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Background: Platelet-rich Fibrin (PRF) represents a type of autologous biomaterial investigated through the years by in vitro
and in vivo studies to assess the real inductivity properties, presumed due to the growth factors presence. This systematic review
aims to evaluate the efficacy of PRF in sinus lift procedures, compared and/or in addition to Deproteinized Bovine BoneMaterials
(DBBM) according to emerging scientific evidence.
Materials and Methods: Selected databases were PubMed, Scopus, and Cochrane Library. The search strategy included
the following terms: “PRF”, “platelet concentrate”, “autologous platelet concentrate”, “platelet-rich fibrin”, “bone grafts” or
“DBBM”, “xenografts” or “Bio-Oss”, “maxillary sinus lift”, “maxillary sinus elevation”, “maxillary sinus augmentation”. Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were used.
Results: Four studies were included in the systematic review, evaluating clinical, histological, histomorphometric, and radio-
logical data. Three of four studies reported no statistically significant differences between the test and control groups. In one
study, the presence of Leukocyte-Platelet Rich Fibrin (L-PRF) could allow earlier implant placement, achieving the same clinical,
histological, histomorphometric, and radiological results of bone regeneration at an earlier time, compared to the DBBM used
alone.
Conclusions: The regenerative potential of PRF associated with DBBM resulted in a valid alternative in the bone regeneration
procedure to DBBM grafts. Further new studies are needed, with more rigid protocols, to investigate the potential of platelet
concentrates in sinus lift techniques and to evaluate the real inductivity properties of DBBM.
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Introduction

Maxillary sinus plays an important role in heating and
humidifying the air [1,2] and the anatomical space where
bone regeneration takes place after a sinus lift augmentation
is different from other districts [3,4].

Derjac-Aramă et al. [5] demonstrated the intrinsic os-
teogenic potential of the Schneiderianmembrane, due to the
expression of several factors involved in cellular differenti-
ation, of mesenchymal stem/stromal cells, expressed by the
epithelium and vascular/perivascular layer.

Themaxillary sinus and its floor are involved in differ-
ent types of regenerative techniques to obtain a new volume
of bone tissue in order to treat bone atrophies. There are two
main approaches to obtain a maxillary sinus augmentation:
The crestal approach and the lateral window approach [6–
8]. The lateral window approach consists in obtaining an
access window on the lateral wall of the maxillary sinus,
then lifting the shneiderian membrane in order to increase

the volume of the bone regeneration using bone grafts or
autologous platelets concentrates.

Bone tissue and soft tissue healing is a biological pro-
cess where several factors, such as immunity cells, growth
factors, and proteins, are involved in repairing and even-
tually regenerating the damaged tissue [9]. Therefore, the
wound healing process is composed of four macro-phases:
Hemostasis, inflammation, proliferation, and maturation
[9]. Numerous factors and a perfect activation time are in-
volved in these phases to repair the damaged tissue. Autol-
ogous platelet concentrates (APCs), owning the necessary
growth factors released by the platelets, activated by the
centrifugations, could be a good solution to achieve good
wound healing or tissue regeneration thanks to their prop-
erties [10]. APCs are autologous, easily obtained from the
patient’s blood, and contain most of the growth factors and
cells involved in the natural tissue repair process.

Leukocyte-Platelet Rich Fibrin (L-PRF) is a solid au-
tologous platelet concentrate representing the second gen-
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eration of platelet concentrates [11].
L-PRF is obtained through Choukroun’s protocol

that consists of two phases: (1) Collecting blood sample
(venepuncture: From 10 to 100 cc of blood) and placing it
in a 10 mL glass or glass-coated tube; (2) Centrifugation at
3000 rpm for 10 min [12].

After centrifugation, three layers can be distinguished
in the tube: (1) Acellular plasma on the top; (2) Platelet-
rich Fibrin (PRF) clot, in the middle; (3) Red corpuscles at
the bottom [13].

Choukroun’s protocol allows for obtaining a concen-
trate with a high percentage of growth factors such as Trans-
forming Growth Factor-beta 1 (TGF-β1), Platelet-Derived
Growth Factor (PDGF), Vascular Endothelial Growth Fac-
tor (VEGF), Insulin-like Growth Factor (IGF), Epidermal
Growth Factor (EGF), [14] which have two important roles:
Regulation of inflammation and wound healing.

In particular, TGF-β1 is secreted by degranulated
platelets during the early phase of injuries and induces the
expression of extracellular matrix proteins; Besides, it in-
fluences the development of osteoblasts in its first step and
simulates fibroblast in the production of collagen, resulting
in promoting the regeneration of bone and cartilage [15].
PDGF, which was described by Ross in 1974, is produced
by giant cells and promotes osteoblastic proliferation, an-
giogenesis, mesenchymal cell division, and cellular differ-
entiation; PDGF particularly facilitates cell proliferation of
fibroblast and its collagen synthesis [16]. These two factors
described above have a critical role in improving tensile
strength and callus formation so that they have a positive
effect on soft and hard tissue healing [17,18].

IGF has an important role in promoting cellular dif-
ferentiation and the process of osteogenesis. There are dif-
ferent types of IGF, such as IGF I and IGF II, that stimu-
late osteoblasts proliferation and type I collagen expression
through a proper action of paracrine and autocrine regula-
tors [19].

Finally, EGF is activated by different receptors of im-
mune cells and cells involved in tissue repair processes,
such as fibroblasts, endothelial cells, and keratinocytes
[20].

Furthermore, the second component of PRF is repre-
sented by immunity cells as leukocytes, neutrophilic gran-
ulocytes, macrophages, and lymphocytes that regulate in-
flammation and wound healing and, at the same time, add
to PRF antibacterial properties [21].

Finally, the third component of PRF is the three-
dimensional fibrin matrix, which determines PRF’s me-
chanical and technological characteristics, together with the
activated platelets that release large amounts of cytokines.
The polymerized fibrin matrix and platelets reinforce the
matrix so that growth factors and leukocytes can be trapped
in the fibrin network [22]. The result is a strong structure
that stimulates a slow release of growth factors (the preex-
istent ones and the new ones produced by leukocytes) [20].

There are different categories of materials in dentistry
that enhance the process of hard and soft tissue regenera-
tion. The main histological difference between bone grafts
and bone substitutes is tissue vitality [23]. In oral surgery,
both categories of materials, bone grafts, and bone substi-
tutes, are combined in order to reduce the limits of each one
[1].

Thus a better result in human tissue healing is repre-
sented by the vitality of the newly formed tissue, which is
the consequence of a higher level of integration of the graft
as opposed to the residual graft material, leading to an effec-
tive bone regeneration which results in better predictability
of implant osteointegration [1]. Regarding these indexes of
tissue vitality, they were evaluated in the histomorphomet-
ric analysis of the biopsies taken in each study included in
this systematic review [24–26].

Furthermore, the autologous platelet concentrates
stand out for those clot with an important fibrin network
formed during the different stages of centrifugation, which
confers the conductive properties, and the growth factors
released by the platelets [27]. Among autologous platelet
concentrates, L-PRF represents the second generation of
platelet concentrates [9], obtained through Choukroun’s
protocol [13,14], which allows for obtaining a concentrate,
with a high percentage of growth factors, such as TGF-β1,
PDGF, VEGF, IGF, EGF [15]. These growth factors are
all essential in the regulation of inflammation and wound
healing: Specifically, TGF-β1 induces the expression of
extracellular matrix proteins, influencing the development
of osteoblasts, fibroblasts collagen synthesis, and promot-
ing the regeneration of bone and cartilage [16]. PDGF,
produced by giant cells, promotes osteoblastic prolifera-
tion, angiogenesis, mesenchymal cell division, and cellu-
lar differentiation, also facilitating fibroblast proliferation
and collagen synthesis [15–28]. IGF has an important role
in promoting cellular differentiation and osteogenesis and
its subtypes, IGF I and IGF II, stimulate osteoblasts pro-
liferation and type I collagen expression, as paracrine and
autocrine regulators [20]. Finally, EGF is activated by dif-
ferent receptors of immune cells and cells involved in tis-
sue repair processes, such as fibroblasts, endothelial cells,
and keratinocytes [21]. Third component of PRF is the
three-dimensional fibrin matrix, which determines PRF’s
mechanical and technological characteristics, together with
the activated platelets, with the aim to reinforce the ma-
trix, so that growth factors and leukocytes can be trapped in
the fibrin network [22], promoting a slow release of growth
factors among the xenografts derived from animal sources,
the most used is the Deproteinized Bovine Bone Material
(DBBM), which owns a high conductivity property [29].

Due to the mentioned and investigated properties,
through the years, several clinical studies and reviews at-
tempted to compare the efficacy of these two types of grafts,
also used in combination in Guided Bone Regeneration
(GBR) and in maxillary sinus lift procedures for the sub-
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sequent implants’ placement, with contrasting results and
claims [30–32].

This systematic review aims to evaluate the effective-
ness of the PRF, combined with DBBM, in the regenera-
tion procedure in maxillary sinus lift. This work focused on
solely evaluating PRF and excluding other types of platelet
concentrates, specifically Platelet-Rich Plasma (PRP) and
Concentrated-Growth Factor (CGF). The first platelet con-
centrate now represents a technology superseded by the
second generation of platelet concentrates, the PRF itself.
CGF, despite having numerous features in common with
the PRF [33], also shows differences in density of the fib-
rin network, which is higher than the PRF, and for young
module, which is 0.35 Gpa in the PRF against 70 kpa in the
CGF [34].

Several systematic reviews compare studies of differ-
ent types of platelet concentrates, considering them over-
lapping, unlike this review which, however, was focused
on the PRF, excluding other types of concentrates such as
PRP and CGF. Besides, unlike the past reviews, in this sys-
tematic review, it was crucial to use a strict criteria of in-
clusion of only studies that have a comprehensive method
of evaluating outcomes from 4 points of view, as clinical,
radiological, histological and histomorphometric results, in
order to understand beneficial effects of PRF, when com-
bined with DBBM.

Materials and Methods

The current systematic review is registered on Open
Science Framework database, with registration DOI: https:
//doi.org/10.17605/OSF.IO/PJTB9 accessed on 27 Septem-
ber 2022. The PICO method [35] was used to develop this
systematic review, defining the following parameters:

• P: Population of patients who need to undergo unilateral
or bilateral maxillary sinus lift operations.

• I: Use of PRF as a graft or membrane, combined with
other bone grafts/non-use of PRF.

• C: Use of bone grafts only.
• O: Effectiveness of PRF in the regeneration process of
soft and hard tissues, evaluating clinical, radiological,
histological and histomorphometric results, and reso-
nance frequencies analysis if required.

Search Strategy

This systematic review screened PubMed
(https://pubmed.ncbi.nlm.nih.gov/), Scopus (https:
//www.scopus.com/search/form.uri?display=basic&z
one=header&origin=searchbasic#basic), and Cochrane
Library (https://www.cochranelibrary.com/) databases,
to select clinical studies. We adhered to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [36,37].

Fig. 1. PRISMA flowchart illustrating the experimental study
search and selection process.

Search Terms
Electronic search was conducted, using the following

search terms: “PRF”, “platelet concentrate”, “autologous
platelet concentrate”, “platelet-rich fibrin”, “bone grafts”
or “DBBM”, “xenografts” or “Bio-Oss”, “maxillary sinus
lift”, “maxillary sinus elevation”, “maxillary sinus augmen-
tation”.

Inclusion Criteria
Articles were included if they met the following in-

clusion criteria: Randomized controlled trials (RCT), con-
trolled clinical trials (CCT), retrospective and prospective,
with comparison test and control groups; Publications of the
last 10 years; In vivo human studies; PRF used as grafting
material or membrane; Surgical treatment of sinus floor el-
evation using crestal approach or lateral window technique;
Coexistence of post-treatment clinical and radiographic,
histological and histomorphometric results, and studies in
English.

Exclusion Criteria
Articles were excluded if they met the following ex-

clusion criteria: In vivo and in vitro animal studies; Use of
other specific concentrates as PRP, Mineralized Plasmatic
Matrix (MPM), CGF or PDGF other than PRF results of
poor quality; Studies involving patients with systemic con-
traindications or acute maxillary sinusitis, or suffering from
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Table 1. Assessment of methodological quality.
Criteria Yes No Others (CD; NA; NR)∗ 

(1) Is the review based on a specific question that is adequately formulated and described? ×
(2) Have the eligibility criteria been defined and specified a priori in order to identify the
included and excluded studies?

×

(3) Does the literature search strategy use a comprehensive and systematic approach? ×
(4) Have the titles, abstracts and full text of articles been dual and independently reviewed to
minimize bias?

×

(5) Was the quality of each included study independently assessed by two or more reviewers,
using a standard method to assess the internal validity of the individual studies?

×

(6) Have the included studies been listed, alongwith the important characteristics and findings
of each study?

×

(7) Have the BIAS been evaluated? × 
∗CD, cannot determine; NA, not applicable; NR, not reported.

periodontal disease; Case report, case series studies, pilot
studies and systematic reviews.

Study Selection

Two independent authors (Davide Gerardi and Nicolò
Santostasi) dealt with the primary literature research. The
same researchers conducted a second re-evaluation of the
selected titles, in which the studies that were not adapt-
ing to the established eligibility and inclusion criteria were
deleted. Therefore, the remaining reports were intensely
screened, considering the full-text articles for compatibil-
ity (Fig. 1). In case of disagreements between the authors
after independent evaluation, a consensus was reached by
re-evaluation and discussion. In the event of discrepancies
in the data, reference paper authors were contacted by email
for further explanation when possible. The remaining stud-
ies were finally reviewed for qualitative synthesis.

Data Collection

Data were extracted, including the year of publica-
tion, type of study, duration of follow-up, number of pa-
tients, number of sinuses, type of intervention, compari-
son groups, post-healing, radiological, clinical, histologi-
cal, and histomorphometric results. These data were subse-
quently grouped in a summary Table. The considered out-
comes were:

• Percentage data of success.
• Histomorphometric analyzes.
• Clinical data.
• Percentages of residual bone.
• Residual bone substitutes.
• Newly formed bone.
• Soft tissue.
• Radiographic data.
• Resonance frequency analysis.

Quality Assessment of Systematic Reviews and Risk
of Bias

The critical evaluation system of systematic reviews,
provided by the “U.S. Department of Health & Human Ser-
vices” [38] which expects tomeet a series of criteria in order
to assess the quality of the systematic review, as well as the
risks of bias, was used in this systematic review (Table 1).

Results

PRISMA diagram schematically shows the selection
process (Fig. 1). Through digital research, carried out on
three different databases (PubMed, Scopus, and Cochrane
Library), 134 studies were identified: Among these, 66
studies were selected by the scientific research platform
“Pubmed”, 16 studies come from the same research car-
ried out on “Scopus” digital database and, finally, 12 studies
were selected from the “Cochrane Library” platform. Be-
fore this screening, 14 duplicated studies were excluded;
The remaining 120 studies were subjected to a prelimi-
nary analysis. The title and the abstract were evaluated to
identify any further studies to be excluded. From this first
screening survey, a further 37 studies were excluded, re-
ducing the total of studies subjected to final screening to
83. Inclusion and exclusion criteria were applied, with the
exclusion of 79 studies. Finally, 4 studies were selected and
considered eligible (Table 2, Ref. [24–27]), as they met the
selection criteria.

The four included studies evaluated a population of
60 patients in total, whose clinical picture was character-
ized by posterior atrophy of the upper jawbone so that they
were eligible for a maxillary sinus lift surgery, using lateral
approach technique. After a period of soft and bone tissues
healing, patients underwent implant surgery.

https://www.biolifesas.org/
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Table 2. Characteristics of the included studies.
Author year Type of study and

follow-up
Location Population, lift sinus, number of

implants (mean age, age range)
Gender PRF preparation Intervention Evaluations

Zhang et al., 2012
[24]

RCT, prospective
Follow up: 6 months
Number of checks:
1 week
1 month
3 months
6 months

Department of Implant
Dentistry, Peking Uni-
versity, School and
Hospital of Stomatology,
Beijing, China

10 patients
11 sinuses
N° implants not specified
Test group: 6 sinuses of 6 pa-
tients (mean age: 43.5 years;
Range: 30–49)
Control group: 5 sinuses of 5
patients (mean age: 46.2 years;
Range: 37–53)

2 F
8 M

300 g for 10 min
(Choukroun pro-
tocol)

Test group: Bio-Oss and L-
PRF combined + PRF membrane,
which covered the side window
Control group: Bio-Oss alone,
and covered with mucous mem-
brane (without using membranes)
Side access riser

Clinical
Radiographic
Histological
Histomorphometric
Number of biopsies:
6 in the test
5 in control (4% formalin
at 4 °C)
Prepared with Donath
technique

Bolukbasi et al.,
2015 [25]

Single center retrospec-
tive study
Follow up: 6 months

Istanbul University Fac-
ulty of Dentistry Istan-
bul, Istanbul, Turkey

25 patients
32 sinuses
66 implants
Test group: 17 sinuses
Control group: 15 sinuses

15 F
10 M

400 g for 12 min
(Choukroun pro-
tocol)

Test group: PRF membrane
(placed over the membrane—
“over the membrane”) + PRF
and Bio-Oss mixed + PPP used
as “Wetting” of the graft + all
covered by a PRF membrane
Control group: Collagen mem-
brane inside + Bio-Oss alone
inside + collagen membrane to
close the vestibular window
Raise according to technique of
Boyne, James and Tatum

Clinical
Radiographic
Histological
Histomorphometric

https://www.biolifesas.org/
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Table 2. Continued.
Author year Type of study and

follow-up
Location Population, lift sinus, number of

implants (mean age, age range)
Gender PRF preparation Intervention Evaluations

Nizam et al., 2018
[26]

RCT, split mouth
6 months after ele-
vation: Biopsies +
implant insertion
Prosthetic load 6
months after implant
placement
Follow up 12 months
after loading

Department of Periodon-
tology, School of Den-
tistry, Ege University,
İzmir, Turkey

13 patients
26 sinuses
58 implants
Average age: 49.92 ± 10.37

4 F
9 M

400 g for 12
min (L-PRF
and L-PRF
membrane) Do-
han/Choukroun
protocol

Test group: L-PRF and Bio-Oss
mixed + collagen membrane to
close the window
Control group: Bio-Oss alone +
collagen membrane to close the
window
Elevation with lateral approach

Clinical
Radiographic
Histological
Histomorphometric
Biopsies: After 6 months
of healing
Prosthetic load: After 6
months of osteointegra-
tion, and follow-up 12
months after prosthetic
loading

Pichotano et al.,
2019 [27]

RCT, split-mouth
Follow up: 8 months

Department of Diag-
nosis and Surgery, São
Paulo State University
(Unesp), School of Den-
tistry, Araraquara, São
Paulo, Brazil

12 patients
24 sinuses
Age: 43–63 years

6 F
6 M

300 g for 10
min (PRF mem-
brane) (Dohan
protocol)

Test group: Mixture of mem-
branes of PRF and DBBM (pro-
portion: For each membrane of
4–5 mm cut into fragments, 0.5 g
of DBBM was mixed) + collagen
to cover the window and implants
at 4 months
Control group: DBBM alone +
collagen to cover the window and
implants at 8 months
Elevation with lateral approach

Clinical
Radiographic
Histological
Histomorphometric

https://www.biolifesas.org/
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Table 3. Clinical evaluation data comparison.
Author year Test group Control group p value

Zhang et al., 2012
[24]

T: 1 week, 1 month, 3 months and 6 months
Parameters: Inflammation, wound dehiscence,
loss of bovine bone particles. No adverse effects

T: 1 week, 1 month, 3 months and 6 months
Parameters: Inflammation, wound dehiscence,
loss of bovine bone particles. No adverse effects

Not applicable

Bolukbasi et al.,
2015 [25]

Parameters: At 6 months; Perforation, wound de-
hiscence, inflammation process
No post-surgery complications
No post-implant complications: 100% implant sur-
vival

Parameters: At 6 months; Perforation, wound de-
hiscence, inflammation process
No post-surgery complications
No post-implant complications: 100% implant sur-
vival

Not applicable

Nizam et al., 2018
[26]

Residual bone height (mm) = 2.45 ± 0.79
At 6 months:
Height of regenerated bone (mm) = 13.60 ± 1.09
100% implant survival

Residual bone height (mm) = 2.53 ± 0.61
At 6 months:
Height of regenerated bone (mm) = 13.53 ± 1.20
mm
100% implant survival

p value > 0.05
p value = 0.88

Pichotano et al.,
2019 [27]

Absence of complications during and after the rise
No perforation observed
No complications such as: Graft migration, wound
dehiscence
100% implant survival at 12 months
Resonance frequencies (ISQ) analysis at the time
of installation of the system: 60.9 ± 9.35
ISQ at the time of loading: 76.08 ± 5.86
No difference at the time of loading

Absence of complications during and after the rise
No perforation observed
No complications such as: Graft migration, wound
dehiscence
100% implant survival at 12 months
Resonance frequencies (ISQ) analysis at the time
of installation of the system: 75.13 ± 5.69
ISQ at the time of loading: 75.75 ± 6.14
No difference at the time of loading

p value = 0.0014
p value = 0.9927

Clinical Results
As reported in Table 3 (Ref. [24–27]), clinical data

were collected. In the clinical study of Zhang et al. [24],
they considered the parameters of inflammation, wound de-
hiscence, loss of bovine bone particles and demonstrated
the absence of adverse effects both in test group and con-
trol group.

Bolukbasi et al. [25], in their review, considered
perforation, wound dehiscence, inflammation process as
clinical parameters, concluding that, in both test and con-
trol group, post-surgery complications were absent, with a
100% implant survival.

Nizam et al. [26] reported quantitative clinical data,
considering residual bone height (mm) Height of regener-
ated bone (mm) in test group and control group which did
not have statistically significative differences, with 100%
implant survival.

Pichotano et al. [27] used the following clinical pa-
rameters: Complications during and after the rise, perfora-
tion, complications such as graft migration, wound dehis-
cence demonstrated the total absence of them, with 100%
implant survival at 12 months.

Resonance frequency analysis was carried out in the
study of Pichotano et al. [27] to assess the degree of sta-
bility of the implant in two distinct phases (Table 3): After
placement and at the time of implant loading. This inves-
tigation took place using the Osstell tool (Resonance Fre-
quency Analysis (RFA) device). It was measured using the
ISQ (implant stability quotient) parameter. This survey has

shown that, after implant placement, the ISQ is significantly
higher in the control group 75.13 ± 5.69, compared to the
test group 3.59 ± 4.22; p = 0.0003. On the other hand, the
ISQ parameter, at the moment of loading, has no difference
between the two groups (p = 0.8587) [27].

Radiological Results
Radiological results are reported in Table 4 (Ref. [24–

27]). Radiographic evaluations through orthopantomogra-
phy (OPG) were carried out in the studies of Zhang et al.
[24], Bolukbasi et al. [25] and Nizam et al. [26].

Bolukbasi et al. [25] evaluated two parameters: The
firs parameter was the relationship between the height of
the lifted sinus and the implant, as the ratio between the
distance bone level/implant length by bone level (BL/IL
by BL), we mean the distance from the most apical point
of contact between the implant, the bone, and the fixture’s
head. For IL, we mean the distance from the apex of the im-
plant head. The interpretation of the relationship between
BL and IL is as follows: If greater than or equal to 1, it in-
dicates that the raised sinus covers the apex of the implant;
If it is less than 1, the apex of the implant does not cover
the floor of the sinus.

The second evaluated parameter was the change in the
height of the sinus lift, the Grafted Sinus Eight/Original Si-
nus Eight (GSH/OSH) ratio. The GSH value represents the
distance from the intraoral marginal bone, while the OSH
value represents the height of the original breast. This ratio
was calculated concerning the areas not supported by the

https://www.biolifesas.org/
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Table 4. Radiographic evaluation data comparison.
Author year Radiographic outcomes

Zhang et al.
2012 [24]

Conclusions: (without quantitative data)
Analysis of the quantity and density of mineralized bone tissue, by OPG and Computed Tomopgraphy
dental scan Presence, in both groups, of adequate mineralized tissue (bone and bone substitute), both
in terms of density and quantity.

Bolukbasi et al.
2015 [25]

T0: 10 days after the sinus lift
T1: 10 days post-implant placement
T2: 6 months post-implant placement
T3: 6 months after prosthetic loading
T4: 12 months after loading
T5: 24 months after loading

BL/IL
T C
1.43 1.46
1.38 1.43
1.37 1.37
1.32 1.29
1.30 1.23
p value = 0.022

GSH/OSH
T C
4.26 4.2
4.78 4.52
4.78 4.75
4.39 4.09
4.39 3.81
4.36 3.67
p value = 0.093

Nizam et al.
2018 [26]

Digital OPG 6 months later: Assessment of bone height (distance between the alveolar ridge and the
highest point of regenerated bone in height, measured linearly on the radiographic image)
Test group: 13.60 ± 1.09
Control group: 13.53 ± 1.20
p value = 0.88
Comparable results between the test group and the control group: Similar radiographic height be-
tween the two groups.

Pichotano et al.
2019 [27]

Evaluation using 36 CBCT evaluations of the volumetric graft measurements (cm3)
T1: After the lifting operation.
T2: After 4 months for the test group; After 8 months for control.
T1 (SD)
T2 (cm3)
T1–T2 (cm3)
Reduction of the graft volume

Test group
1.68
1.10
0.58 (33.14∗)
(cm3/%)

Control group
1.46
0.91
0.55 (36.71∗)
(cm3/%)

p value
0.20
0.10
0.78 (0.47∗)
(cm3/%)

∗ is referred to the unit of measurement of the values, in brackets, of reduction of the graft volume.

plant. If this ratio is greater than or equal to 1, the floor
of the sinus is above the original sinus height. After this ra-
diographic evaluation, this study concluded that there are no
non-statistically significant radiographic differences [25].

Nizam et al. [26] showed a similar radiographic height
of bone in the regenerated area between the test group and
the control group.

In the study of Pichotano et al. [27] the interpreta-
tion of the radiographic investigations, through Cone Beam
Computed Tomography (CBCT), did not reveal statistically
significant differences in bone volume between the two
groups (Table 4), demonstrating a p-value > 0.05.

Histological and Histomorphometric Results
As regards the histological data (Table 5, Ref. [24–

27]), samples of both groups were similar in the included
studies, characterized by the absence of significant signs
of inflammation with areas of newly formed trabecular
bone, connective tissue with enlargement, residual bioma-
terial, vascularization of the connective tissue, gaps, os-
teoblasts, osteoclasts, lymphocytes and polimorphonuclear
leukocytes (PMN), connective tissue consisting of fibrob-

lasts in the wound area and similar degree of vascularity
and inflammation between the two groups [25]; Zhang et al.
[24] demonstrated absence of significant signs of inflam-
mation, Bio-Oss particles distributed evenly, formation of
new bone tissue, active formation of fiber-intertwined tra-
becular bone, active reabsorption of Bio-Oss and, in some
areas, the presence of residual Bio-Oss and signs of slight
resorption in the area of   bone formation.

Finally, Nizam et al. [26] and Pichotano et al. [27]
demonstrated that both test group and control group showed
overlapped clinical results.

Regarding the histomorphometric data (Table 6, Ref.
[24–27]), Zhang [24] and Nizam [26] calculated the per-
centage of new bone formed, the percentage of residual
bone substitutes and the percentage of contact length be-
tween the newly formed bone surface and the bone. They
concluded that, concerning the above data, no statistically
significant differences were found between the two groups.

At the same way, Bolukbasi et al. [25] and Pichotano
et al. [27] both evaluated newly formed bone and biomate-
rials residual, demonstrated the absence of statistically sig-
nificant differences between test group and control group.
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Table 5. Histological evaluation data comparison.
Author Year Histological characteristics of biopsy specimens (biopsy according to the Donath technique)

Zhang et al., 2012 [24] Similar between the test group and the control group
Absence of significant signs of inflammation.
Bio-Oss particles distributed evenly.
Formation of new bone tissue: Fiber-intertwined trabecular bone active formation of fiber-intertwined trabecular bone.
Active reabsorption of Bio-Oss.
In some areas, presence of Bio-Oss still intact, and signs of slight resorption (presence of osteoclasts).
In the area of   bone formation, there was the greatest number of vessels.
In areas away from the sinus floor: Fibrous tissue poor in blood vessels.

Bolukbasi et al., 2015 [25] Presence of:
Areas of newly formed trabecular bone.
Connective tissue with enlargement.
Residual biomaterial.
Vascularization of the connective tissue, gaps, osteoblasts, osteoclasts, lymphocytes and polimorphonuclear leukocytes
(PMN).
Connective tissue consisting of fibroblasts in the wound area.
Similar degree of vascularity and inflammation between the two groups.

Nizam et al., 2018 [26] Presence of newly formed bone tissue and residual graft material, connected together by a direct bond.
Pichotano et al., 2019 [27] Overlapping results, albeit at different times: At 4 months in the test group; At 8 months in the control group.

The only significant difference between test group and
control group was demonstrated by Pichotano et al. [27] in
the timing of healing, which was earlier in the test group
because the evaluation of clinical, radiological, histological
and histomorphometric results was carried out in the test
group 4 months before than the control group, achieving
the same results in both ones.

Discussion

Findings from the Review: The Advantages of
Considering Multiple Points of View

This systematic review evaluated the potential of
Choukroun’s L-PRF/PRF basing on the study selection, and
in particular on the investigation methods used to evalu-
ate the effectiveness of the PRF from four different points
of view: Clinical, radiographic, histological, and histomor-
phometric. Indeed, the choice of the coexistence of the four
types of evaluations in individual studies derives from the
desire to compare works that would create an evaluation
framework as complete as possible within the same popula-
tion. Among these four elected studies, three appear to be of
the randomized clinical trial (RCT) type [24,25,27]: Specif-
ically, prospective RCT [24] and RCT with split-mouth
method [25,27]; Thanks to the method of random alloca-
tion, these studies eliminate accidental bias or bias during
the early phase of planning the study protocol, and also cre-
ate study groups which can be compared more accurately,
both on a qualitative and quantitative point of view [39].
The fourth study under review is a retrospective study [35].
As regards the study design, Bolukbasi et al. [25] provided
a retrospective study, with a greater limit than the remain-
ing studies, being more subject to systematic errors [39],

as they depend on previously collected data, with a limited
margin of reliability. Furthermore, unlike prospective stud-
ies, retrospective studies cannot estimate the incidence of a
possible “new event”.

Regarding the follow-ups, they range from aminimum
of 4 months to a maximum of 8 months from the maxillary
sinus lift operation, with some follow-ups extended to 12
months after the prosthetic load; Therefore, the follow-ups
are relatively short. Regarding the results, in most of the
studies, no statistically significant data was shown on the
possible efficacy of PRF, except in Pichotano et al. [27], in
which significant data is linked to the timing. Unlike other
included studies, Pichotano et al. [27] carried out an earlier
follow-up in the test group (at 4 months) than in the con-
trol group (at 8 months), not finding statistically significant
differences in the two samples, but underlining the achieve-
ment of the same positive result, in the group test, at a dis-
tance of less time, compared to the control group. Further-
more, in this study, the clinical evaluation of implant sur-
vival is carried out using the Osstell tool to quantitatively
assess the stability of implant-bone interface and calculate
the ISQ index [27].

As regards the histological and histomorphometric
data, the same parameters were examined in all the stud-
ies [24–27].

From a radiographic point of view, there was no ho-
mogeneity in the analysis tools used. Specifically, Zhang
et al. [24] used OPG and CT dental scans to evaluate the
quantity and density of mineralized bone tissue. Bolukbasi
et al. [25] used OPGs to carry out measurements, which in-
cluded calculating two indices, BL/IL and GSH/OSH. Fur-
thermore, Nizam et al. [26] performed digital OPGs, for the
evaluation of the height of the bone. Radiographicmeasure-
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Table 6. Histomorphometric evaluation data comparison.
Included studies Test group Control group p value

Zhang et al., 2012 [24]
Newly formed bone 18.35 % ± 5.62% 12.95 % ± 5.33 % 0.138
Biomaterial residues 19.16% ± 6.89% 28.54% ± 12.01 % 0.141
New bone-bone substitute contact 21.45% ± 14.57 % 18.57% ± 5.39 % /

Bolukbasi et al., 2015 [25]
Newly formed bone 35.0 ± 8.60 % 32.97 ± 9.71 % 0.61
Fibrous connective tissue 30.63 ± 7.53 % 33.94 ± 9.15 % 0.34
Biomaterial residues 33.05 ± 6.29 % 33.79 ± 8.57 % 0.87

Nizam et al., 2018 [26]
Newly formed bone 21.38% ± 8.78% 21.25% ± 5.59% 0.96
Residual bone graft 25.95% ± 9.54% 32.79% ± 5.89% 0.06
Bone graft in contact with the newly formed bone tissue 47.33% ± 12.33 54.04% ± 8.36% 0.16
Fibrous connective tissue 52.67% ± 12.53% 45.96% ± 8.36% 0.16

Pichotano et al., 2019 [27]
Newly formed bone (percentage increase) 44.58% ± 13.9% 30.02% ± 8.42% 0.0087
Biomaterial residues 3.59% ± 4.22 % 13.75 % ± 9.99 % 0.0111
Fibrous connective tissue 26.60% ± 11.13% 30.64 % ± 12.46% 0.3767

ments carried out by Pichotano et al. [27] on CBCT are the
least invasive and the most accurate type of evaluation of
bone volumes.

The Combined Use of PRF and DBBM did not
Influence the Maxillary Sinus Lift Outcomes

Previous reviews conclude that there is no beneficial
adjuvant effect in using PRF in sinus lift procedures; In par-
ticular, as reported in review of Ali et al. (2015) [40], PRF
did not show benefits, compared to natural blood clot, nei-
ther have a beneficial effect on the process of maturation of
DBBM. At the same time, the recent review of Damsaz et
al. (2020) [41] demonstrated the absence of advantage or
disadvantage in the use of PRF. In the other recent review
of Ortega-Mejia et al. (2020) [32] it was concluded that the
use of PRF in combination with other biomaterials does not
give particular advantages.

The outcomes of this work, beyond adding new sci-
entific evidence, aimed to justify the results that emerged
through histological, histomorphometric, and clinical ana-
lyzes of the use of autologous and heterologous grafts. In-
deed, also the study selection was the most possible com-
plete, the data did not show any significant difference be-
tween the use of PRF and the use of combination of PRF
and bone grafts in maxillary sinus lift interventions. The
evaluation and classification of graft materials are mainly
based on evaluating the graft materials’ conductive and in-
ductive capacity. Graft conductivity is the ability to repre-
sent an optimal substrate for developing the different phases
of tissue healing, mediated by an inflammatory process in-
ducing cell migration. Cellular induction is a phenomenon
in which one cell, or a group of cells, changes the behav-
ior, in terms of shape, mitotic activity and differentiation of
another cell, or group of cells [42,43]. Furthermore, induc-

tivity activates themetabolism and proliferation of undiffer-
entiated and pluripotent mesenchymal cells to stimulate the
differentiation pathway [40]. As highlighted by recent ev-
idence, PRF shows these inductive properties, by promot-
ing bone morphogenetic protein 2 (BMP2) expression, in
oral fibroblast, through the activation of TGF-β signaling
pathway. Autologous platelet concentrates show both con-
ductive and inductive potentials, and the inductive potential
discriminant does not explain why a difference between the
various biomaterials has never been reached. Specifically,
an in vitro study evaluated the reactions to different types of
dentin derivatives and Bio-Oss in fibroblasts of the human
periodontal ligament (HPLF) [28]. Their results were ob-
tained using a bio-morphological analysis, carried out with
a scanning electron microscope (SEM) with the aid of a col-
orimetric assay (XTT), and a confocal microscope (CLSM).
As regards the Bio-Oss effects, SEM images show fibrob-
lasts’ different reactions when exposed to Bio-Oss, assum-
ing a spheroidal appearance, characterized by a significant
increase in volume, compared to the flat morphology, as-
sumed in reaction to the other groups, represented by the
dentinal derivatives. Moreover, the confocal microscopy
data evaluated the state of the nuclei, the expression of con-
stituents of the cytoskeleton, such as actin, vinculin, and
integrin, and the state of cell proliferation. As regards fi-
broblasts exposed to Bio-Oss, it was observed that they had
a stronger expression of vinculin and integrin 24 h after ex-
posure. The same result was obtained for actin at 72 h and 7
days. As regards the state of activity of the cell nuclei, Ki67,
a marker of proliferation, revealed that even in the sample
with Bio-Oss, there was an important expression of the dye,
suggestive of active cell proliferation. Through this study,
it was possible to highlight the active inductive capacity of
Bio-Oss towards HPLF. Common bone substitute applied
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in bone regeneration, Bio-Oss is free of inductive factors;
Anyway, this bone substitute may sustain the surrounding
environment in tissue regeneration, due to its morphologi-
cal features [44,45]. These data could represent an impor-
tant key for interpreting the results included in this system-
atic review and previous studies on this topic [46,47].

Future Perspectives

In this perspective, the reason why a statistically sig-
nificant difference between the use or not of PRF as a graft
has never been detected, could be investigated. The main
speculation is that PRF is an added value, due to its conduc-
tive and inductive properties, to obtain a good yield of the
regeneration process mediated by Bio-Oss. However, this
hypothesis can be viewed in a scaled-down way, as some
results support the alleged intrinsic inductive properties of
Bio-Oss, which could reduce the real effectiveness of the
presence of PRF as an adjuvant factor to Bio-Oss.

Regenerative materials are not the only factors that in-
fluence the process of bone regeneration, which depends on
the type of bone defect and the type of histology of the spe-
cific anatomical districts.

Finally, further new studies are needed, focusing on a
more extensive evaluation, including clinical, radiological,
histological and histomorphometric results, in order to have
adequate data to produce a meta-analyses, so that it would
be possible to investigate the potential of platelet concen-
trates in sinus lift techniques in comparison with other bio-
materials, and to evaluate again the real inductivity proper-
ties of Bio-Oss help to confirm or not its greater predictabil-
ity.

Limitations

The included studies are characterized by a positive
approach of evaluating the outcomes which is a full exam-
ination, but they used different quantitative methods of as-
sessment about radiological evaluation, using different ra-
diological instruments, as OPT or CBCT or dental scan,
without approaching this kind of evaluation through the
same quantitative instruments of interpretation of above-
mentioned radiological exams, so that it is not possible to
compare data with an higher degree of precision, in order
to highlight the advantages or disadvantages of using PRF
in maxillary sinus augmentation.

At the same time, outcome measures are not totally
overlapped even in clinical, histologic and histomorphome-
tric investigations. As consequence of the strategy of analy-
sis of the included studies, this systematic review is limited
to a qualitative interpretation of result, so that the summary
of evidence is reduced.

Another limitation is about to the criteria of inclusion
of only studies written in English.

Conclusions

No advantages, much less disadvantages, were high-
lighted in the application of the PRF in combination with
Bio-Oss, the gold standard of grafting material. However,
evidence show PRF could be useful for enhancing the heal-
ing process and preventing intra-operative complications
such as oro-sinus perforations or post-operative complica-
tions.
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