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Abstract

Background: Platelet concentrates (PCs), including platelet-rich fibrin (PRF) and its de-
rivatives, have been increasingly investigated as autologous adjuncts in alveolar and per-
iodontal regenerative procedures. This systematic review aimed to evaluate whether PCs
improve clinical, radiographic, and histological outcomes compared with conventional
regenerative approaches. Methods: A comprehensive search of PubMed, Scopus, and
Web of Science identified randomized clinical trials on intrabony and furcation defects,
alveolar ridge preservation, alveolar cleft reconstruction, and periodontally accelerated
osteogenic orthodontics (PAOO). Sixteen studies met the inclusion criteria. Results: Over-
all, PCs, used alone as membranes or in combination with allograft materials, have been
associated with significant clinical and radiographic improvements, with three main pat-
terns of effect emerging across studies: (i) adjunctive benefit in selected outcomes (e.g.,
ridge width preservation and new bone formation when PRF was combined with graft
materials); (ii) non-inferiority or equivalence compared with conventional regenerative
approaches, particularly in periodontal intrabony defects; and (iii) lack of consistent su-
periority, as several studies reported comparable outcomes to standard techniques rather
than clear advantages. In cleft reconstruction, PRF used in combination with allografts
has shown comparable or non-inferior results to standard graft approaches, potentially
reducing morbidity. Despite these favorable trends, evidence has been mixed in terms of
platelet preparation protocols, defect types, additional biomaterials, and length of follow-
up. The heterogeneity of the included studies and the absence of quantitative synthesis
limit the strength of the conclusions. Conclusions: Within these limitations, PCs appear
to represent a valid complement or alternative to conventional regenerative strategies,
primarily as an adjunct rather than a clearly superior approach, and further well-designed

J. Clin. Med. 2026, 15, 3617

https://doi.org/10.3390/jcm15103617



J. Clin. Med. 2026, 15, 3617

2 of 29

randomized clinical trials with standardized protocols and longer follow-up are needed
to strengthen clinical recommendations.

Keywords: platelet-rich fibrin; periodontal regeneration; alveolar ridge preservation;
intrabony defects; bone grafting; guided tissue regeneration

1. Introduction

Alveolar and periodontal bone defects represent a major clinical challenge across im-
plant dentistry, periodontology, and craniofacial rehabilitation. After tooth extraction, the
healing socket undergoes a physiologic remodeling cascade characterized by an early in-
flammatory phase followed by a coupled sequence of bone resorption and formation [1,2].
In particular, osteoclast-driven resorption of the bundle bone and the thin buccal plate—
triggered by the loss of periodontal ligament function and vascular supply —plays a cen-
tral role in the rapid, site-specific reduction of ridge dimensions [3-6]. Clinically, this
translates into a pronounced horizontal and, to a lesser extent, vertical contraction of the
alveolar ridge, often occurring within the first months after extraction and potentially
compromising ideal implant positioning and long-term aesthetic and functional outcomes
[7].

In parallel, periodontal intrabony and furcation defects associated with periodontitis
remain biologically demanding to treat, as the ultimate goal is not merely defect fill but
reconstruction of a functional attachment apparatus. Conventional regenerative strate-
gies—including open flap debridement (OFD) combined with grafting materials, GTR
with collagen membranes (CM), enamel matrix derivatives, and socket sealing tech-
niques—can improve clinical and radiographic parameters, yet outcomes are influenced
by defect morphology, biomaterial stability, and the risk of postoperative complications
(e.g., membrane exposure), particularly in no contained defects [8-10].

Within this framework, PCs have attracted growing interest as autologous biologic
adjuncts capable of supporting both soft-tissue maturation and bone regeneration. Plate-
let-rich fibrin (PRF) and its derivatives provide a fibrin architecture that can function as a
scaffold and reservoir for biologically active mediators, potentially enhancing angiogene-
sis, cellular migration, and early wound healing [11-14]. Moreover, protocol modifica-
tions—such as low-speed PRF and injectable PRF—have been proposed to modulate cel-
lular content and handling properties, enabling PCs to be used as membranes, mixed with
graft materials, or applied as biologic fillers/sealants in a variety of clinical indications [15-
22].

Randomized clinical evidence suggests that PCs may offer clinically relevant ad-
vantages in selected contexts. In alveolar ridge preservation, the addition of injectable PRF
to allogenic grafting has been associated with reduced ridge-width contraction and higher
newly formed bone percentages compared with grafting alone, supporting the hypothesis
that PCs may positively influence both dimensional stability and tissue maturation during
early healing [23-30].

Similarly, in periodontal regenerative surgery, adjunctive L-PRF combined with au-
togenous grafts has shown added benefit over grafting alone in challenging furcation in-
volvement, while in unfavorable intrabony defects L-PRF combined with autogenous
grafting has demonstrated non-inferiority to CM-based protocols for key outcomes such
as clinical attachment level (CAL) gain [31].

Recent systematic reviews and meta-analyses have evaluated platelet-rich fibrin and
related platelet concentrates in selected regenerative contexts, including periodontal in-
trabony defects, scaffold-assisted bone regeneration, and secondary alveolar bone
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grafting. However, the available evidence syntheses have mainly focused on single indi-
cations, specific PRF derivatives, or restricted biomaterial combinations, thereby limiting
cross-context interpretation and direct clinical comparability across alveolar and perio-
dontal applications. In addition, the published literature remains difficult to interpret be-
cause of substantial heterogeneity in platelet concentrate preparation protocols, defect
morphology, adjunctive grafting materials, outcome measures, and follow-up duration.
Such variability across study design and clinical protocols reduces comparability and
complicates the interpretation of results. Previous reviews have also highlighted that the
reported effects are often indication-specific and not consistently superior to established
regenerative techniques. Taken together, these limitations prevent the formulation of clear
and generalizable clinical recommendations [7,32].

Accordingly, what remains unresolved is not only whether platelet concentrates may
provide benefit in selected clinical scenarios, but also how robust and clinically general-
izable those effects are when compared with conventional regenerative strategies across
different alveolar and periodontal indications. In particular, the literature still lacks a suf-
ficiently integrated synthesis focused on randomized clinical evidence that jointly exam-
ines periodontal intrabony and furcation defects, alveolar ridge preservation, alveolar
cleft reconstruction, and periodontally accelerated osteogenic orthodontics within the
same comparative framework [32].

Therefore, the present systematic review was designed to advance beyond the exist-
ing evidence base by providing a structured comparison of randomized clinical trials as-
sessing platelet concentrates across different alveolar and periodontal regenerative proce-
dures, with specific attention to their adjunctive benefits, clinical comparability, and non-
inferiority versus conventional regenerative approaches. The aim was not only to summa-
rize favorable outcomes, but also to clarify where the evidence supports a real adjunctive
value, where it suggests equivalence only, and where current heterogeneity still prevents
definitive clinical recommendations (Figure 1).

* Tooth extraction « Alveolar bone resorption
* Periodontal intrabony * Loss of ridge width
defects

« Soft tissue instability
* Alveolar cleft defects

Platelet concentrates
* PRF
o L-PRF

* Biological membrane
* Mixed with bone grafts

o |-PRF * Regenerative scaffold
« A-PRF
Release of growth factors J * Angiogenesis
* PDGF * Osteogenesis
* TGF-B « Cell proliferation
* VEGF « Tissue repair

. * Bone regeneration
Clinical o Soft-tissue healing

o Clinical attachment gain
outcomes . Canell
* Improved ridge preservation

Figure 1. Conceptual diagram illustrating the biological and clinical rationale for the use of PCs in
alveolar and periodontal regenerative procedures. PRF and its derivatives release growth factors
that may enhance angiogenesis, osteogenesis, and tissue healing, contributing to improved regen-

erative outcomes.
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2. Materials and Methods

2.1. Protocol and Registration

The current systematic review followed the PRISMA guidelines (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) (Supplementary Materials) and Inter-
national Prospective Register of Systematic Review Registry procedures (full ID:1333633).

2.2. Search Process

A search of the following databases was conducted in January 2026: PubMed, Web
of Science (WOS), and Scopus. These databases were examined for studies published be-
tween 1 January 2010 and 30 December 2025 to identify articles from the past 15 years
(Table 1).

The search strategy was developed by combining terms relevant to the study’s objec-
tives. In the advanced search queries applied across the databases (with the complete
search terms provided in Appendix A), keywords were combined using Boolean opera-
tors to capture concepts aligned with the study’s aims (Table 1): (“platelet rich fibrin” OR
“PRE” OR “L-PRF” OR “I-PRF” OR “A-PRF”) AND (“periodontal regeneration” OR “in-
trabony defect” OR “alveolar ridge preservation” OR “socket preservation” OR “alveolar
cleft” OR PAOO).

Table 1. Indicators for database searches.

Keywords: “Platelet-Rich Fibrin; Periodontal Regeneration; Alveolar Ridge
Preservation; Intrabony Defects; Bone Grafting; Guided Tissue Regeneration.”
Article screening strategy Boolean Indicators: OR and AND
Timespan article: 1 January 2010 to 30 December 2025
Electronic databases: PubMed; Scopus; WOS.

2.3. Inclusion and Exclusion Criteria

The reviewers worked in groups to assess all relevant studies that were evaluated.
Studies were included if they met the following criteria:

e  Open-access articles;

e  Studies written in English;

e  Studies conducted in vivo or on humans;
e Randomized controlled trials (RCTs);

e  Studies published in the last 15 years.

Exclusion criteria comprised review articles, case reports or case series, letters or ed-
itorials, in vitro and animal studies.

2.4. PICO Question

The PICO format is a framework for structuring clinical research questions in quali-
tative research. The PICO addressed the question: “In patients undergoing alveolar or
periodontal bone regenerative procedures, does the use of PCs improve clinical, radio-
graphic, and histological outcomes compared with conventional regenerative ap-
proaches?”.

The PICO question is developed as follows:

I.  Population (P):

Human patients undergoing alveolar or periodontal bone regenerative procedures,

including periodontal intrabony defects; furcation defects; post-extraction alveolar

ridge preservation; secondary alveolar cleft grafting; periodontally accelerated

PAOO.
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II. Intervention (I):
Use of autologous PCs, including;:
Platelet-Rich Fibrin (PRF);
Leukocyte-Platelet-Rich Fibrin (L-PRF);
Injectable Platelet-Rich Fibrin (I-PRF);
Advanced Platelet-Rich Fibrin (A-PRF);
PCs may be used as:
A biological membrane;
An interpositional layer between graft and soft tissues;
Mixed with bone grafting biomaterials;
An adjunct to regenerative surgical procedures;
II. Comparison (C):
Conventional regenerative approaches performed without PCs, including;:
Bone grafting alone (autograft, allograft, xenograft);
Bone grafting combined with CM;
Conventional guided tissue regeneration (GTR);
Enamel matrix derivative (EMD);
Open flap debridement (OFD);
Other standard regenerative techniques without PCs.
IV. Outcome (O):
Primary Outcomes (Figure 2):
Clinical Attachment Level (CAL);
Radiographic bone fill/defect bone level gain;
Alveolar ridge width preservation;
Percentage of newly formed bone (histological evaluation).
Secondary Outcomes:
Probing depth (PPD) reduction;
Gingival recession (GR);
Marginal bone loss;
Bone density (CBCT assessment);
Percentage of residual graft material;
Postoperative complications;
Early wound healing.

SUMMARY DIAGRAM OF OUTCOMES

Platelet Concentrates in Alveolar and Periodontal Bone Regeneration

p
Clinical indications:
.. INCLUDED STUDIES e Intrabony defects (n = 8) ® Alveolar ridge preservation (n = 3)
16 RCTs o Furcation defects (n = 1) ® Alveolar cleft reconstruction (n = 2)
® Periodontally accelerated osteogenic
orthodontics - PAOO (n = 3)
A >
( CLINICAL ATTACHMENT LEVEL ) h
0 (CAL) GAIN BONE FILL / BONE GAIN RIDGE WIDTH
Reported in 10 studies Reported in 14 studies Reported in 5 studies
Favors PRF / fes Favors PRF / Favors PRF /
W oot B orcenates [T B s
(Significantly better)
BONE Comparable / RIDGE |5l Comparable /
il A FILL i No sgnificant cifference WIDTH e No sirifcant diference
Not reported (LEE) Not reported (zllmn %i“) Not reported
Interpretation: Interpretation: Interpretation:
Most studies showed greater CAL gain Platelet concentrates frequently Benefits in preserving ridge width
with PRF or comparable outcomes. resulted in more bone fill, although ‘were mainly observed in ridge
results were often comparable preservation and alveolar cleft
to conventional approaches. procedures.
A J
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Figure 2. Summary diagram of clinical outcomes (including Clinical Attachment Level (CAL) gain,
radiographic bone fill, and alveolar ridge width changes) together with the direction of effect ob-
served across the included studies, illustrating whether each intervention demonstrated a favorable,

neutral, or less significant impact compared with control treatments.

2.5. Data Processing

Four independent reviewers (L.C., P.B., D.C,, and P.N.) evaluated the quality of the
included studies by examining the selection criteria, the methods used to assess outcomes,
and the data analysis procedures. The expanded risk-of-bias tool (Cochrane RoB 2) also
offers quality benchmarks related to selection, performance, detection, reporting, and
other potential sources of bias. Any disagreements were resolved through discussion or
with the involvement of additional researchers (G.M., F.I., A.D.L, and A.M.L).The
reviewers examined all records based on the predefined inclusion and exclusion criteria.
A total of 655 eligible articles were imported into Zotero 7.0.31 for management and
further analysis.

3. Results
3.1. Selection and Characteristics of the Study

This PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses) diagram (Figure 3) illustrates a rigorous and systematic selection process to ensure
that only relevant studies were included in the final review. In total, 655 records were
identified through database searching: PubMed (n = 168), Scopus (n = 478), and Web of
Science (n = 9). During the identification phase, 63 duplicate records were removed prior
to screening, leaving 592 unique records for further evaluation. In the screening phase, the
titles and abstracts of these 592 records were assessed according to the predefined inclu-
sion and exclusion criteria. A total of 576 articles were excluded for the following reasons:
systematic reviews (n = 45); in vitro studies (1 = 79); animal studies (n = 24); cases report
(n =118); off-topic or unrelated to the research question (1 = 310).

After the screening process, 16 studies met all eligibility criteria and were ultimately
included in the qualitative synthesis (Table 2).

[ Identification of ies via and regi J

Records identified from:
K PubMed: (n = 168)
3 s (n=478) Records removed before screening:
kil copus: (n = i
e [~ | Duplicate records removed (n = 63)
£ Web of Science: (n = 9)
-]
Total (n = 655)
— }
Records screened Reports excluded:
2 =592 — v
£ (n=592) Reason 1: systematic review (n = 45)
8 Reason 2:in vitro (n = 79)
é Reason 3: in animals (n = 24)
Reason 4: Cases Report (n = 118)
Reason 5: Off-Topic (n = 310)
—
3 Studies included in review
3
g (n=16)

Figure 3. PRISMA flowchart.
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Table 2. Analysis of the studies included in the discussion section.
Number of Aim of th Materials and
Authors Type of Study PtlileI;tser *"" Main Topic S::;; ¢ M:t;rol:lss an Conclusions
PRF im-

proves perio-

Patients with dontal clinical
To evaluate the . . .
. . chronic periodonti- outcomes and
. clinical and radi- . .
. Regenerative . tis treated with OFD bone fill; ad-
Randomized con- ographic effec- .
Pradeep A.R. ettrolled clinical trial treatment of tiveness of PRF alone, OFD + FRF, ~dition of HA
p AL " 62 patients  intrabony or OFD + PRF + HA; may enhance

al., 2017 [33]  controlled, double-

alone or com-

. 1 linical . .
masked. periodonta bined with HA jncinica and radio- regenerative
defects . graphic outcomes  effects and
3-wall intrabony .
measured at base-  defect fill
defects .
line and 9 months  compared
with PRF
alone
PREF signifi-
Patients with unilat- cantly in-
To assess creases bone
. eral cleft treated
Effect of PRF whether PRF im- with autogenous volume but
Shawky H. and Randomized clinical in alveolar  PTOVes quantity iac crest %)one caft does not sig-
Seifeldin S.A., trial, parallel-group 24 patients and quality of & nificantly im-

2016 [34] design.

+ PRF; CBCT at 6
months evaluated
bone volume and

cleft bone re-

. bone regenera-
construction

tion in alveolar

prove bone
density; use-

cleft grafting ful adjunct

density for enhancing
graft quantity
Combination
BG+PREF re-
ey sulted in
Effect of PRE To compare clini-Paired defects reater at-
. cal and radio- treated with BG &
combined ) tachment
Split-mouth ran- with bioactive graphic out- alone vs. BG + PRE; gain and
Bodhare G.H. domized controlled 20 patients lass (BG) in comes of BG clinical measures at bone fill, indi
etal., 2019 [35] clinical trial P gerio dontal alone versus BG 3 and 6 months; catin er,1
fntrabon de combined with CBCT used to evalu—hanceg 1 verio
fects Y PRF in periodon- ate bone fill and de- dontal r}; on
tal regeneration fect dimensions . &
eration com-
pared with
BG alone
rhBMP-2 re-
Effect of Re- . . .duced treat-
] Patients randomized .
combinant  To evaluate ment time

Randomized con-
Chandra R.V. trolled clinical trial,
etal., 2019 [36] double-blind, paral-

lel-group design.

30 patients

to corticotomy alone
vs. corticotomy +

rhBMP-2; bone den-
sity measured radio-

Human Bone whether thBMP-
Morphoge- 2 improves

netic Protein- PAOO outcomes
2 (thBMP-2) in terms of treat- ) ) .
in PAOO on ment speed, bonegraphlcally, healing
bone density quality, healing,
and treatment and discomfort
duration

and increased
bone density
without
worsening
pain or heal-
ing, suggest-
ing potential
as a regenera-

and pain recorded
clinically over 6
months

tive adjunct
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in accelerated
orthodontics

Randomized con-
Paolantonio M. gioél;;i S;??ilf;;zlr 30 patients
etal,, 2020 [37] L - P

ity, parallel-group,

Periodontal

outcomes of To compare peri-
surgical expo- odontal health
sure tech- and stability after

niques for im- open vs. closed

Both tech-
Patients treated withniques effec-
open vs. closed sur- tive, but
closed-erup-
lowed by orthodon- tion approach
tic traction; perio-  showed bet-
dontal indices meas- ter periodon-

gical exposure fol-

prospective pacted @axﬂ— canine exposure . during follow- tal and aes-
lary canines .
up thetic out-
comes
L-PRF com-
Effect of L-  To assess Patients randomizedzlgzds:viﬂi
PRF adjunct whether adding into 3 groups: OFD, cantl ii;n
Randomized con- to autogenousL-PRF to ABG  OFD + ABG, OFD + rovZ d at
Serroni M. et  trolled clinical trial, . bone graft  improves regen- ABG + L-PRF; clini- p
54 patients . . . . tachment
al.,, 2022 [38]  parallel-group, pro- (ABG) in erative outcomes cal and radiographic .
. - . gain and PPD
spective mandibular compared with parameters evalu- .

. reduction,
class II furca- graftaloneor  ated at baseline and rovidine su
tion defects OFD 6 months pro &

perior regen-
erative results
PRF adjunct
. improved at-
T
Effect of low- w%jf;:rgﬁ;e ‘m Patients randomizedtachment
Randomized con- speed PRF ad- . to OFD alone or gain and PPD
Abdulrahman . . . proves clinical . .
trolled clinical trial, . junct to OFD . OFD + PREF,; clinical reduction,
Y.A. etal, 2022 . 22 patients . attachment gain . . o
prospective, paral- in intrabony and radiographic  suggesting it
[39] . and defect heal-
lel-group periodontal | parameters assessed may enhance
defects ing compared up to 9 months eriodontal
with OFD alone T Perio
surgical out-
comes
PRF pro-
. Split-mouth design; moted faster
Comparison
To compare rate PAOO performed space closure
of PRF vs. de- . .
. . . . of orthodontic ~ withPRFonone  and better
Prospective pilot mineralized space closure  side and xenograft early healin
Aniruddth split-mouth clinical bone xeno-  F . g yeammg,
) . . and healing out- on the other; mini- suggesting it
Yashwantet study, split-mouth, 14 patietns  graftin ) ;
) . comes between implant-assisted = may be an ef-
al,, 2022 [40]  single-blind (two- PAOO-as- g .
. . PRF and xeno-  space closure meas- fective bio-
arm design) sisted ortho- . . .
dontic space graft during ured over time; logic alterna-
P PAOO wound healing as- tive to xeno-
closure .
sessed grafts in
PAOO
. To determine ~ Adults with Class  Both tech-
Comparison . . . .
whether perios- II/IIl malocclusion niques in-

Randomized con-

trolled clinical trial,
single-blind, paral- 36 patients
lel-group, prospec-

tive.

Zhigui Ma et
al., 2022 [41]

of periosteum
teum coverage

improves alveo-
lar bone regener-
ation, periodon-
tal outcomes,

and

vs. CM cover-
age in PAOO
and effects on
alveolar bone
regeneration

and mandibular de- creased bone
fects randomized to volume, but
periosteum-covered periosteum
PAOO or collagen- coverage pro-
membrane PAOO; duced signifi-
CBCT at baseline, 1 cantly greater
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complications
compared with
traditional
PAOO

vertical bone
augmentation

week, 12 months;
periodontal and
complication assess- and better
graft stabili-
zation with-
out worsen-
ing periodon-
tal health

ment

Randomized con-
Hageer Mon- trolled clinical trial
taser Bedeer et (RCT), non-inferior- 36 patients
al.,, 2024 [42]  ity, prospective, par-

allel-group, two-arm

Comparison To determine
of xenograft + whether xeno-
PRF vs. au-  graft combined
togenous iliac with PRF can

bone graft in provide compa- clinical and radio-

Xenograft +
PRF achieved
bone regener-
ation compa-
Children with alveo-rable to auto-
lar clefts randomly graft, reduced
assigned to autoge- operative
time and hos-
xenograft with PRF; pital stay,

nous iliac graft or

and avoided

secondary al- rable clinical and graphic evaluation donor-site

veolar cleft

grafting comes to ABG

radiographic out-of bone fill, healing, morbidity,

and surgical out-  representing

comes a valid alter-
native for al-
veolar cleft
reconstruc-

tion

. . Randomized clinical
Azangookhiavi . .
trial, prospective,

Comparison To determine
of PRF vs. whether PRF

Freeze-dried provides compa-

bone allograft rable hard- and
(FDBA) in al- soft-tissue out-

PRF showed
similar bone
stability and
peri-implant
health to
FDBA but
significantly
reduced gin-

Ridge preservation
with PRF or FDBA;
implant placement;
clinical and radio-

graphic evaluation

H. et al., 2024 40 patient t 12 th
etal, 20 parallel-group, two- 0 patients veolar ridge comes to FDBA at 6 and . months gival reces-
[43] . . after loading as- !
arm preservation after ridge . . sion, suggest-
.. . sessing marginal . |
and peri-im- preservation and o ing it may be
) 5 ... bone loss, gingival o
plant tissue  implant rehabili- . a valid bio-
! recession, and .
outcomes tation bleedin logically
& based alterna-
tive for ridge
preservation
Patients with stage L-PRF + ABG
II-IV periodontitis was non-infe-
To demonstrate . .
Treatment of non-inferiority of randomly assigned rior to CM +
, Y %40:1) ABG + L-PRF  ABG for CAL
Randomized con- unfavorable ABG + L-PRF .
. e ) or 2) ABG +CM. gain, showed
Balice G. et al., trolled non-inferior- . intrabony de- compared to e
. . . 64 patients . . Clinical (CAL, PPD, greater Defect
2024 [44] ity clinical trial (par- fects using re- ABG + CM in
] GR) and Defect Bone Level
allel-arm, masked) generative ap-terms of CAL .
Bone Level meas-  gain and

proaches gain after 12

months

urements at baselinelower GR,
and 12 months. AN- with slightly
COVA analysis withhigher PPD.

https://doi.org/10.3390/jcm15103617



J. Clin. Med. 2026, 15, 3617

10 of 29

predefined non-infe-Both treat-

riority margin (0.5 ments were
mm). effective for
unfavorable

IBDs.

Adjunctive

To evaluate

PRGEF did not

M-IV periodontitis S8 1cantly

Patients with stage

whether PRGF . improve CAL
use of Plasma rovides addi randomly assigned ain or radio
Richin fional clinical to: (1) DBBM + gra hic bone
Camacho. | Randomized con- GrowthFac- "% % PRGF+CMtest)or & TP 0
trolled clinical trial, _ tors (PRGF in AQIOBTAPIIC o) DBBM + CM p
Alonso F. etal,, . 140 patients . benefits when .. to conven-
2024 [45] prospective, paral- regenerative combined with (control). Clinical tional resen-
lel-group, two-arm. treatment of . (CAL, PPD, GR) and . &
. Deproteinized . . erative ther-
intrabony . radiographic out-
. Bovine Bone apy. Both
periodontal . comes assessed at
Mineral (DBBM) . treatments
defects baseline and 12 .
and CM were effective
months.
and safe.
DBBM +i-
Patients with stage PRF resulted
foewuae  Mpeiodotle oo it
Adjunctive  whether adding i ,
Randomized con- use of -PRF i-PRF to DBBM . ¢= 870up (DBBM +CAL gain and
. . . . . . . ,i-PRF) or Control  radiographic
Eid M.K. et al., trolled clinical trial, . in regenera- improves clinical .
2024 [46] rospective, paral 40 patients tive treatment and radiographic group (DBBM bone fill com-
prosp P grap alone). Clinical pared to

lel-group, three-arm.

of intrabony
defects

outcomes in in-
trabony defect
treatment

(CAL, PPD, GR) and DBBM alone,
radiographic assess- indicating im-

ments at baseline  proved re-
and 6 months. generative
outcomes.

Randomized con-

trolled clinical trial,
parallel-group, dou- 22 patients
ble-blind, prospec-

tive, two-arm.

Almoliky N. et
al., 2025 [47]

Treatment of
noncontained
intraosseous
periodontal
defects in
stage III peri-
odontitis

To compare clini-

cal and radio-
graphic out-
comes of low-
speed PRF mem-
brane + DFDBA
versus CM +
DFDBA in surgi-
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3.2. Quality Assessment and Risk of Bias of Included Articles

The methodological quality of the included manuscripts was assessed by three re-
viewers (L.C., P.B., and P.N.) using risk-of-bias tools appropriate for the study design.
Because all included studies were randomized clinical trials, the Cochrane RoB 2 tool (Risk
of Bias 2 for Randomized Trials) was used for their evaluation (Table 3). This instrument
examines five key domains: (D1) bias arising from the randomization process, (D2) bias
due to deviations from intended interventions, (D3) bias due to missing outcome data,
(D4) bias in the measurement of outcomes, and (D5) bias in the selection of the reported
results. For each domain, studies were assigned one of four possible judgments—low risk,
moderate risk, high risk, or no information—according to the clarity and rigor of the meth-
odological reporting.

In the randomization domain (D1), studies were judged as low risk when adequate
sequence generation and allocation concealment (e.g., computer-generated randomiza-
tion, sealed opaque envelopes) were clearly reported. Studies lacking detailed information
on allocation procedures were classified as “some concerns”. Regarding deviations from
intended interventions (D2), most studies were considered at low risk, as no relevant pro-
tocol deviations were reported and treatments were generally delivered as planned. How-
ever, in some cases, the absence of clear blinding procedures led to “some concerns”. For
missing outcome data (D3), studies with complete or near-complete follow-up were clas-
sified as low risk. When loss to follow-up was reported without sufficient explanation,
studies were judged as having “some concerns”. In the outcome measurement domain
(D4), studies were considered at low risk when objective and standardized clinical or ra-
diographic measures were used, particularly when outcome assessors were blinded. Con-
versely, lack of blinding or reliance on subjective measures led to higher risk judg-
ments.Finally, in the selection of reported results (D5), studies were judged as low risk
when outcomes were reported consistently with the study aims. In the absence of a pub-
lished protocol or trial registration, some studies were classified as having “some con-
cerns” due to the potential for selective reporting. Overall, most included studies were
judged to have low to moderate risk of bias. Moderate concerns were primarily related to
insufficient reporting of randomization procedures and lack of blinding, whereas only a
limited number of studies presented a high risk of bias in specific domains. These
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methodological limitations should be considered when interpreting the results of the pre-
sent review. Importantly, the presence of mostly low-to-moderate risk of bias across the
included studies supports a reasonable level of confidence in the observed clinical trends;
however, the remaining methodological shortcomings may still reduce the overall
strength and reliability of the evidence, particularly for outcomes related to subjective as-
sessment and selective reporting. Across the included articles, most trials showed low to
moderate risk of bias in the domains related to deviations from intended interventions
and completeness of outcome data, reflecting generally robust clinical execution and ade-
quate follow-up. Only one study presented a high risk of bias [39], whereas all remaining
trials showed low to moderate concerns across the evaluated domains. Conversely, sev-
eral studies exhibited moderate concerns regarding the randomization process, primarily
due to insufficient detail on sequence generation or allocation concealment, and moderate
to high concerns in outcome measurement and selective reporting, often linked to lack of
blinding or incomplete disclosure of prespecified results. When integrating the domain-
specific assessments, the overall risk of bias for the majority of the studies was judged as
moderate, indicating acceptable methodological quality but also highlighting areas where
reporting transparency and trial design could be strengthened.

Table 3. The table displays the RoB 2 evaluation table for all randomized clinical trials included.
Color coding: green = low risk; yellow = moderate risk; red = high risk; blue = no infomation.

Authors and Years D1 D2 D3 D4 D5 Overall
Pradeep A.R. et al., 2017 [33]
Shawky et al., 2016 [34]

Bodhare et al., 2019 [35]

Rampalli Viswa et al., 2019 [36]
Paolantonio M. et al., 2020 [37]
Serroni M. et al., 2022 [38]
Abdulrahman et al., 2022 [39]
Aniruddth Yashwantet al., 2022 [40]
Zhigui Ma et al., 2022 [41]

Hageer Montaser Bedeer et al., 2024
[42]

Azangookhiavi, H. et al., 2024 [43]
Balice G. et al., 2024 [44]
Camacho-Alonso, F. et al., 2024 [45]
Eid, M.K. et al., 2024 [46]

Almoliky N. et al., 2025 [47]

Talebi Ardakani et al., 2024 [48]
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Domains: Judgement:
D1: Bias arising from the randomization process Moderate risk @
D2: Bias due to deviations from intended interventions Low risk .
D3: Bias due to missing outcome data No Information @
D4: Bias in the measurement of the outcome High risk r

D5: Bias in the selection of the reported result

Overall: Overall risk of bias
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3.3. Structured Synthesis of Results and Analysis of Heterogeneity

To address heterogeneity, a structured comparison of included studies was per-
formed. Studies were grouped according to clinical indication (intrabony defects, ridge
preservation, alveolar cleft reconstruction, and PAOO) and type of intervention (PRF
alone vs. PRF combined with grafting materials).

Across intrabony defects, most studies reported improved clinical and radiographic
outcomes with PRF, although several trials demonstrated results comparable to conven-
tional regenerative approaches. In ridge preservation and alveolar cleft reconstruction,
PRF showed either beneficial or non-inferior outcomes, while in PAOO procedures, PRF
appeared to enhance healing and treatment efficiency.

This structured synthesis highlights that PRF may provide benefits in selected clinical
scenarios, although results remain heterogeneous and context dependent (Table 4).

To improve interpretability and reduce heterogeneity-related bias, the included stud-
ies were grouped according to clinical indication. For each category, results were synthe-
sized by highlighting whether platelet concentrates (PCs) demonstrated superiority, non-
inferiority, or no clear benefit compared with conventional regenerative approaches.

Table 4. The table provides a structured synthesis of the included studies, grouped by clinical indi-
cation and intervention type, summarizing main outcomes and the direction of effect (favoring PRF,

equivalent, or non-inferior). Note: 1 indicates an increase; | indicates a decrease.

Clinical Indication Study Intervention =~ Comparison Main Outcomes  Direction of Effect
Intrabony defects Pradeep 2017 [33] PRF + HA OFD CAL 1 PPD | Bone 1 Favor PRF
Intrabony defects Bodhare 2019 [35] PRF + BG BG CAL 1 Bone 1 Favor PRF
Intrabony defects = Chandra 2019 [36] BMP adjunct Control Bone density 1 Favor adjunct

Paolantonio 202
Intrabony defects a0 an[?c:;]m 020 PRF Control Similar outcomes Non-inferior
Intrabony defects | Serroni 2022 [38] PREF + graft Control Improved outcomes Favor PRF
Intrabony defects Abdmré};‘g]‘an 2022 pRR 4+ OFD OFD CAL 1 PPD | Favor PRF
Membrane vs. . .
Intrabony defects Ma 2022 [41] . Control Bone gain 1 Equivalent
periosteum
Intrabony defects Almoliky 2025 [47] PRF+DFDBA CM + DFDBA Similar Equivalent
Ridge preservation = Talebi 2024 [48] I-PRF + graft Graft Bone 1 Favor PRF
A hiavi

Ridge preservation ZZ%%ZTZB]I avt PRF FDBA Similar Equivalent
. . Camacho-Alonso ; .

Ridge preservation 2024 [45] PRGF + DBBM DBBM No diff Equivalent
Alveolar cleft Shawky 2016 [34] PRF + autograft = Autograft Bone 1 Favor PRF
Alveolar cleft Bedeer 2024 [42] PRF +xenograft  Autograft Comparable Non-inferior

PAOO Yashwant 2022 [40] PRF Xenograft Healing 1 Favor PRF
PAOO Eid 2024 [46] PRE + graft Control Improved Favor PRF
Other Balice 2024 [44] PRF + ABG CM + ABG Similar Non-inferior

3.3.1. Intrabony Defects

The majority of included studies focused on periodontal intrabony defects. When
used as an adjunct to grafting materials (e.g., bioactive glass, autogenous bone grafts, or
DBBM), PRF was generally associated with superior clinical and radiographic outcomes,
including greater clinical attachment level (CAL) gain and bone fill. However, when com-
pared with established regenerative approaches such as collagen membranes combined
with grafts, PRF-based protocols consistently demonstrated non-inferiority, with
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comparable CAL gain and defect fill. In contrast, in more complex or non-contained de-
fects, several studies reported no clear benefit, with outcomes similar to conventional
treatments without statistically significant differences. Overall, these findings indicate
that PRF is most effective as an adjunct in favorable defect morphologies, while its ad-
vantage over standard regenerative approaches is less evident in more challenging clinical
scenarios.

3.3.2. Ridge Preservation

In post-extraction ridge preservation procedures, PRF —particularly in its injectable
form (I-PRF)—was associated with superior outcomes when combined with grafting ma-
terials, including reduced ridge width contraction and increased new bone formation.
When used as a standalone approach, PRF demonstrated non-inferiority compared with
conventional grafting materials such as freeze-dried bone allografts (FDBA), with similar
radiographic and clinical outcomes. Nevertheless, some studies reported no clear benefit
in terms of hard-tissue dimensional stability, particularly when PRF was compared with
optimized grafting and socket sealing techniques. These findings suggest that PRF may
enhance early healing and soft-tissue outcomes, while its impact on long-term ridge
preservation remains limited.

3.3.3. Alveolar Cleft Reconstruction

Evidence on alveolar cleft reconstruction is limited but shows consistent trends.
When PRF was used in combination with autogenous bone grafts, studies reported supe-
rior outcomes in terms of increased bone volume. In comparisons between PRF combined
with alternative grafting materials (e.g., xenografts) and autogenous bone grafts, results
demonstrated non-inferiority, with comparable clinical and radiographic outcomes. How-
ever, PRF did not consistently improve bone density or overall bone quality, and therefore
several outcomes can be classified as showing no clear benefit compared with standard
approaches. Overall, PRF appears to function primarily as a biologic adjunct that may
enhance graft performance and reduce donor-site morbidity, rather than as a replacement
for conventional grafting strategies.

3.3.4. PAOO (Periodontally Accelerated Osteogenic Orthodontics)

In PAOO procedures, PRF was associated with superior outcomes in terms of early
healing and acceleration of orthodontic tooth movement. When compared with conven-
tional grafting materials or surgical techniques, PRF demonstrated non-inferiority in
terms of bone regeneration and periodontal outcomes. However, no consistent additional
benefit in long-term hard-tissue outcomes was observed, and several studies reported no
clear benefit beyond improved early healing dynamics.

These findings suggest that PRF may be particularly useful for enhancing early bio-
logical responses during PAOO, rather than significantly altering long-term regenerative
outcomes (Table 5).

Table 5. Standardized summary of clinical and radiographic outcomes (CAL gain, bone fill, and
ridge width) across included studies, with direction of effect. Note: 1 indicates increase; = indicates

similar outcomes.

Study Clinical Indication CAL Gain Bone Fill/Bone Gain Ridge Width Effect Direction
Pradeep 2017 [33] Intrabony defects ) ) - Favor PRF
Shawky 2016 [34] Alveolar cleft - 1 (volume) 1 Favor PRF
Bodhare 2019 [35] Intrabony defects 1 1 - Favor PRF
Chandra 2019 [36] PAOO -

Paolantonio 2020 [37]

Intrabony defects

1 (density) - Favor adjunct
= - Non-inferior

Q
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Serroni 2022 [38] Furcation defects 1 0 - Favor PRF
Abdulrahman 2022 [39] Intrabony defects 1 1 - Favor PRF
Yashwant 2022 [40] PAOO - - - Favor PRF (healing)
Ma 2022 [41] PAOO - 0 - Equivalent
Bedeer 2024 [42] Alveolar cleft - = - Non-inferior

Azangookhiavi 2024 [43] Ridge preservation - = = Equivalent
Balice 2024 [44] Intrabony defects = 1 - Non-inferior
ho-Al 2024
Camac O[ 45]0 nso 20 Intrabony defects = = - Equivalent
Eid 2024 [46] Intrabony defects 1 1 - Favor PRF
Almoliky 2025 [47] Intrabony defects = = - Equivalent
Talebi 2024 [48] Ridge preservation - 1 1 Favor PRF

4. Discussion
4.1. Infraosseous Defects (Periodontal Intrabony/Non-Contained Defects)

Regenerative therapy for periodontal intrabony defects has been widely investigated
with the aim of improving clinical attachment gain, reducing PPD, and promoting radio-
graphic bone fill [49,50]. In recent years, increasing attention has been directed toward the
use of PRF and its derivatives as biologically active adjuncts to conventional periodontal
surgery. These biomaterials have been frequently combined with bone grafts or mem-
branes to enhance wound healing and stimulate periodontal regeneration [51,52]. Overall,
in this clinical indication PRF appears most beneficial as an adjunct to grafting materials,
particularly in contained intrabony defects where regenerative potential is higher.

Early clinical evidence supporting the regenerative potential of PRF was reported by
Pradeep et al. (2012), who evaluated the treatment of three-wall intrabony defects using
open-flap debridement alone or combined with PRF or PRF plus HA [33,53-56]. Their
results showed that both PRF-based approaches led to significantly greater PPD reduc-
tion, clinical attachment gain, and radiographic bone fill compared with surgery alone.
However, these findings should be interpreted with caution, as defect morphology (e.g.,
three-wall contained defects) is inherently associated with more favorable regenerative
outcomes and may act as a confounding factor [57-64]. In this context, PRF appears more
advantageous in well-contained defects, while its benefit in non-contained lesions remains
less predictable.

Comparable findings were reported by Bodhare et al. (2019) [35], who investigated
the adjunctive use of PRF in combination with BG for the treatment of intrabony defects.
In their split-mouth randomized clinical trial, the addition of PRF resulted in significantly
greater clinical attachment gain and radiographic bone regeneration compared with the
use of BG alone. Nevertheless, the adjunctive use of osteoconductive biomaterials makes
it difficult to isolate the specific contribution of PRF, limiting the strength of causal infer-
ence [35,65-70]. Clinically, this suggests that PRF is most effective when used as part of
combination regenerative protocols rather than as a stand-alone therapy.

In addition to regenerative biomaterials, surgical management may also influence
periodontal outcomes. Paolantonio et al. (2020) evaluated periodontal outcomes following
different surgical approaches for the exposure of impacted maxillary canines [37]. Alt-
hough both techniques allowed successful orthodontic alignment, the closed-eruption
technique demonstrated more favorable periodontal results, including reduced gingival
recession and improved attachment levels [37,71-73]. These findings underline the im-
portance of surgical technique in maintaining periodontal tissue stability during ortho-
dontic interventions.

More recent studies have explored the regenerative potential of advanced PRF deriv-
atives. Serroni et al. (2022) investigated the adjunctive use of L-PRF combined with ABG
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in mandibular molar furcation defects [38]. Their randomized clinical trial showed that
regenerative treatments significantly outperformed open-flap debridement alone, with
the combination of autogenous graft and L-PRF producing the greatest improvements in
PPD reduction and horizontal attachment gain [38,74-77]. However, when compared
across studies, these improvements appear to reflect an adjunctive effect rather than a
consistent superiority over established regenerative protocols.

Similarly, Abdulrahman et al. (2022) evaluated the use of low-speed PRF in the treat-
ment of periodontal intrabony defects [39]. Although both treatment groups demon-
strated significant clinical improvements, the PRF group exhibited greater attachment
gain and PPD reduction, suggesting that PRF may enhance periodontal healing when
used as an adjunct to surgical debridement [39,78-83]. It should be noted that the compar-
ison with OFD alone may overestimate the clinical benefit, as this approach does not rep-
resent a regenerative gold standard.

Further evidence was provided by Balice et al. (2024) [44], who conducted a non-
inferiority randomized clinical trial comparing ABG combined with L-PRF to grafts cov-
ered with CM in unfavorable intrabony defects. Both approaches resulted in significant
improvements in clinical and radiographic parameters. Importantly, the study demon-
strated non-inferiority rather than superiority, suggesting that PRF-based approaches
may represent a valid alternative rather than a clearly superior option. In clinical terms,
this indicates that PRF-based membranes may be a valid alternative to CM in selected
cases, rather than a universally superior option [44,53,54,84].

Finally, Almoliky et al. (2025) compared low-speed PRF membranes with CM com-
bined with DFDBA in non-contained intrabony defects [47]. Both treatment modalities
produced significant improvements in CAL and PPD, while radiographic bone fill in-
creased over time. No significant differences were observed between groups, suggesting
that PRF membranes may provide outcomes comparable to traditional CM in regenerative
periodontal therapy [47,85-89]. These findings further support the interpretation that PRF
may provide outcomes comparable to conventional regenerative techniques. From a clin-
ical applicability perspective, these findings place PRF in the category of comparable re-
generative modalities rather than clearly superior interventions in non-contained defects.

Overall, the available evidence suggests that PRF-based regenerative approaches
may provide potential benefits in selected clinical scenarios, particularly in the treatment
of intrabony defects and when combined with graft materials, although some studies re-
port clinical outcomes comparable to conventional regenerative techniques [90-94]. Clin-
ically, this positions PRF as most advantageous in contained defects with graft association,
comparable in standard regenerative protocols, and less predictable in non-contained le-
sions.

4.2. Socket Preservation (Post-Extraction Ridge Preservation)

Alveolar ridge preservation following tooth extraction is a critical procedure aimed
at limiting post-extraction bone resorption and maintaining sufficient bone volume for
future implant placement. Various regenerative strategies have been proposed to improve
the stability of the alveolar ridge, including the use of autologous biomaterials such as
PRF as well as different grafting materials and socket sealing techniques [95-99]. In this
indication, PRF appears most useful for enhancing soft-tissue preservation rather than
dramatically altering hard-tissue dimensional changes.

The regenerative potential of PRF in ridge preservation procedures was investigated
by Talebi Ardakan et al. (2024) [48], who evaluated injectable PRF combined with an allo-
genic bone graft. Their randomized clinical trial demonstrated that the addition of I-PRF
significantly reduced horizontal ridge resorption and increased the percentage of newly
formed bone compared with grafting alone. Histomorphometric analysis further revealed
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fewer residual graft particles in the PRF group, suggesting that PRF may enhance graft
integration and accelerate bone remodeling [48,100-103]. However, the relatively short
follow-up period and the combined use of grafting materials limit the ability to determine
whether these improvements translate into long-term clinically relevant benefits. Clini-
cally, this supports PRF as an adjunct capable of improving early healing and graft inte-
gration, although its long-term superiority remains unproven.

Similarly, Azangookhiavi et al. (2024) [43] compared PRF with FDBA in ridge preser-
vation procedures performed prior to implant placement. Although both treatments
demonstrated comparable marginal bone stability and similar bleeding indices, the PRF
group showed significantly less gingival recession, highlighting the potential advantages
of PRF in improving soft-tissue preservation around future implant sites
[43,53,54,104,105]. This suggests that PRF may offer advantages in soft-tissue outcomes,
although its overall superiority over established grafting approaches remains uncertain.
These findings suggest that PRF is particularly advantageous for soft-tissue outcomes,
while remaining comparable to conventional grafting materials for hard-tissue preserva-
tion.

In addition to grafting materials, socket sealing methods may also influence ridge
preservation outcomes. Camacho-Alonso et al. (2024) [45] compared cyanoacrylate adhe-
sive with CM as sealing materials following ridge preservation procedures in a large ran-
domized clinical trial. Their results showed that the cyanoacrylate group experienced sig-
nificantly less buccolingual bone width reduction, better CAL, and reduced marginal bone
loss compared with the CM group. These findings suggest that socket sealing strategies
may play an important role in maintaining alveolar ridge dimensions after tooth extrac-
tion [45,106,107]. These findings highlight that surgical technique and defect management
may represent important confounding variables, potentially influencing outcomes inde-
pendently of PRF use.

Taken together, these studies indicate that the combination of biologically active ma-
terials and appropriate surgical techniques may contribute to improved hard- and soft-
tissue healing during ridge preservation procedures. Nevertheless, the independent con-
tribution of PRF remains difficult to quantify. From a clinical standpoint, PRF in socket
preservation should be considered a supportive adjunct rather than a primary determi-
nant of ridge preservation success.

4.3. Alveolar Cleft Reconstruction

Reconstruction of alveolar clefts is a complex surgical procedure that aims to restore
alveolar continuity, facilitate tooth eruption, and improve maxillary stability. Although
ABGs remain the gold standard, increasing attention has been directed toward regenera-
tive strategies that may enhance bone healing while reducing donor-site morbidity. In this
indication, PRF appears most beneficial as a biologic enhancer of bone formation and as a
strategy to reduce donor-site morbidity rather than as a replacement for autogenous graft-
ing.

One of the earlier studies investigating the role of PRF in cleft reconstruction was
conducted by Sawky et al. (2016) [34]. Their randomized clinical trial evaluated the addi-
tion of PRF to autogenous iliac crest bone grafts in unilateral alveolar cleft repair. The
authors reported a significantly higher volume of newly formed bone in the PRF group
compared with autogenous grafting alone. However, bone density values were slightly
lower in the PRF group and the difference was not statistically significant, suggesting that
PRF primarily enhances bone quantity rather than mineral density [34,108-112]. These
results suggest a potential effect on bone quantity rather than overall bone quality.

Although conducted in periodontal defects rather than cleft reconstruction, the study
by Eid et al. (2024) [46] provided additional evidence regarding the regenerative capacity
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of injectable PRF combined with DBBM. The authors reported significantly greater clinical
attachment gain and radiographic bone fill when PRF was used as an adjunctive material,
supporting the broader regenerative potential of PRF-based biomaterials [46,113-117].

Further evidence in cleft patients was provided by Bedeer et al. (2024) [42], who com-
pared xenograft combined with PRF to traditional autogenous iliac bone grafting in chil-
dren undergoing secondary alveolar bone grafting. Their randomized clinical study
demonstrated that xenograft-PRF achieved bone regeneration comparable to autogenous
grafts while avoiding donor-site morbidity and reducing surgical time and hospitaliza-
tion. These findings suggest that PRF may enable the use of alternative graft materials
without compromising clinical outcomes [42,118-122]. Importantly, this supports the role
of PRF in reducing donor-site morbidity rather than demonstrating clear superiority in
regenerative outcomes.

Overall, current evidence indicates that PRF may enhance bone formation and heal-
ing in alveolar cleft reconstruction while potentially reducing the need for autogenous
bone harvesting. However, the limited number of studies and heterogeneity in protocols
reduce the strength of clinical recommendations. Clinically, evidence is still insufficient to
recommend PRF as a standalone or replacement strategy, and its role remains adjunctive.

4.4. PAOO as Assisted Regenerative Therapy (Periodontally Accelerated
Osteogenic Orthodontics)

PAOO is a surgically assisted orthodontic technique designed to accelerate tooth
movement through corticotomy-induced regional acceleratory phenomena and enhanced
bone remodeling [116,123,124]. In recent years, regenerative biomaterials and surgical
modifications have also been investigated to improve PAOO outcomes, particularly with
the aim of enhancing alveolar bone support, graft stability, and periodontal conditions
during orthodontic treatment [125-128]. In this field, PRF appears most advantageous for
accelerating early healing and improving soft-tissue response rather than producing con-
sistent additional hard-tissue gains.

Chandra et al. (2019) [36] evaluated the adjunctive use of rhBMP-2 during corticot-
omy-assisted orthodontic treatment. Their randomized clinical trial demonstrated that the
addition of thBMP-2 significantly increased bone density and reduced orthodontic treat-
ment duration compared with corticotomy alone. Importantly, the use of this biomaterial
did not negatively affect postoperative healing or patient-reported discomfort
[36,114,117,129].

Another study conducted by Aniruddth Yashwant et al. (2022) compared PRFwith
demineralized bone xenograft in PAOO procedures using a split-mouth design [40]. The
authors reported that PRF-treated sites exhibited faster orthodontic space closure and im-
proved early soft-tissue healing compared with xenograft-treated sites, suggesting that
the biological properties of PRF may enhance the regional acceleratory phenomenon and
facilitate orthodontic tooth movement [40,130-135].

Finally, Ma et al. (2022) [41] investigated two different surgical coverage techniques
during PAOO procedures, comparing periosteum coverage with CM coverage in patients
with alveolar bone defects. Both techniques resulted in significant alveolar bone augmen-
tation and stable periodontal outcomes over a one-year follow-up period. However, per-
iosteum coverage demonstrated greater vertical bone regeneration, highlighting the po-
tential influence of surgical design and graft stabilization on regenerative outcomes in
PAOO therapy [41,55,136-139]. Overall, the studies included in this discussion highlight
the growing interest in biologically active materials and regenerative strategies across
dental therapies. While PRF-based approaches are often associated with favorable out-
comes, the available evidence more consistently supports a role as an adjunct or alterna-
tive rather than a clearly superior regenerative strategy.

https://doi.org/10.3390/jcm15103617



J. Clin. Med. 2026, 15, 3617

19 of 29

Importantly, the interpretation of these findings should consider the moderate risk
of bias, the heterogeneity of clinical indications and protocols, and the lack of standard-
ized PRF preparation methods.

Overall, the studies included in this discussion highlight the growing interest in bio-
logically active materials and regenerative strategies across periodontal, implant, and or-
thodontic therapies. In general, the use of PRF and related biomaterials has been associ-
ated with improvements in clinical and radiographic outcomes, particularly in terms of
bone regeneration, clinical attachment gain, and soft-tissue healing. In ridge preservation
and alveolar reconstruction procedures, these materials appear to contribute to maintain-
ing alveolar bone dimensions and promoting new bone formation, while in surgically as-
sisted orthodontic techniques they may enhance bone remodeling and facilitate tooth
movement [140-143].

Despite the heterogeneity in study design, biomaterials, and clinical indications, the
available evidence suggests that biologically active regenerative approaches represent
promising adjuncts in contemporary dental therapies. Nevertheless, further well-de-
signed long-term randomized clinical trials are needed to confirm their long-term effec-
tiveness and to establish standardized treatment protocols.

From a clinical applicability perspective, PRF appears most advantageous in con-
tained intrabony defects and as an adjunct to grafting procedures, shows comparable out-
comes to conventional approaches in ridge preservation and PAOO, and remains insuffi-
ciently supported as a standalone therapy in alveolar cleft reconstruction.

Furthermore, the relatively short follow-up periods limit the assessment of long-term
stability and clinical relevance of the reported outcomes.

Despite these limitations, PRF and related biomaterials remain promising tools in
regenerative dentistry. However, further well-designed randomized clinical trials with
standardized methodologies and longer follow-up are required to establish more robust
clinical recommendations Clinically, this reinforces that PRF should be integrated as an
adjunct rather than adopted as a replacement technique.

5. Conclusions

Within the limitations of the available evidence, the studies included in this review
suggest that biologically active regenerative materials—particularly PRF and its deriva-
tives—may represent valuable adjuncts in several dental surgical procedures. Across per-
iodontal regeneration, ridge preservation, alveolar cleft reconstruction, and surgically as-
sisted orthodontic therapies, these biomaterials were generally associated with improve-
ments in bone regeneration, soft-tissue healing, and clinical outcomes.

PRF-based approaches appear to enhance the biological environment of healing sites
through the release of growth factors and the stabilization of graft materials, potentially
improving regenerative outcomes when used alone or in combination with bone substi-
tutes. In addition, modified surgical protocols and alternative grafting strategies may re-
duce treatment morbidity while maintaining comparable clinical results.

Nevertheless, the heterogeneity in study designs, biomaterials, and follow-up peri-
ods limits the possibility of drawing definitive clinical recommendations. Future well-de-
signed randomized clinical trials with longer follow-up periods are necessary to confirm
the long-term stability of these regenerative approaches and to establish standardized
treatment protocols.

Within the limitations of the available evidence, PRF and its derivatives may repre-
sent useful adjuncts in alveolar and periodontal regenerative procedures, with potential
benefits in selected clinical scenarios.

However, current evidence does not demonstrate consistent superiority over conven-
tional approaches, with several studies reporting comparable outcomes. The observed

https://doi.org/10.3390/jcm15103617



J. Clin. Med. 2026, 15, 3617

20 of 29

effects appear to be influenced by multiple confounding factors, including defect charac-
teristics, adjunctive biomaterials, and variability in preparation protocols.

The relatively short follow-up of most studies, together with methodological limita-
tions and moderate risk of bias, further restricts the strength and clinical relevance of the
findings.

Therefore, PRF should be considered a complementary option rather than a definitive
alternative to established regenerative techniques. Further well-designed randomized
clinical trials with standardized methodologies and longer follow-up are required to clar-
ify its clinical indications and effectiveness.

6. Limits and Future Limitations

The findings of this systematic review should be interpreted in light of several im-
portant limitations. Many of the included studies were characterized by small sample
sizes, reducing statistical power and limiting the generalizability of the results.

Substantial heterogeneity was observed across studies in terms of clinical indications,
defect types, outcome measures, and adjunctive biomaterials, making direct comparisons
difficult and limiting the identification of consistent effects.

In addition, the lack of standardized PRF preparation and application protocols rep-
resents a critical source of variability that may influence clinical outcomes.

Most studies reported short- to medium-term follow-up, preventing a reliable assess-
ment of long-term stability and clinical relevance.

Furthermore, several trials presented methodological weaknesses and moderate risk
of bias, particularly in relation to randomization procedures, outcome assessment, and
reporting, which may contribute to an overestimation of treatment effects.

Finally, the absence of a quantitative synthesis (meta-analysis) limits the ability to
provide pooled estimates and strengthens the reliance on qualitative interpretation.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jcm15103617/s1, PRISMA 2020 Checklist. Reference [144]

was cited in Supplementary Materials.

Author Contributions: Conceptualization, L.C., G.M. (Giuseppina Malcangi), A.D.I,, G.M. (Grazia
Marinelli) and A.P.; methodology, G.M. (Giuseppina Malcangi), A.D.I. and L.C.; software, G.M.
(Giuseppina Malcangi) and D.C.; validation, G.M. (Giuseppina Malcangi), A.D.I, G.M. (Grazia
Marinelli), L.C., P.B. and P.N.; formal analysis, G.M. (Giuseppina Malcangi) and A.D.L; investiga-
tion, G.M. (Giuseppina Malcangi), A.D.I, G.M. (Grazia Marinelli), L.C.,, P.B,, P.N. and D.C; re-
sources, F.I, M.D.F., AM.I. and G.D.; data curation, G.M. (Giuseppina Malcangi), A.D.I. and D.C,;
writing —original draft preparation, G.M. (Giuseppina Malcangi) and A.D.I.; writing—review and
editing, F.I, M.D.F., AM.L, G.D. and A.P.; visualization, G.M. (Giuseppina Malcangi) and D.C,;
supervision, F.I, M.D.F., AM.I. and G.D.; project administration, F.I. and A.M.I; funding acquisi-
tion, F.I. and M.D.F. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

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

Abbreviations

The following abbreviations are used in this manuscript:

https://doi.org/10.3390/jcm15103617



J. Clin. Med. 2026, 15, 3617 21 of 29

A-PRF Advanced Platelet-Rich Fibrin

ABG Autogenous Bone Graft

BG Bioactive Glass

CAL Clinical Attachment Level

CcM Collagen Membrane

DBBM Deproteinized Bovine Bone Mineral

EMD Enamel Matrix Derivative

DFDBA Demineralized Freeze-Dried Bone Allograft
HA Hydroxyapatite

I-PRF Injectable Platelet-Rich Fibrin

L-PRF Leukocyte- and Platelet-Rich Fibrin

OFD Open Flap Debridement

PAOO Periodontally Accelerated Osteogenic Orthodontics
PC Platelet Concentrates

PPD Probing Depth

PRF Platelet-Rich Fibrin

PRGF Plasma Rich in Growth Factors

rhBMP-2 Recombinant Human Bone Morphogenetic Protein-2

Appendix A

PubMed query:

((“platelet rich fibrin”[All Fields] OR PRF[AIl Fields] OR L-PRF[AIll Fields] OR I-
PRF[AIl Fields] OR A-PRF[AIl Fields]) AND (“periodontal regeneration”[All Fields] OR
“intrabony defect ”"[All Fields] OR “in-trabony defect”[All Fields] OR “alveolar ridge
preservation”[All Fields] OR “socket preservation “[All Fields] OR “alveolar cleft’[All
Fields] OR PAOQOJ[ALIl Fields])).

Scopus query:

(“platelet rich fibrin” OR PRF OR L-PRF OR I-PRF OR A-PRF) AND (“periodontal
regeneration” OR “intrabony defect” OR “in-trabony defect” OR “alveolar ridge preser-
vation” OR “socket preservation” OR “alveolar cleft” OR PAOO).

Web Of Science query:

(“platelet rich fibrin”[All Fields] OR PRF[AIl Fields] OR L-PRF[AIl Fields] OR I-
PRF[AIl Fields] OR A-PRF[AIll Fields]) AND (“periodontal regeneration”[All Fields] OR
“intrabony defect”[All Fields] OR “intrabony defects”[All Fields] OR “infrabony de-
fect”[All Fields] OR “infrabony defects”[All Fields] OR “intra-bony defect”[All Fields] OR
“intra-bony defects”[All Fields] OR “alveolar ridge preservation”[All Fields] OR “socket
preservation”[All Fields] OR “alveolar cleft”[All Fields] OR PAOOJ[All Fields]).
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