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Abstract

To provide an overview of the use of autogenous platelet concentrates (APCs) in
periodontal regeneration and to conduct a systematic review (SR) of the treatment
outcomes of periodontal intrabony defects by using platelet-rich fibrin (PRF) com-
pared with other commonly utilized modalities. The eligibility criteria comprised
randomized controlled trials (RCTs) comparing the clinical outcomes of PRF with
that of other modalities. Studies were classified into 21 categories and into five
different groups as follows: Group | (1) open flap debridement (OFD) alone ver-
sus OFD/PREF, (2) OFD versus Titanium-PRF (T-PRF) Group I, (3) Comparative PRF
protocols (PRF vs. T-PRF), Group Il (Comparative Studies to PRF): (4) OFD/PRP
versus OFD/PRF, (5) OFD/bone graft(BG)/PRGF versus OFD/BG/PRF, (6) OFD/
EMD versus OFD/PRF, (7) OFD/BG/EMD versus OFD/BG/PRF, (8) OFD/collagen
membrane (CM) versus OFD/PRF, (9) OFD/BG/BM versus OFD/BG/PRF, (10) OFD/
BG versus OFD/PRF, Group IV (Addition of PRF to treatment groups) (11) OFD/BG
versus OFD/BG/PRF, (12) OFD/GTR versus OFD/GTR + PRF (13) OFD/EMD ver-
sus OFD/EMD/PRF (14) OFD/BG/BM versus OFD/BG/BM/PRF, Group V (Addition
of Biomaterial/Biomolecule to PRF): OFD/PRF versus ... (15) OFD/PRF/BG, (16)
OFD/PRF/antibiotic, (17) OFD/PRF/Metformin, (18) OFD/PRF/Bisphosphonates,
(19) OFD/PRF/Statins, (20) OFD/BG/PRF versus OFD/BG/PRF/Statins, and (21)
OFD/PRF/low-level laser therapy (LLLT). Weighted means and forest plots were
calculated for probing pocket depth (PPD), clinical attachment level (CAL), and ra-
diographic bone fill (RBF). From 596 records identified, 55 RCTs were included.
Group I: The use of OFD/PREF statistically significantly reduced PPD and improved
CAL and RBF when compared to OFD. Group lI: A significant difference between
various PRF protocols was only observed for PPD. Group Ill: No significant ad-
vantage was found when comparing OFD/PRF to the following groups: OFD/PRP,
OFD/EMD, OFD/BM, or OFD/BG. Group IV: The addition of PRF to OFD/BG led
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1 | INTRODUCTION

Periodontal intrabony defects are a common feature of Stage Il
and IV periodontitis and are recognized as complexity factors in
the current AAP/EFP classification of periodontal diseases® based
on the fact that they are associated with an increased risk of pro-
gression2 often requiring surgical intervention. Early pioneering
work could demonstrate that intrabony defects have the potential
for healing by regeneration employing barrier membranes (guided
tissue regeneration [GTR]).® Later, human histological evidence
for regeneration became also available for decalcified-freeze-
dried bone allograft (DFDBA),4 deproteinized bovine bone mineral
(DBBM),> enamel matrix derivative (EMD)® and platelet-derived
growth factors.’

To date, based on a large number of RCTs published from 1990
to 2019, it is well established that regenerative surgical procedures
using GTR, EMD, or bone grafts provide significant adjunctive clini-
cal benefits to access flaps (open flap debridement [OFD]) alone and
are recommended as treatment of choice for residual pockets with
deep (23mm) intrabony defects that are still present after Steps 1
and 2 of periodontal therapy.s’10

Yet to date, complete periodontal regeneration remains chal-
lenging and unpredictable.!**? Another strategy that was proposed
several years ago for the regeneration of intrabony defects was the
use of autogenous platelet concentrates (APCs). Platelet-rich plasma
(PRP) was the first generation platelet concentrate and its efficacy
has been evaluated in a large number of randomized clinical trials be-
tween the years 2004 and 2019 and by systematic reviews (SRs).13-%¢
The results indicated clinical benefits, when PRP was added to OFD
alone, or to OFD + either DBBM or DFDBA versus OFD + xenografts/
bone grafts alone (see Tables S1-S6 for representative studies).

The use of anticoagulants has since been shown to interfere with
the angiogenic and regenerative responses mediated by platelets.?”
For these reasons, a second-generation platelet concentrate, termed
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to significant improvements in PPD, CAL and RBF compared with OFD/BG alone.
Group V: The addition of either a BG as well as three of the following biomol-
ecules (metformin, bisphosphonates, and statins) to OFD/PRF led to statistically
significant improvements in PPD, CAL, and/or RBF when compared to OFD/PRF
alone. The use of PRF significantly improved clinical outcomes in intrabony defects
when compared to OFD alone. Similar results were observed when OFD/PRF was
compared with OFD/BG, OFD/EMD, OFD/PRP, and OFD/BM. The addition of PRF
to a bone grafting material as well as the addition of various small biomolecules
to PRF may offer additional clinical advantages, thus warranting further investi-
gations. Future research investigating various protocols of PRF, longer-term out-

comes, as well as PRF at the human histological level remains needed.

advanced-PRF, horizontal centrifugation, intrabony defect, leukocyte and platelet-rich fibrin,
L-PRF, meta-analysis, periodontal regeneration, periodontitis, systematic review

platelet-rich fibrin (PRF) has more recently been introduced in re-
generative medicine and dentistry.lg’22

More recent SRs on the use of APCs**72¢ have found a substantial
increase in the number of RCTs that have evaluated the application of
PRF to enhance clinical outcomes of OFD or of various modes of re-
generative periodontal surgery. Some meta-analyses seem to indicate
a superiority of PRF over PRP with regard to probing pocket depth
(PPD) reduction and clinical attachment level (CAL) gain; however, the
only study with a direct comparison by Pradeep et al.?’ reported simi-
lar PPD reduction, CAL gain, and bone fill (Tables S1-S6). Nevertheless,
the authors concluded that PRF may seem a better treatment option
because it is less time consuming and less technique sensitive.

Since PRF was first launched more than two decades ago in re-
generative medicine, its use has gained widespread attention across
many fields of medicine including periodontal regeneration. One of
the advantages of PRF is that following centrifugation, it forms a
fibrin-dense clot with host platelets and leukocytes being entrapped
favoring a more extended release of growth factors over time.?%2?

Several SRs with meta-analysis, each including up to 21 random-
ized clinical trials, have already documented the use of PRF in the
treatment of periodontal intrabony defects, indicating their poten-
tial efficacy in these clinical scenarios.315:20:30-34

Likewise, the SR® that served as evidence-base for the application
of regenerative surgery in the EFP S3-Level Clinical Practice Guideline
(CPG) for the treatment of periodontitis”'® stated that initial data
seemed to support the use of PRF in addition to OFD, but also indi-
cated the need for more studies assessing its clinical efficacy.

In the meantime, many more RCTs have been published, and
therefore, it was the aim of this SR with meta-analysis to evaluate
the most up-to-date evidence on the efficacy of the use of PRF for
the treatment of intrabony defects in comparison or addition to
other established treatment options including bone grafts, barrier
membranes, EMD membranes and other biomolecules used for peri-

odontal regeneration.
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2 | MATERIALS AND METHODS
2.1 | Protocol

This SR followed the recommendations of the PRISMA guidelines.>®
The protocol for this SR was based on PRISMA-P.3¢ There were no
deviations from the initial protocol. The protocol of this SR was reg-
istered in the INPLASY database (number: 202430001).

2.2 | Focused question

“In patients/teeth affected by intrabony periodontal defects, what is
the efficacy of the use of PRF alone or associated with other bioma-
terials in regenerative periodontal surgery compared with access flap
(OFD) alone or combined with other commonly used regenerative
methods for the improvement of periodontal intrabony defects?”

2.3 | Eligibility criteria and study selection process

The inclusion criteria were based on the PICOS strategy highlighted
below.®” The search-and-screening process was conducted by two in-
dependent reviewing authors (R.J.M. and N.E.E.), commencing with
the analysis of titles and abstracts. Furthermore, a hand search was
performed and reviewed between authors. Next, full papers were
selected for careful reading and matched with the eligibility criteria
for future data extraction. The search concordance between the two
reviewers was evaluated by Cohen's kappa (k) test. Disagreements
between the reviewing authors were resolved through careful discus-

sion. Only studies meeting the following criteria were included:

e Population: Systemically healthy humans with periodontal intra-
bony defects.

e Intervention: Surgical treatment of bone defects through the use
of PRF alone or in combination with other biomaterials with a fol-
low-up period of at least 6 months.

e Comparison: PRF versus OFD alone or in combination with other
biomaterials.

e QOutcomes: Primary: changes in PPD and CAL. Secondary: radio-
graphic bone fill (RBF) and bone fill assessed through bone sound-
ing or reentry (BS/BF).

e Study design: RCTs with a minimum of 10 patients.

2.4 | Search strategy

PubMed/MEDLINE, the Cochrane Central Register of Controlled
Trials, Scopus, Embase, and Lilacs were used to search for articles that
were published before October 1, 2023 without other restrictions
regarding date or language. A search of the gray literature using the

t38

Literature Report®® and OpenGrey39 databases was also conducted.

Finally, the study reference lists were evaluated (cross-referenced)
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to identify other studies for potential inclusion. The search strategy
is described in Figure 1. Retrospective clinical studies, case reports,
or animal studies as well as follow-up of less than 6 months were

excluded from the study.

2.5 | Data synthesis

The study data were extracted by R.J.M., N.E.E., P-M.J.-S., and S.J.
and systematically reviewed by V.M. The following data, when avail-
able, were extracted from the included studies: authors, study design,
follow-up, number of treated intrabony defects, type of bone defects,
number of subjects, age range, gender, number of smokers, surgical
technique, mean difference (MD) in PPD, CAL, RBF, centrifugation

system, volume of blood drawn, and centrifugation parameters.

2.6 | Risk of bias within studies

Two review authors (P.-M.J.-S. and S.J.) assessed the methodological
quality of included studies mainly using the risk of bias components
shown to affect study outcomes, including method of randomiza-
tion, allocation concealment, and blinding of examiners. The com-
pleteness of outcome reporting, selective outcome reporting, and
other potential threats to validity were also assessed. Risk of bias
was used in sensitivity analyses to test the robustness of the conclu-
sions but was not used to exclude studies qualifying for the review.

The RoB 2 (RoB 2 tool from the Cochrane Handbook for Systematic

)4041 \was used to analyze the risk of bias in

Reviews of Interventions
RCTs. Each study was analyzed in relation to five domains: risk of
bias arising from the randomization process, risk of bias due to de-
viations from the intended interventions, missing outcome data, risk
of bias in the measurement of the outcome, and risk of bias in the
selection of the reported research. A judgment about the risk of bias
arising from each domain is proposed by an algorithm, based on an-
swers to the signaling questions. Judgments can be “Low,” or “High”
risk of bias, or can express “Some concerns.” The overall risk of bias is
the least favorable assessment across the domains of bias, meaning:
low risk, when all five domains of the study were judged as low risk;
some concerns, when the study is judged as raising some concerns
in at least one area; and high risk, when the study is judged to be at
high risk in at least one domain We did not score performance bias
of the surgeon, as it is impossible to blind the therapist performing

various surgical treatments.

2.7 | Risk of bias across studies

The different types of reporting bias that might have been present
in this review were considered. If there were more than 10 stud-
ies included in a meta-analysis, a funnel plot to detect possible
publication bias should be created, and Egger's and Begg's tests
applied.*?
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FIGURE 1 Search strategy.

2.8 | Statistical analysis

The continuous variables (PPD, CAL, and RBF) of the included stud-
ies were categorized into groups and subgroups and analyzed in a
meta-analysis through the software Review Manager (version 5.2.8,
Copenhagen, Denmark, 2014).

The effects were estimated as a mean difference (MD) with
95% confidence interval (Cl). The generic variation approach was
adopted. Heterogeneity was assessed using the chi-squared tests,
with low heterogeneity considered for values <25%, moderate het-
erogeneity considered for values >25% but <50%, and high hetero-
geneity considered for values >50%.% For the analyses, the random
effect model was chosen due to the variation in available evidence
(e.g., populations, follow-up times, and settings). The statistical sig-

nificance level of the meta-analysis effect was set at p<0.05.

3 | RESULTS
3.1 | Literature search

In total, 596 studies on intrabony were screened published until
October 1, 2023, met the eligibility criteria, and were included in
this SR. In total, 55 RCTs met the inclusion criteria (Table 1).2743-%6
The most highly researched centrifugation system utilized in 19 of
55 studies (35% of studies) was the Remi centrifuge (most commonly
utilizing the R-4C model). The IntraSpin/Hettich PC-02 system was
utilized in 4/55 studies (7% of studies). Shockingly, 19 of 55 stud-
ies (35% of studies) failed to report what system of centrifugation
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was utilized (later discussed). Of the 55 studies, 32/55 utilized a
3000rpm for 10-min protocol (48% of studies), whereas 4/55 stud-
ies utilized a 3000rpmx 12-min protocol and another 4/55 studies
utilized a 2700rpm for 12-min protocol (7% of studies). Only three
of 55 studies included smokers into their study.

3.2 | Study characteristics

The included studies analyzed 1025 research participants. In
addition to OFD alone, the effect of PRF was compared with
other groups of biomaterials (autograft, allograft, xenograft, al-
loplast, barrier membrane, EMD, metformin, bisphosphonates,
and statins). The mean follow-up period of the studies was
8.44 +2.04 months. The data extracted from each included study

are presented in Table 1.

3.3 | Interventions and comparisons

A total of 21 categories were divided into five groups as follows:
Group I: OFD versus OFD/PRF

1. OFD versus OFD/PRF
2. OFD versus OFD/T-PRF

Group IlI: Comparative protocols of PRF

3. OFD/PRF versus OFD/T-PRF
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PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 OFD vs. PRF
Sharma and Pradeep (2011) 4.55 1.87 28 3.21 1.64 28 3.4% 1.34 [0.42, 2.26] I
Thorat et al. (2011) 4.69 1.45 16 3.56 1.09 16 3.5% 1.13 [0.24, 2.02] I
Pradeep et al. (2012) 3.77 1.19 16 2.97 0.93 17 4.2% 0.80[0.07, 1.53] —
Joseph et al. (2012) 4.67 0.9 15 2.4 0.63 15 5.0% 2.27[1.71, 2.83] -
Ajwani et al. (2015) 1.9 0.74 20 1.6 0.84 20 5.3% 0.30[-0.19, 0.79] e
Pradeep et al. (2015) 4 0.18 30 3 0.18 30 6.7% 1.00 [0.91, 1.09] -
Chandradas et al. (2016) 3.82 0.75 12 3 1.21 12 3.9% 0.82[0.01, 1.63] —
Kanoriya et al. 2016 3.7 0.91 30 2.86 0.68 30 5.7% 0.84[0.43, 1.25] -
Martande et al. (2016) 3.76 1.12 30 2.76 1.43 30 4.5% 1.00 [0.35, 1.65] —_—
Pradeep et al. 2016 4.03 0.18 30 3.1 03 30 6.6% 0.93 [0.80, 1.06] -
Bajaj et al. (2017) 3.14 1.26 27 2.14 1.26 27 4.4% 1.00 [0.33, 1.67] i
Chatterjee et al. (2017) 5.46 1.04 28 3.68 0.72 28 5.4% 1.78 [1.31, 2.25] -
Patel et al. (2017) 4.2 1.69 13 2.4 0.84 13 3.1% 1.80[0.77, 2.83] -
Pradeep et al. (2017) 3.9 1.09 19 2.97 0.93 18 4.5% 0.93[0.28, 1.58] —_—
Thorat et al. (2017) 4 0.63 15 1.5 0.34 15 5.9% 2.50[2.14, 2.86] -
Yajamanya et al. (2017) 6.11 0.92 28 3.68 0.72 28 5.6% 2.43[2.00, 2.86] -
Bahammam and Attia (2021) 2.7 0.89 15 09 1.1 15 4.3% 1.80[1.08, 2.52] i
Pham et al. (2021) 4.8 0.71 10 3.37 1 10 4.1% 1.43[0.67, 2.19] I
Abdulrahman et al. (2022) 3.73 1.19 11 2.18 1.17 11 3.2% 1.55[0.56, 2.54] —
Mubarak et al. (2023) 3.8 0.98 10 3.8 0.86 10 3.9%  0.00[-0.81, 0.81] -1
Ugale et al. 2023 3.39 1.76 23 291 141 23 3.4% 0.48 [-0.44, 1.40] T
Subtotal (95% CI) 426 426 96.4% 1.27 [1.02, 1.51] ¢
Heterogeneity: Tau? = 0.23; Chi? = 159.65, df = 20 (P < 0.00001); I*> = 87%
Test for overall effect: Z = 9.97 (P < 0.00001)
1.1.2 OFD vs. T-PRF
Ustaoglu et al. (2020) 4.69 1.34 15 3.36 1.12 15 3.6% 1.33[0.45, 2.21] I
Subtotal (95% CI) 15 15 3.6% 1.33 [0.45, 2.21] L =
Heterogeneity: Not applicable
Test for overall effect: Z = 2.95 (P = 0.003)
Total (95% CI) 441 441 100.0% 1.27 [1.03, 1.51] ¢
Heterogeneity: Tau? = 0.23; Chi? = 159.95, df = 21 (P < 0.00001); I*> = 87% t

4 2 0 2 4

Test for overall effect: Z = 10.23 (P < 0.00001) Favours [Control] Favours [PRF]

Test for subgroup differences: Chi? = 0.02, df = 1 (P = 0.89), I*> = 0%

FIGURE 2 Forest plot for the event reduction in “probing pocket depth” (PPD) (reported in mm) for intrabony defects for Group |: OFD
versus OFD/PRF.

Group lll: Comparative studies to PRF 17. OFD/PRF versus OFD/PRF/Metformin
18. OFD/PRF versus OFD/PRF/Bisphosphonate
4. OFD/PRP versus OFD/PRF 19. OFD/PRF versus OFD/PRF/Statins
5. OFD/BG/PRGF versus OFD/BG/PRF 20. OFD/BG/PRF versus OFD/BG/PRF/Statins
6. OFD/EMD versus OFD/PRF 21. OFD/PRF versus OFD/PRF/LLLT (low-level laser therapy)
7. OFD/BG/EMD versus OFD/BG/PRF
8. OFD/BM versus OFD/PRF
9. OFD/BG/BM versus OFD/BG/PRF 3.3.1 | Group |: OFD versus OFD/PRF

10. OFD/BG versus OFD/PRF
For Group |, two comparative subgroups were analyzed (OFD vs.

Group IV: Addition of PRF to a treatment modality PRF [21 trials] and OFD vs. T-PRF [one trial Ustaoglu 2020]).

11. OFD/BG versus OFD/BG/PRF Probing pocket depth

12. OFD/GTR versus OFD/GTR/PRF A total of 22 studies were analyzed. A high heterogeneity was

13. OFD/EMD versus OFD/EMD/PRF observed between the studies (I1?=87%; p<0.00001). The over-

14. OFD/BG/BM versus OFD/BG/BM/PRF all effect was 1.27mm (95% CI: 1.03 to 1.51; p<0.00001) with
no significant difference between the subgroups (p=0.89).

Group V: Addition of biomaterials/biomolecules to PRF The subgroups demonstrated a significant effect (p<0.00001;
p=0.003) when compared to OFD alone, with MD of 1.27 mm

15. OFD/PRF versus OFD/PRF/BG (95% Cl: 1.02 to 1.51) and MD of 1.33mm (95% ClI: 0.45 to 2.21)

16. OFD/PRF versus OFD/PRF/Antibiotic (AA) (Figure 2).
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Clinical attachment level 3.3.2 | Group ll: Comparative protocols of PRF

A total of 22 studies were analyzed. A high heterogeneity was ob-

served between the studies (>=89%; p<0.00001). The overall
effect was 1.22mm (95% Cl: 0.91 to 1.53; p<0.00001) with no sig-
nificant difference between the subgroups (p=0.43). The subgroups
demonstrated a significant effect (p <0.00001; p=0.03) when com-
pared to OFD alone, with MD of 1.24mm (95% CI: 0.92 to 1.56) and
MD of 0.89 mm (95% Cl: 0.09 to 1.69) (Figure 3).

Radiographic bone fill

A total of 19 studies were analyzed. A high heterogeneity was
observed between the studies (I>=90%: p <0.00001). The over-
all effect was 1.59mm (95% CI: 1.35 to 1.82; p<0.00001) with
no significant difference between the subgroups (p=0.10).
The subgroups demonstrated a significant effect (p<0.00001;
p<0.00001) when compared to OFD alone, with MD of 1.56 mm
(95% Cl: 1.32 to 1.80) and MD of 2.07 mm (95% Cl: 1.51 to 2.63)
(Figure 4).

Bone sounding/bone fill
There were no studies providing data for this outcome.

For Group Il, comparative PRF protocols were analyzed (PRF vs.
T-PRF [two trials]).

Probing pocket depth

A total of two studies were analyzed. No heterogeneity was ob-
served between the studies (I?=0%; p=0.37). There was a sig-
nificant difference between the groups analyzed in favor of PRF
(p=0.006), with MD of 0.64mm (95% Cl: 0.18 to 1.09) (Figure 5).

Clinical attachment level

A total of two studies were analyzed. No heterogeneity was ob-
served between the studies (I?=0%; p=0.39). There was no signifi-
cant difference between the groups analyzed (p=0.19), with MD of
0.40mm (95% Cl: -0.19 to 0.99) (Figure 6).

Radiographic bone fill
Only one study provided data for this outcome.®* A significant mean
bone fill in both groups (p<0.001) was found, but more advanta-

geously outcomes were found with the T-PRF treatment (p=0.02).

PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.2.1 OFD vs. PRF
Sharma and Pradeep (2011) 3.31 1.76 28 2.77 1.44 28 4.1% 0.54 [-0.30, 1.38] T
Thorat et al. (2011) 4.13 1.63 16 2.13 1.71 16 3.2% 2.00 [0.84, 3.16] —_—
Pradeep et al. (2012) 3.17 1.29 16 2.83 0.91 17 4.3% 0.34[-0.43, 1.11] T
Joseph et al. (2012) 4.73 0.88 15 1.4 1.06 15 4.5% 3.33[2.63, 4.03] —_—
Ajwani et al. (2015) 1.8 1.39 20 1.3 1.84 15 3.3% 0.50[-0.61, 1.61] 1T
Pradeep et al. (2015) 4.03 0.18 30 2.96 0.18 30 5.9% 1.07 [0.98, 1.16] -
Chandradas et al. (2016) 3.27 0.65 12 2.25 0.62 12 5.1% 1.02 [0.51, 1.53] -
Kanoriya et al. 2016 4.2 0.66 30 3.03 0.18 30 5.7% 1.17 [0.93, 1.41] -
Martande et al. (2016) 3.4 1.13 30 2.5 1.33 30 4.8% 0.90 [0.28, 1.52] —_
Pradeep et al. 2016 3.3 0.65 30 2.47 0.77 30 5.5% 0.83[0.47, 1.19] -
Bajaj et al. (2017) 2.66 1.07 27 1.59 1.01 27 5.0% 1.07 [0.51, 1.63] -
Chatterjee et al. (2017) 6.57 1.45 28 4.14 0.76 28 4.8% 2.43[1.82, 3.04] I
Patel et al. (2017) 3.7 0.67 13 2.1 0.74 13 5.0% 1.60 [1.06, 2.14] -
Pradeep et al. (2017) 3.03 1.16 19 2.67 1.09 18 4.5%  0.36 [-0.36, 1.08] T
Thorat et al. (2017) 4 0.63 15 0.33 1.21 15 4.6% 3.67 [2.98, 4.36] —_—
Yajamanya et al. (2017) 6.74 1.55 28 4.14 0.76 28 4.7% 2.60 [1.96, 3.24] -
Bahammam and Attia (2021) 1.17 1.21 15 1 1.13 15 4.1% 0.17 [-0.67, 1.01] T
Pham et al. (2021) 5 0.46 10 3.37 1.22 10 4.2% 1.63 [0.82, 2.44] e
Abdulrahman et al. (2022) 3.55 1.37 11 2.45 0.93 11 3.7% 1.10[0.12, 2.08] —
Mubarak et al. (2023) 3 0.81 10 3.1 0.83 10 4.5% -0.10[-0.82, 0.62] -
Ugale et al. 2023 2.91 1.46 23 3.44 13 23 4.2% -0.53[-1.33, 0.27] T
Subtotal (95% CI) 426 421 95.8% 1.24 [0.92, 1.56] [ 2
Heterogeneity: Tau? = 0.43; Chi? = 184.32, df = 20 (P < 0.00001); I*> = 89%
Test for overall effect: Z = 7.60 (P < 0.00001)
1.2.2 OFD vs. T-PRF
Ustaoglu et al. (2020) 4.19 1.05 15 3.3 1.17 15 4.2% 0.89[0.09, 1.69] —
Subtotal (95% CI) 15 15  42%  0.89[0.09, 1.69] @
Heterogeneity: Not applicable
Test for overall effect: Z = 2.19 (P = 0.03)
Total (95% CI) 441 436 100.0% 1.22 [0.91, 1.53] ¢
Heterogeneity: Tau? = 0.42; Chi? = 184.65, df = 21 (P < 0.00001); I*> = 89% t t 1

Test for overall effect: Z = 7.76 (P < 0.00001)
Test for subgroup differences: Chi? = 0.63, df = 1 (P = 0.43), I*> = 0%

4 -2 0 2 4
Favours [Control] Favours [PRF]

FIGURE 3 Forest plot for the event “clinical attachment level” (CAL) (reported in mm) for intrabony defects for Group I: OFD versus

OFD/PRF.
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PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.3.1 OFD vs. PRF
Sharma and Pradeep (2011) 2.5 0.78 28 0.09 0.11 28 6.3% 2.41[2.12, 2.70] -
Thorat et al. (2011) 2.12 0.69 16 1.24 0.69 16 5.4% 0.88 [0.40, 1.36] -
Pradeep et al. (2012) 2.8 0.89 16 0.13 1.46 17 3.7% 2.67 [1.85, 3.49] —_—
Joseph et al. (2012) 1.93 1.07 15 0.64 0.5 15 4.7% 1.29 [0.69, 1.89] -
Ajwani et al. (2015) 1.45 0.51 20 0.8 1.23 20 4.8% 0.65 [0.07, 1.23] —
Pradeep et al. (2015) 2.53 0.3 30 0.49 0.27 30 6.8% 2.04[1.90, 2.18] -
Chandradas et al. (2016) 2.3 0.83 12 1.22 0.62 12 4.8% 1.08 [0.49, 1.67] -
Kanoriya et al. 2016 2.42 0.21 30 0.38 0.26 30 6.8% 2.04[1.92, 2.16] -
Martande et al. (2016) 2.46 0.33 30 0.27 0.19 30 6.8% 2.19[2.05, 2.33] -
Pradeep et al. 2016 3.17 0.65 30 143 0.5 30 6.3% 1.74 [1.45, 2.03] -
Bajaj et al. (2017) 2.24 0.66 27 0.84 0.99 27 5.5% 1.40 [0.95, 1.85] -
Pradeep et al. (2017) 3.2 0.89 19 0.93 0.83 18 5.0% 2.27 [1.72, 2.82] -
Thorat et al. (2017) 3.09 1.16 15 1.67 1.33 15 3.4% 1.42 [0.53, 2.31] I
Bahammam and Attia (2021) 2.2 0.09 15 1.1 0.57 15 6.3% 1.10[0.81, 1.39] -
Pham et al. (2021) 4.13 0.51 10 2.23 0.86 10 4.6% 1.90 [1.28, 2.52] -
Abdulrahman et al. (2022) 2.09 0.73 11 1.32 1.21 11 3.6% 0.77 [-0.07, 1.61] —
Mubarak et al. (2023) 0.8 0.62 10 0.43 0.54 10 5.2%  0.37[-0.14, 0.88] "—
Ugale et al. 2023 1.57 0.59 23 0.31 1.12 23 5.2% 1.26 [0.74, 1.78] -
Subtotal (95% CI) 357 357 95.1% 1.56 [1.32, 1.80] [
Heterogeneity: Tau? = 0.20; Chi? = 172.87, df = 17 (P < 0.00001); I*> = 90%
Test for overall effect: Z = 12.79 (P < 0.00001)
1.3.2 OFD vs. T-PRF
Ustaoglu et al. (2020) 2.97 0.77 15 09 0.8 15 4.9% 2.07 [1.51, 2.63] -
Subtotal (95% CI) 15 15 4.9% 2.07 [1.51, 2.63] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 7.22 (P < 0.00001)
Total (95% CI) 372 372 100.0% 1.59 [1.35, 1.82] [
Heterogeneity: Tau? = 0.20; Chi? = 173.16, df = 18 (P < 0.00001); I*> = 90% t t 1

4 2 0 2 4

Test for overall effect: Z = 13.45 (P < 0.00001) Favours [Control] Favours [PRF]

Test for subgroup differences: Chi? = 2.69, df = 1 (P = 0.10), I*> = 62.8%

FIGURE 4 Forest plot for the event “radiographic bone fill” (RBF) (reported in mm) for intrabony defects for Group I: OFD versus OFD/PRF.

PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
Chatterjee et al. (2017) 6.25 1.11 28 5.46 1.04 28  64.4% 0.79[0.23, 1.35] )
Gummaluri et al. (2020) 5.24 1.3 17 4.88 0.92 17 35.6% 0.36 [-0.40, 1.12]
Total (95% CI) 45 45 100.0% 0.64 [0.18, 1.09] ¢
Heterogeneity: 1 = 0.00; x> = 0.80, df = 1 (p = 0.37); I* = 0% t t t } t
Test for overall effect: Z = 2.76 (p = 0.006) -10 -> 0 > 10
e T e p=0. Favours [Control] Favours [PRF]
FIGURE 5 Forest plot for the event reduction in “probing pocket depth” (PPD) (reported in mm) for intrabony defects for Group II:
Comparative Protocols of PRF.
PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CIl 1V, Random, 95% ClI
Chatterjee et al. (2017) 6.74 1.55 28 6.57 1.45 28 56.9% 0.17 [-0.62, 0.96]
Gummaluri et al. (2020) 4.94 1.43 17 4.24 1.25 17 43.1% 0.70 [-0.20, 1.60]
Total (95% CI) 45 45 100.0% 0.40 [-0.19, 0.99]
ity: 12 = cy? = = = <12 = 09 t t T t t
Heterogeneity: t° = 0.00; X 0.75,df = 1 (p = 0.39); / 0% 10 s ) ¢ 0

Test for overall effect: Z = 1.32 (p = 0.19) Favours [Control] Favours [PRF]

FIGURE 6 Forest plot for the event “clinical attachment level” (CAL) (reported in mm) for intrabony defects for Group Il: Comparative
Protocols of PRF.

Bone sounding/bone fill trial]; EMD vs. PRF [two trials]; BG/EMD vs. BG/PRF [one trial];

There were no studies providing data for this outcome. BM vs. PRF [two trials]; BG/BM vs. BM/PRF [two trials]; BG vs.
PRF [six trials]). All treatments were performed in combination
with OFD.

3.3.3 | Group lll: Comparative studies to PRF

Probing pocket depth
For Group lll, seven comparative subgroups including 15 studies A total of 15 studies were analyzed. A high heterogeneity was ob-
were analyzed (PRP vs. PRF [one trial]; BG/PRGF vs. BG/PRF [one served between the studies (I>=65%; p=0.0002). The overall effect
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was -0.11mm (95% Cl: -0.37 to 0.16; p=0.43) in favor of control
with a significant difference between the subgroups (p=0.01)
(Figure 7).

Clinical attachment level

A total of 15 studies were analyzed. A high heterogeneity was ob-
served between the studies (I>=70%; p<0.0001). The overall effect
was -0.13mm (95% Cl: -0.42 to 0.16; p=0.39) in favor of control
with a significant difference between the subgroups (p<0.0001).
The only significant differences were found for BG/BM versus BG/
PRF (two studies) in favor of PRF (p=0.02), with MD of 0.54mm

of BG (p=0.004) with MD of -0.40mm (95% Cl: -0.66 to -0.13)
(Figure 8).

Radiographic bone fill

A total of 13 studies were analyzed. A high heterogeneity was observed
between the studies (?=82%:; p<0.00001). The overall effect was
-0.01mm (95% Cl: -0.39 to 0.36; p=0.95) in favor of control with no
significant difference between the subgroups (p=0.09) (Figure 9).

Bone sounding/bone fill
There were four trials providing data for bone fill as assessed by

(95% ClI: 0.08 to 1.00) and for BG versus PRF (six studies) in favor bone sounding or reentry (BS/BF) (Table 1).

PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 PRP vs. PRF
Pradeep et al. (2012) 3.77 1.19 16 3.77 1.07 17 5.8% 0.00[-0.77, 0.77] T
Subtotal (95% CI) 16 17 5.8% 0.00 [-0.77, 0.77] -
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (p = 1.00)
3.1.2 BG + PRGF vs. BG + PRF
Gamal et al. (2016) 3.6 0.35 10 4.3 0.26 10 10.4% -0.70[-0.97,-0.43] -
Subtotal (95% CI) 10 10 10.4% -0.70[-0.97, -0.43] 2
Heterogeneity: Not applicable
Test for overall effect: Z = 5.08 (p < 0.00001)
3.1.3 EMD vs. PRF
Gupta et al. (2014) 1.8 0.56 22 1.8 0.77 22 9.2% 0.00 [-0.40, 0.40] T
Csifé6-Nagy et al. (2021) 3.6 1.68 15 3.46 1.3 15 4.0% 0.14 [-0.93, 1.21] e
Subtotal (95% CI) 37 37 13.2% 0.02 [-0.36, 0.39] <@
Heterogeneity: t> = 0.00; x* = 0.06, df = 1 (p = 0.81); I* = 0%
Test for overall effect: Z = 0.09 (p= 0.93)
3.1.4 BG + EMD vs. BG + PRF
Paolantonio et al. (2020) 421 1.1 22 396 1.02 22 7.0% 0.25[-0.38, 0.88] T
Subtotal (95% CI) 22 22 7.0% 0.25 [-0.38, 0.88] P =
Heterogeneity: Not applicable
Test for overall effect: Z = 0.78 (p = 0.43)
3.1.5 BM vs. PRF
Ustaoglu et al. (2020) 4.69 1.34 15 5.67 1.21 15 4.9% -0.98 [-1.89, -0.07] E—
Pham et al. (2021) 4.8 0.71 10 4.63 0.67 10 7.2% 0.17 [-0.44, 0.78] 1T
Subtotal (95% CI) _25 25 12.1% -0.35[-1.47,0.77] >
Heterogeneity: T° = 0.50; X? = 4.23, df = 1 (p= 0.04); I* = 76%
Test for overall effect: Z = 0.61 (p = 0.54)
3.1.6 BG + BM vs. BG + PRF
Aggour and Abd El-Hady (2017) 3.92 0.75 14 3.92 0.82 12 7.2% 0.00 [-0.61, 0.61] b
Rexhepi et al. (2021) 4.26 1.18 31 4.81 1.33 31 7.1% -0.55[-1.18, 0.08] ]
Subtotal (95% CI) 45 43  143% -0.27[-0.81,0.27] L 3
Heterogeneity: 1> = 0.05; X2 = 1.53, df = 1 (p= 0.22); I = 34%
Test for overall effect: Z = 0.98 (p = 0.33)
3.1.7 BG vs. PRF
Mathur et al. (2015) 2.67 1.29 19 2.4 1.06 19 6.0% 0.27 [-0.48, 1.02] T
Chadwick et al. (2016) 2.12 1.41 17 2 1.37 19 4.9% 0.12 [-0.79, 1.03] .
Galav et al. (2016) 4.1 0.63 20 4.8 0.57 20 9.5% -0.70[-1.07, -0.33] -
Agrawal et al. (2017) 3.5 1.95 14 3.5 1.73 12 2.7% 0.00 [-1.41, 1.41] P
Yajamanya et al. (2017) 6.11 0.92 28 5.57 1.1 28 7.9% 0.54 [0.01, 1.07] —
Bahammam and Attia (2021) 2.7 0.89 15 2.4 1.17 15 6.1% 0.30 [-0.44, 1.04] T
Subtotal (95% Cl) 113 113 37.1%  0.06 [-0.47, 0.60] <o
Heterogeneity: T2 = 0.29; X* = 17.81, df = 5 (p = 0.003); /> = 72%
Test for overall effect: Z = 0.24 (p = 0.81)

Total (95% Cl) 268 267 100.0% -0.11[-0.37,0.16]
Heterogeneity: 12 = 0.16; x* = 40.15, df = 14 (p = 0.0002); I* = 65%

Test for overall effect: Z = 0.79 (p= 0.43)

Test for subgroup differences:x* = 16.56, df = 6 (p = 0.01), I* = 63.8%

ol

et

-4 -2
Favours [Control] Favours [PRF]

FIGURE 7 Forest plot for the event reduction in “probing pocket depth” (PPD) (reported in mm) for intrabony defects for Group IlI:
Comparative studies to PRF.
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3.3.4 | Group IV: Addition of PRF to a treatment
modality

Four subgroups including 20 trials were analyzed for Group IV BG
versus BG/PRF (17 trials); GRT versus GTR/PRF (one trial); EMD ver-
sus EMD/PREF (one trial); and BG/BM versus BG/BM/PRF (one trial).

All treatments performed in combination with OFD.

Probing pocket depth

A total of 20 studies were analyzed. A high heterogeneity was ob-
served between the studies (1?=92%; p<0.00001). The overall ef-
fect was 0.59 mm (95% Cl: 0.16 to 1.02; p=0.007) in favor of PRF

 perocartaogy 2000 SUIRSERS

with no significant difference between the subgroups (p=0.09).
Only one subgroup (BG vs. BG/PRF) showed a significant differ-
ence in favor of the PRF group, with MD of 0.63mm (95% Cl: 0.15
to 1.11; p=0.009), with a high degree of heterogeneity (1>=93%;
p<0.00001) (Figure 10).

Clinical attachment level

A total of 19 studies were analyzed. A high heterogeneity was ob-
served between the studies (I>=95%; p<0.00001). The overall ef-
fect was 0.57mm (95% CI: 0.03 to 1.12; p=0.04) in favor of the PRF
group with a significant difference between subgroups (p=0.007).
BG versus BG/PRF showed a significant difference in favor of the

PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 PRP vs. PRF
Pradeep et al. (2012) 3.17 1.29 16 2.93 1.08 17 5.9% 0.24 [-0.57, 1.05] -IT—
Subtotal (95% CI) 16 17 59%  0.24[-0.57, 1.05] <
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (p= 0.56)
4.1.2 BG + PRGF vs. BG + PRF
Gamal et al. (2016) 1.2 0.26 10 2 0.44 10 9.6% -0.80[-1.12, -0.48] -
Subtotal (95% Cl) 10 10 9.6% -0.80 [-1.12, -0.48] ®
Heterogeneity: Not applicable
Test for overall effect: Z = 4.95 (p < 0.00001)
4.1.3 EMD vs. PRF
Gupta et al. (2014) 1.87 0.91 22 2 0.54 22 8.7% -0.13[-0.57,0.31] -1
Csifé-Nagy et al. (2021) 2.33 1.59 15 2.6 1.18 15 4.8% -0.27[-1.27,0.73] T
Subtotal (95% CI) 37 37 13.4% -0.15[-0.56, 0.25] <&
Heterogeneity: % = 0.00; x> = 0.06, df = 1 (p = 0.80); 1> = 0%
Test for overall effect: Z = 0.74 (p = 0.46)
4.1.4 BG + EMD vs. BG + PRF
Paolantonio et al. (2020) 3.43 0.74 22 3.29 0.85 22 8.4% 0.14 [-0.33, 0.61] T
Subtotal (95% CI) 22 22 8.4%  0.14 [-0.33,0.61] L3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (p = 0.56)
4.1.5 BM vs. PRF
Ustaoglu et al. (2020) 4.19 1.05 15 5.5 1.53 15 5.1% -1.31[-2.25,-0.37] —
Pham et al. (2021) 5 0.46 10 4.53 0.57 10 8.6% 0.47 [0.02, 0.92] -'-
Subtotal (95% Cl) 25 25 13.7% -0.37[-2.11, 1.37]
Heterogeneity: 1° = 1.44; x? = 11.19, df = 1 (p = 0.0008); I* = 91%
Test for overall effect: Z = 0.42 (p= 0.68)
4.1.6 BG + BM vs. BG + PRF
Aggour and Abd El-Hady (2017) 4.5 0.92 14 4.04 0.85 12 6.8% 0.46 [-0.22, 1.14] T
Rexhepi et al. (2021) 3.48 1.26 31 2.87 1.28 31 7.2% 0.61[-0.02, 1.24] —
Subtotal (95% Cl) 45 43 14.0% 0.54 [0.08, 1.00] @
Heterogeneity: T2 = 0.00;X? = 0.10, df = 1 (p= 0.75); I* = 0%
Test for overall effect: Z = 2.29 (p = 0.02)
4.1.7 BG vs. PRF
Mathur et al. (2015) 2.53 1.06 19 2.67 1.63 19 5.5% -0.14[-1.01, 0.73] —
Chadwick et al. (2016) 1.03 0.86 17 1.16 1.33 19 6.5% -0.13[-0.85, 0.59] -
Galav et al. (2016) 3.9 0.57 20 4.5 0.61 20 9.2% -0.60[-0.97, -0.23] -
Agrawal et al. (2017) 2 225 14 2.5 2.78 12 1.8% -0.50[-2.47, 1.47] —_— T
Yajamanya et al. (2017) 6.74 1.55 28 6.57 1.45 28 6.1% 0.17 [-0.62, 0.96] T
Bahammam and Attia (2021) 1.17 1.21 15 1.7 1.03 15 5.9% -0.53[-1.33,0.27] -
Subtotal (95% Cl) 113 113 35.1% -0.40 [-0.66, -0.13] ¢
Heterogeneity: T2 = 0.00;X* = 4.15, df = 5 (p= 0.53); I* = 0%
Test for overall effect: Z = 2.92 (p = 0.004)
Total (95% CI) 268 267 100.0% -0.13[-0.42, 0.16] 4
Heterogeneity: T2 = 0.21; X2 = 46.85, df = 14 (p < 0.0001); 1> = 70% t t t t

Test for overall effect: Z = 0.86 (p= 0.39)
Test for subgroup differences:x* = 28.13, df = 6 (p < 0.0001), I* = 78.7%

- -2 0 2 4
Favours [Control] Favours [PRF]

FIGURE 8 Forest plot for the event “clinical attachment level” (CAL) (reported in mm) for intrabony defects for Group Ill: Comparative

studies to PRF.

RIGHTS LI MN iy

ASUDOIT SUOWIWO)) AANEAIY d[qearidde oy Aq pautanoS aIe SA[ONIE V() (2SN JO S[NI 10J AIRIGIT QUI[UQ AD[IAL UO (SUOTIPUOD-PUR-SULID)/WOd" KA[Im  AIRIqI[uI[uoy/:sdNy) SUONIPUOY) PUE SWLIL A 39S *[$70Z/01/€Z] U0 ATeiqr] aurjuQ A3[IA ¢ UOIIA *f PIeYITY AQ 86ST1°PAd/[ 111°01/10p/wod Kapim:Areaqriaurjuoy/:sdny woiy papeojumod ‘0 LSL00091


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fprd.12598&mode=

MIRON ET AL.

24
—I—W] | aA'%% Periodontology 2000

PRF Control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
5.1.1 PRP vs. PRF

Pradeep et al. (2012) 2.8 0.89 16 2.7 0.79 17 8.6% 0.10 [-0.48, 0.68] £
Subtotal (95% CI) 16 17 8.6%  0.10[-0.48, 0.68]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.34 (p = 0.73)

5.1.2 BG + PRGF vs. BG + PRF

Gamal et al. (2016) 1.7 0.3 10 2.1 04 10 10.1% -0.40[-0.71, -0.09] -
Subtotal (95% Cl) 10 10 10.1% -0.40 [-0.71, -0.09] 3
Heterogeneity: Not applicable

Test for overall effect: Z = 2.53 (p= 0.01)

5.1.3 EMD vs. PRF

Gupta et al. (2014) 1.67 1.17 22 2.08 0.78 22 8.6% -0.41[-1.00, 0.18] ™
Subtotal (95% ClI) 22 22 8.6% -0.41[-1.00,0.18] L 3
Heterogeneity: Not applicable

Test for overall effect: Z = 1.37 (p=0.17)

5.1.4 BG + EMD vs. BG + PRF

Paolantonio et al. (2020) 2.93 0.72 22 2.68 1.06 22 8.9% 0.25 [-0.29, 0.79] T
Subtotal (95% CI) 22 22 8.9% 0.25 [-0.29, 0.79] >
Heterogeneity: Not applicable

Test for overall effect: Z = 0.92 (p = 0.36)

5.1.5 BM vs. PRF

Ustaoglu et al. (2020) 2.97 0.77 15 3.85 1.16 15 7.8% -0.88[-1.58, -0.18] -
Pham et al. (2021) 4.13 0.51 10 3.97 0.72 10 8.8% 0.16 [-0.39, 0.71] T
Subtotal (95% Cl) 25 25 16.7% -0.34 [-1.35, 0.68] <o
Heterogeneity: 1> = 0.44; x? = 5.22,df = 1 (p = 0.02); I* = 81%

Test for overall effect: Z = 0.65 (p = 0.52)

5.1.6 BG + BM vs. BG + PRF

Aggour and Abd El-Hady (2017) 3.5 1.67 14 3.13 1.64 12 4.8% 0.37 [-0.91, 1.65] 1T
Rexhepi et al. (2021) 2.77 1.43 31 2.19 1.44 31 7.8% 0.58 [-0.13, 1.29] m
Subtotal (95% CI) 45 43 12.6% 0.53 [-0.09, 1.15] ®
Heterogeneity:1° = 0.00; x* = 0.08, df = 1 (p= 0.78); I* = 0%

Test for overall effect: Z = 1.67 (p = 0.10)

5.1.7 BG vs. PRF

Mathur et al. (2015) 3.94 3.56 19 1.76 0.83 19 3.5% 2.18[0.54, 3.82] ———
Chadwick et al. (2016) 1.1 1.01 17 1.14 0.88 19 8.4% -0.04 [-0.66, 0.58] -
Galav et al. (2016) 2.4 0.57 20 3.2 043 20 10.1% -0.80[-1.11, -0.49] -
Agrawal et al. (2017) 1.5 2.14 14 3 3.03 12 2.6% -1.50[-3.55, 0.55] ~
Bahammam and Attia (2021) 2.2 0.09 15 1.49 0.65 15 10.0% 0.71[0.38, 1.04] -
Subtotal (95% CI) 85 85 34.5% 0.11 [-0.83, 1.05]

Heterogeneity: t° = 0.89;X* = 51.17, df = 4 (p < 0.00001); /1> = 92%

Test for overall effect: Z = 0.23 (p= 0.82)

Total (95% CI) 225 224 100.0% -0.01[-0.39, 0.36]

Heterogeneity: 1% = 0.34; x*> = 67.64, df = 12 (p < 0.00001); /> = 82%
Test for overall effect: Z = 0.06 (p = 0.95)
Test for subgroup differences: x> = 11.04, df = 6 (p= 0.09), I* = 45.7%

4 2 0 2 4
Favours [Control] Favours [PRF]

FIGURE 9 Forest plot for the event “radiographic bone fill” (RBF) (reported in mm) for intrabony defects for Group Ill: Comparative

studies to PRF.

PRF group, with MD of 0.66mm (95% Cl: 0.07 to 1.26; p=0.03)
(Figure 11).

Radiographic bone fill

A total of 18 studies were analyzed. A high heterogeneity was ob-
served between the studies (I>=76%; p<0.00001). The overall ef-
fect was 0.63mm (95% Cl: 0.40 to 0.86; p<0.00001) in favor of
the test group with a significant difference between the subgroups
(p<0.0001). BG versus BG/PRF showed a significant difference in
favor of the test group with MD of 0.60mm (95% Cl: 0.38 to 0.82;
p<0.00001; 16 studies) (Figure 12).
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Bone sounding/bone fill

Only one trial provided data for BS/BF.2° A significant mean bone fill
within both groups (p<0.001) was found, but between groups, no
difference was noticed (p=0.653).

3.3.5 | Group V: Addition of biomaterials/
biomolecules to PRF

For Group V, seven comparative subgroups including 13 studies
were analyzed in 13 trials (PRF vs. PRF/BG [six studies]; PRF vs. PRF/
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MIRON ET AL. 2
° Periodontology 2000 SVVA| LEYJ—S
PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
6.1.1 BG vs. BG + PRF
Bansal and Bharti (2013) 4 0.82 10 3.1 0.74 10 5.2% 0.90[0.22, 1.58] —_
Elgendy and Abo Shady (2015) 3.33 0.74 20 3.3 0.64 20 5.6% 0.03 [-0.40, 0.46] T
Agarwal et al. (2016) 4.15 0.84 30 3.6 0.51 30 5.7% 0.55 [0.20, 0.90] -
Gamal et al. (2016) 3.6 0.3 10 3.8 0.3 9 5.8% -0.20[-0.47, 0.07] -
Agrawal et al. (2017) 4.5 2.83 14 3.5 1.73 12 2.9% 1.00 [-0.78, 2.78] I e —
Naqvi et al. (2017) 3.2 23 10 3.15 1.06 10 3.3% 0.05[-1.52, 1.62] [ —
Sezgin et al. (2017) 4.93 1.22 15 4.21 1.21 15 4.8% 0.72 [-0.15, 1.59] —
Bodhare et al. (2019) 5.75 1.16 20 5.65 1.66 20 4.8% 0.10 [-0.79, 0.99] 1T
Saravanan et al. (2019) 3.93 0.23 15 2 0.24 15 5.9% 1.93 [1.76, 2.10] -
Atchuta et al. (2020) 3.6 1.42 13 3.56 1.56 13 4.2% 0.04 [-1.11, 1.19] T
Goyal et al. (2020) 4.58 0.67 12 4.08 0.79 12 5.4%  0.50[-0.09, 1.09] —
Bahammam and Attia (2021) 3 0.94 15 2.4 1.17 15 5.0%  0.60[-0.16, 1.36] —
Hazari et al. (2021) 2.6 0.84 10 1.5 0.53 10 5.3% 1.10[0.48, 1.72] -
Pavani et al. (2021) 4.3 0.73 10 3.45 0.34 10 5.5% 0.85[0.35, 1.35] -
Alshoiby et al. (2023) 3.5 1.18 10 2.8 0.42 10 5.0%  0.70[-0.08, 1.48] —
Baghele et al. (2023) 4.1 1.18 21 2.76 0.99 21 5.2% 1.34 [0.68, 2.00] —_—
Chaudhary et al. (2023) 4.59 1.08 17 4.29 0.97 17 5.2%  0.30[-0.39, 0.99] T
Subtotal (95% CI) 252 249 84.9%  0.63[0.15, 1.11] <&

Heterogeneity: 2 = 0.85; x? = 237.49, df = 16 (p< 0.00001); /* = 93%
Test for overall effect: Z = 2.59 (p= 0.009)

6.1.2 GTR vs. GTR + PRF

Panda et al. (2016) 3.88 1.15 18 3.19 1.33 18 4.9%  0.69[-0.12, 1.50] _'_
Subtotal (95% CI) 18 18 4.9% 0.69 [-0.12, 1.50] <>
Heterogeneity: Not applicable

Test for overall effect: Z = 1.66 (p = 0.10)

6.1.3 EMD vs. EMD + PRF

Aydemir Turkal et al. (2016) 4 1.38 25 3.88 1.26 24 5.1% 0.12 [-0.62, 0.86] 1T
Subtotal (95% CI) 25 24 5.1% 0.12 [-0.62, 0.86] <o

Heterogeneity: Not applicable
Test for overall effect: Z = 0.32 (p = 0.75)

6.1.4 BG + BM vs. BG + BM + PRF

Liu et al. (2021) 2.7 0.85 14 2.4 1.05 14 5.1% 0.30[-0.41, 1.01] -T—
Subtotal (95% CI) 14 14 5.1% 0.30[-0.41, 1.01] <>
Heterogeneity: Not applicable

Test for overall effect: Z = 0.83 (p = 0.41)

Total (95% Cl) 309 305 100.0%
Heterogeneity: T2 = 0.80;X? = 247.04, df = 19 (p < 0.00001); /* = 92%

Test for overall effect: Z=2.71 (p= 0.007)

Test for subgroup differences: x? = 1.81, df = 3 (p= 0.61), I* = 0%

0.59 [0.16, 1.02]

4 -2 0 2 4
Favours [Control] Favours [PRF]

FIGURE 10 Forest plot for the event reduction in “probing pocket depth” (PPD) (reported in mm) for intrabony defects for Group IV:
Addition of PRF to a treatment modality.

Antibiotic [one study]; PRF vs. PRF/Metformin [one study]; PRF vs.
PRF/Bisphosphonate [one study]; PRF vs. PRF/Statins [two stud-
ies]; PRF/BG vs. PRF/BG/Statins [one study]; PRF vs. PRF/LLLT [one

PRF/Antibiotic showed no significant advantage for the additional
treatment.

study]). Clinical attachment level
A total of 13 studies were analyzed. A moderate heterogeneity was
Probing pocket depth observed between the studies (I?=36%; p=0.09). The overall effect

A total of 13 studies were analyzed. A high heterogeneity was ob-
served between the studies (I>=59%; p=0.004). The overall effect
was 0.68mm (95% Cl: 0.50 to 0.86; p <0.00001) in favor of test with
a significant difference between the subgroups (p=0.02). There was
a significant difference for PRF versus PRF/BG (six studies) in favor
of test with MD of 0.52mm (95% Cl: 0.16 to 0.89; p=0.005) and for
PRF/BG versus PRF/BG/Statins (two studies) in favor of test with
MD of 0.66mm (95% Cl: 0.12 to 1.20; p=0.02) (Figure 13). Other
subgroups showed also significant differences, but for each com-

parison, only one trial was included, respectively. Only PRF versus
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was 0.85mm (95% Cl: 0.68 to 1.02; p<0.00001) in favor of test treat-
ments with no significant difference between the subgroups (p=0.28).
There was only a significant difference for PRF versus PRF/BG (six
studies) in favor of test with MD of 0.88mm (95% Cl: 0.45 to 1.30;
p<0.0001) and for PRF/BG versus PRF/BG/Statins (two studies) in
favor of test with MD of 0.54mm (95% Cl: 0.22 to 0.86; p=0.0008)
(Figure 14). Other subgroups showed also significant differences, but
for each comparison, only one trial was included, respectively. Only
PRF versus PRF/Antibiotic and PRF versus PRF/LLLT showed no sig-

nificant advantage for the additional treatment.
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26 A MIRON ET AL.
A\WAIBI2A%S Periodontology 2000
PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
7.1.1 BG vs. BG + PRF
Bansal and Bharti (2013) 3.4 0.6 10 2.3 0.7 10 5.6% 1.10 [0.53, 1.67] -
Elgendy and Abo Shady (2015) 3.55 0.58 20 3.5 0.47 20 5.9% 0.05 [-0.28, 0.38] T
Agarwal et al. (2016) 3.73 0.74 30 2.61 0.68 30 5.8% 1.12 [0.76, 1.48] -
Gamal et al. (2016) 1.2 0.26 10 1.8 0.35 9 5.9% -0.60[-0.88, -0.32] -
Agrawal et al. (2017) 3 3.28 14 2.5 2.78 12 2.9% 0.50 [-1.83, 2.83] I
Naqvi et al. (2017) 4.1 1.73 10 3.15 1.06 10 4.5% 0.95 [-0.31, 2.21] T
Sezgin et al. (2017) 447 1.6 15 3.27 1.34 15 4.9% 1.20 [0.14, 2.26] —
Bodhare et al. (2019) 5.05 1.09 20 4.2 1.7 20 5.2% 0.85 [-0.04, 1.74] —
Saravanan et al. (2019) 4.93 0.34 15 2.6 0.29 15 5.9% 2.33[2.10, 2.56] -
Atchuta et al. (2020) 3.4 1.65 13 3.5 1.48 13 4.6% -0.10[-1.30, 1.10] —_
Goyal et al. (2020) 491 0.67 12 4 0.85 12 5.6% 0.91[0.30, 1.52] -
Bahammam and Attia (2021) 2.1 1.04 15 1.7 1.03 15 5.4% 0.40 [-0.34, 1.14] ™
Hazari et al. (2021) 1.8 0.52 10 1.5 0.84 10 5.6% 0.30 [-0.31, 0.91] ™
Alshoiby et al. (2023) 24 0.7 10 2.5 0.85 10 5.5% -0.10[-0.78, 0.58] -
Baghele et al. (2023) 3.57 1.08 21 2.23 0.83 21 5.6% 1.34[0.76, 1.92] -
Chaudhary et al. (2023) 4.47 1.23 17 4.23 1.09 17 5.3% 0.24 [-0.54, 1.02] T
Subtotal (95% Cl) 242 239 84.3% 0.66 [0.07, 1.26] &
Heterogeneity: T° = 1.31; x* = 313.42, df = 15 (p < 0.00001); /* = 95%
Test for overall effect: Z=2.18 (p= 0.03)
7.1.2 GTR vs. GTR + PRF
Panda et al. (2016) 4.44 1.5 18 3.38 1.45 18 5.0% 1.06 [0.10, 2.02] —
Subtotal (95% Cl) 18 18 5.0% 1.06 [0.10, 2.02] S 3
Heterogeneity: Not applicable
Test for overall effect: Z= 2.16 (p = 0.03)
7.1.3 EMD vs. EMD + PRF
Aydemir Turkal et al. (2016) 3.42 1.28 25 3.29 13 24 5.4% 0.13 [-0.59, 0.85] T
Subtotal (95% CI) 25 24 5.4%  0.13 [-0.59, 0.85] L 3
Heterogeneity: Not applicable
Test for overall effect: Z=0.35 (p = 0.72)
7.1.4 BG + BM vs. BG + BM + PRF
Liu et al. (2021) 1.8 0.95 14 2.7 1.25 14 5.3% -0.90[-1.72, -0.08] —
Subtotal (95% CI) 14 14 5.3% -0.90 [-1.72, -0.08] <&
Heterogeneity: Not applicable
Test for overall effect: Z = 2.14 (p= 0.03)
Total (95% CI) 299 295 100.0% 0.57 [0.03, 1.12] |Q
Heterogeneity:t* = 1.28; x? = 334.76, df = 18 (p < 0.00001); I* = 95% —iO _55 3 é 150

Test for overall effect: Z = 2.07 (p = 0.04)

Favours [Control] Favours [PRF
Test for subgroup differences: x> = 12.18, df = 3 (p = 0.007), I* = 75.4% t ] [PRF]

FIGURE 11 Forest plot for the event “clinical attachment level” (CAL) (reported in mm) for intrabony defects for Group IV: Addition of
PRF to a treatment modality.

Radiographic bone fill domain,®”718%92 and the remaining 37 studies of the included

A total of 12 studies were analyzed. A high heterogeneity was observed 55 studies were with some concerns in at least one domain. For

between the studies (°=93%: p<0.00001) with a significant differ-
ence between the subgroups (p <0.00001). There was a significant dif-
ference for PRF versus PRF/BG (five studies) in favor of test with MD
of 0.80mm (95% CI 0.44 to 1.16; p<0.0001). All other comparisons
were only with one study each, besides one comparison of PRF versus
PRF/Statins where no significant higher bone fill on radiograms with

the combined treatment was found (p=0.12; two trials) (Figure 15).
Bone sounding/bone fill

Only one trial provided data for BS/BF.? A significantly greater bone
fill was found with the test treatment (p <0.001).

3.4 | Overallrisk of bias

Fourteen studies were assessed with low risk of bias in all five
domains, four trials were at high risk of bias in at least one
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24 studies of the 37 studies with uncertain risk of bias (some
concerns), the decision was related to the missing information of
allocation concealment, forexample, sealed envelopesonly. If this
had been clearly stated in the description of the randomization
process in the publications, those 24 studies would also have
been with an overall low risk of bias (Appendix S1).

3.5 | Randomization process

Forty-nine trials described clearly the method of randomiza-
tion. Twenty-one used a computer-assisted method, in 28 trials,
the method of randomization was a coin toss or lottery method.
Fifteen studies used sealed envelopes in combination with an ad-
ditional randomization process and were deemed with low risk
in this domain. In six trials, the method of randomization was

uncertain,75’76'81'85'95’%
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MIRON ET AL. 27
° Periodontology 2000 SV\VA QR =A%

PRF Control Mean Difference Mean Difference

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

8.1.1 BG vs. BG + PRF

Bansal and Bharti (2013) 2.13 1.28 10 1.93 1.21 10 3.2%  0.20[-0.89, 1.29] i

Agarwal et al. (2016) 3.5 0.67 30 2.49 0.64 30 8.6% 1.01[0.68, 1.34] -

Gamal et al. (2016) 1.7 0.3 10 1.6 0.4 9 8.7%  0.10[-0.22, 0.42] T

Agrawal et al. (2017) 2.5 2.14 14 3 3.03 12 1.1% -0.50 [-2.55, 1.55] I E—

Naqvi et al. (2017) 7.1 137 10 5.7 1.64 10 2.4% 1.40 [0.08, 2.72] —

Sezgin et al. (2017) 2.55 1.15 15 1.98 0.8 15 5.3% 0.57 [-0.14, 1.28] —

Bodhare et al. (2019) 3.51 1.17 20 2.56 0.95 20 5.7% 0.95 [0.29, 1.61] —

Saravanan et al. (2019) 1.24 0.04 15 0.79 0.07 15 10.4% 0.45[0.41, 0.49] =

Atchuta et al. (2020) 5.35 2.05 13 5.39 2.07 13 1.8% -0.04[-1.62, 1.54] -

Goyal et al. (2020) 2.15 0.72 12 1.42 0.67 12 6.5% 0.73[0.17, 1.29] -

Bahammam and Attia (2021) 231 1.5 15 1.49 0.65 15 4.5%  0.82[-0.01, 1.65] —

Hazari et al. (2021) 2.05 0.57 10 1.95 0.46 10 7.5% 0.10 [-0.35, 0.55] T

Pavani et al. (2021) 2.51 0.91 10 2.02 0.64 10 5.4%  0.49[-0.20, 1.18] T

Alshoiby et al. (2023) 2.63 0.95 10 2.72 1 10 4.3% -0.09 [-0.94, 0.76] -

Baghele et al. (2023) 3.38 1.78 21 1.67 1.11 21 4.1% 1.71[0.81, 2.61] e

Chaudhary et al. (2023) 3.83 0.97 17 2.48 0.97 15 5.6% 1.35[0.68, 2.02] —

Subtotal (95% CI) 232 227 85.1% 0.60 [0.38, 0.82] ¢

Heterogeneity: T2 = 0.08;X? = 41.03, df = 15 (p= 0.0003); I* = 63%

Test for overall effect: Z = 5.37 (p< 0.00001)

8.1.2 GTR vs. GTR + PRF

Panda et al. (2016) 2.1 0.64 18 0.8 0.28 18 8.7% 1.30[0.98, 1.62] -

Subtotal (95% CI) 18 18 8.7% 1.30 [0.98, 1.62] ’

Heterogeneity: Not applicable

Test for overall effect: Z = 7.90 (p < 0.00001)

8.1.3 EMD vs. EMD + PRF

Aydemir Turkal et al. (2016) 1.13 0.83 25 1.21 1.24 24 6.2% -0.08[-0.67, 0.51] -

Subtotal (95% CI) 25 24 6.2% -0.08 [-0.67, 0.51] 0

Heterogeneity: Not applicable

Test for overall effect: Z = 0.26 (p = 0.79)

Total (95% CI) 275 269 100.0% 0.63 [0.40, 0.86] Q

Heterogeneity: 12 = 0.13;x % = 70.05, df = 17 (p < 0.00001); I* = 76% t t t

4 2 0 2 4

Test for overall effect: Z = 5.30 (p < 0.00001) Favours [Control] Favours [PRF]

Test for subgroup differences: x? = 20.44, df = 2 (p < 0.0001), /> = 90.2%

FIGURE 12 Forest plot for the event “radiographic bone fill” (RBF) (reported in mm) for intrabony defects for Group IV: Addition of PRF
to a treatment modality.

3.6 | Deviations from the intended interventions to written information that assessors were not blinded,”” unor-
thodox, unexplained measurement methods’* or lack of important
We did not score performance bias of the operator as it was impos- information.8!
sible to blind the therapist to the surgical intervention. Fifty trials
were with low risk of bias for this domain. Five studies gave neither
information of power calculations nor of the dropout rate and were 3.9 | Selection of the reported result
deemed with unclear risk of bias (some concernsg).66:6%76,8596
Fifty-four trials were found with low risk of bias for this domain,
one study with unclear risk of bias due to insufficient information
about measuring methods.”* The ROB 2 analysis is shown in the

Appendix S1.

3.7 | Missing outcome data

All trials were with low risk of bias for this domain. However, there

was some lack of information about dropout rate in some studies.

Still, in those cases it was reasonable on basis of tables and figures 4 | DISCUSSION

to assume, that all missingness probably did not depend on its true

value. The present SR and meta-analysis have investigated the use of PRF
for reconstructive surgery in intrabony defects as evaluated in RCTs
comparing it to other treatment modalities. The aim was to more

3.8 | Measurement of the outcome specifically address the use and recommendations for PRF for the

treatment of periodontal two- and three-walled intrabony defects.

Forty-one studies were with low risk of bias, the remaining 11 stud-
ies were with some concerns due to missing information of outcome

assessor being blinded. Three trials were with high risk of bias, due
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Overall, the majority of the included studies compared the use of
OFD alone versus OFD/PRF, OFD/BG versus OFD/PRF, and OFD/
BG versus OFD/BG/PRF (Table 1). Furthermore, additional studies
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28
—I—Wl |B2A%& Periodontology 2000

Test Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
9.1.1 PRF vs. PRF + BG
Lekovic et al. (2012) 4.47 0.78 17 3.35 0.68 17 8.0% 1.12 [0.63, 1.61] I
Chandradas et al. (2016) 4.25 1.48 12 3.82 0.75 12 3.1% 0.43[-0.51, 1.37] T
Agrawal et al. (2017) 4.5 2.83 14 3.5 1.95 12 0.9% 1.00 [-0.85, 2.85]
Pradeep et al. (2017) 4.27 0.98 20 3.9 1.09 19 5.6%  0.37[-0.28, 1.02] T
Bahammam and Attia (2021) 3 0.94 15 2.7 0.89 15 5.5% 0.30 [-0.36, 0.96] b
Thetay et al. (2021) 4.1 0.85 30 3.9 0.99 30 8.5% 0.20[-0.27, 0.67] T
Subtotal (95% CI) 108 105 31.7% 0.52 [0.16, 0.89] <o
Heterogeneity: Tau? = 0.08; Chi? = 8.44, df = 5 (P = 0.13); I = 41%
Test for overall effect: Z = 2.84 (P = 0.005)
9.1.2 PRF vs. PRF + AA
Elbehwashy et al. (2021) 3.45 136 10 4.1 0.61 10  3.2% -0.65[-1.57,0.27] —_—
Subtotal (95% CI) 10 10 3.2% -0.65[-1.57,0.27] —~tlf
Heterogeneity: Not applicable
Test for overall effect: Z = 1.38 (P = 0.17)
9.1.3 PRF vs. PRF + Metformin
Pradeep et al. (2015) 49 0.3 30 4 0.18 30 18.1% 0.90[0.77, 1.03] -
Subtotal (95% CI) 30 30 18.1% 0.90 [0.77, 1.03] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 14.09 (P < 0.00001)
9.1.4 PRF vs. PRF + Bisphosphonates
Kanoriya et al. (2016) 4.53 0.81 30 3.7 091 30 9.2% 0.83[0.39, 1.27] —
Subtotal (95% CI) 30 30 9.2% 0.83 [0.39, 1.27] <@
Heterogeneity: Not applicable
Test for overall effect: Z = 3.73 (P = 0.0002)
9.1.5 PRF vs. PRF + Statins
Martande et al. (2016) 4.06 1.22 30 3.76 1.12 30 6.3%  0.30[-0.29, 0.89] T
Pradeep et al. 2016 4.9 0.31 30 4.03 0.18 30 18.0% 0.87 [0.74, 1.00] -
Subtotal (95% Cl) 60 60 24.4%  0.66 [0.12, 1.20] R
Heterogeneity: Tau? = 0.11; Chi? = 3.39, df = 1 (P = 0.07); I> = 71%
Test for overall effect: Z = 2.41 (P = 0.02)
9.1.6 PRF + BG vs. PRF + BG + Statins
Gautam et al. (2022) 4.46 0.78 13 3.38 0.51 13 7.8% 1.08 [0.57, 1.59] —
Subtotal (95% CI) 13 13 7.8% 1.08 [0.57, 1.59] -
Heterogeneity: Not applicable
Test for overall effect: Z = 4.18 (P < 0.0001)
9.1.7 PRF vs. PRF + LLLT
Thalaimalai et al. (2020) 3.6 0.97 15 2.94 0.84 15 5.6% 0.66 [0.01, 1.31] —
Subtotal (95% ClI) 15 15 5.6% 0.66 [0.01, 1.31] .
Heterogeneity: Not applicable
Test for overall effect: Z = 1.99 (P = 0.05)
Total (95% CI) 266 263 100.0% 0.68 [0.50, 0.86] L 2
Heterogeneity: Tau? = 0.04; Chi? = 29.19, df = 12 (P = 0.004); I> = 59% t t

Test for overall effect: Z = 7.39 (P < 0.00001)
Test for subgroup differences: Chi? = 15.37, df = 6 (P = 0.02), 1> = 61.0%
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FIGURE 13 Forest plot for the event reduction in “probing pocket depth” (PPD) (reported in mm) for intrabony defects for Group V:

Addition of Biomaterials/Biomolecules to PRF.

were gathered comparing OFD/EMD versus OFD/PRF, OFD/BM
versus OFD/PRF, and OFD/PRF versus OFD/PRF/Biomolecules.
Below, we highlight and discuss the summary of evidence from the
current categories and further discuss the strengths and limitations

of each comparative analysis.

4.1 | Group l: OFD alone versus OFD/PRF

In total, 23 studies, five with low, 16 with unclear, and one with
high risk of bias, evaluated the use of PRF (22 studies) or T-PRF
(one study) as an adjunct to OFD when compared to OFD alone
(Table 1).Insummary, 20 of the 23 studiesdemonstrated statistically
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significant clinical improvements in mean PPD reduction (Figure 2),
16 studies statistically significant improvements in mean CAL gain
(Figure 3), and 18 studies statistically significant improvements in
bone fill (Figure 4). It was observed that on average, the results
from 23 RCTs demonstrated a statistically significant additional
PPD reduction of ~1.3, ~1.2mm CAL gain, and ~1.5 radiographic
bone gain when PRF was applied to intrabony defects following
OFD.

These findings, although based on a much higher number of
studies and participants, are in agreement with a recently published
overview of SRs”” and exceed the results reported by the AAP best
evidence SR and network meta-analysis.25 Notably, the present
results are also in concert with the overall MDs following various

ASUDOIT SUOWIWO)) AANEAIY d[qearidde oy Aq pautanoS aIe SA[ONIE V() (2SN JO S[NI 10J AIRIGIT QUI[UQ AD[IAL UO (SUOTIPUOD-PUR-SULID)/WOd" KA[Im  AIRIqI[uI[uoy/:sdNy) SUONIPUOY) PUE SWLIL A 39S *[$70Z/01/€Z] U0 ATeiqr] aurjuQ A3[IA ¢ UOIIA *f PIeYITY AQ 86ST1°PAd/[ 111°01/10p/wod Kapim:Areaqriaurjuoy/:sdny woiy papeojumod ‘0 LSL00091


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fprd.12598&mode=

Test Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
10.1.1 PRF vs. PRF + BG
Lekovic et al. (2012) 3.82 0.78 17 2.24 0.73 17 8.1% 1.58 [1.07, 2.09] -
Chandradas et al. (2016) 3.92 0.9 12 3.27 0.65 12 5.9% 0.65[0.02, 1.28] —
Agarwal et al. (2016) 3 3.28 14 2 2.25 12 0.6% 1.00 [-1.14, 3.14] I
Pradeep et al. (2017) 3.67 1.03 20 3.03 1.16 19 5.1%  0.64 [-0.05, 1.33] —
Bahammam and Attia (2021) 2.1 1.04 15 1.17 1.21 17 4.1% 0.93[0.15, 1.71] e
Thetay et al. (2021) 4.5 0.97 30 4.1 1.6 30 5.3% 0.40[-0.27, 1.07] T
Subtotal (95% CI) 108 107 29.2% 0.88 [0.45, 1.30] <&
Heterogeneity: Tau? = 0.13; Chi?2 = 10.15, df = 5 (P = 0.07); I> = 51%
Test for overall effect: Z = 4.03 (P < 0.0001)
10.1.2 PRF vs. PRF + AA
Elbehwashy et al. (2021) 4.25 1.21 10 3.9 1.15 10 2.5%  0.35[-0.68, 1.38] T
Subtotal (95% CI) 10 10 2.5% 0.35[-0.68, 1.38] e
Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)
10.1.3 PRF vs. PRF + Metformin
Pradeep et al. (2015) 49 0.3 30 4.03 0.18 30  24.0% 0.87 [0.74, 1.00] L
Subtotal (95% CI) 30 30 24.0% 0.87 [0.74, 1.00] [)
Heterogeneity: Not applicable
Test for overall effect: Z = 13.62 (P < 0.00001)
10.1.4 PRF vs. PRF + Bisphosphonates
Kanoriya et al. (2016) 5.16 0.46 30 4.2 0.66 30 15.5% 0.96 [0.67, 1.25] -
Subtotal (95% CI) 30 30 15.5% 0.96 [0.67, 1.25] X' 2
Heterogeneity: Not applicable
Test for overall effect: Z = 6.54 (P < 0.00001)
10.1.5 PRF vs. PRF + Statins
Martande et al. (2016) 3.66 1.42 30 3.4 1.13 30 5.6%  0.26 [-0.39, 0.91] T—
Pradeep et al. 2016 3.93 0.78 30 3.3 0.65 30 12.4% 0.63[0.27, 0.99] -
Subtotal (95% CI) 60 60 18.0% 0.54 [0.22, 0.86] <&
Heterogeneity: Tau? = 0.00; Chi? = 0.95, df = 1 (P = 0.33); I> = 0%
Test for overall effect: Z = 3.35 (P = 0.0008)
10.1.6 PRF + BG vs. PRF + BG + Statins
Gautam et al. (2022) 4 0.71 13 2.77 0.59 13 8.2% 1.23[0.73, 1.73] —
Subtotal (95% CI) 13 13 8.2% 1.23 [0.73, 1.73] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 4.80 (P < 0.00001)
10.1.7 PRF vs. PRF + LLLT
Thalaimalai et al. (2020) 3.27 1.51 15 2.26 1.37 15 2.5% 1.01 [-0.02, 2.04] —
Subtotal (95% CI) 15 15 2.5% 1.01[-0.02, 2.04] .
Heterogeneity: Not applicable
Test for overall effect: Z = 1.92 (P = 0.06)
Total (95% CI) 266 265 100.0% 0.85 [0.68, 1.02] ¢
Heterogeneity: Tau? = 0.03; Chi? = 18.79, df = 12 (P = 0.09); I = 36% _54 _52 ) é j‘

Test for overall effect: Z = 9.68 (P < 0.00001)
Test for subgroup differences: Chi? = 7.47, df = 6 (P = 0.28), 1> = 19.6%
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FIGURE 14 Forest plot for the event “clinical attachment level” (CAL) (reported in mm) for intrabony defects for Group V: Addition of

Biomaterials/Biomolecules to PRF.

pooled regenerative procedures compared with access flap reported
by the SR with meta-analysis® that was prepared for the EFP S3-
Level CPG on the treatment of periodontitis.9 Thus, to date there is
robust evidence that the use of PRF as autogenous biologics during
access flap surgery can yield clinical outcomes similar to those of
established regenerative procedures, without the expenses for non-
autogeneous commercial biomaterials.

4.2 | Group ll: L-PRF versus Titanium-PRF

Only two studies, both with unclear risk of bias, compared in an RCT
the effects of different protocols to produce PRF on intrabony defect
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regeneration (Figures 5 and 6). The meta-analysis demonstrated a
small significant improvement of 0.64mm for PPD using T-PRF when
compared to PRF (Figure 5) while no advantage was found for CAL
(Figure 6). Another SR** included three studies comparing PRF and T-
PRF,*3%4%8 however did not perform a meta-analysis. A significantly
greater defect fill in favor of T-PRF was reported by Gummaluri et al.,*
whereas no differences for any of the parameters were seen in the
other two studies. One important discussion point is that in the study
by Gummaluri et al.®* the authors utilized both: differences in PRF
tubes (titanium tubes vs. standard tubes) and a different centrifugation
protocol. Therefore, the data should interpret with caution as the au-
thors had two variable parameters in their study (both centrifugation
protocol and tube type) and it is difficult to draw conclusions on which
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Test for overall effect: Z = 4.32 (P < 0.0001)

Test for subgroup differences: Chi? = 100.52, df = 6 (P < 0.00001), I = 94.0%
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Test Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
11.1.1 PRF vs. PRF + BG
Chandradas et al. (2016) 3.32 0.72 12 2.3 0.83 12 7.6% 1.02 [0.40, 1.64]
Agarwal et al. (2016) 2.5 2.14 14 1.5 2.14 12 2.5% 1.00 [-0.65, 2.65]
Pradeep et al. (2017) 3.87 1.33 20 3.2 0.89 19 6.9% 0.67[-0.04, 1.38] e —
Bahammam and Attia (2021) 231 1.5 15 2.2 0.09 15 6.5% 0.11[-0.65, 0.87] e
Thetay et al. (2021) 4.8 1.03 30 3.7 1.16 30 8.2% 1.10 [0.54, 1.66] S
Subtotal (95% CI) 91 88 31.6% 0.80 [0.44, 1.16] <
Heterogeneity: Tau? = 0.03; Chi? = 4.94, df = 4 (P = 0.29); I> = 19%
Test for overall effect: Z = 4.33 (P < 0.0001)
11.1.2 PRF vs. PRF + AA
Elbehwashy et al. (2021) 2.29 0.61 10 1.63 0.46 10 8.9% 0.66 [0.19, 1.13] —
Subtotal (95% CI) 10 10 8.9% 0.66 [0.19, 1.13] .
Heterogeneity: Not applicable
Test for overall effect: Z = 2.73 (P = 0.006)
11.1.3 PRF vs. PRF + Metformin
Pradeep et al. (2015) 2.77 0.3 30 2.53 0.3 30 11.3% 0.24 [0.09, 0.39] -
Subtotal (95% CI) 30 30 11.3% 0.24 [0.09, 0.39] X' 2
Heterogeneity: Not applicable
Test for overall effect: Z = 3.10 (P = 0.002)
11.1.4 PRF vs. PRF + Bisphosphonates
Kanoriya et al. (2016) 2.84 0.26 30 2.42 0.21 30 11.4% 0.42 [0.30, 0.54] -
Subtotal (95% Cl) 30 30 11.4% 0.42 [0.30, 0.54] 3
Heterogeneity: Not applicable
Test for overall effect: Z = 6.88 (P < 0.00001)
11.1.5 PRF vs. PRF + Statins
Martande et al. (2016) 2.58 0.36 30 2.46 0.33 30 11.1%  0.12[-0.05, 0.29] =
Pradeep et al. 2016 3.63 0.67 30 3.17 0.65 30 10.1% 0.46 [0.13, 0.79] —
Subtotal (95% Cl) 60 60 21.2% 0.26 [-0.07, 0.59] - 2
Heterogeneity: Tau® = 0.04; Chi® = 3.12, df = 1 (P = 0.08); I> = 68%
Test for overall effect: Z = 1.55 (P = 0.12)
11.1.6 PRF + BG vs. PRF + BG + Statins
Gautam et al. (2022) 4.25 0.29 13 2.9 0.17 13 11.1% 1.35[1.17, 1.53] -
Subtotal (95% CI) 13 13 11.1% 1.35[1.17, 1.53] <&
Heterogeneity: Not applicable
Test for overall effect: Z = 14.48 (P < 0.00001)
11.1.7 PRF vs. PRF + LLLT
Thalaimalai et al. (2020) 2.44 1.52 15 1.26 1.48 15 4.5% .18 [0.11, 2.25] —_—
Subtotal (95% CI) 15 15 4.5% 1.18 [0.11, 2.25] et
Heterogeneity: Not applicable
Test for overall effect: Z = 2.15 (P = 0.03)
Total (95% CI) 249 246 100.0% 0.64 [0.35, 0.93] <@
Heterogeneity: Tau? = 0.19; Chi? = 125.06, df = 11 (P < 0.00001); I> = 91% _:2 —:1 3 i é
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FIGURE 15 Forest plot for the event “radiographic bone fill” (RBF) (reported in mm) for intrabony defects for Group V: Addition of

Biomaterials/Biomolecules to PRF.

of those two parameters was more relevant. Future studies comparing
the impact of PRF protocols are desirable as many improvements in
growth factor release and concentration of cells have been reported

more recently as discussed below.””

4.3 | Group lll: Comparative studies to PRF

A total of seven different categories compared either OFD/PRP,
OFD/EMD, OFD/BM, or OFD/BG to OFD/PRF, as well as OFD/BG/
PRGF to OFD/BG/PRF, OFD/BG/EMD to OFD/BG/PRF, and OFD/
BG/BM to OFD/BG/PRF. A total of 15 studies, four with low, nine
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with unclear, and two with high risk of bias, were included in the
comparisons.

Significant differences were calculated for CAL gain (Figure 8):
(1) higher mean CAL gain of 0.54mm in the OFD/BG/PRF group
(two studies) versus OFD/BG/BM and (2) higher mean CAL gain of
0.40mm in the OFD/BG group (six studies) versus OFD/PRF. While
it is known that PRF cannot hold space/volume as effectively as a
BG, it is noteworthy that five of the six studies depicted no signifi-
cant differences in CAL gain between the two groups. Noteworthy,
only one study compared OFD/PRP to OFD/PRF with more research
needed investigating the benefit of various formulations of APCs on

intrabony defect regeneration.
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4.4 | Group IV: Addition of PRF to a treatment
modality

A number of studies have compared the additional use of PRF, most
commonly when added to a bone grafting material (Table 1). The
included 20 studies—6 with low, 13 with unclear, and 1 with high risk
of bias—showed significant mean improvements of about 0.6mm
in PPD reduction, as well as in CAL and RBF gain, when PRF was
added (Figures 10-12). Therefore, the data indicate that the addi-
tion of PRF may lead to enhanced clinical outcomes compared with
those obtained with BG alone in the regneration of intrabony de-
fects. These findings are in line with the conclusions of the recent
AAP best evidence SR stating that combination therapies involving
bone grafts+ biologics such as PRF demonstrate to be superior than
monotherapies.25

Potential reasons for these findings are likely multi-factorial. Many
bone grafting materials, such as xenografts and the majority of syn-
thetic materials, have no incorporation of extracellular matrix com-
ponents or growth factors. Therefore, one hypothesized reason for
the additional benefit of including PRF to a BG could be its newly in-
corporation of regenerative cells and growth factors that contribute
to the regenerative process. Previous in vitro research investigating
PRF has demonstrated its ability to improve PDL cell migration, pro-
liferation, and wound closure rates.!°° Furthermore, PRF also contains
supra-physiological concentrations of defense-fighting leukocytes.
Since periodontal pockets harbor a number of periodontal pathogens,
it is possible that leukocytes may aid in the defense against potential
bacterial contamination/invasion. Lastly, basic science studies have
now demonstrated that PRF promotes an anti-inflammatory envi-
ronment.'°21%2 Recent research has shown that PRF has the ability to
favor M2 macrophage polarization and also decreases tissue inflamma-
tion. 22192 Furthermore, a recent SR by our group demonstrated that
PRF also possesses anti-bacterial/antimicrobial activity, thereby favor-
ing potential wound healing of periodontal pockets.103 Taken together,
each of the above-mentioned parameters is thought to at least in part
contribute toward periodontal regeneration when PRF is utilized in
combination with a BG.

No clinical or radiological improvements were observed when
PRF was added or mixed with EMD. This likely was due to both act-
ing via similar mechanisms in terms of growth factors' improvements

in cell recruitment and/or activity using biologic agents.

4.5 | Group V: Addition of biomaterials/
biomolecules to PRF

An additional 13 studies (four with low, eight with unclear, and
one with high risk of bias) evaluated the addition of a biomaterial/
biomolecule to PRF (Table 1). First, the addition of a bone graft
to PRF (PRF vs. PRF+BG) led to improvements in PPD (0.52 mm,
six studies, Figure 13), CAL (0.88 mm, six studies, Figure 14), and
bone fill (0.80 mm, five studies, Figure 15) when compared to PRF
alone. Future investigating on the presented clinical parameters
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and walls present/size of the defects may better address when a
bone grafting material should be combined with PRF versus PRF
alone.

Four studies have investigated PRF in combination with either (1)
metformin,*” (2) bisphosphonates,* or (3) statins.’%>>?> There was
a statistically significant advantage in PPD reduction, CAL gain, and
RBF for the combined use of PRF with each of the above modali-
ties when compared to utilizing PRF alone, except for PPD reduction
with the combination PRF/metformin (Figures 13-15). Though few
studies have thus far characterized their potential benefit, these rel-
atively novel findings support the more recent trends favoring more
“personalized” medicine as regenerative strategies. Thus, future re-
search investigating specific patient populations (e.g. osteoporotic
women) may potentially and more specifically target the local use
of additional biomolecules (such as bisphosphonates) favoring more
specific bioactivity (anti-resorptive properties) favoring a more per-
sonalized treatment protocol. Since PRF may be utilized as a three-
dimensional matrix with long-term delivery of small biomolecules,
PRF may therefore be utilized as a therapeutic drug delivery system
as previously reported.!®® Nevertheless, it remains somewhat un-
clear the modes of action of certain strategies such as an additional
combination of Metformin to PRF. Future research investigating
PRF as a potential drug delivery system for various local therapeutic
agents/biomolecules with their better understanding may provide
further clinical benefit. At present, however, the above trends are
simply reported in single RCTs with much further research needed

on the topic.

4.6 | Implications for clinical practice and future
direction

The $3-Level EFP CPG’ recommended that EMD or GTR in com-
bination with papillary preservation flaps should be considered the
treatment of choice for residual pockets with deep (23mm) intra-
bony defects.® While the fact that blood clot seems to be a very
important aspect for periodontal regeneration, it must first be
noted that there remains a great need for human histology with lots
of effort to deliver studies that compare standard periodontal re-
generative procedures with PRF. For the future, inclusion of PRF in
an updated version of the CPG for the treatment of periodontitis
evidence by human histology is a requirement. Furthermore, RCTs
of at least 12months duration are mandatory. Despite the fact that
PRF is only beginning to be more commonly utilized in routine clini-
cal practice for the treatment of intrabony defects (Figures 16 and
17), it is interesting to note that 55 RCTs have thus far evaluated its
potential for periodontal regeneration/repair. However, only eight
trials had a follow-up of at least 12 months,**45:543%.68.70.7791 ¢4 ;¢ of
them supporting the superiority of OFD/PRF versus OFD, and one
the superiority of BG/PRF versus BG.

The formation of a blood clot alone has been shown to be one
of the key necessary features in order for periodontal regeneration
to take place, as long as bacterial pathogens have been completely
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Regenerative Periodontal Surgery

Material: Xenograft + PRF

FIGURE 16 Regenerative periodontal surgery of the upper left lateral incisor (#21) splinted to the neighboring tooth #22. A 2-wall
intrabony defect treated with OFD + Natural Bone Mineral + PRF. A volume stable collagen matrix served as ,soft tissue wall“. (A)
Intrasulcular incision, extended to the distal for accessibility and tension release, (B) after flap elevation, (C) after removal of granulation
tissue, 6-mm deep intrabony component of the defect, depth to the CEJ: 11 mm, (D) preparation of PRF, (E) defect filled with natural bone
mineral mixed with PRF, (F) volume stable collagen matrix served as “soft tissue wall“, (G) clinical view after suturing (sling- and single

sutures), situation after 4 weeks, healing was uneventful.

eliminated. Evidence from the literature suggests that blood clot
formation alone is enough to treat a number of intrabony defects
where space maintenance is not an issue (two- or three-walled de-
fects).1%° PRF therefore acts in a similar fashion whereby the fibrin
scaffold can be inserted into the periodontal pocket acting as a
stable clot, with significant increases in platelets, leukocytes, and
growth factors. While periodontal regeneration remains complex
due to the number of tissues needed to be regenerated (new ce-
mentum, periodontal ligament, and alveolar bone), as well as the
fact Sharpey's fibers need to be oriented functionally to support
the tooth apparatus, it remains difficult to assess whether PRF
actually leads to true periodontal regeneration since no human
histological evidence exists to date on the topic (despite over 55
RCTs having been performed). Nevertheless, it is known that peri-
odontal disease is caused by bacterial pathogens and an increase
in regenerative growth factors and cells, as well as its incorpo-
ration of defense-fighting leukocytes is certainly hypothesized to
favor defect resolution and potentially mitigate tissue inflamma-
tion. Furthermore, angiogenesis is an important factor for tissue
regeneration, and PRF releases a number of pro-angiogenic and
pro-fibrotic agents capable of further speeding periodontal tissue
repopulation.los’106

The biological advantages of PRF have been shown to act locally
by quickly stimulating a large number of cell types by influencing
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their recruitment, proliferation, and/or differentiation. These have
previously been shown to include endothelial cells, gingival fibro-
blasts, chondrocytes, and osteoblasts, thereby having the potential
effect to actlocally and affect various cell types.m7’108 Thus, PRF may
prove beneficial for the regeneration of specific tissues such as the
periodontium since several cell types and tissue types are required
to regenerate in order for periodontal regeneration to occur. While
it is known that beneficial effects of PRF may partially be due to
the large number of secreted autologous blood-derived growth fac-
tors, it remains interesting to point out the fact that rhPDGF (which
is approved by the FDA) has been one of the main recombinant
growth factors sold to date in North America for the regeneration
of periodontal tissues.}%?112 Although recombinant proteins have a
regenerative potential well documented in the literature, 31> their
associated costs and other secondary adverse effects including bio-
compatibility, lower stability, and potential swelling, may favor the
use of autologous PRF.}*¢'” Future comparative studies including
a cost-benefit analysis between both modalities remains necessary.

All therapeutic modalities with addition of PRF to their sur-
gical approach (Groups | and IV) demonstrated better outcomes
apart from the studies comparing OFD/EMD versus OFD/EMD/
PRF. Treatment modalities comparing PRF alone to other regener-
ative strategies (Group 1) found similar clinical outcomes between
both groups. Each of the therapeutic modalities utilizing PRF with
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FIGURE 17 Radiographic and clinical situation of an upper left lateral incisor (#21) in a 45-year-old otherwise healthy patient after step
1 and 2 periodontal therapy and 1 year after OFD + Natural Bone Mineral + PRF. (A) Radiographic view with 2-wall intrabony defect with
bone loss 260%, (B) clinical attachment loss at the distal aspect 11mm of #21, mobility grade Il, (C) CBCT with evidence of severe bone loss
around tooth #21 extending to the mesio-palatal aspect, (D) one-year follow-up of lesion with no evidence of radiographic pathologies, (E)
clinical view with #21 still splinted with shallow probings, no recession and no bleeding on probing, (F) CBCT view with no more evidence of

bone loss.

addition of small biomolecules (Group V) found improved clinical
outcomes with addition of either metformin, bisphosphonates, and
statins. It thus remains interesting to note that generally speaking,
the additional use of PRF tends to favor regenerative outcomes of
IBDs, and addition of small biomolecules may further improve such
outcomes. Future research investigating more precisely when PRF
should be utilized in combination approaches versus as a sole regen-
erative modality needs further clarification.

Several research topics also remain at the forefront of needed
study in this space. As previously mentioned, it remains interesting
to point out that no single study has characterized PRF at the his-
tological level in a well-characterized human study. It has already
been well established in the literature that PRF favors soft tissue
wound healing when compared to hard tissues.**® Since periodon-
titis is not only characterized by PDL breakdown but also that of
cementum and alveolar bone, the regenerative potential of each
of these tissues needs to be further characterized via histological
evaluation, ideally in human studies. Noteworthy as well, the type
of the surgical technique (flap choice—minimally invasive surgical
techniques), intrabony defect depth (two-wall and three-wall de-
fects may respond differently to the treatment modality), tooth
type, defect morphology, and clinician factors are all additional
important factors that need further investigation for better ad-
dressing which combination therapy my best serve the treatment
of each defect type. A recent publication titled “Do autologous
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platelet concentrates (APCs) have a role in intraoral bone regen-
eration? A critical review of clinical guidelines on decision-making
process” published in this same issue of Periodontology 2000 high-

lights some of these findings.'*’

4.7 | Better understanding of platelet concentrates

In a previous publication by our group titled: “Controversies re-
lated to scientific report describing g-forces from studies on
platelet-rich fibrin: necessity for standardization of relative cen-

trifugal force values,”*?°

the topic of properly reporting PRF pro-
tocols was discussed in great detail. The present list of studies
found large variability to protocols utilized, many of which were
utilized on different-sized centrifuges. The same protocol utilized
on a larger centrifuge will produce a larger RCF (g-force) value and
thus completely disruption the cell layer separation.120 For these
reasons, in the year 2019 attempts have been made to raise aware-
ness regarding the proper reporting of studies related to PRF.}2!
It remains of concern to report many studies that omit much im-
portant data during the preparation of PRF. Table 2 demonstrates
that 13 different protocols were utilized in these RCTs, many pro-
tocols only ever utilized in one study with little scientific reason-
ing or validation for the choice of their centrifugation protocols.

Noteworthy, 19 of 55 studies (35% of studies) failed to even report
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TABLE 2 Platelet-rich fibrin (PRF) protocols utilized throughout
all studies.

Protocol utilized Number of studies

32/55 studies
4/55 studies
4/55 studies
2/55 studies
2/55 studies
2/55 studies
1/55 studies
1/55 studies
2/55 studies
1/55 studies

3000rpmx 10 min
3000rpmx12min
2700rpmx 12 min
2800rpmx 12 min
1300rpmx8min
700rpmx 3min
2500rpmx 15min
2400rpmx2min
400g%x10min
400gx12min
10008 x 10 min 1/55 studies
373.3gx10min 1/55 studies
NR 2/55 studies

the company unit model, or size of their centrifuge and omitted
any information at all regarding their centrifuge, largely impacting
the reproducibility of their work.

Many improvements have been reported recently in terms of
concentration in PRF formulations. It remains to be clinically investi-
gated on the improvements of horizontal centrifugation versus fixed-

99122 3nd further optimization of PRF protocols. Furthermore,

angle
PRF tubes are critical for the success of PRF production,123 yet many
studies have failed to report on their selected tube types utilized
within their studies. A recent overview article titled: “Optimization
of Platelet Rich Fibrin” aimed at critically assessing the production of

PRF with more optimized/favorable methods.}?*

5 | CONCLUSION

The use of PRF when compared to OFD alone led to statistically sig-
nificant clinical improvements in PPD reduction, CAL gain, and RBF
in intrabony defects when compared to OFD alone. The therapeu-
tic modalities with addition of PRF (e.g. to a bone grafting material)
demonstrated better outcomes apart from the studies comparing
OFD/EMD versus OFD/EMD/PRF. Each of the treatment modali-
ties comparing PRF alone to other regenerative strategies (Group
1) found similar clinical outcomes between both groups. Each of the
therapeutic modalities utilizing PRF with addition of small biomol-
ecules primarily (Group V) found improved clinical outcomes with
addition of either metformin, bisphosphonates, or statins. It thus
remains interesting to note that generally speaking, the additional
use of PRF tends to favor regenerative outcomes of IBDs, and ad-
dition of small biomolecules may further improve such outcomes.
Limitations to this SR include the variability of the study groups in-
cluded, limited number of RCTs per treatment group, and quality of
the included studies based on the risk of bias analysis. Additional
research investigating different protocols of PRF including human
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histological evaluation, as well as patient-reported outcome meas-
ures (PROMs) remain highly necessary to further validate the PRF

outcomes including various combination approaches.
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