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Abstract. This systematic review aimed to assess the effects of leukocyte—platelet-

rich fibrin (L-PRF) on bone regeneration, soft tissue healing, and postoperative
complications in patients undergoing ridge preservation, ridge augmentation, and
maxillary sinus augmentation procedures. A comprehensive literature search was
conducted by two independent reviewers. Only randomized and non-randomized
controlled clinical trials were selected. Outcome data were extracted and critically
analyzed. A total of 17 articles were included in the qualitative synthesis. The use of
L-PRF in extraction sockets was associated with a modest beneficial effect by
decreasing alveolar ridge remodeling and postoperative pain when compared to
natural healing. In contrast, the use of L-PRF in maxillary sinus augmentation
procedures was not associated with more favorable outcomes, and its use in ridge
augmentation procedures could not be assessed adequately as it was reported in only
one study. No meta-analysis could be conducted due to the heterogeneity of the
selected studies. The limited evidence on the effects of L-PRF in intraoral bone
grafting procedures highlights the need for further research to fully assess its clinical
indications, with an emphasis on the application of standardized protocols for the
preparation of this autologous product.
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Leukocyte—platelet-rich fibrin (L-PRF)
was initially introduced by Dr Joseph
Choukroun in the early 2000s as a thera-
peutic adjuvant to enhance wound healing

0901-5027/020250+ 013

and tissue regeneration following intraoral
surgical procedures'. L-PRF is considered
a second-generation platelet concentrate,
characterized by a simplified preparation

method without any biochemical manipu-
lation or exogenous additives to the blood
sample”. For its preparation, venous blood
is harvested and centrifuged in a tube
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without anticoagulants, resulting in three
distinct layers: red blood corpuscles at the
bottom, an intermediate layer that repre-
sents the L-PRF, and platelet-poor plasma
on top2 .

L-PRF is mainly composed of a dense
fibrin scaffold that allows for the en-
meshment of platelets and leukocytes,
which are known to release cytokines
and growth factors, playing a crucial role
in the healing process™*. Neutrophils and
macrophages eliminate bacteria and ne-
crotic tissue via phagocytosis, thus debrid-
ing the wound and preventing secondary
infections. Platelets and macrophages also
secrete growth factors, including trans-
forming growth factor beta 1 (TGF-P31),
platelet-derived growth factor (PDGF),
vascular  endothelial growth factor
(VEGF), and insulin-like growth factor
(IGF), which contribute to wound healing
through the stimulation of re-epithelializa-
tion, angiogenesis, and extracellular ma-
trix formation®. When compared to other
platelet concentrates, L-PRF has been
reported to release higher levels of growth
factors over a 10-day period°. In vitro and
animal studies have shown that L-PRF
improves soft tissue wound healing by
promoting angiogenesis and cell prolifer-
ation’. Additionally, clinical studies from
different medical fields have reported a
positive effect of L-PRF in soft tissue
regeneration and angiogenesis’. Aside
from its beneficial action on soft tissues,
the application of L-PRF has also been
associated with positive results in bone
tissue repair and regeneration. When com-
pared to a widely used porcine collagen
membrane, L-PRF appeared to render
superior results in terms of the prolifera-
tion of human osteoblasts and periosteal
cells in vitro™’.

Given the reported benefits in soft tissue
and bone remodeling in preclinical and in
vitro studies, L-PRF has been applied in a
plethora of periodontal and oral surgery
indications. L-PRF has been employed to
reduce postoperative inflammation'®"'!,
patient-reported pain'?, and the frequency
of alveolar osteitis'*'* after the extraction
of third molars. The healing capacity of L-
PRF has also been studied in periodontal
regenerative and plastic surgery. A recent
meta-analysis showed a difference of
1.1 mm probing depth reduction, 1.2 mm
clinical attachment gain, and 1.7 mm bone
fill in intrabony defects in favor of L-PRF
+ open flap debridement when compared
to open flap debridement alone'>. When
compared with a coronally advanced flap
alone, a coronally advanced flap in com-
bination with L-PRF was associated with
superior root coverage outcomes in the
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treatment of Miller class I and II gingival
recession'”.

L-PRF has also been utilized widely in
oral implantology procedures in an effort
to enhance and accelerate tissue healing —
as a clot, mixed with a bone graft, or as a
membrane. In fact, one of the earliest
applications of L-PRF in dentistry was
in this field'®. However, variable results
have been reported so far in the dental
implant literature regarding its benefits.
While some studies have shown that the
addition of L-PRF in maxillary sinus aug-
mentation and ridge preservation proce-
dures accelerates new bone formation and
reduces alveolar bone resorption'®'”,
others have failed to report any gains in
similar applications'®'?.

The aim of this systematic review was
to critically evaluate the benefits, if any, of
L-PRF in different intraoral bone grafting
procedures, more specifically in ridge
preservation, ridge augmentation, and
maxillary sinus augmentation procedures.

Methods

This systematic review was structured and
conducted according to the preferred report-

ing items of the PRISMA statement™.

Focused PICO question

To formulate the question, the following
PICO was established: the population (P)
comprised systemically healthy patients in
need of ridge preservation, ridge augmen-
tation, or maxillary sinus augmentation; the
intervention (I) was the addition of L-PRF
as biomaterial; the comparison (C) was no
addition of L-PRF in the aforementioned
procedures; the outcomes (O) assessed
were bone regeneration, soft tissue healing,
and postoperative complications.

The research question was: ‘‘Does the
addition of leukocyte—platelet-rich fibrin
enhance bone regeneration and soft tissue
healing, and reduce postoperative compli-
cations, in systemically healthy patients
undergoing ridge preservation (a), ridge
augmentation (b), and/or maxillary sinus
augmentation (c) procedures, when com-
pared to surgical approaches that do not
involve the application of this blood-de-
rived product?”’

With the purpose of comprehensively
addressing all facets of the main focused
question, five specific surrogate questions
were formulated: (1) Can L-PRF be used
as a substitute for (i) bone grafting materi-
als and (ii) barrier membranes in proce-
dures (a), (b), and (c)? (2) Does the
addition of L-PRF to bone grafting mate-
rials lead to enhanced bone quantity and
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bone quality outcomes in procedures (a),
(b), and (c)? (3) Does the addition of L-
PRF to bone grafting materials accelerate
bone maturation in procedures (a), (b), and
(c)? (4) Does the adjuvant use of L-PRF
improve soft tissue healing in procedures
(a), (b), and (c¢)? (5) Does the use of L-PRF
result in less postoperative swelling and
patient-reported postoperative pain?

Outcome variables

Outcomes included (1) bone regeneration
reported as the percentage of newly
formed bone (bone quality), alveolar ridge
dimensional changes in millimeters, and
socket bone fill (bone quantity) assessed
through histology/histomorphometry,
clinical measurements, and radiographic
analysis; (2) soft tissue healing, reported
as healing index scores (tissue color, re-
sponse to palpation, presence/absence of
granulation tissue, incision margin open-
ing) and socket orifice dimensions/closure
in millimeters at a given time point; (3)
postoperative complications, reported as
postoperative  swelling and patient-
reported pain assessed through question-
naires and clinical presentation.

Eligibility criteria

Inclusion criteria were randomized con-
trolled trials (RCT) and non-randomized
controlled clinical trials (CCT) that
assessed the treatment of systemically
healthy patients undergoing (a) ridge pres-
ervation, (b) ridge augmentation, or (c)
maxillary sinus augmentation procedures
involving the use of L-PRF alone or in
combination with bone grafting materials.

Exclusion criteria were studies on other
biological healing enhancers, such as fibrin
glue, platelet-rich plasma (PRP), plasma
rich in growth factors (PRGF), recombinant
human PDGF (rh-PDGF), enamel matrix
derivative (EMD), and bone morphogenetic
proteins (BMPs); studies on the regenera-
tion of periodontal intrabony and furcation
defects or periodontal plastic surgery; stud-
ies on third molar extraction sockets, as
these are not normally related to site prepa-
ration for future dental implants; prospec-
tive and retrospective cohort studies and
case-series; studies including fewer than
five patients; in vitro studies; preclinical
(animal) studies.

Search strategy

A literature search was conducted employ-
ing seven databases: Ovid MEDLINE,
Scopus, Embase, Central (Cochrane Li-
brary), Web of Science, ProQuest (Dis-
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sertations and Theses and Nursing and
Allied Health Database), and Google
Scholar in an attempt to capture the grey
literature, up to December 20, 2017. No
date limitations were used in the search
and only studies published in the English
language were included. Medical subject
heading (MeSH) and key terms included
platelet-rich fibrin, PRF, alveolar ridge
preservation, tooth socket preservation,
dental implants, dental implantation, max-
illary sinus, sinus floor augmentation, and
alveolar ridge augmentation. A decision
was made to include platelet-rich fibrin
and PRF as MeSH and key terms in this
search instead of leukocyte—platelet-rich
fibrin and L-PRF, in order to be more
inclusive and avoid eliminating studies
that may have employed a less precise
terminology. The MEDLINE search was
adapted for use in searching the other
databases. The search was supplemented
by hand searches, citation screening, and
scanning of all reference lists of selected
papers and related reviews. The full search
strategies are included in the Supplemen-

tary Material.

Screening and selection of studies

Titles and abstracts obtained were inde-
pendently screened by two authors (P.D.
and T.K.). If sufficient information was
not provided, the full-text article was
obtained. Full-text versions of all the eli-
gible articles upon initial screening were
obtained and examined independently by
both reviewers. The selection of publica-
tions was made based on the pre-estab-
lished eligibility criteria. Disagreements,
if any, were resolved by open discussion.
In the case that a disagreement was not
resolved, an arbiter (G.A.) was consulted.
Authors were contacted in the case of
incomplete or unpublished results, or for
clarification of the data. All of the selected
studies were processed for data extraction.

Data collection and analyses

All selected publications were subdivided
according to the procedure performed in
three separate tables: (a) ridge preserva-
tion, (b) ridge augmentation, (c) maxillary
sinus augmentation. Two reviewers (P.D.
and T.K.) independently extracted rele-
vant data using a pre-designed data extrac-
tion table. Data extraction included the
first author, year of publication, and study
design; population characteristics; param-
eters recorded and methodology; L-PRF
preparation protocol; details of the surgi-
cal intervention; comparison/control;

treatment outcomes, complications, and
patient-reported outcomes.

Risk of bias and quality assessment of
included studies

For interventional studies, the methodo-
logical quality of the trials was evaluated
using the Cochrane Collaboration tool for
assessing risk of bias®!, as adapted by
Chambrone et al.*>**, to permit qualifica-
tion of non-randomized trials. In brief, the
following criteria were classified as ade-
quate (+), inadequate (—), unclear (?), or
not applicable (NA): the method of ran-
domization; allocation concealment; the
blinding of participants, personnel, and
outcome assessors; the completeness of
follow-up; selective reporting; other
sources of bias. Based on this tool, the
risk of bias was classified as ‘low’ if all
criteria were met, as ‘unclear’ if one or
more criteria were partly met, or as ‘high’
if one or more of the criteria were not met.

Results
Study selection

The article selection process is depicted in
Fig. 1. A total of 1282 potentially eligible

articles were identified following the re-
moval of duplicates. After the application
of the eligibility criteria, 1262 articles
were excluded based on title and abstract
assessment. After a review of the remain-
ing 20 full-text articles, a total of 17
publications were considered for the qual-
itative analysis'®'"** 7%, three articles
were excluded for multiple reasons (Table
1)*739. The characteristics of all included
studies on L-PRF and alveolar ridge pres-
ervation, ridge augmentation, and maxil-
lary sinus augmentation are presented in
Tables 2, 3, and 4, respectively. A total of
eight studies on L-PRF and ridge preser-
vation, one study on L-PRF and ridge
augmentation, and eight studies on L-
PRF and maxillary sinus augmentation
were included.

Risk of bias and quality assessment of
included studies

The quality assessment of all included
RCTs and CCTs is presented in Table 5.
No study with a low risk of bias was identi-
fied. Five (30%) out of the 17 studies were
identified as having an unclear risk of bias
and 12 (70%) as having a high risk of bias,
based on the previously established criteria.
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Fig. 1. Flow diagram of the article selection process.
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Table 1. Studies excluded after full text reading and reasons for exclusion.

Study

Reasons for exclusion

Oncu and Kaymaz®’

Histomorphometry bone outcomes were not presented in perforated vs.

non-perforated maxillary sinuses

Barbu et al.*®
Angelo et al.*’

Absence of statistical analyses
Protocol used for the preparation of L-PRF not specified

L-PRF, leukocyte—platelet-rich fibrin.

Can L-PRF be used as a substitute for (i)
bone grafting materials and (ii) barrier
membranes in ridge preservation, ridge
augmentation, and maxillary sinus
augmentation procedures?

Bone grafting materials

With regard to ridge preservation, four stud-
ies compared horizontal bone loss (HBL)
and vertical bone loss (VBL) in post-extrac-
tion sockets either treated with L-PRF or
allowed to heal naturally'”*'****>_ Temmer-
man et al. reported HBL of 0.8 & 2.5 mmon
the buccal (B) aspectand —0.6 + 2.2 mm on
the lingual (L) aspectat 1 mm below the crest
for the L-PRF sites, which accounted for a
total width reduction (TWR) of
22.84 + 24.28%'". The observed outcomes
were significantly superior when compared
with natural healing (HBL/B:
—2.9 4 2.7mm; HBL/L: —2.1 £ 2.5 mm;
TWR: 51.92 +40.31%). Hauser et al.
reported a mean alveolar ridge width reduc-
tion of 0.06 mm for the L-PRF treated sock-
ets, which was significantly less than the
0.43 mm reduction observed for the natural-
ly healed sites at 8 weeks post extraction”.
Alzahrani et al. also reported less alveolar
width reduction and greater radiographic
bone fill at 4 and 8 weeks post extraction
for the L-PRF treated sockets compared to
natural healing®. In contrast, Suttapreyasi
and Leepong found no difference in alveolar
ridge contour changes and VBL between L-
PRF and natural healing at 8 weeks'”. Only
one study compared L-PRF with a bone
grafting material (beta-tricalcium phosphate
with type I collagen (3-TCP-Cl); Septodont,
Saint-Maur-des-Fosses, France)’°. Mean
HBL as assessed through cone beam com-
puted tomography (CBCT) on the coronal
third was —1.52 mm for the L-PRF vs.
—0.86 mm for the [3-TCP-Cl sites. Howev-
er, no analysis on statistical significance was
reported for the findings of that study.

With regard to maxillary sinus augmen-
tation/ridge augmentation, no controlled
studies addressing this question could be
identified.

Barrier membranes

No controlled studies addressing this
question could be identified for ridge pres-
ervation/ridge augmentation.

With regard to maxillary sinus augmen-
tation, Bosshardt et al’’ and Gassling
et al.”® evaluated the histomorphometric
outcomes following the use of L-PRF mem-
branes as compared to an absorbable colla-
gen membrane (Bio-Gide; Geistlich,
Wolhusen, Switzerland) to cover the lateral
window after direct sinus augmentation.
Both studies reported no difference in the
proportion of vital bone formation and re-
sidual grafting material after 5 to 1 1 months.

Does the addition of L-PRF to bone
grafting materials lead to enhanced bone
quantity and bone quality outcomes in
ridge preservation, ridge augmentation,
and maxillary sinus augmentation
procedures?

Ridge preservation

One RCT evaluated the effects of adding L-
PRF to bone grafting materials (deminer-
alized freeze-dried bone allograft, DFDBA)
with regard to ridge preservation®”. The
authors reported a HBL of 0.75+
0.49 mm for the DFDBA + L-PRF sites
versus 1.36 £ 0.7mm for the control
(DFDBA) sites after 6 months, whereas
no difference was noted in terms of VBL.

Ridge augmentation

Moussa et al. studied the effects of cover-
ing palatal autogenous blocks with L-PRF
membranes on bone augmentation out-
comes and reported significantly greater
bone graft resorption in the absence of L-
PRF membranes at 4  months
(0.8 + 0.6 mm vs. 1.6 + 0.9 mm)*°.

Maxillary sinus augmentation

Five controlled studies reported histomor-
phometric outcomes after the use of bone
grafting materials mixed with L-PRF in
direct sinus augmentation'®'%*1"33_ Three
studies used xenograft (Bio-Oss; Geis-
tlich, Wolhusen, Switzerland)18'3l'32, one
study used freeze-dried bone allograft
(FDBA) (Phoenix; TBF, Lyon, France)'¢,
and one used [3-TCP (Suprabone; BMT
Calsis, Ankara, Turkey)33 . In all studies,
the addition of L-PRF to bone grafting
materials did not produce more favorable
histomorphometric outcomes in terms of
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the proportion of vital bone formation and
residual grafting material.

Does the addition of L-PRF to bone
grafting materials accelerate bone
maturation in ridge preservation, ridge
augmentation, and maxillary sinus
augmentation procedures?

Ridge preservation and ridge
augmentation

No pertinent studies on these specific
treatment modalities were identified in
regard to ridge preservation and ridge
augmentation.

Maxillary sinus augmentation

Tatullo et al. compared bone maturation in
xenograft + L-PRF (test) vs. xenograft
alone (control) in direct sinus augmenta-
tion, after 106, 120, and 150 days3l. A
gradual increase in trabecular bone (%)
was noted from 106 to 150 days; however,
no statistically significant difference was
found between the test group and the
control group at any time point regarding
the percentages of trabecular bone, osteoid
borders, and medullary spaces. Further-
more, no statistically significant differ-
ence in implant stability quotient (ISQ)
was reported between the test and control
groups at any of the time points. The
authors claimed that the use of L-PRF
reduced the healing time and that good
primary stability could be achieved as
early as 106 days post direct sinus aug-
mentation with no implant failures at sub-
sequent follow-ups.

Choukroun et al. reported equivalent
histomorphometric bone outcomes be-
tween FDBA + L-PRF vs. FDBA alone
in direct sinus augmentation at 4 and 8
months, respectively (average vital bone
20.95% vs. 20.3%), concluding that L-
PRF reduces the healing time and that
implants could be placed as early as 4
months post direct sinus augmentation'®.

Does the adjuvant use of L-PRF improve
soft tissue healing in ridge preservation,
ridge augmentation, and maxillary sinus
augmentation procedures?

Ridge preservation

Suttapreyasri and Leepong reported no dif-
ference in soft tissue healing between L-PRF
vs. natural healing up to 8 weeks post-ex-
traction'’. The dimensions of the socket
orifices were measured clinically using a
periodontal probe at 0, 1,2,4, 6, and 8 weeks.
Although the orifices in the L-PRF groups
were slightly narrower at the 8-week inter-



Table 2. Studies on L-PRF and alveolar ridge preservation.

First author L-PRF
Year of publication Population Parameters recorded (P)  preparation Comparison/ Treatment outcomes, complications, and patient-reported
Study design characteristics Methodology (M) protocol Surgical intervention details  control outcomes
Hauser et al.>* 22 patients P: HBL (4 mm below the 2700 rpm, Group 1: L-PRF membranes Blood HBL: L-PRF 0.06 mm (SSD vs. control); L-PRF—flap 0.42 mm;
2013 9M/14 F gingiva), VBL, intrinsic 12 min Group 2: L-PRF membranes  clot control 0.43 mm
RCT Premolar bone quality, bone Four 8-ml and flap VBL: L-PRF —1.21 £ 0.40 (M) vs. 0.76 £ 0.25 (D);
extractions (20  microarchitecture at week 8, tubes per + L-PRF membranes on top L-PRF—flap —0.86 4+ 0.34 (M) vs. —2.15 £ 1.05 (D); control
Max; 2 Mand)  food intake changes patient of the socket —0.77 £ 0.17 (M) vs. —2.15 £ 1.05 (D)
Group 1 =8 M: Caliper, standardized PA (Number of L-PRF membranes Intrinsic bone quality: L-PRF > L-PRF-flap; NSSD for L-PRF
Group 2=6 radiographs, bone biopsy, used per socket not specified) vs. control; no difference in tissue hardness
Control = 8 micro-CT analysis Bone microarchitecture: NSSD in BV/TV between groups; Tb.
(nanoindentation test), food N: L-PRF > L-PRF-flap and L-PRF > control; Tb.Th: NSSD
questionnaire between groups; Tb.Sp: L-PRF < L-PRF-flap and L-
PRF < control; NSSD in bone density between groups
No changes in food intake between groups
Temmerman 22 patients P: HBL (-1, —3, and —5 mm 2700 rpm, 2-5 L-PRF clots in the socket, Blood Results presented for dehiscences including:
etal’ 15 M/7F below crest), VBL, socket bone 12 min covered with 2-3 L-PRF clot VBL (B): —1.5 & 1.3 (control) vs. 0.1 & 1.6 (test) (SSD); VBL
2016 Single bilateral fill at 3 months, postop. pain membranes to seal the socket (L): —0.7 4+ 0.8 (control) vs. —0.4 £ 1.1 (test) (NSSD)
Split-mouth extractions M: CBCT, VAS, questionnaire HBL (L): at —1 mm, —2.1 &+ 2.5 (control) vs. —0.6 + 2.2
RCT Test: 22 (SSD); at —3 mm, —0.3 + 0.3 (control) vs. —0.1 £ 0.3 (NSSD);
Control: 22 at —5 mm, —0.1 £ 0.0 (control) vs. —0.1 4+ 0.0 (NSSD). HBL
(B): at —1 mm, —2.9 4+ 2.7 (control) vs. —0.8 + 2.5 (SSD); at
—3 mm, —1.0 + 1.1 (control) vs. —0.8 + 2.5 (SSD); at —5 mm,
—0.5 £ 0.6 (control) vs. —0.4 £ 1.7 (NSSD)
Total width reduction (%): at —1 mm, —51.92 + 40.31 (control)
vs. —22.84 £+ 24.28 (SSD); at —3 mm, —14.51 £ 19.6 (control)
vs. 5.42 4+ 6.16 (SSD); at —5 mm, 4.47 £+ 4.89 (control) vs.
—2.91 + 4.54 (SSD)
Socket bone fill: 94.7 4+ 26.9 (test) vs. 63.3 &+ 31.9 (control)
(SSD)
Less postop. pain for test group on days 3, 4, and 5
Suttapreyasri 8 patients P: Soft tissue healing at the 3000 rpm, 1 L-PRF clot in the socket Blood NSSD in dimensions of socket orifice at weeks 0, 1,2, 4, 6, and 8
and Leepong'’ SFi3M socket orifice, alveolar ridge 10 min No L-PRF membranes to clot Alveolar ridge contour changes at week 8: (B): 1.96 & 1.10
2013 20 symmetrical contour changes, VBL at 1,2, 4, seal the socket (test) vs. 2.59 + 0.70 (control) (NSSD); (L): 1.59 £ 0.64 (test)
Split-mouth premolars 6, and 8 weeks vs. 1.78 4 0.47 (control) (NSSD)
RCT Test: 10 M: Socket orifice VBL at week 8: (M): 0.7 mm (test) vs. 1.33 mm (control)
Control: 10 measurements, study models/ (NSSD); (D): 1.23 mm (test) vs. 1.14 mm (control) (NSSD)
acrylic jigs, standardized PA
radiographs
Thakkar et al. > 36 single-rooted P: HBL, VBL at 90 and 180 3000 rpm, Graft: DFDBA + L-PRF Graft: HBL (at 180 days): test: —0.75 mm =+ 0.49 vs. control:
2016 teeth days 10 min Collagen membrane DFDBA —1.36 mm + 0.7 (SSD)
RCT Test: NR M: Vernier caliper, Collagen VBL (at 180 days): test: —1.08 mm =+ 0.42 vs. control:
Control: NR standardized PA radiographs membrane —1.38 mm + 0.5 (NSSD)
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26

Das et al. 26 patients

2016 13F/13 M

RCT 30 teeth: 15
L-PRF (n=14),
15 B-TCP-Cl
(n=12)

Marenzi et al.*
2015

Single-blind RCT
with a split-mouth
design

26 patients
17F/9M
108 extractions

Alzahrani et al.”> 24 patients

2017 15F/9M

RCT 24 extractions
Test: 12
Control: 12

Yerke et al.** 23 patients

2017 12F/11 M

RCT Group A (n=15)

Group B (n=38)
Group C (n=5)
Group D (n=15)

P: HBL (2 mm apical to

most coronal point of

socket), VBL, bone quality,
bone density (HU) at 6 months
M: Extraction with flaps,
acrylic stents, dental casts,
caliper, CBCT, bone biopsy/
histology

2500 rpm,
10 min

P: Postop. pain at 24, 48, 2700 rpm,
and 72 h; soft tissue healing 12 min

at 3, 7, 14, and 21 days postop. 18-54 ml
M: VAS questionnaire, healing per patient
index modified (bleeding,

suppuration, tissue color, and

consistency of healing tissue)

P: Horizontal ridge width 3000 rpm,
reduction (at 5 mm apical to 10 min
the crest), radiographic bone 20 ml per
fill at 1, 4, and 8 weeks patient

M: Acrylic stents, dental

casts, caliper, PA

radiographs

P: Soft tissue closure at 400 g,
extraction sites at 10 and 21 ~ 10-12 min

days

M: Measurement of
buccolingual and mesiodistal
dimensions at socket midpoints
with a periodontal probe

Graft: L-PRF

(Whether L-PRF clots or
membranes were placed in
the socket and their number
were not reported)

L-PRF membranes placed
in the socket
(Number not specified)

L-PRF membranes placed
in the socket
(Number not specified)

Group A: Resorbable

collagen dressing

Group B: Calcium sulfate

+ PRP in the socket covered
by collagen membrane

Group C: Calcium sulfate + one
L-PRF membrane in pieces

in the socket covered by one
L-PRF membrane

Graft:
B-TCP-C1

Blood clot

Blood clot

Group D:
Blood clot

Clinical: HBL (no analysis of statistical significance):

—3.85 mm (L-PRF) vs. —3.15 mm ([3-TCP-CI)

CBCT:

HBL (no analysis of statistical significance):

coronal third: —1.52 (L-PRF) vs. —0.86 (3-TCP-Cl);

middle third: —1.02 (L-PRF) vs. —0.18

(B-TCP-Cl); apical third: —1.43 (L-PRF)

vs. +0.36 (3-TCP-Cl)

VBL (no analysis of statistical significance): —1.17 (L-PRF)
vs. —0.35 (3-TCP-CI)

Density in HU at 6 months was greater for coronal and middle
third for L-PRF vs. [3-TCP-Cl

Less pain in L-PRF sites (SSD)

Soft tissue healing faster for L-PRF sites at 7, 14, and 21 days
Healing index L-PRF vs. control:

3 days: 4.8 £ 0.6 vs. 5.1 £0.9; 7 days: 4.5+ 0.5vs. 4.9+ 0.3
(SSD); 14 days: 4.2 0.2 vs. 4.3 + 0.3 (SSD); 21 days: 4.1

+0.1vs. 4.2 + 0.2 (SSD)

Horizontal ridge width reduction (as a %):

week 1: 3.26 £ 2.21 (control) vs. 2.09 £ 0.84 (test) (NSSD);
week 4: 9.79 £ 6.02 (control) vs. 5.22 4 0.80 (test) (SSD);
week 8: 13.54 £ 6.57 (control) vs. 8.58 £ 1.73 (test) (SSD)
Radiographic bone fill (as a %):

week 1: 68.82 £ 1.07 (control) vs. 74.05 £ 1.66 (test) (SSD);
week 4: 74.03 &+ 1.22 (control) vs. 81.54 4 3.33 (test) (SSD);
week 8: 80.35 £ 2.61 (control) vs. 88.81 £ 1.53 (test) (SSD)
NSSD between groups for soft tissue closure at 21 days

(B), buccal; 3-TCP-Cl, beta-tricalcium phosphate with type I collagen; BV/TV, bone volume fraction; CBCT, cone beam computed tomography; (P), parameters recorded; DFDBA, demineralized
freeze-dried bone allograft; F, female; HBL, horizontal bone loss (buccolingual direction); HU, Hounsfield units; (L), lingual; L-PRF, leukocyte—platelet-rich fibrin; M, male; (M), Methodology;
Mand, mandible; Max, maxilla; micro-CT, micro-computed tomography; NR, not reported; NSSD, no statistically significant difference; PA, peri-apical; PRP, platelet-rich plasma; RCT, randomized
controlled trial; SSD, statistically significant difference; Tb.N, trabecular number; Tb.Sp, trabecular separation; Tb.Th, trabecular thickness; VAS, visual analog scale; VBL, vertical bone loss (apico-

coronal direction).
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Table 3. Studies on L-PRF and ridge augmentation.

Parameters
First author recorded (P) L-PRF Surgical Treatment outcomes,
Year of publication Population Methodology preparation intervention Comparison/ complications, and patient-
Study design characteristics ™) protocol details control reported outcomes
Moussa et al.>° 12 patients P: Bone gain, 3500 rpm, 12— Graft: Palatal  Graft: Same Agreement between CBCT vs.
2016 7F/5M bone graft 15 min bone block Control: No bone caliper
CCT 14 RA: 7 test, 7 resorption at 4 One L-PRF membrane NSSD in bone gain between test
control months membrane over and control
M: Bone caliper, bone block Less bone graft resorption at 4

CBCT

months in the test group (0.8 £ 0.6
vs. 1.6 = 0.9) (SSD)

CBCT, cone beam computed tomography; CCT, controlled clinical trial; F, female; L-PRF, leukocyte—platelet-rich fibrin; M, male; NSSD, no
statistically significant difference; RA, ridge augmentation; SSD, statistically significant difference.

val, the differences were not statistically
significant. Yerke et al. also reported no
difference in soft tissue closure at 21 days
in sockets that were covered by a collagen
membrane, a PRF membrane, a resorbable
collagen dressing, or allowed to heal natu-
rally’". In contrast, Marenzi et al. reported
improved soft tissue healing for the extrac-
tion sockets treated with L-PRF at 7, 14, and
21 days™. A modified healing index ranging
from 4 (excellent healing) to 12 (severely
impaired healing) was utilized in that study.
The values were assigned by one examiner
after taking into consideration bleeding, sup-
puration, tissue color, and consistency of the
soft tissues. The corresponding values for the
L-PRF group were 4.5 + 0.5,4.2 £+ 0.2, and
41+£0.1 vs. 49+03, 43£03, and
4.2 £ 0.2 for the control group (statistically
significant difference).

Ridge augmentation

No studies addressing this question could be
identified with regard to ridge augmentation.

Maxillary sinus augmentation

Gurler and Delilbasi reported superior out-
comes using a soft tissue healing index
(tissue color, response to palpation, pres-
ence/absence of granulation tissue, and
incision margin opening) for sites where
L-PRF was placed over the lateral window
and below the flap prior to closure as
compared to a collagen membrane
alone®®. However, the difference was
not statistically significant at 7 and
14 days postoperative.

Does the use of L-PRF result in less
postoperative swelling and patient-
reported postoperative pain?

Ridge preservation

Two RCTs investigated patient-reported
postoperative pain using visual analog
scales (VAS)'"*>. Both of them reported

less pain in post-extraction sockets treated
with L-PRF versus natural healing during
the early stages of healing (5 days and
3 days postoperative, respectively).

Ridge augmentation

No studies addressing this question could
be identified with regard to ridge augmen-
tation.

Maxillary sinus augmentation

One RCT investigated postoperative out-
comes including pain, swelling, and the
performance of various daily activities
when L-PRF membranes were placed be-
low the flap versus not in direct sinus
augmentation’®. Both groups reported an
improvement in these parameters over the
first 7 days postoperative; however no sta-
tistically significant difference was noted
between the two groups.

Discussion

The possibility of conducting a meta-anal-
ysis was explored for the two following
questions: (1) What is the effect of L-PRF
on ridge dimension alterations compared
to natural healing/blood clot following
tooth extraction? (2) What is the effect
of L-PRF membrane compared to collagen
membrane for the coverage of the lateral
window during maxillary sinus augmen-
tation?

For the first question, in the four RCTs
comparing the use of L-PRF vs. blood
clot, the radiographic methods used to
evaluate the outcomes varied significant-
ly, from micro-computed tomography™*,
to peri-apical radiographs'’***°> and
CBCT", resulting in heterogeneity be-
tween the studies that did not allow for
a meta-analysis. Similarly, for the second
question, several determining factors can
affect the clinical and histological out-
comes of maxillary sinus augmentation,
including the size of the lateral window

and the inherent anatomy of the antral
cavity, among others*>*!. None of these
factors were reported in detail in the three
RCTs that utilized L-PRF membrane to
cover the lateral window as compared to a
collagen membrane®®>'*®, thus a meta-
analysis addressing that question could
not be conducted either.

Method of L-PRF preparation

The two most commonly used protocols
for L-PRF preparation were centrifuga-
tion at 2700 rpm for 12 min'”***>-¢ and
centrifugation at 3000 rpm for 10
min' 227223133 Different protocols
were applied in the other studies:
3500 rpm for 12-15 min’®, 2500 rpm
for 10 min'®*, 400g for 10-12
min®**?2* and 300 g for 10 min'®. Some
of the authors described the preparation
protocol using revolutions per minute
(rpm) as the measuring unit, while others
used the relative centrifugal force (g),
which is dependent, among other param-
eters, on the radius of the device used.
This lack of standardization and the effect
it has on the final product was pointed out
in a recent study, which concluded that
centrifuge characteristics significantly
impact cell viability, growth factor ex-
pression, and the fibrin architecture of L-
PRF constructs*?. Heterogeneity was also
noted regarding the membrane prepara-
tion protocol, which may have an impact
on the plasma content, three-dimensional
fibrin meshwork, and platelet content of
L-PRF membranes®. The methods used
varied, and included compression of PRF
using sterile gauzes'®>", sterile glass and/
or metal surgical Plates'’>>, and PRF
boxes?’, among others. However, as the
available evidence on the effects of dif-
ferent preparation protocols on the effec-
tiveness of L-PRF is still limited, it was
decided to include studies with protocol
variability to avoid excluding articles that
may provide evidence on the clinical
effects of L-PRF.



Table 4. Studies on L-PRF and maxillary sinus augmentation.

First author

Year of L-PRF
publication Parameters recorded (P)  preparation Comparison/ Treatment outcomes, complications, and
Study design Population characteristics Methodology (M) protocol Surgical intervention details  control patient-reported outcomes
Tatullo et al.>' 60 patients P: Implant survival at 36 3000 rpm, Graft: Xenograft + L-PRF Graft: Xenograft 100% implant survival
2012 48F, 12 M . 10 min Two L-PRF membranes CM over lateral NSSD in ISQ values between groups A, B, C
RCT 72 DSA: 42 test, £ 10 months, implant over lateral window window Group A: NB: 22.79 (test) vs. 26.44; osteoid: 7.01
30 control stability, bone quality (Number of L-PRF clots (test) vs. 5.12; MED-SP: 70.2 (test) vs. 68.44
240 DIs: M: Bone biopsy from lateral mixed with xenograft Group B: NB: 26.15 (test) vs. 28.7; osteoid: 3.84
Group A (n =20): DIs window site, HIS/HMP not specified) (test) vs. 3.12; MED-SP: 70.01 (test) vs. 68.18
at 106 days Group C: NB: 37.06 (test) vs. 38.97; osteoid: 3.53
Group B (n=20): DIs (test) vs. 2.88; MED-SP: 61.41 (test) vs. 58.15
at 120 days NSSD between test and control groups for all
Group C (n=20): DIs protocols and all parameters measured
at 150 days
Bosshardt 8 patients P: Bone quality at 3000 rpm, Graft: Alloplast Graft: Alloplast NB: 28.74 4 4.44 (control) vs. 28.59 £ 6.90 (test)
et al.”’ TF1M 7—-11 months 10 min One L-PRF membrane over  CM over lateral (NSSD)
2014 12 DSA: 8 L-PRF, M: Bone biopsy from lateral window (test) window Soft tissue: 45.76 & 3.18 (control) vs. 45.74 £ 9.30
CCT 4 CM osteotomy site, HIS/HMP (test) (NSSD)
REMN: 25.50 + 7.64 (control) vs. 25.67 + 8.75
(test) (NSSD)
Choukroun 9 DSA: 6 test, P: Bone quality at 4 months 2500 rpm, Graft: FDBA + L-PRF Graft: FDBA NB: 20.306 (18.02-23.694) (control) vs. 20.95
etal'® 3 control for test group and 8 months 10 min L-PRF membrane over lateral Membrane (?)  (18.65-30.3) (test)
2006 for control group window REMN: 10.934 (9.28-12.206) (control) vs. 9.41
CCT M: Bone biopsy at osteotomy (Number of L-PRF clots (9.03-12.7) (test)
site after elimination of native mixed with FDBA and Osteoid: 1.94 (control) vs. 2.26 (test)
bone, HIS/HMP number of membranes MED-SP: 67.7 (control) vs. 66.5 (test)
over window not specified) Equivalent results, no statistics run
Gassling 6 patients P: Bone quality at 5 months 400 g, Graft: Xenograft + autogenous Graft: Xenograft NB: 17.0 (7.8-27.8) (test) vs. 17.2 (8.5-24.2)
et al.”® 12 DSA: 6 L-PRF, M: Bone biopsy from lateral 12 min (1:1) + autogenous (control)
2013 6 CM window site, HIS/HMP One L-PRF membrane (1:1) REMN: 15.9 (0.9-33.4) (control) vs. 17.3 (0.7-33.5)
RCT over lateral window CM over lateral (test)
window Equivalent results, no statistics run
Zhang et al.'® 10 patients P: Bone quality at 6 months 300 g, Graft: Xenograft + L-PRF Graft: Xenograft NB: 12.95 4 5.33 (control) vs. 18.35 £ 5.62 (test)
2012 2F/8M M: Bone biopsy from 10 min One L-PRF membrane No membrane  (NSSD)
RCT 11 DSA: 6 test, osteotomy site, HIS/HMP over lateral window over lateral REMN: 28.54 + 12.01(control) vs. 19.16 + 6.89
5 control (Number of L-PRF clots window (test) (NSSD)
mixed with xenograft not Bone-to-bone substitute contact (%): 18.57 + 5.39
specified) (control) vs. 21.45 £ 4.57 (test) (NSSD)
Gurler and 24 patients P: Soft tissue healing (tissue 2700 rpm, Graft: Two L-PRF clots in Graft: Allograft HI was higher for test vs. control on days 7 and 14
Delilbasi*® 14 F/10 M color, response to palpation, 12 min pieces + allograft CM over lateral postop. (NSSD)
2016 24 DSA: 12 test, presence/absence of Two L-PRF membranes window NSSD in any of the self-assessed parameters between
RCT 12 control granulation tissue, incision over lateral window the test group and the control group

margin opening) on days 7 and

14 postop., pain, swelling,
sleeping, eating, phonetics,
activities of daily living, and
missed work days

M: Healing index (HI)
questionnaires
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L-PRF in bone grafting procedures

Table 5. Qualitative analysis of the controlled clinical trials included.
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Blinding of
participants,

Method of Allocation personnel, and Completeness Selective Other

randomization concealment outcome assessors of follow-up reporting bias
Tatullo et al.’' + + ? + + -
Bosshardt et al.>’ NA NA ? + + +
Choukroun et al.'® NA NA ? + + -
Gassling et al.*® + + ? + + +
Zhang et al.'® + ? ? + + +
Gurler and Delilbasi*® + + ? + + +
Hauser et al.>* + ? ? + + +
Temmerman et al.'” + + ? + + +
Suttapreyasri and Leepong'’ + ? ? + + +
Thakkar et al.*’ + + ? + + +
Das et al.>° - — ? + + +
Marenzi et al.* + + ? + + +
Moussa et al.*’ NA NA — + + +
Nizam et al.*? + + ? + + +
Comert Kilic et al.*? ? ? ? + + +
Alzahrani et al.> ? ? ? + + +
Yerke et al.** + + ? + — +

NA, not applicable.

compared to collagen membrane placed
over the lateral window’’”*. As similar
outcomes were reported in terms of the
percentage of vital bone formation and
residual graft material, L-PRF might be a
good alternative to collagen membrane for
that purpose.

Does the addition of L-PRF to bone
grafting materials lead to enhanced bone
quantity and bone quality outcomes in
ridge preservation, ridge augmentation,
and maxillary sinus augmentation
procedures?

Ridge preservation

The addition of L-PRF to DFDBA was
associated with more favorable results in
terms of horizontal bone loss when com-
pared to DFDBA alone following tooth
extraction’’. However, only this one study
was identified, and it presented multiple
limitations in the design and methodology,
including the use of peri-apical radio-
graphs and a manual Vernier caliper for
the measurements of HBL and VBL?.
Hence, it is not feasible to draw conclu-
sions on whether the addition of L-PRF in
bone grafting materials improves bone
quantity outcomes following alveolar
ridge preservation.

Ridge augmentation

With regard to ridge augmentation, no
bone histomorphometric evidence exists
on the effects of L-PRF when mixed with
bone grafts in this type of procedure.
Similarly, weak evidence exists on the

effects of L-PRF in enhancing ridge aug-
mentation dimensional outcomes. One
study reported a reduction in autogenous
bone block resorption when the blocks
were covered with one L-PRF mem-
brane’’. The authors attributed this result
to the high concentration of growth factors
in L-PRF assisting rapid vascularization of
the graft and accelerated healing. Whether
this is a plausible concept and whether one
L-PRF membrane is adequate for these
purposes should be investigated further.

Maxillary sinus augmentation

A common clinical approach in grafting
procedures is the mixing of bone grafts
with biologicals to enhance bone regener-
ation, particularly in the early stages of the
process. Commonly, in contemporary
clinical practice, L-PRF is cut into pieces
and mixed with bone grafts to enhance
handling properties and to accelerate bone
regeneration. In this systematic review,
although most of the studies reported
greater percentages of vital bone forma-
tion and lower percentages of residual
bone graft when L-PRF was added to
the graft, the difference when compared
to the controls was not statistically signifi-
cant in any of them. Furthermore, com-
parison of the histomorphometric
outcomes between studies was difficult
due to the heterogeneity in methodology,
which may explain the wide range in the
reported percentage of vital bone at sites
that received L-PRF. More specifically,
there was great variability in the timing
of bone biopsy harvesting, from 3.5

months® up to 6 months'®, and in the
location of the biopsy sites between stud-
ies. Three studies retrieved the core biop-
sies from the crestal bone'®'®32, whereas
one retrieved them from the previous lat-
eral window site®'. That methodological
difference could partially explain the out-
come variability, as when the distance
from the maxillary host bone increases,
the amount of detectable bone formation is
reduced*'*’. Currently, there is no consis-
tent evidence regarding improvement in
bone quality when L-PRF is added to the
bone graft in maxillary sinus augmenta-
tion procedures.

Does the addition of L-PRF to bone
grafting materials accelerate bone
maturation in ridge preservation, ridge
augmentation, and maxillary sinus
augmentation procedures?

Maxillary sinus augmentation

In vitro and animal studies have shown
beneficial effects of L-PRF in soft tissue
healing and bone remodeling’’. Due to
these properties, attributed to the high
concentration of growth factors, L-PRF
has been studied as an adjuvant to reduce
the time needed between augmentation
procedures and implant placement. Two
controlled studies were identified in this
systematic review addressing this issue.
Tatullo et al. performed histological and
histomorphometric analyses of bone core
samples obtained 106 days post augmen-
tation from maxillary sinuses grafted ei-
ther with xenograft + L-PRF (test group)
or xenograft alone®'. More favorable his-
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tological outcomes (i.e., graft vasculariza-
tion, increased number of osteocytes and
osteoblasts) at the test sites were reported.
The authors argued that L-PRF could re-
duce the healing time from the standard 6
months, favoring optimal bone regenera-
tion. However, as histomorphometry out-
comes, ISQ values, and implant survival
rates were similar in the groups, the use of
L-PRF as a complementary therapy to
reduce the healing period is not strongly
substantiated by this study. Additionally,
no definite conclusions can be drawn from
Choukroun et al.'®, as histomorphometric
analyses were performed at different time
points, preventing an adequate compari-
son. A more accurate assessment of the
wound healing effects of L-PRF would
have been possible had a comparison been
made between the FDBA-only group at 4
months and the FDBA + L-PRF group.
Therefore, there is limited evidence on
whether L-PRF, when used in combina-
tion with bone grafts in sinus augmenta-
tion, could accelerate wound healing and
reduce the duration of treatment.

Does the adjuvant use of L-PRF improve
soft tissue healing in ridge preservation,
ridge augmentation, and maxillary sinus
augmentation procedures?

The use of L-PRF is commonly indicated
in clinical practice to improve soft tissue
healing in augmentation procedures.
Platelet concentrates and more specifically
PRP in the form of membranes have been
reported to reduce the incidence of titani-
um mesh exposures’’. However, in this
systematic review, no studies could be
identified reporting the effects of L-PRF
in ridge augmentation procedures on soft
tissue healing and the incidence of wound
dehiscence. Better soft tissue healing in
direct sinus augmentation and ridge pres-
ervation sites was reported when L-PRF
was used, however the difference was not
statistically significant'*°*°. As the eval-
uation of soft tissue healing is subjective,
the use of examiners, blinded to the inter-
vention, is highly valuable. Only one out
of the three studies included in this review
reported the participation of a blinded
examiner®®, which raises questions about
possible risk of bias in the available liter-
ature. Thus, although L-PRF may enhance
soft tissue healing, the available evidence
on the extent and significance of these
potential improvements is limited. Con-
trolled studies comparing soft tissue mat-
uration and healing with and without L-
PRF application in augmentation proce-
dures are warranted.

Does the use of L-PRF result in less
postoperative swelling and patient-
reported postoperative pain?

The use of L-PRF in post-extraction
sockets of third molars has been associ-
ated with favorable outcomes in terms of
decreased postoperative inflammation
and pain'®'"3'2 A reduction in post-
operative pain associated with L-PRF
use in ridge preservation procedures
was also noted by Temmerman et al.'”
and Marenzi et al.>>, who attributed it to
a possible supportive effect of L-PRF on
the immune system. However, Gurler
and Delilbasi did not find any difference
regarding postoperative swelling and
pain in direct sinus augmentation proce-
dures when L-PRF was used’®. Addi-
tionally, no controlled studies could be
identified reporting on postoperative
outcomes after L-PRF use in ridge aug-
mentation procedures. Thus, apart from
favorable outcomes in managing the
symptoms that follow tooth extraction,
there is no evidence to support similar
outcomes of L-PRF in other augmenta-
tion procedures.

The findings of this systematic review
suggest that there is limited evidence on
the potential benefits of L-PRF in bone
regeneration, soft tissue healing, and
postoperative complications in systemi-
cally healthy patients undergoing ridge
preservation, ridge augmentation, and
maxillary sinus augmentation proce-
dures. The use of L-PRF in post-extrac-
tion sockets was associated with a
modest beneficial effect by decreasing
alveolar ridge remodeling and postoper-
ative pain as compared to natural heal-
ing. In contrast, the use of L-PRF in
maxillary sinus augmentation proce-
dures does not seem to render more
favorable outcomes. Likewise, its use
in ridge augmentation procedures is
not adequately reported in the literature.
It is important to highlight that, given its
autologous nature, biological properties,
ease of preparation, and low cost, rele-
vant outcomes of L-PRF should be in-
vestigated further in future, well-
conducted RCTs with larger subject
populations and standardization of
PRF preparation protocols and long term
follow-ups, in order to expand our
knowledge on the clinical effectiveness
of and indications for this autologous
product.
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