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Abstract
Background: Growing evidence shows the efficacy of platelet concentrates in
periodontal therapy. This study aimed to demonstrate that an inorganic bovine
bone graft (IBB) in combination with a leukocyte and platelet rich fibrin (L-PRF)
is non-inferior to a combination with a collagen membrane (CM) when manag-
ing unfavorable infrabony defects (IBDs).
Methods: All patients exhibited at least one unfavorable IBD; they were ran-
domly assigned to two groups, 31 treated with L-PRF+IBB and 31 with CM+IBB.
A clinical and radiographic examination was performed at baseline and 12
months later. Clinical attachment level (CAL), gingival recession (GR), probing
depth (PD), and radiographic defect bone level (DBL) post-therapy changes were
compared between the two treatments. A non-inferiority margin= 1 mmwas set
to determine the efficacy of the test treatment (‒1 mm for GR); a second non-
inferiority margin= 0.5 mm (‒0.5 mm for GR) was chosen for clinical relevance.
Results: Twelve months after surgery a significant improvement of clinical and
radiographic parameters was observed at both experimental sites. The 90% con-
fidence intervals of the CM+IBB‒L-PRF+IBB mean difference for CAL gain
(‒0.810 mm [‒1.300 to ‒0.319]) and DBL gain (‒0.648 mm [‒1.244 to ‒0.052])
were below the 0.5 mm non-inferiority margin; GR increase (1.284 mm [0.764
to 1.804]) remained above the ‒0.5 mm, while PD reduction (0.499 mm [0.145 to
0.853]) crossed its 0.5-mmmargin.
Conclusions: The L-PRF+IBB treatment of unfavorable IBDs offers non-
inferior efficacy for CAL gain, showing less GR and more DBL gain too, while
for PD reduction it is inferior to the CM+IBB treatment.
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1 INTRODUCTION

One of the main purposes of periodontal surgery is to cor-
rect the tissue anatomy altered by bone resorption.1 In fact,
deep infrabony defects (IBDs) represent a frequent sequela
of periodontitis; they have been observed to be viable pre-
dictors of tooth loss, and they are high-risk sites for peri-
odontitis progression.2
Deep IBDs are treated by different therapies, includ-

ing bone grafts (BGs), guided tissue regeneration (GTR),
treatments with biological mediators, and combinations of
these techniques.3
GTR makes use of a mechanical barrier by prevent-

ing the apical migration of epithelium while stabilizing
the blood clot.4 GTR with non-absorbable and resorbable
membranes improves clinical attachment level (CAL) gain
and reduces probing depth (PD), also resulting in lower
gingival recession (GR) and more radiographic defect
bone level (DBL) gain than open flap debridement (OFD)
alone.5 Currently, resorbable membranes, including colla-
gen membranes (CMs), are the most commonly used in
clinical practice, as they overcome the many limitations
of non-absorbable membranes while maintaining their
advantages.6
In recent years, a growing amount of evidence has

shown the great efficacy of biological mediators, includ-
ing platelet concentrates, in periodontal reconstructive
therapy to stimulate specific cell anabolic activities.7
Leukocyte- and platelet-rich fibrin (L-PRF) is a low-cost
platelet concentrate that is easy to use and has shown great
efficacy in promoting periodontal regeneration.7
When treating unfavorable IBDs, the combination of

BGs and non-rigid membranes or regenerative biologi-
cal mediators, which lack space-making properties, was
shown to offer better results, as this combination sustains
the overlying soft tissues, increases coagulum stability, and
enhances mesenchymal cell proliferation.8
In this regard, meta-analyses of the literature show that

both CM and L-PRF, combined with a BG, show particular
efficacy in producing periodontal regeneration.7,9–11
Among BGs, inorganic bovine bone (IBB) is a xenograft

with unlimited supply and proven clinical safety;12 it is
obtained by protein extraction from bovine bone and con-
sists of hydroxyapatite, similar to human bone, with excel-
lent biocompatibility.12 It was shown in randomized clin-
ical trials that IBB combined with both CM and L-PRF is
highly effective in the regenerative treatment of IBDs.8,13
GTR and L-PRF combinations with BG have been com-

pared with other therapeutic procedures;9,11 however, to
our knowledge, no studies reporting on L-PRF+BG versus
GTR+BG have been published to date.
In this study, we aimed to investigate whether a non-

inferior CAL gain can be obtained with IBB and an L-

PRF membrane compared with IBB and a CM 1 year after
surgery.

2 MATERIALS ANDMETHODS

2.1 Experimental design

This randomized, masked, parallel, two-arm, non-inferior
clinical trial evaluated the 12-month clinical and radio-
graphic outcomes after unfavorable IBD treatment by an
L-PRF+IBB* combined treatment (new treatment) or by a
CM†+IBB combination (active comparator). The CM+IBB
combination was reported as the gold-standard therapy for
unfavorable IBDs.8 The surgical treatment of unfavorable
IBDs was performed using two combinations of regenera-
tive materials. The graft (IBB) was identical for both thera-
pies; consequently, the study was focused on the hypothe-
sized non-inferiority of L-PRF used in place of a CM. OFD
was the historical placebo against which to demonstrate
efficacy. Both a per-protocol and an intention-to-treat pop-
ulation were relevant to the results.
The main outcome was CAL gain at 12 months. The sec-

ondary outcomes were changes in GR, PD, and DBL.
The case for the null hypothesis was:

𝐻0 ∶ 𝜇𝐶𝑀+𝐼𝐵𝐵 − 𝜇𝐿−𝑃𝑅𝐹+𝐼𝐵𝐵 ≥ Δ𝑁𝐼

namely, that the effect of the active comparator was
larger than that of the new treatment by at least one Δ𝑁𝐼 .
The alternative hypothesis was:

𝐻1 ∶ 𝜇𝐶𝑀+𝐼𝐵𝐵 − 𝜇𝐿−𝑃𝑅𝐹+𝐼𝐵𝐵 < Δ𝑁𝐼

2.2 Non-inferiority margins

An estimate of the CAL gain provided from the CM+IBB
treatment of

𝑀𝐶𝑀+𝐼𝐵𝐵 = 3.30 ± 𝑆𝐷 = 1.11 ⋅ 95%𝐶𝐼 (2.66𝑡𝑜3.95)

was obtained by aggregating all available data from 119
patients reported in a random effects meta-analysis by Par-
rish et al.,14 as shown in Figure S1 in online Journal of
Periodontology.
For OFD surgical treatments, the estimate from the

literature15 was𝑀𝑂𝐹𝐷 = 2.47 mm.
The differential effect of adding a GTR was 0.83 mm,

rounded to 1 mm.

* Bio-Oss - Geistlich Biomaterials Italia S.r.l. Thiene, Italy
†Evolution - OsteoBiol, ROEN s.a.s., Torino, Italy
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Therefore, a margin Δ𝑀1 = 1 mm was set to ensure
the new treatment efficacy versus OFD (30% of the whole
effect), according to the so-called fixed margin approach.16
A second smaller margin Δ𝑀2 = 0.5 mm (degree of infe-
riority) was set to preserve a further 50% of the comparator
effect (15% of the whole).
The same non-inferiority margins were set for DBL and

PD, while margins of ‒1 mm and ‒0.5 mm were set for
GR.

2.3 Sample size

Sixteen patients per group were required to detect the
greater margin ∆M1 in a one-sided test, with 𝛼 = 0.05,
1 − 𝛽 = 0.80 and an SD = 1.11 mm.14
To detect a halved margin ΔM2= 0.5 mm the sample

size must be increased four-fold. Instead, when the col-
lected data meet the assumptions of an analysis of covari-
ance with the baseline values as covariate, these values
account for half the response variance thanks to their the-
oretical correlation with the gain-scores 𝑃 = 0.707,17 and
thence the required sample size just doubles.18 Therefore,
if there is truly no difference between the standard and
experimental treatment, 62 patients are required to be 80%
sure that the upper limit of a one-sided 95% confidence
interval (CI) of their difference will be below the nonin-
feriority margin of 0.5 mm (and >95% sure that it will be
below the non-inferiority margin of 1 mm).

2.3.1 Study population

Sixty-two patients (26 males; mean age, 55 ± 12 [43 to 66
years]) participated in this study; they were selected from
a population of 216 patients diagnosed with stage III-IV
periodontitis19 who presented at the Unit of Periodontol-
ogy of the “G. D’Annunzio”University between September
2017 and April 2018.

2.3.2 Patients’ inclusion criteria

The inclusion criteria were as follows: 1) systemically
healthy; 2) no history of medications that may affect peri-
odontal status in the previous 6 months; 3) not preg-
nant/lactating; 4) never-smoker/former-smoker≥10 years;
5) a full-mouth plaque score (FMPS)20 and full-mouth
bleeding score (FMBS)21 <20% at surgery, 6) no history of
periodontal treatment for at least 2 years, 7)≥20 teethwith-
out dental mobility, 8) at least one site with radiograph-
ically detected vertical bone loss (alveolar crest level—
defect bottom distance = ≥4 mm, and a 𝑃𝐷 ≥ 5 mm

12 weeks after non-surgical treatment, and 9) no periapi-
cal lesions at experimental sites.
In this study, we considered unfavorable IBDs only pre-

dominantly 1-, combined 1-2- and 2-wall defects/craters,
circumferential defects (at least three surfaces involved)
or teeth with a wide defect angle (≥36).22 Circumferen-
tial bone probing examined the bony architecture during
non-surgical therapy; the anatomy had to be confirmed
during surgical intervention. A single experimental site for
each patient was considered for the study. The volunteers
signed a consent form approved by the ethical committee
of G. D’AnnunzioUniversity after having received compre-
hensive written information about the study. This study
was approved by the human subject’s ethics board of G.
D’Annunzio University and was conducted in accordance
with the Helsinki Declaration of 1975, as revised in 2013
The study was performed from September 2017 to

November 2019.
All patients received scaling and root planing (SRP) by

ultrasonic instruments‡ and Gracey curets§ as well as oral
home care instructions 4 months before the surgical treat-
ment.
This study is registered at Clinicaltrials.gov as

NCT03715374.

2.3.3 Randomization and blinding protocol

The trial director was responsible for randomly assign-
ing patients to treatment groups after enrollment and was
not involved with the clinical interventions or the study
measurements. A computer-generated table** was used to
make the random assignment, which was known only to
the trial director. An opaque envelope, which concealed
group allocation, was opened just before the intervention
surgery. A blood draw, needed for the L-PRF+IBB treat-
ment, was performed for all patients. Patients and examin-
ers were masked to group membership; clinical and radio-
graphic examiners were masked to each other. The study
analystwas alsomasked to groupmembership. The analyst
received the data by groups labeled A and B and returned
two 90%CIs for the differences (Aminus B and vice versa).
The masking was not broken until after study completion,
and the correct difference was retained.

‡Cavitron Select, DENTSPLY, Rome, Italy
§ Hu-Friedy, Milan, Italy
** R Core Team (2019), Vienna, Austria.
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2.4 Clinical measurements

Three months after SRP, the patients were examined, and
FMPS, FMBS, PD, CAL, and GR were recorded at six sites
per tooth. Probing was done with a University of North
Carolina no. 15 periodontal probe.†† Data collection were
performed at baseline and 1 year later by the same experi-
enced examiner (LR).

2.5 Radiographic measurements

Periapical radiographs were taken with a 70-kV intraoral
X-ray system‡‡ with an exposure time of 0.12 seconds and
a digital sensor.§§ Intraoral standardized radiographs were
taken with the long-cone technique before and 12 months
after SRP using digital sensor holders*** customized to the
selected experimental teeth by a thermoplastic occlusal ref-
erence. Specific dental software††† was used to measure
the distance between the alveolar crest level and defect
bottom.

2.6 Platelet-rich fibrin preparation

The Choukroun et al.23 protocol was applied to produce
L-PRF immediately before surgery. From each patient in
both groups, to avoid unblinding, 30 mL of blood was col-
lected in three 10-mL sterile tubes without anticoagulant,
and it was quickly centrifuged‡‡‡ at 3,000 revolutions/min
for 10 minutes.
The fibrin clot (L-PRF) was collected and squeezed in

the L-PRF Box§§§ to obtain three membranes: one of these
was cut andmixedwith the IBB,while the otherswere used
to cover the graft.

2.7 Surgical technique

The same experienced surgeon (MP) operated on all
patients (Fig. 1). The defects were accessed using the sim-
plified papilla preservation flap technique.24 At the buc-
cal aspect, an intracrevicular incision obliquely continued
across the papilla intrasulcularly at the neighboring teeth;
vertical releasing incisions completed the flap design, if
necessary. At each tooth, an intrasulcular, palatal incision

††UNC-15, Hu-Friedy, Chicago, IL
‡‡Carestream Dental, Atlanta, GA
§§ Carestream CS 2200, Carestream Dental, Atlanta, GA
*** RINN XCp-ds, DENTSPLY Italia, Rome, Italy
†††Carestream RVG 5200, Carestream Dental, Atlanta, GA
‡‡‡ IntraSpin, Intra-Lock System Europa, Salerno, Italy
§§§ Xpression Fabrication Kit, Intra-Lock System Europa, Salerno, Italy

F IGURE 1 A) Test site. Deep periodontal pocket associated
with an unfavorable infrabony defect. B) Periapical radiography of
the test site at baseline.C) Thewide, two-walled crater-like infrabony
defect after debridement.D) The infrabony defect is filled by the inor-
ganic bovine bone graft. E) The graft is covered by the L-PRF mem-
brane.F) Clinical aspect of the test site 1 year after surgical treatment.
G) Periapical radiography of the test site 12 months after surgical
treatment. H) Control site. Deep periodontal pocket associated with
an unfavorable infrabony defect. I) Periapical radiography of the con-
trol site at baseline.L) 1- to 2-walled infrabony defect at debridement.
M) The defect is filled by IBB. N) A collagen membrane covers the
graft. O) Clinical aspect of the control site 1 year after surgical treat-
ment. P) Periapical radiography of the control site 12 months after
surgical treatment

was limited to the mid-palatal aspect only. After flap eleva-
tion and granulation tissue removal, in the new treatment
sites, one L-PRF membrane was shredded and mixed with
the IBB; the composite graft was then placed within the
IBD until complete filling. Two L-PRFmembranes in each
patient were then placed onto the filled defect.
In the active control sites, after defect filling with

IBB, a CM was placed to cover the grafted defect. Then,
after periosteal fenestration, the flap was repositioned,
and internal horizontal mattress sutures+interrupted
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sutures**** were placed to ensure tension-free flap primary
closure. Finally, a local injection of 4 mg†††† betametha-
sone was performed for a better postoperative course and
to minimize the effect of edema on the sutures.

2.8 Postoperative care

All patients received 2 g/d amoxicillin+clavulanic acid‡‡‡‡
for 6 days for postoperative infection prevention, not
to improve the clinical outcome but to prevent possi-
ble postoperative infections and to reduce postoperative
discomfort.25
Moreover, the patients were prescribed 400 mg of oral

ibuprofen,§§§§ twice daily for pain control when needed
and 0.12% chlorhexidine***** rinses twice daily for 3 weeks.
Sutures were removed after 14 days. Two weeks after
suture removal, cautious brushing with a soft toothbrush
was allowed; after 4 weeks, interdental brushing was rec-
ommended; in the meantime, the patients used a 1%
chlorhexidine gel††††† twice daily. Weekly supragingival
professional hygiene andmotivational reinforcement were
administered to the patients for 6 weeks. Patients were
maintained by monthly professional cleaning up to the 1-
year evaluation.

2.9 Statistical analysis

To find evidence of the new treatment non-inferiority,mul-
tiple univariate analyses26 of single outcomes were per-
formed. The difference between the treatment averages of
theCALgainwas estimatedusing an analysis of covariance
adjusted for baseline, and the 90% CI was obtained. Non-
inferiority was claimed if its upper bound was less than
M2 = 0.5 mm. Secondary outcomes were analyzed simi-
larly, controlling the per-family error rate with the Bon-
ferroni adjustment for the effective independent end point
number computed according to Nyholt.27,28
The assumption of no covariate-by-treatment interac-

tion was verified on all the outcomes. For CAL gain, a sen-
sitivity analysis, which compared the full sample results
with those obtained both excluding two suspected outliers
and using a set of robust estimation methods (Hampel,
Huber, Tukey bisquare, and Yohai MM estimator), was

**** Ethicon, Johnson & Johnson, Pomezia, Italy
†††† Bentelan, Alfasigma S.p.a., Bologna, Italy
‡‡‡‡Augmentin, SmithKline Beecham, Milan, Italy
§§§§ Nurofen Express 400 mg, Reckitt Benckiser Group, Slough, Berk-
shire, UK
***** Dentosan 0.12 TrattamentoMese, Johnson & Johnson, Pomezia, Italy
†††††Corsodyl Dental gel, GlaxoSmithKline Consumer Healthcare S.p.A.
- Baranzate, Italy

performed to assess the robustness of the primary analy-
sis findings. The resulting graph is available as Figure S2
in online Journal of Periodontology.
The 3.6.1 R software‡‡‡‡‡ package was used.

3 RESULTS

3.1 Study population

Figure 2 shows the CONSORT29 flow diagram. All 62
patients completed the trial fully complying with the spec-
ifications, so patients were analyzed in the group to which
they had been randomized. The study thus provides evi-
dence for both the per-protocol and the intention-to-treat
population.

3.2 Clinical and radiographic outcomes

All IBDs met the anatomical inclusion criteria after con-
firmation by intrasurgical inspection; IBD anatomy is
described in Table 1. After 12 months, none of the experi-
mental sites showed bleeding on probing. Accordingly, the
FMPS and FMBS remained <20% throughout the study
without significant differences within and between groups
(Table 2). No postoperative complicationswere reported by
the patients.
Clinical and radiographic parameter scores are shown in

Table 2; they significantly improved in both test and con-
trol defects (Table 3 and Fig. 3).
Figure 3 shows the 90% CI for the difference

CM+IBB‒L-PRF+IBB between the treatment aver-
ages for all the parameters. The 95% upper bound for CAL
gain was −0.319 mm (unadjusted value ‒0.437), proving
non-inferiority to the M2 margin. The 95% CI upper bound
for GR was 0.764 mm, while for DBL, it was −0.052 mm;
both of them were non-inferior to the respective M2. The
95% upper bound for the PD difference was 0.85 mm: it
was inferior to M2 but non-inferior to M1.

4 DISCUSSION

4.1 Principal findings

Our results, while showing the efficacy of both treat-
ments, indicate that the new treatment produces CAL
gain improvements non-inferior to the active com-
parator. Actually, since the CI upper bound for the
intention-to-treat analysis set stays below the zero

‡‡‡‡‡R Core Team (2019), Vienna, Austria.
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F IGURE 2 CONSORT flow diagram

line, it would prove the superiority of the L-PRF+IBB
treatment (𝑃 = 0.0003). However, an essential con-
dition for the validity of an Noninferiority trial (NIT)
is the assumption that the active comparator actually
shows its effect in the trial: lacking the OFD arm,
we have to check the comparator effect by historical
data.
In our study, the effect of CM+IBB was 2.77 mm (2.46

to 3.09) against the estimate in the literature14 of 3.30 mm
(2.66 to 3.95, I2 = 0.9). It was somewhat poor even though
within the expected range, which however might be too
wide being the result of a limited number of small het-
erogeneous studies. Somehow a difference was expected,
since the reference population of our study, unfavorable
IBDs, was not perfectly comparable with our literature ref-
erence, not specific for unfavorable defects. Another pos-
sible explanation is that the standards of care, in particu-
lar of the OFD intervention, have improved over time.17
However, the rough estimate of the OFD pre-post effect
we inferred from the Stoeklin-Wasmer et al.10 data (2.06;
1.64 to 2.48) tends to exclude this cause, as our point esti-
mate (2.47) is on the upper boundary. Regarding the risk
of bias, the differences at baseline should have been suit-

ably addressed by randomized allocation, even though the
comparability of randomized groups cannot be taken as
granted in small samples.
This result might question our setting of margins.

Conversely, our choice seems again fully confirmed
by the literature,10 which provides an estimate of the
CM+IBB‒OFD difference of 1.71 (1.26 to 2.15), the CI lower
bound of which is even greater than M1. L-PRF+IBB
indirectly demonstrated efficacy compared with OFD,
as even their difference was greater than M1 (3.58 to
2.47 = 1.11 >1 mm). Therefore, the CM+IBB performance
remains the only data which might be inconsistent with
the literature.
The assay sensitivity, undermined by the smaller than

expected effect of the active comparator in this study, is
outweighed by the superiority of the new treatment over
the active comparator, whose effect was greater than our
placebo estimate. With this reasoning, however, the gener-
alizability of this superiority is questioned in turn. In fact,
had the comparator performed as reported in the literature,
the non-inferiority result would still hold, while the superi-
ority would be questionable. This adds up to the poor clin-
ical relevance of the difference, at best smaller than 1 mm,
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F IGURE 3 Simultaneous 90% CIs of adjusted differences between new treatment and active comparator. PD, probing depth; CAL, clinical
attachment level; GR, gingival recession; DBL, defect bone level; UB, upper bound; DIFF: Point estimate of the Difference; LB, lower bound

which is why we chose a non-inferiority hypothesis. All
considering, we believe that claiming non-inferiority is the
fairest and most balanced decision.

4.2 Agreements and disagreements
with previous findings

Currently, in the periodontal literature, no papers specif-
ically comparing L-PRF and GTR outcomes in IBD treat-
ment, with or without BG, are available; therefore, our
results cannot be compared with others. Only recently
was it shown that an L-PRF+BG combination yields non-
inferior CAL gain in unfavorable IBDs when compared
with another regenerative combination: the enamelmatrix
derivative+BG treatment.30 Likewise, in maxillary sinus
augmentation, Bosshardt et al.31 and Gassling et al.32 stud-
ied the effects of L-PRFmembranes versus absorbable CMs
to cover the lateral window, again reporting no differences
in vital bone formation.
Our results for CAL gain scores for each indi-

vidual treatment are within those from previous

reviews: L-PRF+BG (2.97 to 3.9 mm)7 and GTR+BG
(1.39 to 4.70).5
In the treatment of non-unfavorable IBDs, previous

studies13,33,34 suggest that the L-PRF+BG combination
improves CAL gain compared with L-PRF alone. This
was observed with different fillers: demineralized bone
matrix33 and porous hydroxyapatite.34 Lekovic et al.13 com-
paredL-PRFalone and in associationwith IBB, showing an
increased effectiveness of L-PRF in case of the association.
On the contrary, the addition of a BG to aGTR technique

has not always been considered more effective.35 Only in
the presence of unfavorable IBDs, in fact, a superiority of
the combined therapy was shown.8 Moreover, in the treat-
ment of two-wall defects, associating a BG to a membrane
produces greater histological bone regeneration than using
a membrane alone.11
L-PRF+IBB and CM+IBB are surgical techniques based

on different principles. L-PRF increases specific anabolic
cellular activities; it releases polypeptide growth factors
for at least 7 to 28 days,36 stimulating and activating stem
cells, fibroblasts, cementoblasts, osteoprogenitor cells, and
endothelial cells to promote angiogenesis.36,37
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Originally it was believed that the biological princi-
ple underlying GTR was to exclude the epithelium at the
early stages of periodontal healing to avoid junctional
epithelium downgrowth.38 Subsequently, the need for a
complete seal to epithelial cells has been questioned,39 and
currently the GTR clinical effects are believed to be refer-
able mainly to the greater wound stability produced by the
membrane rather than by the physical obstruction. This
suggests that maintenance of an undamaged fibrin clot at
the interface between the tooth and the flap is of primary
importance for periodontal regeneration.40
It is reasonable that the L-PRF membrane placement

onto the BG may have favored graft and clot stabilization,
retaining them into the IBD41 in the early healing phases,
and may have favored regeneration independently from L-
PRF‒related growth factors.30 However, the effectiveness
of an L-PRF membrane as a cell barrier might be ques-
tioned considering its too short reabsorption time (1 to
2 weeks).41

4.3 Discussion of secondary outcomes

In this study, the secondary outcomes were only inves-
tigated in relationship to the main outcome CAL gain
to qualitatively describe its quantitative effect; therefore,
their analyses are not intended to make specific confirma-
tory non-inferiority claims. As an aside, note that, if the
study aim were to do confirmatory claims for secondary
outcomes too, the M1 and M2 margins would still be suit-
able for DBL, while they should be somewhat shrunk for
PD and GR (both of them or just one).
L-PRF+IBB treatment produced significantly less GR

than CM. This may be related to the trophic effects exerted
by growth factors from L-PRF, and it is a desirable fea-
ture when surgery needs to be performed in esthetically
sensitive areas. Anabolic effects from L-PRF may explain
the significantly greater DBL gain. The PD reduction in L-
PRF is significantly inferior to CM as a consequence of the
lower post-surgical GR. Although this is a less favorable
result, it has questionable clinical relevance in quantitative
terms (difference inmeans: 0.49mm); in fact, themean PD
at follow-up for L-PRF+IBB was 3.35 ± 0.755, a value sim-
ilar to what in the literature is reported as closed pocket
(4 mm).42

4.4 Clinical implications

In our study, both regenerative techniques were applied in
unfavorable defects: only 1-, 1-2- and 2-wall defects, circum-
ferential defects or teeth with a wide defect angle were cat-
egorized as unfavorable IBDs and involved in the study.
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Anatomy is a paramount characteristic of angular IBDs,
and it is related to their potential for healing. In particu-
lar, the number of residual bony walls and the width of the
angle root-bone surfacewere shown to influence the extent
to which bone responds to therapy.43
This seems to be true in conventional surgery as in

regenerative procedures making use of enamel matrix
derivative. In contrast, Tonetti et al.22 and Trombelli et al.44
reported that defect morphology did not affect the amount
of bone fill following GTR. However, this observation was
obtained using non-resorbable membranes and may be
due to the wound stabilizing and space-making effects45
of the ePTFE membranes used by the authors. In contrast,
when using CMs, which lack stiffness when soaked in bio-
logical fluids, the supporting architecture of the IBD helps
avoid membrane collapse into the defect, ensuring the
space-maintaining effect needed for regeneration.8 When
the defect anatomy is not helpful, the presence of BGs con-
tributes to ensuring that the membrane maintains its posi-
tion under pressure by the sutured gingival flap.8,10
We treated unfavorable IBDs, and a graft was used in

both groups to ensure blood clot stability. This overcomes
the scarce consistency of L-PRF and CMs, unable to guar-
antee a sufficient space, crucial for regeneration.46
In this study, we used IBB as a graft material. The best

BG would most likely be the patient’s autogenous bone.12
However, when there is a limited availability of tissue close
to the IBD area, the withdrawal of autologous bone rep-
resents an invasive procedure that requires a second sur-
gical site. Bone substitutes are possible alternatives, and
among them, IBB is a widely used xenograft12 that has
also demonstrated histologic evidence of regeneration in
human infrabony defects.47

4.5 Limitations of the study

In our study, we did not use a stent-assisted probing
methodology that would have somewhat reduced prob-
ing variability, nor did we use a split-mouth protocol that
eliminates much of the intersubject variability. However,
this study design has a number of recently highlighted
drawbacks,48,49 so it is more complex to apply, and its use
must have a valid justification.
This study investigated unfavorable defects, as defined

in the literature.24 In this category, we included different
IBDs, very heterogeneous in their architecture, but due
to the small sample size, we could not use a randomized
block experimental design that would have addressed het-
erogeneity more effectively, thus reducing the risk of bias.
Finally, although an important factor favoring L-PRF is

its negligible cost, a particularly important characteristic in
countries where a National Health System bears the cost
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of public periodontal health, future papers are needed to
exactly evaluate the economic advantages of the use of L-
PRF while confirming our clinical results.

5 CONCLUSIONS

Despite its limitations, our study suggests that when treat-
ing unfavorable IBDs L-PRF+IBB offers non-inferior CAL
and DBL gain compared with CM+IBB, along with a sig-
nificantly lower GR, which is a particularly desirable fea-
ture when the clinician works in anterior sextants. How-
ever, a slightly greater PD was observed.
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