.91] =
Subtotal (95% CI) 8 8 17.3% 4.96 [-0.99, 10.91] »
Heterogeneity: Not applicable
Test for overall effect: Z=1.63 (P=0.10)
7.1.5L-PRF
Fugioka-Kobayashi  50.44 1228 8 3421 175 8 17.0% 16.23 [7.63, 24.83] -
Lei 3651 7.25 8 967 242 8 17.4% 26.84[21.54,32.14] ol
Subtotal (95% CI) 16 16 344% 22.10[11.76, 32.44] e
Heterogeneity: Tau®= 43.02; Chi*= 4.24 df=1 (P=0.04);, F=76%
Test for overall effect: Z=4.19 (P < 0.0001)
Total (95% ClI) 44 44 100.0% 41.76 [23.44, 60.09] <l
Heterogeneity: Tau®= 495.10; Chi*= 179.43, df= 5 (P < 0.00001); F=97% 3 iJU _530 ) 530 1('30
Test for overall effect: Z=4.47 (P < 0.00001) Favours Others Favours A-PRF
Test for subgroup differences: Chi*=175.06, df= 4 (P < 0.00001), F=97.7%
B . _ _
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.21 PRP
Kobayashi 110 7 6 106 6 6 17.5% 4.00[-3.38,11.38]
Subtotal (95% CI) 6 6 17.5%  4.00[-3.38,11.38]
Heterogeneity: Not applicable
Test for overall effect: Z=1.06 (P = 0.29)
7.2.2 PRF
Kobayashi 110 7 6 100 2 6 18.9% 10.00([4.17,15.83] ——
Subtotal (95% CI) 6 6 18.9%  10.00 [4.17,15.83] <>
Heterogeneity: Not applicable
Test for overall effect: Z=3.36 (P = 0.0008)
7.2.3 L-PRF
Fugioka-Kohayashi 58 3.51 8 3026 483 8 20.3% 27.74([23.60,31.88) —
Lei 6.33 069 8 679 277 8 21.5% -0.46 [-2.44,1.52] -
Subtotal (95% Cl) 16 16 41.7% 13.58 [14.06,41.21] | e
Heterogeneity: Tau®= 394.88; Chi*= 145.26, df=1 (P < 0.00001); F= 99%
Testfor overall effect: Z=0.96 (P = 0.34)
7.241-PRF
Lei 6.33 069 8 1.04 054 8 21.8% 5.29 [4.68, 5.90] "
Subtotal (95% CI) 8 8 21.8% 5.29 [4.68, 5.90] '
Heterogeneity: Not applicahle
Testfor overall effect: Z=17.08 (P < 0.00001)
7.2.5 CGF
Lei 0 0 0 0 0 0 Not estimable
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 36 36 100.0% 9.27 [2.35,16.19] B
Heterogeneity: Tau®= 57.02; Chi*= 148.19, df= 4 (P < 0.00001); F=97%

220 410 0 10 20

Testfor overall effect: Z= 2.63 (P = 0.009) Favours Others Favours A-PRF

Test for subgroup differences: Chi*= 2.95, df= 3 (P = 0.40), F=0%

Figure 6. Forest plot comparing A-PRF and other platelet concentrates for release of VEGF: (A) 1 day;
(B) 10 days.
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A

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
8.1.1PRP
Kohayashi 15017 8.39 ] 193 335 6 33.7% 130.87[123.64,138.10] -
Subtotal (95% CI) 6 6 33.7% 130.87 [123.64,138.10] €
Heterogeneity: Not applicahle
Test for overall effect: Z= 35.48 (P < 0.00001)
8.1.2 PRF
Kohayashi 15017 8.39 6 11319 125 6 335% 36.98 [24.93, 49.03] —
Subtotal (95% CI) 6 6 33.5% 36.98 [24.93, 49.03] e
Heterogeneity: Not applicable
Test for overall effect: Z=6.02 (P < 0.00001)
8.1.3 L-PRF
Fugioka-Kobayashi  169.51 22.87 8 88.79 17.49 8 32.8%  80.72([60.77,100.67) —a—
Subtotal (95% CI) 8 8 328%  80.72[60.77,100.67] e
Heterogeneity: Not applicable
Test for overall effect: Z=7.93 (P < 0.00001)
Total (95% Cl) 20 20 100.0%  82.99 [17.49, 148.49] ——copiiiina-—
Heterogeneity: Tau®= 3299.40; Chi*= 177.21, df= 2 (P < 0.00001); F= 99% _1400 50 ) 5%0 160
Test for overall effect: Z= 2.48 (P =0.01) Favours Others Favours A-PRF
Test for subgroup differences: Chi*=177.21, df= 2 (P < 0.00001), F=98.9% ‘
B . . .

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
8.2.1 PRP
Kohayashi 36.91 5.04 6 252 119 6 36.5% 34.39[30.25, 38.53] L
Subtotal (95% CI) 6 6 36.5% 34.39[30.25, 38.53] &
Heterogeneity: Not applicable
Test for overall effect: Z=16.27 (P < 0.00001)
8.2.2 PRF
Kohayashi 36.91 5.04 6 2852 5.04 6 361% 8.39[2.69, 14.09] La
Subtotal (95% CI) 6 6 36.1% 8.39 [2.69, 14.09] L 2
Heterogeneity: Not applicable
Testfor overall effect: Z=2.88 (P = 0.004)
8.2.3 L-PRF
Fugioka-Kobayashi 56.5 296 8 1076 4.04 8 27.4% 4574[25.04, 66.44] —
Subtotal (95% CI) 8 8 27.4% 45.74[25.04,66.44) <
Heterogeneity: Not applicable
Test for overall effect: Z=4.33 (P < 0.0001)
Total (95% Cl) 20 20 100.0% 28.13[6.79, 49.47] .
Heterogeneity: Tau = 320.40; Chi*=55.87, df= 2 (P < 0.00001); F= 96% oo 0 b 20 100
Test for overall effect: Z=2.58 (P=0.010) Favours Others Favours APRF

Testfor subgroup differences: Chi*= 5587, df= 2 (P < 0.00001), F=96.4%

Figure 7. Forest plot comparing A-PRF and other platelet concentrates for release of EGF: (A) 1 day;
(B) 10 days.

3.9. Grading of Recommendations, Assessment, Development and Evaluation (GRADE)

Using the GRADE approach, the certainty of the evidence for the outcomes submitted
to meta-analysis was classified as very low for BMP-2 at the 14-day assessment, PDGF-AA
at the 10-day assessment, as well as TGF-f3 and VEGF at both assessments. The certainty
of evidence was classified as low for IGF-1 and PDGF-BB at both assessments and BMP2
at the one-day assessment. Certainty of evidence was classified as moderate for EGF and
PDGF-AB at both assessments and PDGF-AA at the one-day assessment (Table S2).
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A

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
9.1.1 PRF
Kabayashi 20 267 B 28 533 6 725% -8.00[1277,-3.23] |
Subtotal (95% CI) 6 6 725% -8.00[-12.77,-3.23] L 2

Heterogeneity: Mot applicable
Test for overall effect: Z=3.29 (P = 0.001)

9.1.2 L-PRF
Fugioka-Kobayashi 15066 23.79 8 19031 555 8 275% -39.65[-81.49 219 -  ®&——
Subtotal (95% ClI) 8 8 27.5% -39.65[-81.49,2.19] i

Heterogeneity: Not applicahle
Test for overall effect: Z=1.86 (P = 0.06)

Total (95% Cl) 14 14 100.0% -16.72[-44.43,10.99] q
Heterogeneity: Tau®= 270.01; Chi*=2.17, df=1 (P=0.14); F= 54% I t 1 t {
. -100 -50 0 50 100
Testfor overall effect Z=1.18 (P =0.24) Favours Others Favours APRF
Test for subgroup differences: Chi*= 217, df=1{P=0.14), F=53.9%
B . _ _
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
9.2.1 PRP
Kobayashi 933 1.07 6 853 027 6 48.3% 0.80 [-0.08, 1.68]
Subtotal (95% CI) 6 6 48.3% 0.80 [-0.08, 1.68]

Heterogeneity: Not applicable
Test for overall effect: Z=1.78 (P = 0.08)

9.2.2 PRF
Kobhayashi 933 1.07 6 1067 1.06 6 46.1% -1.34 [-2.55,-0.13] O
Subtotal (95% ClI) 6 6 46.1%  -1.34[-2.55,-0.13] U

Heterogeneity: Not applicahle
Test for overall effect. Z= 218 (P =0.03)

9.2.3 L-PRF
Fugioka-Kobayashi 4229 1057 8 5551 1057 8 57% -13.22[-23.58,-2.86] -
Subtotal (95% ClI) 8 8 57% -13.22[-23.58,-2.86] S

Heterogeneity: Not applicable
Test for overall effect: Z= 2.50 (P = 0.01)

Total (95% CI) 20 20 100.0% -0.98 [-3.59, 1.63] ﬁ
Heterogeneity: Tau®= 3.48; Chi*= 14.16, df= 2 (P = 0.0008); F= 86% -5=El _2?5 D 2?5 5?0
Test for overall effect Z=0.73 (P = 0.46) Favours Others Favours A-PRF

Test for subgroup differences: Chi*=14.16, df= 2 (P = 0.0008), F= 85.9%

Figure 8. Forest plot comparing A-PRF and other platelet concentrates for release of IGF-1: (A) 1 day;
(B) 10 days.
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A Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
10.1.1 I-PRF

Lei 243 0189 8 285 016 8 336% -042[059,-0.29] -
Subtotal (95% CI) 8 8 33.6% -0.42[-0.59,-0.25] [
Heterogeneity: Not applicahle

Test for averall effect: Z=4.78 (P < 0.00001)

10.1.2 CGF

Lei 243 0189 8 193 027 8 327% 0.50[0.27,0.73] =
Subtotal (95% CI) 8 8 32.7% 0.50 [0.27,0.73] ¢
Heterogeneity: Not applicable

Test for overall effect: Z=4.28 (P < 0.0001)

10.1.3 L-PRF

Lei 243 0189 8 277 016 8 336% -034[051,-017] o
Subtotal (95% CI) 8 8 33.6% -0.34[-0.51,-0.17] L]
Heterogeneity: Not applicable

Test for overall effect: Z= 3.87 (P = 0.0001)

Total (95% Cl) 24 24 100.0% -0.09[-0.61,0.42] ?

Heterogeneity: Tau*= 0.20; Chi*= 44.71, df= 2 (P < 0.00001); F= 96%
Test for overall effect: Z=0.35(P=0.73)

4 2 6 1 4
Favours Others Favours A-PRF

Test for subgroup differences: Chi*= 44.71, df= 2 (P < 0.00001), F=95.5%

B

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
10.2.1 I-PRF
Lei 11.25 3.66 8 235 018 8 345% 8.90 [6.36, 11.44] L
Subtotal (95% CI) 8 8 345% 8.90[6.36,11.44] ¢
Heterogeneity: Not applicable
Test for overall effect: Z=6.87 (P < 0.00001)
10.2.2 CGF
Lei 11.25 3.66 8 293 058 8 342% 8.32[5.75,10.89] =
Subtotal (95% CI) 8 8 342% 8.32[5.75,10.89] ¢
Heterogeneity: Not applicable
Test for overall effect: Z=6.35 (P < 0.00001)
10.2.3 L-PRF
Lei 11.25 3.66 8 586 165 8 31.3% 5.39([2.61,817] -
Subtotal (95% CI) 8 8 31.3% 5.39 [2.61, 8.17] &
Heterogeneity: Not applicahle
Test for averall effect: Z= 3.80 (P = 0.0001)
Total (95% CI) 24 24 100.0% 7.60 [5.53, 9.67] $
Heterogeneity: Tau®*=1.55; Chi*= 3.73, df= 2 (P = 0.16); F= 46% 20 35 b 75 a0
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Figure 9. Forest plot comparing A-PRF and other platelet concentrates for release of BMP-2:
(A) 1 day; (B) 10 days.

4. Discussion

Platelet concentrates are used as additives to provide an improvement in cell migration,
with the significant and lasting release of growth factors, which activate the immune system
and tissue repair process, as well as improvements in the properties of the fibrin network.
Second-generation concentrates are more widely used due to the better properties in compari-
son to platelet-rich plasma, and are therefore more often studied, as found in five of the seven
articles included in the present systematic review as the control group [12,13,15-17].

Analyzing the evidence available in the current literature on the biological and cellular
benefits of A-PRF, which is obtained through low-speed centrifugation, and considering
its cell migration inductor properties, the release of growth factors, cell viability, the fibrin
matrix and distribution of the cells in the framework, no previous studies have compared
the properties of platelet concentrates to assist in the choice of which to use. Therefore, the
present systematic review and meta-analysis was developed to provide greater scientific
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evidence, as most current studies focus on the clinical experience of health professionals
that use such concentrates.

This study was not restricted with regard to the platelet concentrate used as control.
We sought to address the properties of A-PRF in comparison to a variety of platelet and
growth factor concentrates, exploring the advantages and disadvantages of each on the
outcomes of interest. Therefore, this variable should not be considered a confounding
factor but rather an advantage, with the use of multiple comparisons with the most varied
products and their respective characteristics. To enable this assessment and diminish
heterogeneity, subgroup analysis was performed for the different controls employed.

The studies described the isolation and induction of cellular formation using A-PRF
in periodontal defects [17,18], periosteal cells derived from human alveolar bone [12] and
through the isolation and fixation of the resulting blood clots for analysis [12-14]. The
seven studies [12-18] made comparisons of the platelet concentrates separately. This is an
advantage when compared to clinical studies that assess these materials, which generally
involve bone substitutes that generate bias, as the properties of one can exert an influence
on the analysis of the material that was used in conjunction, underscoring the importance
of a comprehensive histological analysis of platelet concentrates separately [16].

The release of growth factors is one of the main advantages of platelet concentrates, as
cell signaling for the tissue repair process involves elements that are abundant in PRF clots.
First-generation platelet concentrates have high release rates, but the duration is short. In
contrast, second-generation concentrates offer continuity in the release of growth factors
for several days, leading to better long-term results [17].

Four of the studies included in the present systematic review [13-16] investigated
the release of growth factors considering the main elements, such as BMP-2, which is an
important factor in terms of bone tissue gain. The meta-analysis revealed no difference in
the release of BMP-2 on the first day, but A-PRF achieved significantly better results on
the 14th day compared to the other platelet concentrates [14,15]. PRP and CGFs achieved
better results with regard to TGF-f3 and VEGF in the initial days, but this release dimin-
ished substantially thereafter, with L-PRF and A-PRF achieving greater release of these
growth factors throughout the subsequent days [14,15]. In the quantitative analysis, A-PRF
demonstrated favorable results for the release of TGF-f3 and VEGEF at all assessment times
(1, 2,10 and 14 days).

No previous meta-analysis investigating the release of growth factors by platelet con-
centrates was found in the literature. Therefore, this is the first study to offer a quantitative
analysis with statistical significance for this outcome. Based on the studies incorporated
into the meta-analysis [13-16], A-PRF was more effective compared to the control groups
at releasing all growth factors analyzed, except PDGF-BB, IGF-1 and BMP2 on the first
assessment day, which demonstrates an advantage of low-speed platelet concentrates over
products from previous generations and fast centrifugation in terms of this outcome.

Platelet recovery is an extremely important property, as platelets are cells that have
the capacity to induce cell migration and initiate the entire tissue repair process through
cell signaling. This outcome was investigated in one study [14], in which A-PRF did
not achieve satisfactory results, matching the results of only I-PRF and achieving lower
values compared to L-PRF and P-PRF. Second-generation platelet concentrates once again
surpassed PRP in this regard (p < 0.05).

Fibroblast proliferation is an important aspect of tissue regeneration in the treatment
of periodontal defects. A-PRF proved to be an important product in such cases, achieving
the best results of all groups tested (p < 0.05) (L-PRE, P-PRF and blood clot) in the studies
that investigated this aspect [17,18].

Cell distribution is one of the advantages of the products of low-speed centrifugation,
as this change leads to a more homogeneous distribution of cells in the buffy coat, improving
the properties of the clot, which is not seen in products of high-speed centrifugation (e.g.,
L-PREF), in which a greater concentration of cells is found at the end of the clot near the
transition with the area of red blood cells [21-23]. One study assessed this outcome [12],
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and as expected, A-PRF achieved significantly better results with regard to cell distribution
in comparison to L-PRF. The main cell types found were neutrophilic granulocytes (up to
68.6 & 24%).

The fibrin network is responsible for supporting the entire cell distribution in platelet
concentrates and providing a membrane property for these blood products [24-26]. One
study [16] investigated the formation and structure of the fibrin network. A-PRF has a thicker,
more reticulate network compared to CGFs and I-PRF. However, assessments of L-PRF and
P-PRF are needed, as these platelet concentrates have clots similar to that of A-PRE

The studies were classified as having a moderate risk of bias due to the lack of
randomization and blinding, which ends up not being applicable to in vitro experimental
studies, but leads to a reduction in the methodological quality score when the QUIN
appraisal method is used [11].

In vitro experimental studies provide precise, quantified information for the analysis
of the objective of our review. This design provided the necessary data for the assessment
of the biological and cellular properties of A-PRF so that clinical studies with humans can
be better designed with regard to the use of platelet-rich fibrin products. However, caution
should be exercised in the extrapolation of the results due to the small number of studies
and small samples, which generated imprecision in the results and diminished the certainty
of the evidence. In the GRADE analysis [19,20], the small number of samples included in
the syntheses led to a reduction in the level of certainty. This may be explained mainly
by the imprecision analysis, which is directly related to sample size, as well as the broad
confidence intervals.

Future studies should include larger samples to enable a more precise analysis of differ-
ences between groups and enhance the certainty of the evidence. Randomized clinical trials
should be developed to assess outcomes that are directly related to the findings of the present
systematic review and meta-analysis and bring findings with regard to platelet concentrates
in experimental studies into clinical practice. However, the studies need to have homogeneity
in the intervention and control groups and standardization in the assessment of the outcomes,
which is a deficiency in clinical studies found in the current literature.

5. Conclusions

A-PRF achieved satisfactory results for the biological and cellular properties expected
of a platelet concentrate, especially in the release of growth factors, demonstrating effective
immediate and late release in comparison to other platelet concentrates (PRP, PRF and
L-PRF). Low-speed centrifugation for the obtainment of A-PRF also led to improvements
in terms of cell distribution and permeability.

Protocol and Registration

This systematic review was registered in the International Prospective Register of
Systematic Reviews (http://www.crd.york.ac.uk/PROSPERO) accessed on 15 April 2021,
National Institute for Health Research, UK: CRD42021242984.

Supplementary Materials: The supporting information can be downloaded at https://www.mdpi.
com/article/10.3390/ijms25010482/s1.

Author Contributions: Conceptualization, V.B.S.P. and D.d.S.B.; methodology, V.B.S.P., D.d.S.B. and
R.d.A.C.A,; validation, C.A.P.L., B.C.d.E.V. and R.d.A.C.A.; formal analysis, B.C.d.E.V,; resources,
V.B.S.P; data curation, V.B.S.P, D.d.S.B. and B.C.d.E.V.; writing—original draft preparation, V.B.S.P;
writing—review and editing, B.C.d.E.V.and R.d.A.C.A.; visualization, V.B.S.P,; supervision, B.C.d.E.V,;
project administration, B.C.d.E.V. and C.A.P.L. All authors have read and agreed to the published
version of the manuscript.

Funding: This study received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.


http://www.crd.york.ac.uk/PROSPERO
https://www.mdpi.com/article/10.3390/ijms25010482/s1
https://www.mdpi.com/article/10.3390/ijms25010482/s1

Int. J. Mol. Sci. 2024, 25, 482 17 of 18

Data Availability Statement: Not applicable.

Acknowledgments: We thank the Brazilian fostering agency CAPES for providing support for the
execution of this work.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Beck, T.M.; Mealey, B.L. Histologic analysis of healing after tooth extraction with ridge preservation using mineralized human
bone allograft. |. Periodontol. 2010, 81, 1765-1772. [CrossRef] [PubMed]

Avila-Ortiz, G.; Elangovan, S.; Kramer, K.W.; Blanchette, D.; Dawson, D. Effect of alveolar ridge preservation after tooth extraction:
A systematic review and meta-analysis. ]. Dent. Res. 2014, 93, 950-958. [CrossRef] [PubMed]

Sanz, M.; Dahlin, C.; Apatzidou, D.; Artzi, Z.; Bozic, D.; Calciolari, E.; De Bruyn, H.; Dommisch, H.; Donos, N.; Eickholz, P; et al.
Biomaterials and regenerative technologies used in bone regeneration in the craniomaxillofacial region: Consensus report of group 2
of the 15th European Workshop on Periodontology on Bone Regeneration. J. Clin. Periodontol. 2019, 46 (Suppl. S21), 82-91. [CrossRef]
[PubMed]

Albrektsson, T.; Johansson, C. Osteoinduction, osteoconduction and osseointegration. Eur. Spine J. 2001, 10 (Suppl. 52), S596-5101.
[PubMed]

Melville, J.C.; Mafodn, V.A ; Blackburn, C.; Young, S. Current methods of maxillofacial tissue engineering. Oral Maxillofac. Surg.
Clin. N. Am. 2019, 31, 579-591. [CrossRef] [PubMed]

Dohan, E.D.M.; Rasmusson, L.; Albrektsson, T. Classification of platelet concentrates: From pure platelet-rich plasma (P-PRP) to
leucocyte- and platelet-rich fibrin (L-PRF). Trends Biotechnol. 2009, 27, 158-167. [CrossRef] [PubMed]

Clark, D.; Rajendran, Y.; Paydar, S.; Ho, S.; Cox, D.; Ryder, M,; Dollard, J.; Kao, R.T. Advanced platelet-rich fibrin and freeze-dried
bone allograft for ridge preservation: A randomized controlled clinical trial. J. Periodontol. 2018, 89, 379-387. [CrossRef] [PubMed]
Page, M.].; Moher, D.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ]. M.; Akl, E.A.; Brennan,
S.E.; et al. PRISMA 2020 explanation and elaboration: Updated guidance and exemplars for reporting systematic reviews. BMJ
2021, 372, n160. [CrossRef]

Page, M.]J.; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef]

Deeks, ].J.; Higgins, ].P.T.; Altman, D.G. Chapter 10: Analysing data and undertaking meta-analyses. In Cochrane Handbook for
Systematic Reviews of Interventions Version 6.4 (Updated August 2023); Higgins, ]. P.T., Thomas, J., Chandler, J., Cumpston, M., Li, T.,
Page, M.]., Welch, V.A., Eds.; Cochrane: Hoboken, NJ, USA; Hartlebury, UK, 2023; Available online: https://training.cochrane.
org/handbook (accessed on 20 October 2023).

Sheth, V.H.; Shah, N.P; Jain, R.; Bhanushali, N.; Bhatnagar, V. Development and validation of a risk-of-bias tool for assessing
in vitro studies conducted in dentistry: The QUIN. ]. Prosthet. Dent. 2022; in press. [CrossRef]

Ghanaati, S.; Booms, P.; Orlowska, A.; Kubesch, A.; Lorenz, J.; Rutkowski, J.; Landes, C.; Sader, R.; Kirkpatrick, C.; Choukroun, J.
Advanced platelet-rich fibrin: A new concept for cell-based tissue engineering by means of inflammatory cells. J. Oral Implantol.
2014, 40, 679-689. [CrossRef] [PubMed]

Kobayashi, E.; Fliickiger, L.; Fujioka-Kobayashi, M.; Sawada, K.; Sculean, A.; Schaller, B.; Miron, R.J. Comparative release of
growth factors from PRP, PRF, and advanced-PRF. Clin. Oral Investig. 2016, 20, 2353-2360. [CrossRef]

Masuki, H.; Okudera, T.; Watanebe, T.; Suzuki, M.; Nishiyama, K.; Okudera, H.; Nakata, K.; Uematsu, K; Su, C.Y.; Kawase, T.
Growth factor and pro-inflammatory cytokine contents in platelet-rich plasma (PRP), plasma rich in growth factors (PRGF),
advanced platelet-rich fibrin (A-PRF), and concentrated growth factors (CGF). Int. . Implant. Dent. 2016, 2, 19. [CrossRef]
[PubMed]

Fujioka-Kobayashi, M.; Miron, R.J.; Hernandez, M.; Kandalam, U.; Zhang, Y.; Choukroun, J. Optimized Platelet-Rich Fibrin
with the Low-Speed Concept: Growth Factor Release, Biocompatibility, and Cellular Response. |. Periodontol. 2017, 88, 112-121.
[CrossRef] [PubMed]

Lei, L.; Yu, Y.; Han, J.; Shi, D.; Sun, W.; Zhang, D.; Chen, L. Quantification of growth factors in advanced platelet-rich fibrin and
concentrated growth factors and their clinical efficacy as adjunctive to the GTR procedure in periodontal intrabony defects. J.
Periodontol. 2020, 91, 462-472. [CrossRef]

Pitzurra, L.; Jansen, L.D.C.; de Vries, T.].; Hoogenkamp, M.A.; Loos, B.G. Effects of L-PRF and A-PRF+ on periodontal fibroblasts
in in vitro wound healing experiments. J. Periodontal Res. 2020, 55, 287-295. [CrossRef] [PubMed]

Esfahrood, Z.R.; Ardakani, M.T.; Shokri, M.; Shokri, M. Effects of leukocyte-platelet-rich fibrin and advanced platelet-rich fibrin
on the viability and migration of human gingival fibroblasts. J. Indian Soc. Periodontol. 2020, 24, 15-19. [CrossRef] [PubMed]
Schiinemann, H.; Brozek, J.; Guyatt, G.; Oxman, A. GRADE Handbook for Grading Quality of Evidence and Strength of Recommendations;
Updated October 2013; The GRADE Working Group: London, UK; Denver, CO, USA, 2013. Available online: https://gdt.
gradepro.org/app/handbook/handbook.html (accessed on 20 October 2023).

GRADEpro Guideline Development Tool [Software]. McMaster University and Evidence Prime. 2023. Available online:
https:/ /www.gradepro.org/ (accessed on 20 October 2023).


https://doi.org/10.1902/jop.2010.100286
https://www.ncbi.nlm.nih.gov/pubmed/20653437
https://doi.org/10.1177/0022034514541127
https://www.ncbi.nlm.nih.gov/pubmed/24966231
https://doi.org/10.1111/jcpe.13123
https://www.ncbi.nlm.nih.gov/pubmed/31215114
https://www.ncbi.nlm.nih.gov/pubmed/11716023
https://doi.org/10.1016/j.coms.2019.07.003
https://www.ncbi.nlm.nih.gov/pubmed/31445759
https://doi.org/10.1016/j.tibtech.2008.11.009
https://www.ncbi.nlm.nih.gov/pubmed/19187989
https://doi.org/10.1002/JPER.17-0466
https://www.ncbi.nlm.nih.gov/pubmed/29683498
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n71
https://training.cochrane.org/handbook
https://training.cochrane.org/handbook
https://doi.org/10.1016/j.prosdent.2022.05.019
https://doi.org/10.1563/aaid-joi-D-14-00138
https://www.ncbi.nlm.nih.gov/pubmed/24945603
https://doi.org/10.1007/s00784-016-1719-1
https://doi.org/10.1186/s40729-016-0052-4
https://www.ncbi.nlm.nih.gov/pubmed/27747711
https://doi.org/10.1902/jop.2016.160443
https://www.ncbi.nlm.nih.gov/pubmed/27587367
https://doi.org/10.1002/JPER.19-0290
https://doi.org/10.1111/jre.12714
https://www.ncbi.nlm.nih.gov/pubmed/31782171
https://doi.org/10.4103/jisp.jisp_218_19
https://www.ncbi.nlm.nih.gov/pubmed/31983839
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
https://www.gradepro.org/

Int. J. Mol. Sci. 2024, 25, 482 18 of 18

21.

22.

23.

24.

25.

26.

Santos Pereira, V.B.; Barbirato, D.D.S.; Lago, C.A.P.D.; Vasconcelos, B.C.D.E. The Effect of Advanced Platelet-Rich Fibrin in Tissue
Regeneration in Reconstructive and Graft Surgery: Systematic Review. J. Craniofacial Surg. 2023, 34, 1217-1221. [CrossRef]
Tabrizi, R.; Arabion, H.; Karagah, T. Does platelet-rich fibrin increase the stability of implants in the posterior of the maxilla? A
split-mouth randomized clinical trial. Int. J. Oral Maxillofac. Surg. 2018, 47, 672—675. [CrossRef]

Shah, RM.G.T.; Thomas, R.; Mehta, D.S. An update on the protocols and biologic actions of platelet rich fibrin in dentistry. Eur. J.
Prosthodont. Restor. Dent. 2017, 25, 64-72.

Gaur, S.; Chugh, A.; Chaudhry, K; Bajpayee, A.; Jain, G.; Chugh, V.K,; Kumar, P,; Singh, S. Efficacy and Safety of Concentrated
Growth Factors and Platelet- Rich Fibrin on Stability and Bone Regeneration in Patients with Immediate Dental Implants: A
Randomized Controlled Trial. Int. J. Oral Maxillofac. Implant. 2022, 37, 784-792. [CrossRef] [PubMed]

Benalcazar Jalkh, E.B.; Tovar, N.; Arbex, L.; Kurgansky, G.; Torroni, A.; Gil, L.E; Wall, B.; Kohanbash, K.; Bonfante, E.A.; Coelho,
P.G,; et al. Effect of leukocyte-platelet-rich fibrin in bone healing around dental implants placed in conventional and wide
osteotomy sites: A pre-clinical study. J. Biomed. Mater. Res. B Appl. Biomater. 2022, 110, 2705-2713. [CrossRef] [PubMed]

Lyris, V.; Millen, C.; Besi, E.; Pace-Balzan, A. Effect of leukocyte and platelet rich fibrin (L-PRF) on stability of dental implants. A
systematic review and meta-analysis. Br. ]. Oral Maxillofac. Surg. 2021, 59, 1130-1139. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/SCS.0000000000009328
https://doi.org/10.1016/j.ijom.2017.07.025
https://doi.org/10.11607/jomi.8924
https://www.ncbi.nlm.nih.gov/pubmed/35904836
https://doi.org/10.1002/jbm.b.35122
https://www.ncbi.nlm.nih.gov/pubmed/35771197
https://doi.org/10.1016/j.bjoms.2021.01.001
https://www.ncbi.nlm.nih.gov/pubmed/34702597

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Information Sources and Search Criteria 
	Article Selection 
	Data Extraction 
	Additional Analysis 
	Risk of Bias 
	Synthesis of Data 
	Assessment of Certainty of the Evidence 

	Results 
	Article Selection 
	Characteristics of Studies 
	Release of Growth Factors 
	Platelet Recovery 
	Cell Viability 
	Cell Distribution 
	Fibrin Network 
	Meta-Analysis 
	Grading of Recommendations, Assessment, Development and Evaluation (GRADE) 

	Discussion 
	Conclusions 
	References

