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Abstract

The objective of the study was to compare the treatment outcomes of periodontal fur-
cation defects by using platelet-rich fibrin (PRF) with other commonly utilized modali-
ties. The eligibility criteria comprised randomized controlled trials (RCTs) comparing the
clinical outcomes of PRF with those of other modalities for the treatment of furcation
defects. Studies were classified into 11 categories in 3 different groups as follows: Group
| (addition of PRF): (1) open flap debridement (OFD) alone versus OFD/PRF, (2) OFD/
bone graft (OFD/BG) versus OFD/BG/PRF; Group Il (comparative studies to PRF): (3)
OFD/BG versus OFD/PREF, (4) OFD/collagen membrane versus OFD/PRF, (5) OFD/PRP
versus OFD/PREF, (6) OFD/rhBMP2 versus OFD/PRF; and Group Il (addition of bioma-
terial/biomolecule to PRF): OFD/PRF versus ... (7) OFD/PRF/BG, (8) OFD/PRF/amniotic
membrane (AM), (9) OFD/PRF/metformin, (10) OFD/PRF/bisphosphonates, (11) OFD/
PRF/statins. Weighted means and forest plots were calculated for the reduction of prob-
ing pocket depth (PPD), gain of vertical and horizontal clinical attachment levels (VCAL
and HCAL), gain in vertical and horizontal bone levels (VBL, HBL), and radiographic bone
fill (RBF). From 45 articles identified, 21 RCTs reporting on class Il furcations were in-
cluded. The use of OFD/PRF and OFD/BG/PREF statistically significantly reduced PPD
and improved VCAL and HCAL when compared to OFD or OFD/BG, respectively. The
comparison between OFD/PRF alone versus OFD/BG, OFD/CM, OFD/PRP, or OFD/
rhBMP2 led to similar outcomes for all investigated parameters, including a reduction in
PPD, VCAL/HCAL gain, and RBF. The additional incorporation of a BG to OFD/PRF only
mildly improved outcomes, whereas the addition of AM improved clinical outcomes. The
addition of small biomolecules such as metformin, bisphosphonates, or statins all led to
significant improvements in PPD, VCAL, and HCAL when compared to OFD/PRF alone.
Noteworthy, a very high heterogeneity was found in the investigated studies. The use of

PREF significantly improved clinical outcomes in class Il furcation defects when compared
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1 | INTRODUCTION

Molars with classes Il and Il furcation defects are recognized as complex-
ity factors for determining the stage of periodontitis in the new AAP/EFP
classification of periodontal diseases.™ This is due to the fact that they
exhibit a higher rate of tooth loss than molars without furcation involve-
ment® and provide a significant challenge for the clinician to accomplish
a successful treatment.* Although access flap surgery (open flap debride-
ment) and nonsurgical therapies have had mixed results,>® regenerative
periodontal surgery has been shown to provide better results with furca-
tion improvement, especially in cases of class Il furcations.”?*? The S3-
level clinical practice guideline (CPG) for the treatment of periodontitis
recommends the use of bone grafts, resorbable membranes, and enamel
matrix derivatives for furcation regeneration due to their proven clinical
effectiveness as shown by randomized studies.”* Despite the encourag-
ing potential of autogenous platelet concentrates, the discussion of their
possible application for these indications was not possible due to the in-
sufficient evidence included in this CPG.*

More recently, a number of systematic reviews including meta-
analyses have assessed the benefits of using platelet-rich fibrin (PRF)
to treat periodontal furcation defects and have demonstrated their
usefulness under these therapeutic settings.*>®

This systematic review with meta-analysis aims to expand the da-
tabase and evaluate the most up-to-date evidence on the efficacy of
PRF in treating furcation defects, compared to, and in combination
with, alternative treatment options such as membranes, bone grafts,

and other biomolecules commonly used for periodontal regeneration.

2 | MATERIALS AND METHODS
2.1 | Protocol

This SR adhered to the PRISMA standards' guidelines.’’ This SR's
protocol was built using the PRISMA-P framework.2° There were no
deviations from the initial protocol. This SR's protocol was registered
with the INPLASY database under the identifier 2023100045.
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to OFD alone, with similar levels being observed between OFD/PRF and/or OFD/BG,
OFD/CM, OFD/PRP, or OFD/rhBMP2. Future research geared toward better under-
standing potential ways to enhance the regenerative properties of PRF with various
small biomolecules may prove valuable for future clinical applications. Future histologi-
cal research investigating PRF in human furcation defects is largely needed. The use of
PRF in conjunction with OFD statistically significantly improved PPD, VCAL, and HCAL
values, yielding comparable outcomes to commonly used biomaterials. The combination
of PRF to bone grafts or the addition of small biomolecules may offer additional clinical

benefits, thus warranting future investigation.

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

2.2 | Focused question

Three specific issues regarding the impact of PRF in treating class Il
furcation defects were taken into consideration for this SR:

In patients/teeth affected by periodontitis-related class Il
furcation defects, what is the efficacy of the use of PRF in regen-
erative periodontal surgery in terms of furcation improvement
(outcome variables: reduction in probing pocket depth (PPD) and
gain in vertical and horizontal clinical attachment level (VCAL)
and gain in vertical and horizontal bone level (HBL, VBL), hori-
zontal bone level (HBL) and radiographic bone fill (RBF).) com-
pared to:

1. Therapeutic modalities with/without PRF (FQ-1).

2. Therapeutic modalities in comparison to PRF (FQ-2).

3. Therapeutic modalities of PRF with the addition of biomaterials/
biomolecules (FQ-3).

2.3 | Eligibility criteria and study selection process

The following PICOS approach served as the foundation for the in-
clusion criterion.?! Two independent reviewing authors, R.J.M. and
N.E.E., carried out the search and screening procedure, starting
with the examination of abstracts and titles. After that, complete
papers were chosen for examination and compared to the require-
ments for data extraction. The reviewing authors carefully discussed
and worked out any disagreements. Only research that fulfilled the

specified requirements was included:

e Population: Individuals in good overall health who have periodon-
tal class Il furcation involvement.

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

e Comparison: PRF versus open flap debridement (OFD) alone or in
combination with other biomaterials.
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e Qutcomes: Primary - reduction in probing pocket depth (PPD)
and gain in vertical and horizontal clinical attachment level (VCAL
and HCAL). Secondary - Gain in vertical and horizontal bone lev-
els (VBL and HBL), radiographic bone fill (RBF), and furcation im-
provement (complete closure/conversion into class ).

e Study design: randomized controlled trials (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 2023 without other restrictions
regarding date or language. A Literature Report was used to con-

h?2 and additionally OpenGrey?® data-

duct a gray literature searc
bases was also carried out. Additional studies that may be included
were found by evaluating (or cross-referencing) the study reference
lists. The search strategy is described in Figure 1. The research ex-
cluded case reports, animal studies, retrospective clinical studies,

and follow-ups of less than 6 months.

2.5 | Data synthesis

The research data were extracted in duplicate by R.J.M., N.E.E., P.--
M.J.-S., and S.J.; they were then carefully examined by V.M. When
available, the following data were extracted from the included stud-
ies: Researchers, authors, number of smokers, gender, age range,
subjects, surgical technique, number of treated furcation defects,

ooy o) AR

follow-up, centrifugation parameters, amount of blood collected,
centrifugation system, kind of bone defects, mean difference (MD)
in PPD, VCAL, HCAL, VBL, HBL, RBF.

2.6 | Assessments of the risk of bias

Two review authors (P-M.J-S. and S.J.) evaluated the methodologi-
cal quality of the included studies primarily based on the risk of bias
components that have been shown to impact research findings, such
as the examiners' blinding, allocation concealment, and randomiza-
tion methods. The risk of bias was done in duplicate. Assessments
were also conducted regarding possible challenges to validity, selec-
tive result reporting, and the completeness of outcome reporting.
The risk of bias was considered in sensitivity analyses to evaluate
the results' robustness, but it was not used to exclude research that
met review requirements.

The Cochrane Handbook for Systematic Reviews of Interventions'
RoB 2 tool was used in this review.2*2’ It was used to examine the
possibility of bias in RCTs. Every research article was examined in
five areas: risk of bias arising from the randomization process, risk of
bias due to deviations from the intended interventions, missing out-
come data, risk of bias in the measurement of the outcome, and risk
of bias in the selection of the reported research. Based on responses
to the signaling questions, an algorithm generated a recommenda-
tion on the likelihood of bias resulting from each area. The recom-
mendation may indicate “some concerns,” “high-" or “low-"risk of
bias. A study was considered “low” risk if every one of the five study
areas was deemed low risk; “some concerns,” if it is determined that
the research raises some issues in at least one category; and “high”

—
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FIGURE 1 Search strategy.
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risk, when at least one domain deems the research to be high risk.
Since the clinician executing different surgical procedures cannot be

blinded, we did not rate the surgeon's performance bias.

2.7 | Statistical analysis

Review Manager Software (version 5.2.8, Copenhagen, Denmark,
2014) was used to perform a meta-analysis after the continuous
variables (PPD, VCAL, and HCAL) from the included studies were
split into groups and subgroups.

The effects were assessed using the mean difference with confi-
dence interval (Cl) of 95%. It was decided to use the generic variation
technique. Chi-square tests were used to assess the heterogeneity,
with values <25% indicating low heterogeneity, values >25% but
<50% indicating moderate heterogeneity, and values >50% indicat-
ing high heterogeneity.?® For the analyses, the random effect model
was chosen due to the variation in available evidence (e.g., popula-
tions, follow-up times, and settings). The statistical significance level

used for the meta-analysis effect was p<0.05.

2.8 | Risk of bias across studies

The many forms of reporting bias that could have existed in this
study were considered.

If there were more than 10 studies included in a meta-analysis, a
funnel plot to detect possible publication bias should be created, and
the Egger's and Begg's tests applied.?” However, an asymmetrical
funnel plot may be due to other factors. In this review, there were no

single comparisons including more than 10 studies.

3 | RESULTS
3.1 | Literature search

The initial search produced 196 titles from the MEDLINE/PubMed
database, 6 from Cochrane (CENTRAL), 152 from Embase, 147 from
Scopus, and 95 from Lilacs. The first evaluation of titles and abstracts
excluded 575 articles that did not adhere to the eligibility criteria.
Therefore, 21 studies on furcation defects?®~*® published between
2011 and 2023 met the eligibility criteria and were included in this
SR. Of the 21 RCTs, the most highly researched centrifugation sys-
tem utilized in 10 of 21 studies (48% of studies) was the Remi centri-
fuge, whereas the Systonic Lab and Scientific Instruments, IntraSpin,
Labtech-Centifuge, and the Orthophos XG 3D/Ceph, Sirona Dental
Systems GmbH system were each utilized in 1 of the 21 studies (5%
of studies each). Four of the 21 studies did not report the centrifuge
utilized (19%). Of the 21 studies, 12 utilized a 3000 rpm for 10 min
protocol (57% of studies), 2 studies utilized a 400 relative centrifugal

RIGHTS LI MN iy

force (RCF) for 10 min protocol (10% of studies), whereas each of the
remaining protocols were utilized in 1 of 21 studies including a 400
RCF x12-min, 3000 rpm x 12-min, 700 rpm x 3-min, or 2700 rpm
x 12-min, and a 2700 rpm x 10-min protocol (5% each). No studies
included smokers into their study.

3.2 | Study characteristics

The included studies analyzed 786 research participants. In addition
to OFD alone, the effect of PRF was compared to other groups of
biomaterials (BGs, CM, PRP, rhBMP2, AM, metformin, bisphospho-
nates, and statins). The mean follow-up period of the studies was
9.42months. The data extracted from each included study are pre-
sented in Table 1.

3.3 | Interventions and comparisons
A total of 11 categories were divided into three groups as follows:

Group 1: Addition of PRF to a treatment modality
1. OFD versus PRF?-32
2. BG versus BG+PRF*3~%8
Group 2: Comparative studies to PRF
1. BG versus PRF30:35:3%40
2. CM versus PRF*
3. PRP versus PRF?’
4. rhBMP2 versus PRF
Group 3: Addition of biomaterials/biomolecules to PRF
. PRF versus PRF +BG*2
. PRF versus PRF +AM*

. PRF versus PRF + metformin®4-4¢

. PRF versus PRF +bisphosphonate®**”

. PRF versus PRF +statins*®

a b~ WON -

4 | THERAPEUTIC MODALITIES WITH/
WITHOUT PRF (FQ-1)

For FQ-1, two comparative subgroups were analyzed (OFD vs. PRF;
BG vs. BG+PRF).

4.1 | Softtissue parameters

41.1 | Probing pocket depth reduction

A total of 11 studies were analyzed. A high heterogeneity was ob-

served between the studies (I>=94%: p<0.00001). The subgroups
showed a significant impact (p<0.00001; p=0.003) with MD of
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c
g qg)- . 1.73mm (95% Cl: 1.13-2.33) and 0.73mm (95% Cl: 0.25-1.21) in
. @©
'*; a = favor of the PRF, respectively (Figure 2).
—_ O ¢
£ NS
a T ¥
(= (S
= T o
= K
g g g 41.2 | Vertical clinical attachment level gain
@ = 0
(7] o -
pey S Q
% & E A total of 11 studies were analyzed. A high heterogeneity was ob-
z
E B *?;;D served between the studies (I>=90%; p <0.00001). The subgroups
© =2 o
2‘ g : demonstrated a significant effect (p<0.00001; p=0.003) in favor
‘% 5 5 ﬁ g. of the PRF, with MD of 1.42mm (95% CI: 1.04-1.79) and MD of
c
é_? = X E E 0.82mm (95% Cl: 0.28-1.37), respectively (Figure 3).
5= O o = o
c £ O o J o
o E O o <c a
O o ™ o c
N o
2 g 4.1.3 | Horizontal clinical attachment level gain
= 2
8 E
§ 9 Ten research studies were examined with high variation throughout
§ g the research (1>=86%; p <0.00001). The subgroups demonstrated a
2E significant effect (p<0.00001; p<0.0001) in favor of the PRF, with
=]
§ % MD of 1.21mm (95% Cl: 0.70-1.73) and MD of 1.29mm (95% ClI:
c o E 0.68-1.90), respectively (Figure 4).
2 o=
o % O
© > T
° L <
o FEE
2 g E 41.4 | Clinical furcation improvement (complete
:0: = 5 f closure/conversion into class )
©
E ©O o B =
=) ~ IS © Q
o X = 8 . . .
S J = 38 o Five studies reported this outcome.?”:32333536 |n 3 study by
c .=
S }3 Sharma & Pradeep,27 66.7% of the PRF-test group saw full clo-
gz') n: sure and 27.7% converted into class I. No information was pro-
5 & vided for the OFD group. In four investigations,32333%36 gnly
> (%]
090 Lo“. one trial demonstrated full furcation closure when comparing
° é BG versus BG + PRF®® at a frequency of 16.7% (BG) compared
. _ § % to 50% (BG + PRF). Regarding the conversion of class I, two
=§ -(-: U % studies®®°® found no difference, while two other studies®236
g ; ; ‘_2 &: reported a higher frequency for the test group (Table 2).
b7d Qo Qo o0 A
a § E ¢
s 3 S ©T s
L = - 8%
B 3 = 55 4.2 | Hard tissue parameters
= % J z
£ O O @O
é Z Z = ;:'; Because there are so few studies examining VBL, HBL, or RBF, no
qu ,_,C_L meta-analysis was done when looking at these parameters. However,
a4
f— a three studies showed that the PRF group had a considerable advantage
o
5 %_ when comparing VBF gain when comparing OFD to OFD/PRF.282731
g g Improved VBL and HBL gain were observed in two different investiga-
'E f:.; tions (Table 1).3%%2 When comparing BG to BG/PRF, no significant dif-
c % ; ferences were seen across the groups, except for research conducted
o -
B <E( 3 by Lohi et al.®®
T 8 g 8
= . R
4 B
S & =S8 #¢ 5 | THERAPEUTIC MODALITIES IN
< - (] © w
D8l &g E5 COMPARISON TO PRF (FQ-2)
b AR
42l 2 z2¢£8 53
m 5 8 g 8 g o For FQ-2, four comparative subgroups were analyzed (BG vs. PRF;
< 2 X S 2 a 8¢
[ < = CM vs. PRF; PRP vs. PRF; rhBMP2 vs. PRF).
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PFR OFD Mean Difference Mean Difference

Study or Subgroup Mean 5D Total Mean 5SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.1.1 OFD vs. PRF

Sharma and Pradeep (2011) 4.06 0.42 18 2.89 0.68 18  10.0% 1.17 [0.80, 1.54] -

Bajaj et al. (2013) 4.29 1.04 24 1.58 1.02 23 9.3% 2.71[2.12, 3.30] -

Siddiqui et al. (2016) 227 1.1 15 1.03 0.67 15 9.0% 1.24 [0.59, 1.89] -

Kanoriya et al. (2017) 3.69 0.76 23 2.41 0.77 24 9.8% 1.28 [0.84, 1.72] -

Agarwal et al. (2019) 3.8 0.77 20 1.5 0.76 20 9.7% 2.30[1.83, 2.77] -

Subtotal (95% CI) 100 100 47.8% 1.73 [1.13, 2.33] &>

Heterogeneity: Tau® = 0.40; Chi? = 30.38, df = 4 (P < 0.00001); /> = 87%

Test for overall effect: Z = 5.65 (P < 0.00001)

1.1.2 BG vs. BG + PRF

Lohi et al. (2017) 3.37 1.06 10 2.4 0.52 8 8.6% 0.97 [0.22, 1.72] -
Rani et al. (2018) 2.8 1.93 10 3.5 2.27 10 4.4% -0.70[-2.55, 1.15] — 1
Basireddy et al. (2019) 2.5 0.52 14 236 0.5 14 10.0%  0.14[-0.24, 0.52] T
Dambhare et al. (2019) 2 0.73 12 0.5 0.52 12 9.6% 1.50[0.99, 2.01] -
Serroni et al. (2022) 252 017 14 2.15 017 14 105%  0.37[0.24, 0.50] .
Nair et al. (2022) 47 07 12 3.4 081 12 92%  1.30[0.69, 1.91] —
Subtotal (95% CI) 72 70 52.2% 0.73 [0.25, 1.21] .
Heterogeneity: Tau® = 0.25; Chi® = 31.51, df = 5 (P < 0.00001); F* = 84%

Test for overall effect: Z = 2.98 (P = 0.003)

Total (95% CI) 172 170 100.0% 1.20 [0.69, 1.70] .

Heterogeneity: Tau® = 0.63; Chi® = 154.92, df = 10 (P < 0.00001); I* = 94%

Test for overall effect: Z = 4.63 (P < 0.00001)
Test for subgroup differences: Chi® = 6.54, df = 1 (P = 0.01), I* = 84.7%

L L
t t

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

FIGURE 2 Forest plot for the event reduction in “probing pocket depth” (PPD) (reported in mm) for furcation defects in Group 1:

“Therapeutic modalities with/without PRF (FQ-1)."

5.1 | Soft tissue parameters
5.1.1 | Probing pocket depth reduction

Six studies were examined in total reporting a modest variation
across the studies (?=45%; p<0.10). No significant differences
were seen in between the subgroups analyzed (p=0.26; p=0.07;
p=0.20; p=0.93; Figure 5).

5.1.2 | Vertical clinical attachment level gain

Five studies were examined in total. Significant variability was identified
across the studies (I=56%; p=0.06). No significant differences were seen
between the subgroups analyzed (p=0.91; p=0.50; p=0.56; Figure 6).
5.1.3 | Horizontal clinical attachment level gain
Analysis was done on four trials in total. There was no discernible
variability across the studies (1>=0%; p=0.69). No significant differ-
ences were seen between the subgroups analyzed (p=0.92; p=0.33;
p=0.45; Figure 7).

5.2 | Hard tissue parameters

Again, due to the variation in reported results for each parameter,

no meta-analysis could be carried out when examining VBL, HBL,

RIGHTS LI MN iy

|40 |29

or RBF. However, research by Asimuddin et al.”> and Bajaj et a
discovered no significant variations in RBF between the test and
control groups. An investigation by Biswas et al.*” reported no sig-
nificant differences in the average HBF values and Siddiqui et al.%°
also found no differences between HBF and VBF when comparing

OFD/BG versus OFD/PRF.

6 | THERAPEUTIC MODALITIES OF PRF
WITH ADDITION OF BIOMATERIALS/
BIOMOLECULES (FQ-3)

For FQ-3, five comparative subgroups were analyzed (PRF vs.
PRF+BG; PRF vs. PRF+AM; PRF vs. PRF+metformin; PRF vs.
PRF +bisphosphonates; PRF vs. PRF +statins).

6.1 | Softtissue parameters
6.1.1 | Probing pocket depth reduction

Analysis was done on eight papers in total. There was a high amount
of variation throughout the research (?=85%; p<0.00001). Four
subgroups (PRF vs. PRF + AM; PRF vs. PRF + metformin; PRF vs.
PRF + bisphosphonates; PRF vs. PRF + statins) demonstrated a sig-
nificant difference (P=0.0003; P=0.001; P<0.00001; P=0.0001) in
favor of PRF, with MD of 1.2 mm (95% Cl:0.55-1.85), 1.06 mm (95%
Cl: 0.43-1.70), 0.83 mm (95% CI:0.53-1.12), 0.94 mm (95% Cl.0.46-
1.42). One subgroup (PRF vs. PRF + BG) did not demonstrate a
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PRF Control Mean Difference
SD Total Mean SD Total Weight IV, Random, 95% CI

Mean Difference

Study or Subgroup Mean IV, Random, 95% CI

2.1.1 OFD vs. PRF

Sharma and Pradeep (2011) 2.33 0.49 18 1.28 0.46 18  10.3% 1.05 [0.74, 1.36] -
Bajaj et al. (2013) 2.87 0.85 24 1.37 0.58 23 9.9% 1.50[1.09, 1.91] -
Siddiqui et al. (2016) 2.4 091 15 0.93 0.46 15 9.3% 1.47 [0.95, 1.99] -
Kanoriya et al. (2017) 3.39 0.49 23 2.33 0.48 24 10.5% 1.06 [0.78, 1.34] -
Agarwal et al. (2019) 3.55 1.05 20 1.35 0.49 20 9.4% 2.20[1.69, 2.71] -
Subtotal (95% CI) 100 100 49.4% 1.42 [1.04, 1.79] L 2

Heterogeneity: Tau® = 0.14; Chi? = 18.72, df = 4 (P = 0.0009); I = 79%
Test for overall effect: Z = 7.43 (P < 0.00001)

2.1.2 BG vs. BG + PRF
Lohi et al. (2017)
Rani et al. (2018)
Basireddy et al. (2019)

3 0.93 10 1.9 0.57 8 8.3%
3 149 10 28 1.4 10 5.3%
2.36 0.5 14 179 0.8 14 9.5%

1.10 [0.40, 1.80]
0.20 [-1.07, 1.47] ]
0.57 [0.08, 1.06]

‘_._

Dambhare et al. (2019) 3.33 0.83 12 2 0.85 12 8.5% 1.33 [0.66, 2.00]

Serroni et al. (2022) 2.14 0.28 14 1.99 0.28 14 10.7% 0.15 [-0.06, 0.36]

Nair et al. (2022) 4.1 0.38 12 2.5 1.17 12 8.3% 1.60 [0.90, 2.30]

Subtotal (95% CI) 72 70 50.6% 0.82 [0.28, 1.37]

Heterogeneity: Tau? = 0.35; Chi? = 28.70, df = 5 (P < 0.0001); * = 83%

Test for overall effect: Z = 2.95 (P = 0.003)

Total (95% CI) 172 170 100.0% 1.13 [0.72, 1.54] ’

Heterogeneity: Tau? = 0.40; Chi? = 98.73, df = 10 (P < 0.00001); /* = 90%
Test for overall effect: Z = 5.41 (P < 0.00001)
Test for subgroup differences: Chi? = 3.09, df = 1 (P = 0.08), I* = 67.6%

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

FIGURE 3 Forest plot for the event “vertical clinical attachment level (VCAL)” (reported in mm) for furcation defects in Group 1:
“Therapeutic modalities with/without PRF (FQ-1)."

Mean Difference
IV, Random, 95% CI

PRF Control Mean Difference

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

3.1.1 OFD vs. PRF
Sharma and Pradeep (2011)
Bajaj et al. (2013)

2.67 0.59 18
2.75 0.59 24

1.89 0.76 18
1.08 05 23

11.4%
13.0%

0.78 [0.34, 1.22] -
1.67 [1.36, 1.98] =

Siddiqui et al. (2016) 2.4 1.06 15 0.73 0.46 15 9.8% 1.67 [1.09, 2.25]
Kanoriya et al. (2017) 2.86 0.06 23 2.04 0.35 24 14.5% 0.82 [0.68, 0.96] .
Subtotal (95% CI) 80 80 48.7% 1.21 [0.70, 1.73]

Heterogeneity: Tau® = 0.24; Chi® = 29.75, df = 3 (P < 0.00001); /* = 90%
Test for overall effect: Z = 4.63 (P < 0.00001)

3.1.2 BG vs. BG + PRF

Lohi et al. (2017) 2.5 0.54 10 1.4 0.84 8 8.8% 1.10[0.43, 1.77] -
Rani et al. (2018) 4 0.88 10 3.7 0.67 10 8.6%  0.30[-0.39, 0.99] T
Basireddy et al. (2019) 457 1.7 14 1.5 1.09 14 5.4% 3.07 [2.01, 4.13] -
Dambhare et al. (2019) 3.33 0.83 12 175 1.21 12 7.2% 1.58 [0.75, 2.41] -
Serroni et al. (2022) 2.3 0.18 14 1.61 0.18 14 14.6% 0.69 [0.56, 0.82] -

Nair et al, (2022) 334 1.1 12 1.7 1.13 12 6.7% 1.64 [0.75, 2.53] -
Subtotal (95% CI) 72 70 51.3% 1.29 [0.68, 1.90] ‘
Heterogeneity: Tau? = 0.44; Chi? = 29.57, df = 5 (P < 0.0001); /* = 83%

Test for overall effect: Z = 4.16 (P < 0.0001)

Total (95% CI) 152 150 100.0% 1.20 [0.89, 1.51] [}
Heterogeneity: Tau? = 0.17; Chi? = 65.42, df = 9 (P < 0.00001); I* = 86% _io _.‘5 3 % 1:0

Test for overall effect: Z = 7.61 (P < 0.00001)

- L B _ - Favours [Control] Favours [PRF]
Test for subgroup differences: Chi* = 0.03, df = 1 (P = 0.86), I* = 0%

FIGURE 4 Forest plot for the event “horizontal clinical attachment level (HCAL)” (reported in mm) for furcation defects in Group 1:
“Therapeutic modalities with/without PRF (FQ-1)."

significant difference (p=0.42) with MD of 0.20 mm (95% Cl:-0.28-
0.68). (Figure 8).

6.1.2 | Vertical clinical attachment level gain

Eight studies were examined in total. There was a lack of variability re-
ported across the studies (2=0%; p=0.49). Five subgroups (PRF vs. PRF
+ BG; PRF vs. PRF+AM; PRF vs. PRF+metformin; PRF vs. PRF +bispho-
sphonates; PRF vs. PRF+statins) demonstrated a significant difference

RIGHTS LI MN iy

(p=0.003; p <0.00001; p <0.0001; p <0.00001) in favor of the PRF, with
MD of 1.2mm (95% Cl: 0.55-1.85),0.86mm (95% Cl: 0.72-1.01),0.89 mm
(95% CI: 0.49-1.29), 0.86mm (95% Cl: 0.58-1.14), respectively (Figure 9).

6.1.3 | Horizontal clinical attachment level gain

Seven studies were examined in total. There was a lack of variability
reported across the studies (>=0%; p=0.47). Four subgroups (PRF vs.
PRF+AM; PRF vs. PRF+metformin; PRF vs. PRF+ bisphosphonates;
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TABLE 2 Furcation closure/conversion (class Il to class ).

Study (year)

Treatment arms

GROUP 1: Therapeutic modalities with/without PRF

OFD vs. PRF
Sharma and Pradeep (2011)%

Bajaj et al. (2013)%®
Siddiqui et al. (2016)%°
Kanoriya et al. (2017)°
Agarwal et al. (2019)%!

BG vs. BG + PRF
Lohi et al. (2017)%?

Rani et al. (2018)*
Basireddy et al. (2019)%*
Dambhare et al. (2019)*°
Serroni et al. (2022)%

Nair et al. (2022)%”

C:OFD
T: OFD+PRF

OFD
OFD+PRF
OFD
OFD+PRF
C:OFD

T: OFD+PRF

C:OFD
T: OFD+PRF

OFD+BG
OFD+BG+PRF

C: OFD+BTCP

T: OFD+BTCP + PRF
OFD+DFDBA
OFD+DFDBA + PRF

C: OFD+HA and p-TCP

T: OFD+HA and p-TCP+PRF

C: OFD+AB
T: OFD+AB + PRF

OFD +nano-HA OFD +nano-HA +i-PRF

Group 2: Therapeutic modalities in comparison to PRF

BG vs. PRF
Biswas et al. (2016)%8

Siddiqui et al. (2016)%°

Asimuddin et al. (2017)%*

CM vs. PRF
Mehta et al. (2018)*°

Bajaj et al. (2013)?8

rhBMP2 vs. PRF
Sneha et al. (2021)"

GROUP 3: Therapeutic modalities of PRF with addition of biomaterials/biomolecules

PRF vs. PRF + BG
Agarwal et al. (2019)°!

PRF vs. PRF +AM
Kaur and Bathla (2018)*?

PRF vs. PRF + metformin
Sharma et al. (2017)*

Swami et al. (2022)**

RIGHTS LI MN iy

OFD+BG
OFD+PRF

OFD+BG
OFD+PRF

C: OFD+DFDBA + CM
T: OFD+PRF

C: OFD+DFDBA + CM
T: OFD+DFDBA + PRF

OFD+PRP
OFD+PRF

C: OFD +collagen sponge + rhBMP2

T: OFD+PRF

C: OFD+PRF
T: OFD + PRF+DFDBA

C: OFD +PRF
T: OFD+PRF+AM

C: OFD+PRF
T: OFD+PRF+MF

C: OFD+PRF
T: OFD +PRF +MF

C:N.R.

T: 12 (66.7%)
N.R.

N.R.

N.R.

N.R.

C:0

T:0

c:0

T:0

N.R.
C:2(16.66%)
T: 6 (50%)
C:0

T:0

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

C: 11 (52%)
T: 16 (76%)

 perocartaogy 2000 SUINSERS

Furcation closure, n (%)

Furcation conversion, n (%)

C:N.R.

T: 5(27.7%) to class |

N.R.

N.R.

N.R.

N.R.

C: 6 (60%) to class |
T: 8 (100%) to class |

C: 9 (90%) to class |
T: 9 (90%) to class |
N.R.

C: 6 (50%) to class |
T: 6 (50%) to class |

C: 11 (61.1%) to class |
T: 12 (66.6%) to class |

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

C: 10 (47%) to class |
T: 5(23%) to class |

(Continues)
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TABLE 2 (Continued)

Study (year) Treatment arms

Dhande et al. (2023)* C: OFD+PRF

T: OFD + PRF+MF
PRF vs. PRF+ bisphosphonates

Kanoriya et al. (2017)° C: OFD+PRF
T2: OFD+PRF+1% ALN
Wanikar et al. (2019)*¢ C: OFD+PRF

T: OFD + PRF + 1%ALN
PRF vs. PRF + statins

Pradeep et al. (2016)*” CO: OFD
C: OFD+HA+PRF

T: OFD+HA PRF +1.2% RSV

Furcation closure, n (%) Furcation conversion, n (%)

N.R. N.R.
N.R. N.R.
N.R. N.R.
N.R. N.R.

Abbreviations: AB, autogenous bone; AM, Amniotic membrane; ALN, alendronate; BG, bone graft; BTCP, beta tricalcium phosphate; CM, collagen membrane;
DFDBA, demineralized freeze-dried bone allograft; HA, hydroxyapatite; i-PRF, injectable platelet rich fibrin; MT, metformin; N.R., not reported; OFD, open
flap debridement; PRF, platelet rich fibrin; PRP, platelet rich plasma; rhBMP2, recombinant human bone morphogenetic protein 2; RSV, rosuvastatin.

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 BG vs. PRF
Biswas et al. (2016) 3.7 0.69 10 3.1 0.62 10 18.2% 0.60 [0.03, 1.17] =
Siddiqui et al. (2016) 227 11 15 2.47 1.51 15 9.6% -0.20[-1.15, 0.75] I —
Asimuddin et al. (2017) 1.25 0.66 11 1.15 0.59 11 20.0% 0.10[-0.42, 0.62] o
Subtotal (95% CI) 36 36 47.8% 0.24 [-0.18, 0.66] <
Heterogeneity: Tau? = 0.03; Chi® = 2.61,df = 2 (P= 0.27); I = 23%
Test for overall effect: Z=1.12 (P = 0.26)
4.1.2 CM vs. PRF
Mehta et al. (2018) 2.44 0.5 18 2.84 0.8 18 23.4% -0.40[-0.84, 0.04] —=
Subtotal (95% CI) 18 18 23.4% -0.40[-0.84, 0.04] ’
Heterogeneity: Not applicable
Test for overall effect: Z = 1.80 (P= 0.07)
4.1.3 PRP vs. PRF
Bajaj et al. (2013) 4.29 1.04 24 3.92 0.93 23 18.6% 0.37[-0.19, 0.93] T
Subtotal (95% CI) 24 23 18.6% 0.37[-0.19, 0.93] e
Heterogeneity: Not applicable
Test for overall effect: Z = 1.29 (P= 0.20)
4.1.4 rhBMP2 vs. PRF
Sneha et al. (2021) 26 09 16 2.56 1.62 16 10.2%  0.04 [-0.87, 0.95] e
Subtotal (95% CI) 16 16 10.2% 0.04 [-0.87, 0.95] *
Heterogeneity: Not applicable
Test for overall effect: Z = 0.09 (P= 0.93)
Total (95% CI) 94 93 100.0% 0.09 [-0.25, 0.43] ?
Heterogeneity: Tau? = 0.08; Chi? = 9.15, df = 5 (P = 0.10); * = 45% I_4 _’.2 3 é 4’1

Test for overall effect: Z = 0.52 (P = 0.61)
Test for subgroup differences: Chi* = 6.10, df = 3 (P=0.11), * = 50.9%

Favours [Control] Favours [PRF]

FIGURE 5 Forest plot for the event reduction in “probing pocket depth” (PPD) (reported in mm) for furcation defects in Group 2:

“Therapeutic modalities in comparison to PRF (FQ-2)."

PRF vs. PRF +statins) demonstrated a significant difference (p=0.02; p
<0.00001; p <0.00001; p <0.00001) in favor of the PRF, with MD of
0.8mm (95% Cl: 0.13-1.47),0.80mm (95% Cl: 0.46-1.14),0.71mm (95%
Cl: 0.43-0.99), 1.08 mm (95% Cl: 0.78-1.38), respectively (Figure 10).

6.1.4 | Clinical furcation improvement (complete
closure/conversion into class )

This result was shown in research that compared the effects of
PRF alone against PRF combined with metformin.** For both class |
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conversion and control versus test, the frequency of full closure was
47% versus 23% and 52 versus 76%, respectively (Table 2).

6.2 | Hard tissue parameters

Since each of the analyzed groups only reported RBF, VBF, or
HBF in a single study, no meta-analysis could be done for FQ-
3. Overall, the patterns for hard tissue metrics mirrored PPD de-
crease and CAL increases for each of the recognized groups, as
noted in Table 1.
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PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.1.1 BG vs. PRF
Biswas et al. (2016) 3.7 0.59 10 2.9 0.86 10 19.4% 0.80 [0.15, 1.45] ——
Siddiqui et al. (2016) 2.4 091 15 2.53 0.83 15  20.0% -0.13[-0.75, 0.49] .
Asimuddin et al. (2017) 3.61 0.78 11 4.19 0.99 11 16.9% -0.58[-1.32, 0.16] — T
Subtotal (95% ClI) 36 36 56.3% 0.04 [-0.74, 0.83] 4
Heterogeneity: Tau? = 0.36; Chi® = 8.22, df = 2 (P= 0.02); I’ = 76%
Test for overall effect: Z = 0.11 (P = 0.91)
5.1.2 CM vs. PRF
Mehta et al. (2018) 28 06 18 3 11 18 21.3% -0.20[-0.78,0.38] ==
Subtotal (95% CI) 18 18 21.3% -0.20 [-0.78, 0.38] <&
Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P= 0.50)
5.1.3 PRP vs. PRF
Bajaj et al. (2013) 2.87 0.85 24  2.71 1.04 23 22.4% 0.16 [-0.38, 0.70] -
Subtotal (95% CI) 24 23 224% 0.16 [-0.38, 0.70] <
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)

Total (95% CI) 78 77 100.0%
Heterogeneity: Tau? = 0.13; Chi® = 9.10, df = 4 (P = 0.06); I’ = 56%

Test for overall effect: Z=0.11 (P = 0.91)

Test for subgroup differences: Chi® = 0.80, df = 2 (P= 0.67), > = 0%

0.02 [-0.40, 0.44]

e T
Favours [Control] Favours [PRF]

FIGURE 6 Forest plot for the event “vertical clinical attachment level (VCAL)” (reported in mm) for furcation defects in Group 2: (FQ-2).”

PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
11.1.1 BG vs. PRF
Siddiqui et al. (2016) 2.4 1.06 15 2.27 0.46 15 22.5%  0.13 [-0.45, 0.71] —
Asimuddin et al. (2017) 2.45 0,52 11 2.55 0.52 11  40.7% -0.10[-0.53, 0.33] t
Subtotal (95% CI) 26 26 63.2% -0.02[-0.37,0.33]
Heterogeneity: Tau®? = 0.00; Chi® = 0.38,df = 1 (P = 0.54); " = 0%
Test for overall effect: Z = 0.10 (P = 0.92)
11.1.2 PRP vs. PRF
Bajaj et al. (2013) 2.75 0.94 24 2.5 0.83 23 30.0% 0.25[-0.26, 0.76] =
Subtotal (95% CI) 24 23 30.0% 0.25 [-0.26, 0.76] <
Heterogeneity: Not applicable
Test for overall effect: Z = 0.97 (P = 0.33)
11.1.3 rhBMP2 vs. PRF
Sneha et al. (2021) 1.89 1.06 16 1.48 1.88 16 6.9%  0.41[-0.65, 1.47] B
Subtotal (95% CI) 16 16 6.9% 0.41 [-0.65, 1.47] ~l
Heterogeneity: Not applicable
Test for overall effect: Z = 0.76 (P = 0.45)
Total (95% CI) 66 65 100.0% 0.09 [-0.19, 0.37] ?

Heterogeneity: Tau? = 0.00; Chi? = 1.49, df = 3 (P= 0.69); F* = 0%
Test for overall effect: Z = 0.65 (P= 0.52)
Test for subgroup differences: Chi® = 1,10, df = 2 (P= 0.58), I = 0%
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.
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FIGURE 7 Forest plot for the event “horizontal clinical attachment level (HCAL)” (reported in mm) for furcation defects in Group 2:

“Therapeutic modalities in comparison to PRF (FQ-2).”
6.2.1 | Overallrrisk of bias

One study®” was assessed at low risk of bias in all five domains, three
trials were with high risk of bias in at least one domain®¥3842 and the
remaining 17 studies of the included 21 studies were with “some
concerns” in at least one domain. Only the missing information on
allocation concealment was a factor in the assessment of the un-
known risk of bias (some concerns) among those 17 studies. These
10 studies would also have had an overall low risk of bias if this had
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been made explicit in the articles' descriptions of the randomization

technique (Appendix S1).
6.2.2 | Randomization process
Nineteen trials described the method of randomization. In two trials, the

method of randomization was uncertain® or not stated.*? Seven used a

computer table.2?:31:3237454648 |, 11 trials, the method of randomization
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PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.1.1 PRF vs. PRF + BG
Agarwal et al. (2019) 4 0.79 20 3.8 0.77 20 12.3% 0.20[-0.28, 0.68]
Subtotal (95% CI) 20 20 12.3% 0.20 [-0.28, 0.68]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.81 (P= 0.42)
7.1.2 PRF vs. PRF + AM
Kaur and Bathla (2018) 2.53 0.99 15 1.33 0.82 15  10.6% 1.20 [0.55, 1.85] —
Subtotal (95% CI) 15 15 10.6% 1.20 [0.55, 1.85] <
Heterogeneity: Not applicable
Test for overall effect: Z = 3.62 (P = 0.0003)
7.1.3 PRF vs. PRF + Metformin
Sharma et al. (2017) 3.2 0.24 15 1.64 0.24 14  15.0% 1.56 [1.39, 1.73] -
Swami et al. (2022) 3.9 0.78 21 3.23 09 21 12.1% 0.67 [0.16, 1.18] -
Dhande et al. (2023) 3.81 0.77 23 2.96 1.04 23 11.8% 0.85[0.32, 1.38] -
Subtotal (95% CI) 59 58 38B.9% 1.06 [0.43, 1.70] <&
Heterogeneity: Tau® = 0.27; Chi® = 15.24, df = 2 (P = 0.0005); * = 87%
Test for overall effect: Z = 3.28 (P= 0.001)
7.1.4 PRF vs. PRF + Bisphosphonates
Kanoriya et al. (2017) 4.4 0.57 25 3.69 0.76 23 13.3% 0.71[0.33, 1.09] -
Wanikar et al. (2019) 2.85 0.88 20 1.85 0.59 20 12.5% 1.00 [0.54, 1.46] -
Subtotal (95% CI) 45 43 25.9% 0.83 [0.53, 1.12] ¢
Heterogeneity: Tau? = 0.00; Chi? = 0.89, df = 1 (P= 0.34); P = 0%
Test for overall effect: Z = 5.49 (P < 0.00001)
7.1.5 PRF vs. PRF + Statins
Pradeep et al. (2016) 4.62 1.03 37 3.68 1.07 37 12.4% 0.94 [0.46, 1.42] -
Subtotal (95% CI) 37 37 12.4% 0.94 [0.46, 1.42] &
Heterogeneity: Not applicable
Test for overall effect: Z = 3.85 (P = 0.0001)
Total (95% CI) 176 173 100.0% 0.90 [0.53, 1.28] L 2
Heterogeneity: Tau? = 0.24; Chi? = 46.63, df = 7 (P < 0.00001); * = 85% t

Test for overall effect: Z = 4.70 (P < 0.00001)

4 -2 0 2 4
R
Test for subgroup differences: Chi* = 8.39, df = 4 (P= 0.08), I* = 52.3%

Favours [Control] Favours [PRF]

FIGURE 8 Forest plot for the event reduction in “probing pocket depth” (PPD) (reported in mm) for furcation defects in Group 3:
“Therapeutic modalities using PRF with addition of biomaterials/biomolecules (FQ-3).”

was a coin toss or lottery method.28:34-3638-41434447 |y tour studies, the 6.2.5 | Measurement of the outcome
allocation concealment was secured by sealed envelopes.3°'37'41’43
Fifteen studies exhibited a minimal risk of bias, whereas the remaining
six studies raised some concerns owing to the absence of information

6.2.3 | Deviations from the intended interventions about the blinding of outcome assessors,30-38-40:44:4¢

Since the therapist could not be blinded to the surgical operation,

we were unable to rate the operator's performance bias. For this 6.2.6 | Selection of the reported result

domain, there was a low risk of bias in the 17 studies. Two studies

were found to have an unknown risk of bias (some concerns) due There were 19 studies identified that had a low risk of bias in this
to no power estimates or disclosure of the dropout rate.>?*® Two specific area, whereas two trials had some concerns about bias.>*3¢
studies exhibited a significant dropout rate (>22%) resulting in a The figure of ROB 2 is included in Appendix S1.

high risk of bias.*142

7 | DISCUSSION
6.2.4 | Missing outcome data

The present SR and meta-analysis investigated the use of PRF for re-

For this domain, there was little risk of bias in the 17 trials. Two were constructive surgery in furcation defects as evaluated in RCTs com-
with some concerns.*?*? and two had a high risk of bias due to a lack pared to all other treatment modalities. The aim was to address the
of knowledge on the causes of dropout.33’38 use and recommendations more specifically for PRF for the treatment
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PRF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

8.1.1 PRF vs. PRF + BG
Agarwal et al. (2019)

Heterogeneity: Not applicable
Test for overall effect: Z = 1.23 (P= 0.22)

8.1.2 PRF vs. PRF + AM

Kaur and Bathla (2018) 2.53 0.99 15 1.33 0.82 15

3.0%
Subtotal (95% CI) 15 15 3.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 3.62 (P = 0.0003)

8.1.3 PRF vs. PRF + Metformin
Sharma et al. (2017)
Swami et al. (2022)

Dhande et al. (2023)

Heterogeneity: Tau? = 0.00; Chi® = 0.28, df = 2 (P= 0.87); ’ = 0%
Test for overall effect: Z = 11.57 (P < 0.00001)

8.1.4 PRF vs. PRF + Bisphosphonates

Kanoriya et al. (2017) 4.12 06 25 3.39 0.49 23 13.3%
1.9 0.64 20 4.8%
Subtotal (95% CI) 45 43 18.1%

Wanikar et al. (2019) 3.05 0.98 20

Heterogeneity: Tau? = 0.04; Chi®? = 1.89, df = 1 (P=0.17); # = 47%
Test for overall effect: Z = 4,36 (P < 0.0001)

8.1.5 PRF vs, PRF + Statins
Pradeep et al. (2016) 4,17 0.7

Heterogeneity: Not applicable
Test for overall effect: 2 = 6.00 (P < 0.00001)

Total (95% CI) 176 174 100.0%

Heterogeneity: Tau? = 0.00; Chi* = 6.41, df = 7 (P= 0.49); > = 0%
Test for overall effect: Z = 14.80 (P < 0.00001)
Test for subgroup differences: Chi* = 4.27, df = 4 (P= 0.37), I* = 6.4%

3.9 0.72 20 3.55 1.05 20 4.1%
Subtotal (95% CI) 20 20 4.1%

2.94 0.22 15 2.07 0.21 15  53.4%
3.42 0.93 21 2.67 0.88 21 4.2%
3.6 1.15 23 257 2.13 23 1.3%
Subtotal (95% CI) 59 59 58.9%

37 3.31 0.52 37 16.0%
Subtotal (95% CI) 37 37 16.0%

0.35 [-0.21, 0.91] T

0.35 [-0.21, 0.91] R
1.20 [0.55, 1.85] —_—
1.20 [0.55, 1.85] -
0.87 [0.72, 1.02] [ |
0.75 [0.20, 1.30] —
1.03 [0.04, 2.02]
0.86 [0.72, 1.01] L}

0.73 [0.42, 1.04] -
1.15 [0.64, 1.66] —
0.89 [0.49, 1.29] <&
0.86 [0.58, 1.14] -
0.86 [0.58, 1.14] &
0.85 [0.74, 0.96] (]
-4 -2 0 2 4
Favours [Control] Favours [PRF]

FIGURE 9 Forest plot for the event “vertical clinical attachment level (VCAL)” (reported in mm) for furcation defects in Group 3:
“Therapeutic modalities using PRF with addition of biomaterials/biomolecules (FQ-3).”

of periodontal class Il furcation defects. Overall, the majority of
studies to date compared the use of OFD/PRF versus OFD alone
or OFD/BG versus OFD/BG/PRF (Table 1). Furthermore, additional
comparative studies have investigated OFD/PRF versus many com-
monly utilized regenerative modalities including OFD/BG, OFD/CM,
OFD/PRP, OFD/rhBMP2. A final third group of studies compared the
standard use of OFD/PRF with addition of a biomaterial or biomol-
ecule such as BG, metformin, bisphosphonates, and statins. Next,
we highlight and discuss the summary of evidence from the current
categories and further discuss the strengths and limitations of each
comparative analysis.

71 | GROUP 1: Therapeutic Modalities with/
without PRF

71.1 | OFD alone versus with PRF

In all, five trials assessed the efficacy of PRF in addition to OFD

as opposed to OFD alone (Table 1).28-32 Qverall, statistically sig-

nificant clinical benefits in mean PD reduction were seen in all five
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investigations (Figure 2), as well as mean HCAL and VCAL gain
(Figures 3 and 4). In conclusion, it was shown that, on average, the
outcomes from five RCTs showed a statistically significant relative
PPD decrease of about 1.3mm and a CAL gain of about 1.5 mm when
PRF was added to intrabony defects after OFD (Table 1).

7.1.2 | Bone graft versus bone graft + PRF

In a third series of investigated studies, six studies evaluated
the additional use of PRF to BG when compared to BG alone
(Table 1).23-3%3738 Of the six studies, four demonstrated a sta-
tistically significant improvement in PPD and HCAL/VCAL gain

33,34.37.38 \yhile the other two stud-

when compared to BG alone,
ies demonstrated no statistically significant difference (Figure 2).
The study by Basireddy et al. demonstrated no additional bene-
fits when PRF was added to DFDBA aside from the clinical obser-
vation that PRF seemed to have improved soft tissue healing.%’
Furthermore the study by Rani et al. showed no improvements
either.®* Potential reasons for variability in the findings could be

due to the bone grating material selected. For instances, PRF may
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PRF Control
SD Total Weight IV, Random, 95% CI

Study or Subgroup Mean SD Total Mean

Mean Difference
IV, Random, 95% CI

Mean Difference

12.1.1 PRF vs PRF + AM

Kaur and Bathla (2018) 3093 15 22 094 15  6.4%
Subtotal (95% CI) 15 15 6.4%
Heterogeneity: Not applicable

Test for overall effect: 2 = 2.34 (P = 0.02)

12.1.2 PRF + PRF + Metformin

Sharma et al. (2017) 1.07 1.16 15 0.8 1.23 15 3.9%
Swami et al. (2022) 2.94 0.8 21 196 0.8 21 12.3%
Dhande et al. (2023) 277 0.75 23 1.98 114 23  9.2%
Subtotal (95% CI) 59 59 25.5%
Heterogeneity: Tau? = 0.00; Chi® = 2.01,df = 2 (P= 0.37); P = 0%

Test for overall effect: Z = 4.66 (P < 0.00001)

12.1.3 PRF vs. PRF + Bisphosphonates

Kanoriya et al. (2017) 3.64 0.9 25 2.86 0.06 23 23.0%
Wanikar et al. (2019) 2.3 0.73 20 1.7 0.73 20 14.0%
Subtotal (95% CI) 45 43 37.0%

Heterogeneity: Tau? = 0.00; Chi® = 0.38, df = 1 (P= 0.54); * = 0%
Test for overall effect: Z = 5.01 (P< 0.00001)

12.1.4 PRF + BG vs. PRF + BG + Statins
Pradeep et al. (2016) 4.05 0.76 37

Subtotal (95% CI) 37 37 31.1%
Heterogeneity: Not applicable

Test for overall effect: Z = 6.96 (P < 0.00001)

Total (95% CI) 156 154 100.0%

Heterogeneity: Tau? = 0.00; Chi® = 5.63,df = 6 (P = 0.47); I = 0%
Test for overall effect: Z = 9.88 (P < 0.00001)
Test for subgroup differences: Chi? = 3.24, df = 3 (P= 0.36), I* = 7.5%

2.97 0.56 37 31.1%

0.80 [0.13, 1.47] —
0.80 [0.13, 1.47] L 4

0.27 [-0.59, 1.13] —+—
0.98 [0.50, 1.46] -
0.79 [0.23, 1.35] -
0.80 [0.46, 1.14] ¢
0.78 [0.43, 1.13] -
0.60 [0.15, 1.05] -
0.71 [0.43, 0.99] ¢
1.08 [0.78, 1.38] =
1.08 [0.78, 1.38] ¢
0.85 [0.69, 1.02] ‘

2 0 5 &
Favours [Control] Favours [PRF]

FIGURE 10 Forest plot for the event “horizontal clinical attachment level (HCAL)” (reported in mm) for furcation defects in Group 3:
“Therapeutic modalities using PRF with the addition of biomaterials/biomolecules (FQ-3)."

prove to be more beneficial in BGs that do not contain growth
factors such as xenografts or synthetic alloplasts, whereas allo-
grafts already contain a number of regenerative growth factors
contained within their scaffold. Nevertheless, when observing
data from intrabony defect regeneration, the combination of
DFDBA + PRF has led to significant clinical advantages across
many studies when compared to DFDBA alone.**~>! Since data
are limited in furcation defect regeneration with PRF when com-
bined with BGs comparatively, it would be valuable to have more
studies conducted comparing various bone grafting materials in
combination with PRF. Nevertheless, all studies demonstrated
improvements in soft tissue wound healing. Another factor that
may be relevant to current discussion is the fact that PRF also in-
cludes supraphysiological concentrations of leukocytes that may
further reduce and defend against potential bacterial invasion/
contamination. Basic science studies have now demonstrated
that PRF possesses antibacterial as well as anti-inflammatory
properties.52’54 Recent research has shown that PRF has the
ability to favor M2 macrophage polarization and also decreases

52,53 |1t also possesses some antibacterial/

tissue inflammation.
antimicrobial activity, thereby favoring potential wound healing
of periodontal pockets.>>*¢ Taken together, each of the above-
mentioned parameters is thought to at least in part contribute
toward periodontal regeneration when PRF is utilized in combi-

nation with a BG.
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7.2 | Group 2: therapeutic modalities in comparison
to PRF
721 | Bone graft versus PRF

In a second group of studies, studies compared the use of PRF versus
other biomaterials for the treatment of furcation defects (Table 1).
The most common comparison was that between OFD/BG versus
OFD/PRF.3%%%40 |n general, little statistically significant difference
was found between both groups. One study reported statistically
significantly better results for PRF with respect to soft tissue heal-
ing.39 Overall the meta-analysis demonstrated no statistically sig-
nificant differences in PPD reduction, HCAL gain, or VCAL gain
between the two groups, though few studies were investigated.
Therefore, additional RCTs are required to fully better address this

comparison.

7.2.2 | PRF versus CM, PRP, or rhBMP2

Three additional studies compared OFD/CM versus OFD/PRF,*
OFD/PRP versus OFD/PRF,?’ and OFD/rhBMP2 versus OFD/
PRF*? (Table 1). Each of the studies reported no advantages of one
group over the other. When these studies are compared to those

reported previously for intrabony defects, the comparison between
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PRF versus a collagen barrier membrane yielded no statistically sig-
nificant difference in terms of PD reduction, but PRF demonstrated
statistically significant improvements for CAL and RBF favoring the
PRF group.®” Another study by Pham et al.”® demonstrated com-
parable results when two and three wall intrabony defects were
treated with either OFD/BM or OFD/PRF. Two studies previously
investigating PRP versus PRF for intrabony defect regeneration also
showed no differences between groups.®”° In the rhBMP2 group,
a significant increase in bone fill was reported, though the results
were minimal. It must be noted that several authors have however
not generally recommended the use of rhBMP2 for periodontal
regeneration of either intrabony versus furcation defects mainly

owing to the chance of ankylosis.®*¢?

7.3 | Group 3: Therapeutic modalities of PRF with
addition of biomaterials/biomolecules

7.3.1 | Addition of a biomaterial to PRF (PRF vs.
PRF/BG; PRF vs. PRF/AM)

Only one study compared the additional use of a bone graft to PRF.%2
In general, it was reported that the additional use of a BG primar-
ily improved bone fill. In another study, OFD/PRF was investigated
when an amniotic membrane was added.*® The additional use of an
AM benefited all investigated parameters including PPD reduction,
CAL gain, and bone fill.*®

7.3.2 | Addition of a biomolecule to PRF
(metformin, bisphosphonates, statins)

Interestingly, one of the largest study groups investigated the addi-
tional use of small biomolecules to OFD/PRF. These included a total
of six studies whereby three studies investigated the combination
of PRF with metformin,**=#¢ two studies investigated the combina-

3147 and one study investigated the

tion of PRF with bisphosphonate,
combination of PRF with statins.*® Overall, each study resulted in
clinical benefits of additionally adding a small biomolecule and this
has also been reported to lead to significantly better clinical out-
comes when small biomolecules were additionally added to PRF for
the treatment of intrabony defects.®3¢”

Although little research has been conducted to evaluate their
potential advantages, these relatively new discoveries provide sup-
port for the current inclination toward personalized medicine as
regenerative approaches. Hence, future studies focusing on spe-
cific patient groups, such as women with osteoporosis, could ex-
plore the localized administration of supplementary biomolecules,
like bisphosphonates, to enhance targeted bioactivity, specifically
antiresorptive properties. This approach would promote a more
individualized treatment protocol. Moreover, the use of antibiotic
treatment in certain individuals with severe periodontitis may po-
tentially gain advantages from a more individualized approach to
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antibiotic therapy. PRF may be used as a three-dimensional matrix
to transport tiny biomolecules over a long period of time. This makes
PRF a potential method for delivering therapeutic drugs, as previ-
ously documented®® in studies and more recently in clinical trials in
the field of periodontology.”"* However, the mechanisms by which
some tactics, such as combining antibiotics, work are still relatively
unknown. It is also uncertain if these techniques have any negative
effects on the cells or growth factors produced by PRF. Further clin-
ical benefits may be achieved by future basic science research that
explores the potential of PRF as a drug delivery system for diverse
local therapeutic agents and biomolecules, with a focus on enhanc-
ing our knowledge of this technology. The aforementioned strat-
egies are only documented in individual RCTs, necessitating much

more study on the subject.

7.4 | Implications for clinical practice and
future direction

Although the use of PRF in ordinary clinical practice for treating fur-
cation defects is still relatively new, it is worth mentioning that 21
RCTs have examined its potential for periodontal regeneration/re-
pair in the last 15years. Noteworthy, however, a very high heteroge-
neity was found in the investigated studies. The presence of a blood
clot is an essential need for periodontal regeneration to occur, pro-
vided that all bacterial infections have been fully eradicated. Existing
research indicates that blood clot formation alone may effectively
fill certain intrabony defects, particularly those where space pres-
ervation is not as significant a concern as it would theoretically be
in furcation defects.”?> Consequently, the use of combination tech-
niques, including bone grafting materials, seems to be the preferred
therapeutic choice. However, there is a lack of clinical recommen-
dations regarding the appropriate use of each methodology in this
field. Additionally, recent guidelines by the European Federation of
Periodontology have recommended a follow-up time of 12months.
The present systematic review had a mean follow-up period of
9.42months across all studies. A recommendation to provide data
at a minimum 12-month follow-up for furcation defect RCTs is rec-
ommended to better evaluate the regenerative/healing potential of
PRF across such studies.

There are many research areas that still need to be prioritized
in this field. It is worth noting that there has been no comprehen-
sive investigation that has examined or described the therapeutic
advantages of employing PRF for periodontal regeneration at the
histology level in a well-defined human study. Existing research has
firmly proven that PRF has a preference for promoting the healing of
soft tissue wounds over hard tissues.”® In order to fully understand
the regenerating capabilities of the tissues affected by periodonti-
tis, namely the periodontal ligament (PDL), cementum, and alveo-
lar bone, it is necessary to conduct histological evaluations. Ideally,
these evaluations should be performed in human research.

Another limitation is in the documented variations in the
preparation of PRF. Indeed, most studies utilized a relatively high
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centrifugation speed of 3000 rpm for a duration of 10 min. However,
many of these studies have not yet investigated the effects of RCF
in relation to the size and radius of the centrifuge. Several position
papers have been produced on this issue to emphasize the need to
include PRF protocols reporting RCF in publications in order to en-
hance reproducibility.”*”> Multiple studies have shown that changes
in PRF production, such as decreasing RCF values during the spin

7677 using horizontal centrifugation to produce PRF,’®”? and

cycle,
selecting specific PRF tubes® can significantly influence the quality
of the final PRF biomaterial. These modifications contribute to the
improved optimization of the technology.®!

To summarize, all therapy methods that included PRF in their surgical
approach (Group 1) showed superior results in terms of improving clinical
characteristics of class Il furcation defects. Each treatment modality that
compared PRF alone to other regenerative techniques (Group 2) saw
comparable clinical results in both groups. The treatment approaches
that use PRF, together with the incorporation of specific biomaterials or
biomolecules (Group 3), have shown enhanced clinical results, particu-
larly when tiny biomolecules such as metformin, bisphosphonates, and
statins were included. Further investigation is required owing to the very
high heterogeneity found in the investigated studies to determine the
optimal circumstances for using PRF in combination with regenerative
biomaterials instead of using it as the sole “graft” material.

Many studies analyzed in this review presented methodological
variation (e.g., settings, sample size, and follow-up time). Because
of this, all meta-analyses were evaluated using the random effect
model and the results should be interpreted with caution. New trials

with greater method standardization are fundamental in the future.

8 | CONCLUSION

The data from this SR demonstrate that the use of PRF associated
with OFD improves the VCAL/HCAL and RFB parameters for the
treatment of class Il furcation defects when compared to the iso-
lated use of OFD. Additionally, combining BG and PRF can lead to
statistically significant improvements in VCAL/HCAL. Future re-
search may be warranted to evaluate the use of PRF in combina-
tion with various additional small biomolecules such as metformin,
bisphosphonates, statins and/or antibiotics to additionally improve
clinical outcomes in complex defects. In addition, animal and human
histological evidence are needed to verify if PRF actually leads to
true periodontal regeneration. More RCTs with a mean follow-up
of 12months is recommended in future studies. The results of this
review must be interpreted with caution due to the methodological

variation presented by the included studies.
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