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Abstract

Or

Ba :: A large variety of biomaterials, biologics and membranes have been utilized in the past
40 the regenerative treatment of periodontal infrabony defects. Biologic agents have
pragressively gained popularity among clinicians and are routinely used for periodontal regeneration.
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In alignment with the goals of the American Academy of Periodontology (AAP) Best Evidence
Consensus (BEC) on the use of biologic mediators in contemporary clinical practice, the aim of this
systematic revieC:\broker\WILEY-GR-BOSTJPERVPER 00 00\jper10959 effect of biologic agents,
Wamogenous blood-derived products (ABPs), enamel matrix derivative (EMD) and
recOmbinant human platelet-derived growth factor-BB (thPDGF-BB), on the regenerative outcomes of
infi ects.

M = tailed systematic search was conducted to identify eligible randomized control trials
R @Bsmreperting the outcomes of periodontal regenerative therapy using biologics for the treatment of
infsiony defects. A frequentist mixed-modeling approach to network meta-analysis (NMA),
chi by the assessment of three individual components for the treatment of an infrabony defect
(thegPone"Saft material [BG], the biologic agent, the application of a barrier membrane) was performed
to kaluate @hd compare the relative efficacy of the different components, on the outcomes of different
thera ¢ modalities of periodontal regeneration.

ReSultsy. Affotal of 153 eligible RCTs were included, with 150 studies contributing to the NMA. The
quantitative analysis showed that the addition of biologic agents to bone graft significantly improves
the and radiographic outcomes, as compared to BG and flap procedures alone. Barrier
nhanced the regenerative outcomes of BG but did not provide further benefits in

ombination with biologics. The type of BG (autogenous, allogeneic, xenogeneic or alloplastic) and the
i

c
b ogt (EMD, platelet-rich fibrin [PRF], platelet-rich plasma [PRP] or thPDGF-BB) played a

sighiificant role on the final outcomes of infrabony defects. Allogeneic and xenogeneic BGs exhibited
sta ignificantly superior clinical gain than synthetic and autogenous BGs (p < 0.05 in all the
afisens), while thPDGF-BB and PRF demonstrated significantly higher stability of the gingival
$0.01) and radiographic bone fill/gain (p <0.05), together with greater, although not

Psignificant, clinical attachment level gain and pocket depth reduction, than EMD and PRP.

CO

DGF-BB exhibited the largest effect size for most parameters, including clinical
atta evel gain, pocket depth reduction, less gingival recession and radiographic linear bone gain
Consi the relatively high number of trials presenting an unclear or high risk of bias, the strength

dation supporting the use of PRP was judged weak, while the recommendation for EMD,
PRF and rhPDGF-BB was deemed in favor.

Coficlusions:. Biologics enhance the outcomes of periodontal regenerative therapy. Combination
th holving BGs + biologics or BGs + barrier membrane demonstrated to be superior to
ies. The choice of the type of BG and biologic agent seems to have significant impact on
d radiographic outcomes of infrabony defects.

One sen mmary

anced the outcomes of periodontal regenerative therapy via bone grafting in infrabony
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1 INTRODUCTION

The global ﬁvaleni of periodontitis is very high, contributing to the progressive destruction of periodontal

tissues which sult in gingival recession, dental hypersensitivity, tooth mobility, and eventually tooth
loss.? With&t interventions, incidents of patients’ deteriorating quality of life have been reported.
2 The uffim f periodontal therapy includes arresting the progression of disease as well as
regeneratio st tissues such as bone, cementum, and periodontal ligament. Following the first human

report dem@that periodontal regeneration could be achieved by using Millipore membranes® for

selective cel and migration, several techniques involving the application of barrier membranes to
treat infrabony def€cts have been described.2 These barrier membrane approaches -- defined as “guided
tissue regeneration 5TR)” -- typically require more invasive surgical access and flaps for positioning the

membrane infrabony defect, potentially increasing patient morbidity and the chance of postoperative
10-12

complicatio
The introdumclogic agents in recent years has revolutionized the concept and predictability of
periodo ion. Novel minimally invasive surgical procedures could be combined with signaling

oo

, 11-13

molecules, wit cessarily using barrier membranes. Enamel matrix derivative (EMD), recombinant

human platelet-derived growth factor-BB (rhPDGF-BB), fibroblast growth factor-2 (FGF-2), autologous blood-
derived pro!cts (ABPs), including platelet-rich plasma (PRP) and platelet-rich fibrin (PRF), growth differential

factor-5 (GDF-5)and teriparatide are the biologics that have been investigated for the treatment of infrabony

9, 14-

defects.™ = ch as platelet-rich plasma, plasma rich in growth factors, and platelet-rich fibrin, are

generatedjgntrifugation of the patient’s blood to separate and obtain fractions of whole blood
containi siologic concentration of some cell types (e.g., platelets) and growth factors.2> 2 ABPs

have been i*estigated as wound healing promoters in diverse clinical applications, including periodontal

|N
N

regeneration.g’g EESJ was the first biologic agent applied for regenerating the lost periodontium.& s
Based on the o ion that specific enamel matrix proteins are deposited on the developing tooth roots
before cmmation,&26 EMD is obtained from the purified fraction of the enamel layer of porcine
fetal tooth and, in combination with other natural molecules (mainly amelogenin and enamelin), has been

shown to promote proliferation and migration of cells from the periodontal Iigament.gﬁ rhPDGF-BB is a
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potent mitogen that promotes periodontal regeneration by stimulating both chemotaxis and proliferation of
periodontal ligament, osteoprogenitor and mesenchymal stem cells.22 It has been demonstrated that rhPDGF-

BB is thewfmm to elicit fibroblast’s mitogenic and chemotactic response from the periodontal

fgoment” Q

In alignrrEn Wi purpose of the American Academy of Periodontology (AAP) Best Evidence Consensus
(BEC) on the use of biologic mediators in contemporary clinical practice, the aim of this systematic review is to
assess the efficac iologics in the treatment of periodontal infrabony defects—defined as vertical bony
defects char, by one-wall, two-wall, three-wall or combined ****defects—by addressing the following

focused question: “What is the effect of using biologics (i.e., ABPs, EMD and rhPDGF-BB) on the results of

regenerative periodgital therapy of infrabony defects, in terms of clinical and radiographic outcomes, healing

response, coCns, esthetic outcomes and patient-reported outcome measures (PROMs)?”

2 MAT S AND METHODS

u

2.1P gistration and reporting format

The prot e present review was designed according to the Cochrane guidelinesﬂ and reported with

the Preferred Reporting Items for Systematic reviews and Meta—Analysis Extension (PRISMA)E— 2020

statement fsixstematic reviews incorporating network meta-analyses for health care interventions.2® ¥ The

study proto gistered and allocated the identification number CRD42022295792 in the PROSPERO
database, ho he National Institute for Health Research, University of York, Center for Reviews and
Disseminati@h.

2.2 Plt'bﬂ'ﬁ'estion

The foIIowin; Po;usmn, Intervention, Comparison, Outcomes, and Time (PICOT) framework3® was used to

guide th{d exclusion of studies for the above-mentioned focused questions:
° ulation (P): adult patients (> 18 years old) with a history of periodontitis and at
least one infrabony defect (= 3 mm in depth);

e Intervention (l): periodontal regenerative surgical treatment involving the use of
ABPs, EMD, rhPDGF-BB;
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e Comparison (C): any comparison among EMD, rhPDGF-BB, and ABPs or between
EMD, rhPDGF-BB, or ABPs and conventional approaches (flap alone, bone graft [BG]
alone and GTR procedures);

come (O): Clinical Attachment Level (CAL) gain as the primary outcome.
ondary outcomes included probing depth reduction (PD red), changes in gingival
@on (REC), in keratinized tissue width (KT) gain, gingival thickness (GT) gain,
bone fill (either radiographically or directly evaluated through surgical re-entry),

wound healing outcomes, safety (in terms of complications and adverse reactions),

etic outcomes and PROMs.

Qe (T): Minimum follow-up of 6 months following surgical intervention.
2.3 Eligible studies

To specifica dnéSs the focused question, only randomized controlled clinical trials (RCTs) were included in
this systematic revi5’s qualitative and quantitative assessment. RCTs were considered eligible for inclusion if

they met the following criteria in at least one study arm: i) Periodontal regenerative surgical therapy of adult

patients (> |d) presenting infrabony defects (= 3 mm in depth); ii) Minimum follow-up of 6 months;
iii) Use of a ent (ABPs, EMD or rhPDGF-BB), either as a monotherapy or in combination with BG
and/or absorBab rrier membranes (guided tissue regeneration [GTR]); iv) Minimum of 10 participants at

the first fo > 6 months) for at least one study arm(s) utilizing ABPs, EMD or rhPDGF-BB; v) Eligible
therapiesg ed the use of minimally invasive or conventional (open flap debridement) approaches.
Reasons for irticle exclusion included: i) Treatment of horizontal defects, suprabony defects or endo-perio

lesions; ii) Nonsurgical therapy; iii) Less than ten patients at the first follow-up; iv) No use of biologic agents

(ABPs, EMD-BB); v) Multiple combinations of biologic agents (e.g., EMD + ABPs); vi) Biologics

combined wj chniques using nonabsorbable membranes; vii) Biologic agents combined with stem cells
or with | RCTs with at least one treatment arm meeting the above-mentioned eligibility criteria

were incMresent review. Data from the excluded treatment arm(s) were not considered.

2.4 Out;neasures

Clinical,

jelfographic imaging, esthetic, safety, and patient-reported outcome measures (PROMs) were

assessed as follow:

This article is protected by copyright. All rights reserved.



e C(linical outcomes performed by the investigators including CAL gain, PD red, REC, KT
gain or GT gain.

. Riﬂiographic imaging outcomes defined as two dimensional (using periapical
iographs) or three dimensional (using cone-beam computed tomography [CBCT]

omputed tomography [CT]) including radiographic bone fill (rBF, measured in
entage) and linear bone gain (rLBG, measured in millimeters).
e Early wound healing outcomes evaluated by the investigators using the early wound-

healing index proposed by Wachtel and coworkers39, evaluation of primary closure,

rees of swelling, or other composite wound healing indices.
e healing outcomes assessed with direct measurements during the surgical re-
y, in terms of vertical defect fill and vertical alveolar crest resorption.

hetic outcomes evaluated through professional esthetic assessments performed
byloperators either through direct clinical examination or indirectly using
standardized intraoral photographs.

Ms defined as quality-of-life assessments made by patients regarding different
ects of therapy, such as intrasurgical and postoperative pain/discomfort,

inkillers intake, self-reported bleeding and swelling, interference with daily
! activities, overall satisfaction, esthetic assessment, and occurrence of adverse
nts using standardized methods of assessment (e.g., visual analog scale [VAS] or
stionnaires).

ty outcomes defined as observations from the investigators on occurrence of
complications and adverse events during the study period.

2.5 IHE\ sources and search strategy

To identify eligible articles, detailed search strategies were modeled for MEDLINE (via PubMed), EMBASE, and
Cochrane C!tral Register of Controlled Trials (CENTRAL) databases. Searches were conducted to identify
papers publis to December 31th, 2021, based on the following comprehensive search strategy:
(((“autologo derived products” OR “platelet-rich plasma” OR “platelet-rich fibrin” OR “leukocyte--
platelet-mlasma rich in growth factors” OR “PRP” OR “PRF” OR “L-PRF” OR “PRGF”) OR (“platelet-
derived growth factor” OR “PDGF”)) OR (“enamel matrix protein” OR “EMD”)) AND (((((“infrabony defect”) OR

(“intra bony defect”)) OR (“infrabony defect”)) OR (infra bony defect)) OR (periodontal regeneration)) OR

(“periodontal regenglative”). The search strategy was primarily designed for the MEDLINE database with a
string of medj ect headings and free-text terms and then modified appropriately for other databases.

No restricti e set for language. The search results were downloaded to a bibliographic database to

facilitate duplicate removal and cross-reference checks.

This article is protected by copyright. All rights reserved.



The reference lists of the retrieved studies for full-text screening and previous reviews in periodontal
regeneration were screened. A manual search was also performed in the Journal of Periodontology, Journal of

Clinical PW% Journal of Dental Research, Journal of Periodontal Research, International Journal of

Periodontics @ prative Dentistry, and Clinical Oral Investigations. Previous systematic reviews in the

surgical ieWinfrabony defects were also assessed.™ ===~

2.6 Article selection process

Two indepen iewers (LT and CYC) screened the titles and abstracts (if available) of the entries identified

in the literatlirefSeargh in duplicate and independently. Next, the full-text version of all studies that potentially

S

met the elig ria or for which there was insufficient information in the title and abstract to make a

’

decision we . Any article considered potentially relevant by at least one of the reviewers was

included in thie next screening phase. Subsequently, the full-text publications were also evaluated in duplicate

C

and independently by the same review examiners. Disagreements between the review authors were resolved

4

by open disglssi no consensus could be reached, a third author (DMK) was consulted. All articles that did

criteria were excluded, and the reasons for exclusion were noted. Interexaminer

agreement followi@®ull-text assessment was calculated via kappa statistics. Any missing information that
could contribute to this systematic review was requested to the corresponding author(s) via email
communica!n. In the case of multiple publications reporting on the same study or investigating the same

cohort at diffeggat.follow-up intervals (or secondary analysis of the same data), it was decided to pool together

all relevant a single report with the most comprehensive data for inclusion in the qualitative and

quantitaE
2.7 Datefjextedttion

Two examiners (LT aid CYC) independently retrieved all relevant information from the included articles using a
data extraction s specifically designed for this review. Aside from the outcomes of interest (CAL gain, PD
red, cha C, keratinized tissue with and gingival thickness, rBG, rLBG, early wound healing outcomes,
bone healing outcomes, esthetic outcomes, PROMs and safety), the following study characteristics were

retrieved: i) Year of publication, study design (split-mouth vs parallel-arm, single vs. multicenter), geographic

This article is protected by copyright. All rights reserved.



location, setting (university vs. private practice) and source of funding; ii) Population characteristics, including
age and gender of participants, number of participants and treated sites (baseline/follow-up), inclusion of
smokersWocation (maxilla and/or mandible, single and/or multirooted teeth); iii) Characteristics of

the infraboerms of morphology (remaining walls) and infrabony defect depth (IDD), defined as

the vertiﬁll Wrom the alveolar crest to the deepest location of the osseous defect, assessed either

intrasurgicam radiographically 230 jy) Type of intervention (flap design); v) Biologic agent and

biomaterial nd vi) Follow-up time points. All values were extracted from the selected publications

(mean + standard deviations [SD]).

2.8 Met gical quality and risk of bias assessment

The assess thodological quality and risk of bias (RoB-1) of each included RCT was performed in

duplicate, ag€ording to the recommended approach by the Cochrane collaboration groupi (Supplementary
Appendix in online Journal of Periodontology). Any disagreement was discussed between the same authors.
Another auvm: was consulted in case no agreement was reached. However, no study was excluded
based o ias within a study.

29S8 e quantitative results -- network meta-analysis

To assess the relative performance of the available modalities for the treatment of infrabony defects, a

frequentist mixed-modeling approach to network meta-analysis (NMA) was adopted. 32,33

In theory an practice, the treatment of an infrabony defect can be composed of several elements (the

BG materials barrier membrane, and/or a biologic agent) each of which could potentially influence different

outcomes oiherap’directly and in combination, and to varying degrees. Therefore, by using the latitude

provided by gaai dels, these facets were explored through a modeling approach, in which additive and
interactive re considered for each outcome, and the resulting models were compared based on
goodness of fi n additive model, the effect of BG material (whether autogenous, allogeneic, xenogeneic,

synthetic, or e biologic agent (ABPs, EMD, rhPDGF-BB, or none) and the membrane (whether used or
not), each have a quantified effect that is unrelated to the status of the other two factors. In an interactive

model, the effect of each of these three factors may depend on the levels of the other two factors as well.
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Similar to previous methodologies applied by our group 323433 study arms were weighted by the treated and

analyzed sample size (i.e. the number of defects) and clustered by publication. Relevant baseline
demogramnical characteristics of the defects and treated population were always accounted for in
all models b @ of fixed covariates. Random effects were also included in the models to capture unique
interceph ftmtudy arms, as well as random slopes for study by time, and study arm by time (study arm
effects werM the corresponding study effect). Correlations with study sponsorship (funding), setting,

split-mouth), and the quality appraisal according to the Cochrane risk-of-bias tool for

randomized trials oB-l)& were also tested, and if needed, controlled for in the models.

The construction of the models, was through testing a series of specifications of random and fixed effects via

different model stru;ures, utilizing mainly Akaike Information criterion (AIC) as evidence for the model that

best fit the ﬁ
Since nonabsorbable membranes are rarely utilized in contemporary practice for the treatment of infrabony
defects, trem:s which utilized a nonabsorbable membrane (e.g. dPTFE) were not considered.

e wide disparity of data among treatment arms of studies with long-term results, and

the potential i e of unmeasured patient- and site-level time-varying characteristics which could
particularly affect these specific outcomes, it was planned to only consider data within 5 years of treatment.

This was peSrmed for the outcomes of changes in CAL (in mm), PD (in mm), REC (in mm), rBF (percentage of

radiographic ill compared to initial radiographic defect depth), and rLBG (in mm).

The influence specific adopted flap design (e.g., open flap debridement, simplified or modified papilla
preservatiofitechnique, minimally invasive surgical technique, etc.), as well as information on employing

minimallyj i roaches were explored and accounted for by creating categorical and binary variables,

respectively:effect relative to each outcome.

Interactions bet the levels of BG material, the biologic agent, and the application of a barrier membrane
were als d to identify any synergy between any of the treatment components, such that the effect of
any component is highly dependent on the status of the other two components (e.g. if the application of EMD

would be improved when mixed with a certain BG material, or when utilized with a barrier membrane).

This article is protected by copyright. All rights reserved.



Transitivity was assessed by exploring the distribution of aggregate baseline variables and study-design

information to observe for vast difference, in particular if they could act as effect modifiers or confounders.

.

The robustn e results in the final models was tested through a series of sensitivity analyses to observe
for any mea es in the estimates of the outcomes. All model assumptions were tested.
I I

And for all olltcomes, the reference category for the initial comparisons was set as “None” for the BG type,

[

barrier me ne@nd biologic agent and contrasts were recorded. Confidence intervals (Cls) were produced,

C

and a p-value old of below 0.05 was set for statistical significance.

S

The statistic aly®es were performed by an author with experience in network meta-analyses and linear

mixed models (SB), U8ing a specified software¥ and the following statistical packages Ime4 2 |merTest?,

ul

1

dplyrﬂ, and ti e igrath and ggplotzg packages were used for producing the geometry of the network

plot to visu ithin study contrasts and the existing relationships among treatment arms.

N

2.10 Ev quality rating and strength of recommendation

Based o ndings from the NMA and on the available data and results of the individual studies included in

the prese atic review, critical assessment of the literature and evidence quality rating or strength of

M

recommendation of biologics for the treatment of infrabony defects were conducted. These recommendations

were based@n the criteria established by the adapted version of the American Dental Association (ADA)

[

Clinical Prac lines Handbook®. The quality rating on the available evidence assessing the effect of

O

biologics on erative treatment of infrabony defects was evaluated and presented according to the

following crieria: i) clinical indications, ii) therapeutic options, iii) adverse events and complications, iv) net

§

benefit rating (benefit-harm estimation), v) level of certainty and vi) strength of clinical recommendations

t

(Supplemen s 1-3 of the Appendix in online Journal of Periodontology). The Net benefit rating

U

(benefit-har, ion) involves the assessment of whether the expected benefits outweigh the potential
for harm. T of certainty describes the extent to which there is confidence in the estimate of the effect

of therapy co the available evidence and it can be classified as high, moderate or low. The strength of

A

clinical recommendation reflects the extent to which it is possible to assume that the treatment

recommendation is more beneficial than harmful, based on the best available evidence, and it can be classified
10
This article is protected by copyright. All rights reserved.



as strong, in favor, weak, expert opinion for/supports, expert opinion questions the use, expert opinion

against, or against (Supplementary Tables 1-3 of the Appendix in online Journal of Periodontology). 6486

S

s

3.1 Se-arswults and study selection

The literaturggearigh flow diagram is shown in Figure 1. Following the removal of duplicates, 385 records were
identified ba tles and abstracts. A full-text assessment was performed for 182 articles. Based on our
predetermimon criteria, 153 RCTs13, 17-19, 39, 49, 50, 67-212 were included in the qualitative

analysis and in the quantitative analysis. The reason for the exclusion of the other 29 articles is
reported in ntary Table 4 of the Appendix in online Journal of Periodontology. The interexaminer

reliability in screening and inclusion process, as assessed with Cohen’s k, corresponded to 0.93 for full text

evaluation.

3.2 Charact@fftstics of the included studies

Characteristics included studies at baseline are reported in detail in Supplementary Tables 5-8 of the
rnal of Periodontology. Out of the 153 included RCTs, 123 were performed in a

university setting, 11 in private practice, 12 both in university and private practice, while the remaining 7 trials

did not spehdy setting. Most of the included studies were performed in Asia (66) and in Europe (63).

Twelve trialow-up studies -- or reported different outcomes — of the same patient population

. : : : : : ps50 98, 99, 105, 155, 175, 189-192, 194, 205 )
described in s Iready included in the present review™ = . Twenty-five treatment
: o 13,79, 93,96, 102, 125, 131, 136, 149, 157, 160, 168, 169, 171, 172, 182, 184, 200-202, 208, 212

arms fro 2 did not meet the

inclusionHere not considered for the qualitative and quantitative analysis.

33 Risas assessment

Most of ed trials (84) showed unclear risk of bias. Forty-seven RCTs were considered having low risk
of bias, while the aining 22 were assigned a high risk of bias. Lack of information on allocation concealment

was the most commonly risk of bias observed across the studies, followed by risk of bias related to blinding of

11
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the outcome assessment and blinding of participants and personnel. The assessment risk of the is reported in

detail in the Supplementary Table 9 Appendix in online Journal of Periodontology.

S

3.4 Qua e analysis and results of the mixed-model Network Meta-

Analysi

I I
Atotal of 3 study arms from 150 eligible RCTs, describing the treatment outcomes of 7007 infrabony defects

in 6512 subjéets, included in the NMA. As stated above, study arms reporting data beyond 5 years of

treatment 2 ere not included in the analyses, as well as those reporting the use of a nonabsorbable

. 169, 200-202, 21
barrier menw e Es

Figure 2 displays theielatlonshlps between the existing treatment arms (e.g., xenogeneic BG + EMD) from

jﬁ,

which the addi del was based upon. One-hundred and twenty-two treatment arms employed EM

19,39, 49, 50, 67, ¥, 73, 75-77, 79, 82, 84-86, 89, 90, 93, 94, 96-99, 102, 105-109, 112-116, 121-123, 125, 126, 130, 136-138, 140-142, 146, 151, 153, 156-158, 160, 167-

169, 175,177,178 200-202, 205-207, 209-212 17,129,133, 139, 148, 152, 155, 181 . 19,71, 72,

169,175,177 —m—— 205:207,209212 19 \sed rhPDGF-BB 12122 133,139 148 152,155 181 43 i 0| ded PRF

74,78, 80, 81, 83, 1, 110, 115, 120, 131, 144, 145, 149, 150, 154, 162-165, 170-174, 196-198, 203, 204 68, 87, 95, 100, 101, 117-
S S a SS S SR SR A A e S A e s e 2= 2= and 31 used PRP andeande

—————— . All in all 28 treatment arms also included a barrier

112,126, 134, 143, 145, 151, 162, 165, 169, 176, 185, 188-191, 195
. The outcomes of flap procedures alone were

18,39,49,70,72,74,76, 78, 80, 82, 84, 86, 87, 89-92, 94, 105-109, 113, 121, 128, 131, 149, 152, 158, 163, 164, 169-173, 175,

reported in 54 study arms

177, 178, 190, 19 210,212 17,19, 49, 50, 67-71, 75-78, 80, 81, 83, 84, 86-88, 91, 94, 95, 97-102,

e —‘g ==, A total of 88 studies utilized BGs

104, 110-112, 114, 124, 126, 127, 129, 130, 132-135, 137-148, 150, 153-157, 159, 161, 164, 166, 167, 170, 174, 179-181, 187, 192, 193, 196, 197, 199, 206,

208, 209, 211 wit 19,70, 110, 114, 119, 150, 209 7-69, 77,78, 81, 88, 116, 123, 124,
ving utilized an autogenous BG s SE 16 an allograf

135,147,1

n
>

66, 197

)

49,76, 86, 87, 91, 97, 98, 100-102, 111, 112, 117, 126, 138, 139, 141-145, 153, 174, 180, 187, 196, 206, 211
28axenograft , and

lastly 40 Wported the application of an alloplastic/synthetic BG 11,307, 75,80 83 84 34, 35,97, 39, 104, 118 12

o

)

122,127,129, 1 139, 140, 146, 148, 154, 155, 159, 161, 164, 167, 170, 179, 181, 187, 192, 193, 199, 208
Detailed charactegisfics of the interventions of the included studies are reported in the Supplementary Table 8,
while cli radiographic outcomes following treatment of infrabony defects are reported in the

Supplementary Tables 10-22 in the Appendix in online Journal of Periodontology.

12
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3.4.1 Changes in clinical attachment levels (CAL) (mm)

Based on the model for CAL, it was found that among the BG types, utilization of an allograft (-0.45 (95% Cl[-

0.89, -0.01]), p =.0.03), and a xenograft (-0.41 (95% CI [-0.77, -0.04]), p = 0.02) would improve the outcomes,

whereas th of an autogenous (-0.38 (95% CI[-1.04, 0.28]), p = 0.25) and synthetic BG alone (-0.21
(95% [-OMo, IoOVAImEE= 0.14) would not lead to significantly enhanced CAL. Additionally, it was shown that
overall, the hn of an absorbable barrier membrane (-0.79 (95% CI[-1.19, -0.41]), p < 0.01), as well as

any biologidg@gent wBuld improve attachment levels, in an increasing order of effect size, from PRP (-0.58 (95%

C

CI[-0.91, -0.281), .01), EMD (-0.61 (95% CI[-0.81, -0.38]), p < 0.01), PRF (-0.82 (95% CI[-1.08, -0.56]),

S

p <0.01), an -BB with the highest estimate in the model (-1.05 (95% CI[0.48, 1.63]), p < 0.001).

Notably, the contrasts between the biologic treatment arms lacked statistical significance.

Ul

Furthermor ve association with the initial CAL (0.72 (95% CI[0.61, 0.83]), p < 0.001), as well as a

I3

positive ass ith baseline IDD (-0.22 (95% CI[-0.37, -0.08]), p < 0.01) was revealed, whereas no

association With was noted in this model.

Additio interaction between biologic types and BG types was found. Nevertheless, an interaction

between ne (used) with PRF (0.86 (95% CI[0.04, 1.67]), p = 0.03), as well as between membrane with

M

EMD (0.62 (95% CI[0.015, 1.236]), p = 0.03) was found.

By the Iogicherse association, the results indicate that membranes are beneficial to the outcomes of
CAL in the abiologics, however in the presence of biologics the application of a barrier membrane
would nullify j . This interaction lacked statistical significance for PRP (0.69 (95% CI[-0.63, 2.01]),
p=0.29 found for rhPDGF-BB due to the fact that no treatment arms in the present dataset had

[

th a barrier membrane.

342 Chan probing depth (PD) (mm)

Based o el for this outcome, relative to the choice of BG, it was found that compared to not utilizing

utilized r

a BG (flap alone pies), the application of an allogeneic (-0.41 (95% ClI[-0.73, -0.08]), p = 0.01), autogenous
(-0.45 (95% CI[-0.903, -0.007]), p = 0.04), and xenogeneic (-0.51 (95% CI[-0.75, -0.26]), p < 0.01) BG, would lead

to improvements, without significant intergroup differences. Regarding the choice of biologic agents, all
13
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groups revealed improvement in the outcomes with an increasing order in effect size from PRP (-0.41 (95% CI[-

0.66, -0.16]), p < 0.01), EMD (-0.55 (95% CI[-0.71, -0.39]), p < 0.01), PRF (-0.57 (95% CI[-0.76, -0.38]), p < 0.01),

and thDM (95% CI[-1.23, -0.21]), p < 0.01).

The applica&er membrane was found to improve the overall outcomes of PD, as visible through its

main effat del (-0.47 (95% CI[-0.74, -0.21]), p < 0.01). Nevertheless, similar to the outcome of CAL, it
revealed a statistically significant interaction with EMD (0.66 (95% CI[0.09, 1.24]), p = 0.02), indicating that in

the presenc@of thisdiologic, the effect of application of a barrier membrane would be nullified.

Lastly, an inwciation with baseline PD (0.34 (95% CI[0.22, 0.45]), p < 0.001) was also noted in this

model, as w:tistically significant, while small in magnitude time effect (0.004 (95% CI[0.0004,

0.0008]), p

343 Ch:n recession depth (REC) (mm)

According t@fthé w el, relative to the levels of BG, only utilization of a xenogeneic BG would render

significa it ults on the outcome of recession (-0.21 (95% [-0.41, -0.009]), p = 0.03). Regarding
biologics, only t ups of PRF (-0.41 (95% CI[-0.59, -0.22]), p < 0.01), and rhPDGF-BB (-0.62 (95% CI[-0.98, -
0.25]), p! lead to less recession as a result of therapy compared to a lack of a biologics treatment

group. Chaniing of reference arms also revealed significant differences between EMD and rhPDGF-BB group,

in favor of r (-0.59 (95% CI[-0.96, -0.22]), p < 0.001), as well as EMD versus PRF, in favor of PRF (-0.39

(95% CI[-O. <0.01)).

a membrane showed no correlation in this model (0.02 (95% CI[-0.19, 0.23]), p = 0.83), while

Application

baseline recission b04 (95% CI[0.98, 1.11]), p < 0.01) was significantly and inversely associated with the final

outcomes ( he lower/shallower the recession at baseline, the more/deeper the recession depth at
the follow-

3.4.4 RedioBraphic bone fill (rBF) (%)

Based on the model, relative to BG materials, only synthetically derived bone substitutes (20.94 (95% CI[10.57,

31.31]), p < 0.01) enhanced this outcome significantly compared to no bone grafting of sites.

14
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Considering biologic agents, all groups showed to significantly enhance the outcomes in an increasing order in
effect size from PRP (17.32 (95% CI[6.12, 28.51]), p < 0.01), EMD (19.71 (95% CI[12.78, 26.64]), p < 0.01),

thDGF-M% CI[18.79, 38.75]), p < 0.01), and PRF (29.61 (95% Cl[23.28, 35.93]), p < 0.01).

The differe&the biologic agents were statistically significant between EMD and PRF, in favor of

PRF (9.858%9

.04, 18.75]), p = 0.02), as well EMD versus rhPDGF-BB, in favor of rhPDGF-BB (9.06 (95%
CI[1.14, 16.97]), p = 0.02). Relative to PRP, the comparisons of PRP versus PRF (12.28 (95% CI[0.36, 24.21]),
p=0.01), a sus rhPDGF-BB (11.46 (95% Cl[0.61, 22.32]), p = 0.02) were also statistically significant (in

RP
favor of PRFWGF—BB, respectively). Nevertheless, the comparison of PRP versus EMD did not reach

statistical significarice.

The additio:ier membrane in this model was also significantly associated with increase in percentage

of defect fiII§0.81 (95% CI[7.09, 34.52]), p < 0.01), without any interactions. Baseline measures were not
revealed to be significantly affecting this outcome.

3.4.5 Radio ; hic linear bone gain (rLBG) (mm)

It was shown th G materials, except for the autogenous group (0.53 (95% CI[-0.28, 1.36]), p = 0.19)

would i tcome with an increased benefit from synthetic BGs (0.85 (95% CI[0.51, 1.19]), p < 0.01),

xenogeneic BGs (1.15 (95% CI[0.63, 1.67]), p < 0.01), and allogeneic BGs (1.57 (95% CI[1.07, 2.07]), p < 0.01),

without intmﬁerences.

Regarding ants, it was also found that all biologic agents would improve this outcome, with an

increasing efit from PRP (0.56 (95% CI[0.16, 0.97]), p < 0.01), EMD (0.87 (95% CI[0.59, 1.15]), p < 0.01), PRF

(1.28 (95% q| 1.01, :'55]), p <0.01), and rhPDGF-BB (1.34 (95% CI[0.88, 1.81]), p < 0.001) with the highest

estimate. T ally significant contrasts between the biologic treatment arms were between PRP and

PRF, in favo .71 (95% CI[0.25, 1.17], p = 0.01), as well as PRP versus rhPDGF-BB, in favor of rhPDGF-

BB (0.79 (95 , 1.39]), p < 0.01). In addition, between EMD and PRF, in favor of PRF (0.41 (95% CI[0.04,

0.771),p = between EMD versus rhPDGF-BB, in favor of rhPDGF-BB (0.48 (95% Cl[0.15, 0.081]),

p =0.01).

15
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The addition of a barrier membrane was also found to significantly improve the outcomes (1.16 (95% CI[0.48,

1.84]), p < 0.01), without any interaction with a specific treatment arm.

T

Tables 1 and arize the main effects of the results of the mixed-model network meta-analysis for the
clinical (CAL d radiographic (rBF, rLBG) outcomes, respectively.
I I

3.5 Quam analysis on wound healing outcomes following treatment

of infral@:fects

Wound heammes following treatment of infrabony defects were assessed in 13 RCTs 2B 516U UL

130,138, 160, 181 (Supplementary Table 23 of the Appendix in online Journal of Periodontology). Among

39,75, 108) 113, 118, 130, 181, 207

them, 8 trials - utilized the Early wound-healing index (EHI) introduced by Wachtel and

49, 105, 113,

complete cl e sites, the degrees of swelling and redness, or the presence of complications = = ==

coworkers (ﬁs, with 1 being the best healing outcome and 5 the worst).22 Other studies assessed the

138, 160, 205, 21

N

hted mean EHI of EMD, flap alone and BG alone at 7 days was 1.78, 1.74 and 2.36,

respectively. The Weighted mean EHI of EMD, flap alone and BG alone after 14 days was 1.4, 1.17 and 1.99,

respectively. CTs comparing EMD with flap alone did not observe statistically significant differences in

39, 49, 105, 113, 205

wound outcomes.™ = == == Harnack et al. reported similar healing outcomes for BG with or

without PRP.X2 Two trials demonstrated that minimally invasive techniques are associated with lower mean

181, 207

values of EMS better healing outcomes, as compared to conventional surgical approaches.

3.6 Qua analysis on bone healing outcomes following treatment of

infrabon§y detects evaluated with surgical re-entry

. 86, 87, 95, 109, 110, 116, 118, 123, 141-144, 180, 193, 206 : :
Fifteen RCT; i’ assessed the hard tissue response following treatment of

infrabony d:v a surgical re-entry (Supplementary Tables 24 and 25 of the Appendix in online Journal

of Periodon e weighted mean defect fill for BG alone and flap alone were 2.61 mm and 1.42 mm,

respectiv their weighted mean alveolar crest resorption was 0.36 mm and 0.97 mm, respectively.

16
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The weighted mean defect fill following treatment of infrabony defects with ABPs, ABPs + BG and ABPs + GTR
was 2.28 mm, 3.37 mm and 5.05 mm, respectively. The weighted mean alveolar crest resorption at the re-

entry foIWABPs + BG and ABPs + GTR was 1.06 mm, 0.76 mm and 0.94 mm, respectively.

Two trials d&“@ ABP + BG vs BG alone failed to find statistically significant difference for mean
defect fiFarElveolar crest resorption.> 2

EMD as a mgffoth y showed a weighted mean defect fill and alveolar crest resorption of 2.98 mm and

0.61 mm, res Y, while EMD + BG obtained a weighted mean defect fill and alveolar crest resorption of
3.37 mm anw, respectively. Three RCTs 16 181206 o aluated the hard tissue outcomes of EMD + BG vs
EMD alone ical re-entry. In all of these trials, a statistically significant higher defect fill was observed
for the sites ith EMD + BG compared to EMD only treated sites. 221426 oy the other hand, 3 RCTs

with surgicalire-entry demonstrated that the addition of EMD to BG did not result in a statistically significant

) . 123,142,180
fect fill and alveolar crest resorption, as compared to BG alone.™

(=]

changes in terms of

3.7 Qualitative analysis on PROMs following treatment of infrabony

defects

Ten RCTS= i 255 250 258 &2 222 reported PROMs following treatment of infrabony defects. The
weighted pastoperative pain following EMD and EMD + BG, evaluated with a 0—10 visual analog scale (VAS),

was 2.21 and 2.17, respectively. The weighted VAS indicating postoperative pain following flap alone was 2.49.

~+

Only one s gscribed the postoperative morbidity for BG alone using a VAS. The authors observed a

statistic::\lly: lower morbidity for EMD + BG compared to BG alone (2.9 vs 4.1).28 Other studies did
not obs ly significant differences among the treatment groups in terms of painkiller intake. Other
PROMs evalWlated following treatment of infrabony defects included self-reported intraoperative hardship of

the surgical procedu;, postoperative bleeding, swelling, root hypersensitivity, edema, hematoma, fever,
interference wit activities, satisfaction, esthetic assessment and willingness to retreat (Supplementary
Table 25<;>envdix in online Journal of Periodontology). A multicenter RCT did not detect any benefits
from adding EMD to open flap debridement, compared to flap alone, in terms of PROMs (intrasurgical pain,

hardship of the procedure, postoperative pain, painkiller intake, duration of pain and interference with daily

17
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activities)&, while other studies showed that EMD may be able to reduce postsurgical bleeding and the

i i . 75,106, 138, 212
duration of pain and swelling = = =~ ==,

Quantitative or qualitative assessment of KT and GT changes, as well as professional esthetic outcomes and
I I

complicatioR8 could not be performed due to the lack of data among the included studies. Five studies

[

83,115,135, 164, 174

reported thegfadi phic outcomes using CBCTs or CT . Due to the few studies reporting this

G

outcome an the heterogeneity in the outcome assessment, this aspect was not explored in the

quantitativalanalysisiiThe five RCTs assessing radiographic outcomes with CBCT/CT investigated the use of

$

83,115, 135, 164, 17

ABPs for th t of infrabony defects = == == == 2= with the study of Gupta et al. assessing the

and EMD*2. One study obtained higher percentage of bone fill for ABP + BG over BG

U

outcomes o

alone®, whif€ another trial reported that ABP + BG obtained greater bone fill than ABP alone*™. On the other

f

hand, two studies did not find significant differences in terms of radiographic defect resolution between ABP +

BG and BG alon . When comparing EMD to PRF, one trial observed no significant differences between

a

115

the two an defect resolution and changes in defect width and angle==. However, EMD obtained

a significantly percentage of defect resolution than PRF*2.

\

3.9 Evidence quality rating

I

Table 3 depicts the adverse events, net benefit rating, level of certainty and strength of recommendation for

the use of b @ r the treatment of infrabony defects, based on the results from the NMA and on the

outcomes re the individual studies. Although some degrees of discomfort and swelling have been

h

describ e use of biologics, no serious or adverse reactions were specifically correlated to ABPs,

{

EMDorr “BB>The use of biologic agents, either as a monotherapy or in combination with other

biomaterials, can bel{gonsidered a safe treatment approach for the treatment of infrabony defects. For all

b

investigated biolo it can also be concluded that the clinical benefits overweight the potential harms. Based

onthep ined criteria recommended for rating the level of certainty, PRP was categorized as low level

A

of certainty due to the relatively high number of studies with high risk of publication bias. On the other hand,

18
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EMD, PRF and rhPDGF-BB were considered to be supported by a moderate level of certainty, due to the

presence of some studies with high risk of bias or inconsistency of findings across individual studies.

i

The strength mendation supporting the use of PRP for the treatment of periodontal infrabony defects
was consid ile the strength of recommendation for EMD, PRF and rhPDGF-BB was deemed in
favor. I I

-
4 DISCUSSION

Currently, algho ologics are commonly utilized for periodontal regeneration, evidence supporting their
application as a monotherapy or in combination with BGs or barrier membranes for the treatment of infrabony

defects is equivocal@hd inconclusive. The purpose of the present AAP best evidence review was to gather all

the existing in properly conducted RCTs on the effect of ABPs, EMD and rhPDGF-BB on the outcomes
of periodon ny defects as compared to therapies not involving the use of such products.

4.1 Maim@s

The utilizati ixed model for conducting a NMA allowed to analyze a large number of eligible RCTs.
Through in the current study, the authors contrasted and, in essence, separated and isolated the

specific components of the utilized treatments among studies, through additive and interactive models, to

explore the hpact of the different BGs, biologics and the application of a barrier membrane on

different the Gloutcomes. This also allowed for obtaining direct and indirect comparisons among the

stated treatment constituents, together, and in separation, all of which are vital for an evidence-based quality

synthesis with the ultimate goal of improving daily clinical decision-making and patient—care.2 242320

Overall, ourlngings revealed that the addition of biologic agents to BG materials significantly enhances the

clinical (CAL gain, PDlfed, REC change) and radiographic (rBF and rLBG) outcomes of periodontal regeneration

as compared to lone and flap procedures. Furthermore, the models did not find any interaction between
the leve gics and bone graft types.

Nevertheless, the authors noted an interaction between the application of a barrier membrane and biologic

agents. Despite the overall positive association of using a membrane with achieving improved outcomes (as
19
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the main effect) the negative association in the interaction term implies that the added benefit of using a

barrier membrane (for example with a BG) in the presence of biologics would be nullified, thus barrier

{

membra neficial only in the absence of biologic agents.

P

This finding notion that biologic agents can prevent the apical migration of the epithelium in the

periodo#al =2 |1t can also be assumed that biologic agents may have higher angiogenic and wound

11

healing capacities when applied without barrier membranes that could otherwise limit and jeopardize the

blood supplyand c otaxis of key cells for periodontal regeneration.l—’ 185165220 | 4p animal study, Simion

C

and cowork red the regenerative capacities of xenograft alone, xenograft + rhPDGF-BB and xenograft

S

+ rhPDGF-BB ¥ barPler membrane. 2 They reported that the largest amount of newly formed bone was

observed at sites treg@ted with xenograft + rhPDGF-BB, while the addition of a barrier membrane seemed to

U

negatively a egenerative outcomes of the growth BG soaked with the growth factor, leading the

N

authors to e key role of the periosteum as a source of osteoprogenitor cells in growth factor-

. . 219
mediate regéne! therapies.™

d

, clinicians should be aware that combination therapies involving BG + biologics/barrier

membrane sh preferred over monotherapies for the treatment of infrabony defects and also that
adding a barrier membrane to a combination therapy already involving BG and biologics is not beneficial.
Similarly, w!n performing GTR procedures, involving a BG and a barrier membrane, the addition of biologics

seems not to j e the clinical outcomes.

Nevertheless, al decision should also take into consideration other factors, including the morphology of

the defecti3 n particular, the addition of barrier membrane may be beneficial in large and noncontained

defects, WG in place and prevent dislodging when suturing and in the early stages of healing.

Other clinical diIem;s not previously addressed in the literature were related to the choice of BG and the
biologic agent fo odontal regeneration. Bearing in mind that regulation policies have limited head-to-head
compariil trials between different biomaterials and biologics in certain countries, the present
study demonstrated that the type of BG affects the outcomes of infrabony defects, with allograft and

xenograft showing the greatest clinical results, compared to synthetic and autogenous BGs and flap alone.

20
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Interestingly, xenograft was the only bone scaffold able to significantly improve the stability of the gingival

margin following periodontal regeneration. However, it is reasonable to assume that other factors, including

[

experien f the clinician, surgical technique, KT and GT, play even a more crucial role on the

position andlis bf the gingival margin.§

P

Anotherﬂt ing Tinding from the present analysis was the comparison among different biologic agents,

I

that was performed through multiple direct and indirect comparisons from the NMA models. These results

have the potential uiding clinicians in their decision making process, as the use of biologics has

C

progressivel#ga opularity in periodontal regeneration, however with little evidence supporting the

S

superiority of One dgent versus the other. In particular, PRF has been introduced as a second generation of

platelet concentrate§) claiming that the different processing method could provide superior outcomes

U

3

compared t This study found that PRF obtained consistently superior regenerative outcomes than

1

PRP. While nces in CAL gain and PD red were not statistically significant, PRF outperformed PRP in

terms of REEJ' r rLBG. It has been suggested that one of the main advantages of PRF is the formation of a

d

fibrin-dense clot contributing to extended release of growth factors over time, as compared to PRP where the

43,221-223

addition of an On the other hand, EMD and

ants may interfere with the functions of platelets.

W

rhPDGF- proved to promote periodontal regeneration since the mid 1990s. Results from the

present NMA revealed that both EMD and rhPDGF-BB significantly improved the outcomes of periodontal

I

regenerativ in infrabony defects and that their use in combination with BGs is justified. Interestingly,

rhPDGF-BB disuperior treatment effect than EMD, which was not statistically significant for CAL gain

and PD red, but it was statistically significant higher for REC, rBF and rLBG. Several reasons may explain these

h

findings. Ovakall, from these multiple comparisons among biologics, it can be concluded that while their use

L

was sho istently beneficial for the treatment of infrabony defects, it seems that rhPDGF-BB and,

to a lesser extent, resulted in the highest improvement of the clinical and radiographic outcomes.

U

It hasalsoto b ioned that the primary goal of the treatment of infrabony defects has progressively

evolved fr egeneration of the defect, that was often demonstrated with surgical re-entry, to probing

A

depth reduction and CAL gain.§ Our results demonstrated that rhPDGF-BB and PRF were the only biologic
therapies with significant beneficial effects on REC, which may be due to their enhanced angiogenic properties.
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20 2428 o the other hand, adding barrier membranes was found to be ineffective for REC. In addition, it is

important to mention that baseline recession depth was significantly and inversely associated with the final
position Wml margin following the treatment of infrabony defects. In other words, the lower the

baseline RE( per the final REC should be expected upon tissue maturation. This aspect is particularly

P

crucial nmNaMh overall increased patient demands, at the point that even a minimal recession following
periodontal ive therapy could be perceived as a treatment failure. Combination of xenogeneic BG

and rhPDGF£BB or showed the higher probability of maintaining the stability of the gingival margin

following the treaifent of infrabony defects.

4.2 Agrﬂs and disagreements with previous reviews

Gl

To the best wledge, the present study is the first systematic review evaluating and statistically
comparing !e outcomes of ABPs, EMD, rhPDGF-BB and traditional approaches for the treatment of

periodontal infrabony defects. The authors believe that the findings from this study can positively contribute

to the literafure Q o clinical decision making.

The 2015 eneration Workshop has previously addressed the efficacy of different approaches for
regeneragi riodontal infrabony defects.®® 22 The conclusions from this proceeding were based on a

systematic review that qualitatively appraised the available literature.*® EMD and rhPDGF-BB were shown to

be effectiveMt modalities for the treatment of infrabony defects with comparable outcomes to GTR

(with alloge nd superior results than flap procedures alone.2 Our findings further confirmed the
effectiveness and rhPDGF-BB, and their overall superiority compared to flap procedures. The present
study also psvides evidence supporting the use of ABPs for infrabony defects. The additive and interactive
NMA mo, ed us to statistically explore and compare different interventions and combination
therapies, f it could be observed that biologics significantly improve the regenerative clinical and
radiographi es of BG alone, and that GTR procedures enhanced the results of BG materials but not
those degi the use of biologics. Although biologics showed overall higher estimates than GTR, the

present findings borate that these two approaches can be considered comparable for CAL gain, PD red
and radiographic bone gain. Nevertheless, rhPDGF-BB and PRF proved to be superior to GTR in promoting

stability or minimal change in gingival recession following periodontal regeneration.
22
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While a systematic review and pairwise meta-analysis failed to support additional benefits of EMD as an
adjunct to BG for the treatment of infrabony defects, 2 6ur findings consistently showed that biologics
enhanceWand radiographic outcomes of BG materials. This discrepancy with our results was
probably d @ act that the conclusions of the previous review were based on 5 RCTs that were
compareﬁ uwmonal pairwise meta-analysis, that did not take into account for effect modifiers, such

as type of Bmmg this traditional meta-analysis approach has several disadvantages, such as limiting

tremendou@ber of eligible RCTs to include in the analysis.

A series of N(WIA een performed by the same group on the treatment of infrabony defects, showing the
47,231,232

potential of this to0l in comparing multiple treatments. In line with our findings, the authors
concluded that comBination therapies provided superior regenerative outcomes compared to monotherapies
and flap pro lone. Nevertheless, using EMD as the only biologic agent and not incorporating in the
NMA model i ffects modifiers, such as study funding, risk of bias, depth of infrabony defect, etc. may

% ity of the findings from these studies.

43 L
Regardi mitations of the present study are that few RCTs reported data on wound healing outcomes,

complications, changes in gingival phenotype (KT and GT) and PROMs. Qualitative analysis did not highlight

substantial Mf EMD and ABPs in improving early wound healing outcomes or PROMs. Nevertheless,

more clinica orporating the evaluation of early wound healing and patient questionnaires are needed

to explore theSe&®Spects. In addition, it would have been beneficial to analyze individual patient-level data on
the morpho‘gy of the infrabony defects observed during the surgical procedure. Unfortunately, this
informatw reported in the included trials and could not be taken into account in the present
analysis, ex e depth of the infrabony defect, which was found to play a significant role on the amount
of CAL gain. th a recent review by Nibali and coworkers®, the authors of the present study speculate
that the@f the infrabony defect, in terms of residual walls and wall angles, is a parameter
potentially affec e regenerative outcomes of infrabony defects. It should be highlighted that many
included trials were assigned a high or unclear risk of bias, as pointed out in previous reviews, 2 2 22

Therefore, although the results from the present NMA showed a consistent and robust positive effect of
23
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biologics on the treatment outcomes of infrabony defects, the evidence supporting the use of biologics and
the strength of recommendation were defined in favor of PRF, EMD and rhPDGF-BB, and weak for PRP, due to
the risk owed across the studies. Lastly, it has to be mentioned that there are other biologics,
including, bto, alternative ABPs, hyaluronic acid and FGF-2, that were not addressed in the
present ﬁviW limited available evidence or use in contemporary clinical practice. Future studies are

needed to szs their efficacy in periodontal regeneration of infrabony defects.

5 CONQIONS
Based on thwavailable evidence, and within the limitations of this study, the following conclusions can

be drawn:

ogic agents, including ABPs, EMD and rhPDGF-BB, significantly enhance the
inical and radiographic outcomes of BGs in the treatment of infrabony defects.

Combination therapies involving BGs, either with a biologic or a barrier membrane,

the most effective strategies for the treatment of infrabony defects.

)

nerative outcomes than EMD and PRP.
llogeneic and xenogeneic BGs were associated with greater benefits regarding
ical outcomes than autogenous and synthetic BGs.

ogeneic BG + rhPDGF-BB or PRF was the best combination therapy for

DGF-BB and PRF were associated with higher clinical and radiographic

maintaining the stability of the gingival margin following periodontal regeneration of

s infrabony defects.

5.1 Imens for clinical practice (Clinical recommendation)

Based on th f the present study, clinicians are advised that combination therapies using a BG as a

scaffold an&iologics (ABPs, EMD and rhPDGF-BB) or a barrier membrane provide superior outcomes than BG

and flap lone and should therefore be considered—when possible, based on geographical
regulations ment of choice for infrabony defects. The selection of the type of BG (autogenous,
allogeneic, ic or synthetic BG) and the type of biologic agent (EMD, PRF, PRP or rhPDGF-BB) plays an

importa the final results, with rhPDGF-BB and PRF associated with superior clinical and radiographic
outcomes comp o PRP and EMD, and rhPDGF-BB exhibiting the largest effect size for most parameters.
5.2 Implications for future research

24
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There is a need for clinical trials on the treatment of infrabony defects reporting individual patient-level data
on patient characteristics and morphology of the defect, together with clinical, radiographic, esthetic, wound

healing, WFuture NMAs could significantly benefits from high quality individual patient level data to

further explomparisons among treatment strategies and the role of effect modifiers on the

regenerﬂ'st of infrabony defects. Future applications of biologics that should be further explored
include the Mal treatment of infrabony defects, as showed by newer investigations reporting
promising ofitcome 3234 Lastly, clinical trials incorporating cost-analysis and PROMs when utilizing different

biomaterials are encouraged.
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FIGURE 2 Displays the existing contrasts among studies on the treatment of periodontal
infrabony defects, included in the network meta-analysis. Grey solid lines connect treatments
of studies iEat ar?directly compared head-to-head in at least 1 trial. Note that studies

contrib only one arm are not presented. Distances are for plot clarity. The node size
is proporti he number of treated infrabony defects in that particular treatment arm.
AIBG, Al e graft (Allograft); AuBG, Autogenous bone graft; BM, Absorbable

barrier HIGM EMD, Enamel Matrix derivatives; PDGF, Platelet-derived growth factor;
PRF, Platglet—Rich Fibrin; PRP, Platelet—Rich Plasma; SyBG, Synthetic bone graft; XeBG,
Xeno geneggraft; Flap refers to treatment of an infrabony defect utilizing only a
debridemeftt pro@ess without addition of a bone graft, biologic or barrier membrane

TABLE w‘y of the fixed-effect parameters of the mixed-model network meta-

analysis f ical outcomes of regenerative therapy for infrabony defects
Outcome
CAL change PD change Rec change
Estimate | 95% CI[LB, UB],p | Estimate | 95% CI[LB, UB], p value | Estimate 95% CI [LB, UB], p
(mm) value (mm) (mm) value
Intercept -0.303 [-1.21,0.60], 0.503 1.74 [0.87,2.61],<0.01 0.75 [0.58,0.92], < 0.001
-0.45 [-0.89, -0.01], 0.03 -0.41 [-0.73, -0.08], 0.01 -0.105 [-0.35,0.14],0.4
-0.38 [-1.04,0.28],0.25 -0.45 [-0.903, -0.007], 0.04 -0.03 [-0.45,0.38], 0.87
-0.21 [-0.49, 0.07],0.14 -0.16 [-0.36,0.03], 0.11 0.06 [-0.11,0.24], 0.44
Bone graft -0.41 [-0.77, -0.04], 0.02 -0.51 [-0.75,-0.26], < 0.01 -0.21 [-0.41, -0.009], 0.03
Xenogeneic
Barrier Membra -0.79 [-1.19,-0.41],<0.01 -0.47 [-0.74,-0.21],<0.01 0.02 [-0.19, 0.23],0.83
-0.61 [-0.81,-0.38],<0.01 -0.55 [-0.71,-0.39],< 0.01 -0.02 [-0.14,0.10], 0.75
-1.05 [0.48, 1.63], < 0.001 -0.72 [-1.23,-0.21],<0.01 -0.62 [-0.98, -0.25], < 0.01
-0.82 [-1.08, -0.56], < 0.01 -0.57 [-0.76, -0.38], < 0.01 -0.41 [-0.59, -0.22], < 0.01
20.58 [-0.91, -0.26], < 0.01 20.41 [-0.66, -0.16], < 0.01 0.19 [-0.44, 0.04], 0.102
0.62 [0.01, 1.23],0.03 0.66 [0.09, 1.24], 0.02 - -
interaction
Biologic 0.86 [0.04, 1.67], 0.03 0.13 [-0.62, 0.89], 0.71 - -
membrane (yes)
interaction
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0.69

[0.63,2.01],0.29 0.16

[-0.46, 0.79], 0.6 -

parenthesis.
Legend. EMD
Fibrin; PRP, Plg

Biologic PRP by
membrane (yes)
interaction

Note that

Cl, confidence intervals; LB, lower bound, UB, upper bound.

ixed-effect parameters are expressed according to each parameter as indicated in the estimate

atrix derivatives; PDGF, recombinant human Platelet-derived growth factor-BB; PRF, Platelet—Rich

TABLE h of the fixed-effect parameters of the mixed-model network meta-analysis

for the rafgra ic outcomes of regenerative therapy for infrabony defects

N

parenthesis.

Legend. EMD, Enamel
Fibrin; PRP, P

Cl, confidence in

TABLE 3

Outcome
Radiographic bone fill (rBF) Radiographic linear bone gain (rLBG)
Estimate (%) 95% CI [LB, UB], p value Estimate 95% CI [LB, UB], p value
(mm)

Intercept 232 [-23.14, 27.81], 0.85 0.76 [0.46, 1.06], < 0.01
Bone graft 14.69 [-0.68, 30.07], 0.07 1.57 [1.07,2.07],<0.01
Allogenic
Bone graft 9.54 [-21.27,40.35], 0.53 0.53 [-0.28, 1.36], 0.19
Autogenous
Bone gra 20.94 [10.57,31.31],<0.01 0.85 [0.51,1.19],<0.01
Synthetic
Bone gra 7.39 [-11.70, 26.48], 0.44 1.15 [0.63,1.67],<0.01
Xenogeneic

20.81 [7.09, 34.52],<0.01 1.16 [0.48,1.84],<0.01

19.71 [12.78,26.64],<0.01 0.87 [0.59,1.15],<0.01

28.78 [18.79, 38.75],<0.01 1.34 [0.88,1.81],<0.001

29.61 [23.28, 35.93], < 0.01 1.28 [1.01,1.55],<0.01
Biologic 17.32 [6.12,28.51],<0.01 0.56 [0.16,0.97],<0.01

s of the fixed-effect parameters are expressed according to each parameter as indicated in the estimate

trix derivatives; PDGF, recombinant human Platelet-derived growth factor-BB; PRF, Platelet—Rich

ch Plasma.

PLB, lower bound, UB, upper bound.

of evidence rating for the effect of biologics on the treatment outcomes of
infrabony defects from the included trials

| Criterion

| Autologous blood-derivative |

Enamel matrix

| Recombinant human |
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recommenddfio

products (ABPs) derivatives (EMD) | platelet-derived growth
factor-BB (thPDGF)

PRP PRF

No No No No
Net benefit 5@ inical benefits Clinical Clinical benefits Clinical benefits
(beneﬁt—w outweigh benefits outweigh potential outweigh potential
estimation) potential harms outweigh harms harms

potential harms

Level of ce @ Low to moderate Moderate Moderate Moderate
Strength of Weak In favor In favor In favor
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