
 
 

University of Birmingham

Regenerative surgical treatment of furcation defects
Jepsen, Søren; Gennai, Stefano; Hirschfeld, Josefine; Kalemaj, Zamira; Buti, Jacopo;
Graziani, Filippo
DOI:
10.1111/jcpe.13238

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Jepsen, S, Gennai, S, Hirschfeld, J, Kalemaj, Z, Buti, J & Graziani, F 2020, 'Regenerative surgical treatment of
furcation defects: a systematic review and Bayesian network meta-analysis of randomized clinical trials', Journal
of Clinical Periodontology, vol. 47, no. S22, pp. 352-374. https://doi.org/10.1111/jcpe.13238

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 10. Apr. 2024

https://doi.org/10.1111/jcpe.13238
https://doi.org/10.1111/jcpe.13238
https://birmingham.elsevierpure.com/en/publications/c1f20742-fe97-475c-9a55-85bc196d5bd9


352  |  	﻿�  J Clin Periodontol. 2020;47:352–374.wileyonlinelibrary.com/journal/jcpe

 

Received: 20 August 2019  |  Revised: 11 December 2019  |  Accepted: 16 December 2019

DOI: 10.1111/jcpe.13238  

S Y S T E M A T I C  R E V I E W

Regenerative surgical treatment of furcation defects: A 
systematic review and Bayesian network meta-analysis of 
randomized clinical trials

Søren Jepsen1  |   Stefano Gennai2  |   Josefine Hirschfeld3  |   Zamira Kalemaj4  |   
Jacopo Buti5  |   Filippo Graziani2

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Journal of Clinical Periodontology published by John Wiley & Sons Ltd

Jepsen and Gennai contributed equally to this work. 

1Department of Periodontology, Operative 
and Preventive Dentistry, University 
Hospital Bonn, Bonn, Germany
2Sub-Unit of Periodontology, Halitosis and 
Periodontal Medicine, University Hospital of 
Pisa, Pisa, Italy
3Birmingham Dental School & Hospital, 
Birmingham, UK
4Private Practice, Milano, Italy
5Unit of Periodontology, UCL Eastman 
Dental Institute, London, UK

Correspondence
Søren Jepsen, Department of 
Periodontology, Operative and Preventive 
Dentistry, University Hospital Bonn, 
Welschnonnenstr. 17, 53111 Bonn, 
Germany.
Email: sjepsen@uni-bonn.de

Abstract
Aims: To investigate the clinical performance of regenerative periodontal surgery in 
the treatment of furcation defects versus open flap debridement (OFD) and to com-
pare different regenerative modalities.
Material and Methods: A systematic search was conducted to identify RCTs evaluat-
ing regenerative surgical treatment of furcations with a minimum of 12-month fol-
low-up. Three authors independently reviewed, selected and extracted data from the 
search conducted and assessed risk of bias. Primary outcomes were tooth loss, furca-
tion improvement (closure/conversion) (FImp), gain of horizontal bone level (HBL) and 
attachment level (HCAL). Secondary outcomes were gain in vertical attachment level 
(VCAL), probing pocket depth (PPD) reduction, PROMs and adverse events. Data 
were summarized into Bayesian standard and network meta-analysis in order to es-
timate direct and indirect treatment effects and to establish a ranking of treatments.
Results: The search identified 19 articles, reporting on 20 RCTs (19 on class II, 1 on 
class III furcations) with a total of 575 patients/787 defects. Tooth loss was not re-
ported. Furcation closure ranged between 0% and 60% (10 trials), and class I conver-
sion from 29% to 100% (six trials). Regenerative techniques were superior to OFD 
for FImp (OR = 20.9; 90% CrI = 5.81, 69.41), HCAL gain (1.6 mm), VCAL gain (1.3 mm) 
and PPD reduction (1.3  mm). Bone replacement grafts (BRG) resulted in the high-
est probability (Pr = 61%) of being the best treatment for HBL gain. Non-resorbable 
membranes + BRG ranked as the best treatment for VCAL gain (Pr = 75%) and PPD 
reduction (Pr = 56%).
Conclusions: Regenerative surgery of class II furcations is superior to OFD. FImp 
(furcation closure or class I conversion) can be expected for the majority of defects. 
Treatment modalities involving BRG are associated with higher performance.
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1  | INTRODUC TION

It is well established that periodontitis-affected multi-rooted teeth 
presenting with furcation involvement, exhibit a higher rate of 
tooth loss than those without furcation defects (Nibali et al., 2016). 
Furcation defects represent a challenge for the clinician due to their 
anatomy, their accessibility and the complexity of the healing. The 
main clinical challenge for the treatment of the furcation defects 
is in the complexity of their topography that impairs a proper de-
bridement (Al-Shammari, Kazor, & Wang, 2001; Jepsen, Deschner, 
Braun, Schwarz, & Eberhard, 2011; Svärdström & Wennström, 
1988). Various types of treatments have been evaluated for treat-
ing furcation defects. Non-surgical periodontal treatment has been 
shown to have limited results (Loos, Nylund, Claffey, & Egelberg, 
1989; Nordland et al., 1987). A recent systematic review reports that 
surgical debridement of furcation defects could result in a modest 
improvement in clinical parameters (Graziani et al., 2015).

In contrast, it has been demonstrated that compared to open flap 
surgery regenerative treatment led to superior outcomes (Jepsen, 
Eberhard, Herrera, & Needleman, 2002). This has been further con-
firmed and regenerative surgery, particularly in class II defects, has 
become the treatment that should be considered before resective 
therapy or extraction (Avila-Ortiz, Buitrago, & Reddy, 2015). Various 
surgical regenerative techniques have been proposed in order to treat 
furcation defects of periodontitis-affected teeth. Among them, most 
frequently described are guided tissue regeneration (GTR) using either 
resorbable or non-resorbable membranes; bone replacement grafts 
(autografts, allografts or xenografts) (BRG), bioactive agents such 
as enamel matrix derivative (EMD), platelet-derived growth factor 
(PDGF), platelet-rich plasma, platelet-rich fibrin (PRP/PRF), and com-
binations of them (Jepsen & Jepsen, 2018; Sanz et al., 2015). Indeed, 
there is also evidence from human histological studies for periodontal 
regeneration in class II furcation defects (Laugisch et al., 2019).

So far the comparative efficacy of different periodontal regen-
erative approaches for furcation defects has not been established. 
Therefore, the aim of this systematic review was to evaluate the per-
formance and the added value of surgical regenerative techniques in 
terms of tooth loss, furcation closure/conversion, horizontal bone 
level gain and other periodontal parameters of teeth affected by 
periodontitis-related furcation defects, at least 12 months after sur-
gery. A Bayesian network meta-analysis (NM) model was considered 
in order to summarize quantitative data from included RCTs to es-
tablish a ranking in efficacy of the treatment options, and to identify 
the best regenerative technique.

2  | MATERIAL S AND METHODS

2.1 | Protocol development and eligibility criteria

A detailed protocol was reported according to the PRISMA 
(Preferred Reporting Items Systematic review and Meta-Analyses) 
Extension Statement for Reporting of Systematic Reviews 

Incorporating Network Meta-analyses of Health Care Interventions 
(Hutton et al., 2015; Liberati et al., 2009; Moher, Liberati, Tetzlaff, 
& Altman, 2009). The protocol for this systematic review was regis-
tered (PROSPERO, International Prospective Register of Systematic 
Reviews, # CRD42019124466).

The following focused question was phrased: “What is the ef-
ficacy of regenerative periodontal surgery in terms of tooth loss, 
furcation conversion and closure, horizontal clinical attachment 
level (HCAL) and bone level (HBL) gain as well as other periodontal 
parameters in teeth affected by periodontitis-related furcation de-
fects, at least 12 months after surgery?”

Articles to be included had to follow the following PICO (Glossary 
of Evidence-Based Terms 2007):

(P) Type of participants: patients with a clinical diagnosis of peri-
odontitis-related furcation defects of any type (class I, II and III).
(I) Type of interventions: any type of surgical regenerative treat-
ment including possible combination therapies for treatment of 
periodontitis-related furcation defects.
(C) Comparison between interventions: open flap debridement 
(OFD) and any type of possible comparison between surgical 
regenerative treatments of periodontitis-related furcation de-
fects, excluding variations of the same technique, with at least 
12 months of post-surgical follow-up.
(O) Type of outcome measures: Primary outcomes were tooth 
loss, furcation conversion and closure, horizontal clinical at-
tachment level (HCAL) and bone level (HBL) gain; secondary 
outcomes were vertical clinical attachment level (VCAL) gain 
and probing pocket depth (PPD) reduction as well as patient-re-
ported outcomes and adverse events.
Only RCTs of at least 12 months’ duration and a population of 

at least 10 subjects were considered for inclusion in this review. No 
time and language limitations were applied. No time limitation was 
applied. Only articles in the English language were considered for 
this review after the electronic search.

Clinical Relevance

Scientific rationale for the study: To investigate the effects 
of regenerative surgical treatment of furcation defects in a 
systematic review and Bayesian network meta-analysis of 
RCTs with at least 12 months of follow-up.
Principal findings: Various regenerative approaches, includ-
ing the use of (non)-resorbable barrier membranes, bone 
replacement grafts, EMD and their combinations, have 
been evaluated in class II furcation defects and have been 
shown to be superior compared to open flap debridement.
Practical implications: Regenerative procedures can be rec-
ommended to improve the clinical outcomes of periodon-
tal surgery in class II furcation defects.
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2.2 | Information sources and search

Search on electronic databases up to and including December 
2018. The search was applied to the Cochrane Oral Health Group 
specialist trials, MEDLINE via PubMed and EMBASE via Ovid. The 
strategy used was a combination of MeSH terms and free-text 
words:

•	 Intervention: guided periodontal tissue regeneration [MeSH 
Terms] OR surgical flaps [MeSH Terms] OR perio* [Text word] OR 
regener* [Text word]

AND

•	 Disease: furc* [Text Word] OR molar* [Text Word] OR multi-
rooted* [Text Word] OR multi-rooted* [Text Word] OR radicular 
[Text Word]

AND

•	 Study design: longitudinal study [MeSH Terms] OR randomized 
controlled trial [MeSH Terms] OR clinical trial [MeSH Terms] OR 
prospective study [Mesh Terms]

Hand searching was also performed on Journal of Clinical 
Periodontology, the Journal of Periodontal Research, and the 
Journal of Periodontology from January 1985 up to December 2018 
and on bibliographies of all retrieved papers and review articles. In 
addition experts, groups and industry involved in periodontal surgi-
cal research were contacted to find other trials or to clarify ambigu-
ous or missing data.

2.3 | Study selection and data collection

Eligibility assessment was performed through titles and abstract 
analysis and full-text analysis. Titles and abstracts of the search 
results were initially screened by two reviewers for possible inclu-
sion in the review (SG and JH). Reviewers were calibrated for study 
screening against another reviewer (FG) with experience in con-
ducting systematic reviews. Each round of calibration consisted 
of a duplicate, independent validity assessment of 20 titles, and 
abstracts from the search. Reviewer had to achieve a consistent 
level of agreement (K score > .8). In order not to exclude potentially 
relevant articles, unclear abstracts were included in the full-text 
analysis. The full text of all studies of possible relevance was then 
obtained for independent assessment by three reviewers (SG, JH 
and SJ) against the stated inclusion criteria. Any disagreement was 
resolved by discussion among the reviewers. The three review-
ers conducted all quality assessments independently and data of 
the included articles were extracted through an ad hoc extraction 
sheet.

2.4 | Data items

Tooth loss was defined as the percentage of teeth that were lost. 
Because of some ambiguity and heterogeneity in the definition of 
complete and partial furcation closure, a binary outcome “Furcation 
Improvement (FImp)” was created, where “improved” meant that fur-
cation defects had a furcation class reduction (conversion from class 
II to class I) or complete closure after surgical intervention; while 
“not improved” meant that furcation defects did not improve or had 
worsened after surgical intervention. HCAL and HBL gain, VCAL 
gain and PPD reduction had to be expressed as the average differ-
ence baseline/follow-up of the treated sites in millimetres. HCAL 
gain was the change in horizontal depth of the furcation (soft tissue 
measurement); HBL gain was defined as the change of horizontal 
component of the osseous defect (hard-tissue measurement); VCAL 
was the distance between the bottom of the pocket and a fixed ref-
erence point (i.e. cemento-enamel junction). The reviewers did not 
make any additional calculations on these parameters. Thus, studies 
not reporting differences between baseline and follow-up examina-
tions were excluded unless data of each patient was provided. In the 
latter case, the average difference was calculated by the authors. 
Patient-reported outcomes and adverse events reporting were also 
collected.

2.5 | Summary measures

Mean differences between post-treatment and pre-treatment along 
with respective standard deviations were extracted from each pri-
mary study for all continuous outcomes. If standard deviation of 
the mean difference was not reported it was calculated by using 
the standard deviation of the pre- and post-treatment means, as-
suming the smallest correlation coefficient calculated by other 
studies reporting complete summary data (Elbourne et al., 2002). 
Subsequently, difference between treatments was calculated for 
each study. For split-mouth studies, the standard error of between-
groups mean difference was obtained by the same aforementioned 
method using a between sites (within the same patient) correlation 
coefficient of .5. For dichotomous outcomes (FImp), a logarithmic 
transformation was applied.

Data were structured to gather firstly the adjunctive effect of 
surgical regeneration versus open flap debridement and then to 
compare the various technique among themselves.

2.6 | Geometry of the network

Graphical representation of evidence base was performed through 
plots of networks (Chaimani, Higgins, Mavridis, Spyridonos, & 
Salanti, 2013) generated using Stata version 13 (StataCorp, Stata 
Statistical Software). The geometry of the treatment network was 
estimated in terms of diversity and co-occurrence of treatments 
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using the PIE index and the C-score (Salanti, Higgins, Ades, & 
Ioannidis, 2008).

2.7 | Data synthesis and analysis

Network meta-analyses (NMs) were performed within a Bayesian 
framework for comparing the effect of multiple treatments on the 
same outcome (JB, ZK). Direct and indirect treatment comparisons 
were analysed at the same time by using the Bayesian random-effects 
model for NM proposed by Buti, Baccini, Nieri, La Marca, and Pini-
Prato (2013). An efficacy ranking among the tested treatments and 
the probability (Pr) that each of the surgical techniques included in 
the analysis was the best were also estimated (Higgins & Thompson, 
2002; Lu & Ades, 2004). Bayesian pairwise single meta-analyses (SM) 
were performed when possible. Model specification details, assess-
ment of network heterogeneity and inconsistency, estimation of 
treatment ranking, best probabilities and cumulative ranking curves 
and surfaces under these curves (SUCRA) as well as software used 
for NM and SM are reported in Appendix S1. Variability around treat-
ment estimates was reported as 90% Credibility Intervals (90% CrI).

2.8 | Publication bias

Possible publication bias was assessed plotting the intervention 
effect (centred at comparison-specific pooled effect for network 
meta-analyses) against the standard error when at least 10 studies 
could be included in the meta-analyses. Publication bias was evalu-
ated looking at asymmetry in the funnel plots using the methods 
described by Begg and Egger (Begg & Mazumdar, 1994; Egger, Smith, 
Schneider, & Minder, 1997).

2.9 | Risk of bias within individual studies

Risk of bias was evaluated through a process of quality analysis per-
formed by two reviewers. Quality analysis of randomized clinical 
trial (RCT) according to the Cochrane Reviewers’ Handbook (Higgins 
& Green, 2011) implied the assessment of six RCT issues: (a) ran-
dom sequence generation, (b) allocation concealment, (c) blinding of 
participants, personnel and outcome assessors, (d) handling of in-
complete outcome data, (e) selective outcome reporting and (f) other 
sources of bias. All the six included issues were finally deemed as ad-
equate, inadequate, or unclear (Higgins, Altman, & Sterne, 2009). In 
order to properly assess other sources of bias, the CONSORT guide-
lines for non-pharmacological treatments (NPT) were used such as 
information concerning the study design, the source of funding, 
the setting of the study, the therapist's expertise, the definition of 
level analysis, the calibration, the statistical methods, the definition 
of the furcation defect, the participants’ smoking habits, the initial 
oral hygiene conditions, and the supportive periodontal treatment 
(Boutron, Moher, Altman, Schulz, & Ravaud, 2008).

2.10 | Risk of bias across studies

Assessment of risk of bias across all studies was performed using 
the “Possible approach for summary assessment of the risk of bias” 
(Higgins & Green, 2011).

3  | RESULTS

3.1 | Study selection

A total of 2,303 studies were identified for inclusion in the review. 
The electronic search determined a total of 2,299 articles. Hand 
searching identified a further four articles for the full-text analysis 
(Figure 1). Screening of titles and abstracts led to rejection of 2,216 
articles, and thus, the full text of the remaining 87 articles was ob-
tained. After full-text analysis and the exclusion of further 68 articles, 
the remaining 19 articles were analysed for methodological quality 
and availability of data for meta-analysis. These 19 publications, rep-
resenting 20 trials, met the criteria for inclusion in this meta-analysis. 
Characteristics of the included studies are reported in Table 1. The 
list of the 68 excluded studies and the reasons for their exclusion are 
shown in Appendix S2.

3.2 | Study characteristics

3.2.1 | Study design and study population

Characteristics of the included studies are depicted in Table 2. All 
studies had a follow-up of at least 12 months. The included popula-
tion consisted of 575 subjects, with an age range of 31–80 years and a 
total of 787 furcation-involved molars were treated. Fifteen studies in-
cluded only mandibular (buccal and/or lingual) furcation defects, three 

F I G U R E  1   Flow chart of study selection
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studies both mandibular and maxillary (buccal) defects, whereas one 
trial included exclusively maxillary (buccal) defects. No studies on class 
I furcations were identified. Only one study included class III furcation 
defects, whereas the remaining were class II defects. Nine trials had 
a split-mouth design, whereas the others had a parallel-group design. 
In all the studies, a cycle of non-surgical periodontal treatment was 
reported that had been conducted prior to the surgical intervention 
with the exception of the studies by Gantes, Synowski, Garrett, and 
Egelberg (1991) and Garrett, Martin, and Egelberg (1990).

3.2.2 | Type of interventions

A variety of interventions were employed (Table 2). GTR technique 
with non-resorbable membrane (GTR-NONRES) using expanded 
poly-tetra-fluoro-ethylene (ePTFE) was reported in 11 trials. The 
GTR technique with resorbable membrane (GTR-RES) was tested in 
10 studies. EMD was used in three trials. Bone replacement grafts 
(BRG) were used alone in two studies, in combination with GTR tech-
niques in six trials and in combination with EMD in one study. Open 
flap debridement (OFD) served in five trials as non-regenerative con-
trol group.

3.3 | Synthesis of the results

The following treatment grouping was created:

-	 GTR techniques with non-resorbable membrane (GTR-NONRES) 
made of: expanded PTFE, synthetic wound dressing or teflon;

-	 GTR techniques with resorbable membrane (GTR-RES) made of 
collagen, polylactic/polyglycolic acid, periostal, calcium sulphate 
or cellulose. The application of autologous connective tissue graft 
was also considered in this group;

-	 Regenerative techniques with bone replacement grafts (BRG) 
including autografts, demineralized freeze-dried bone allografts, 
xenografts, hydroxyapatite with b-tricalcium phosphate or bioac-
tive glass;

-	 Regenerative techniques with enamel matrix derivative (EMD);
-	 Open flap debridement (OFD).

Nine treatment alternatives could be considered for BNM and SM 
analyses: (a) GTR-NONRES, (b) GTR-RES; (c) GTR-NONRES + BRG; 
(d) GTR-RES  +  BRG; (e) GTR-RES  +  BRG+EMD; (f) BRG alone; (g) 
EMD alone; (h) EMD + BRG; and (i) OFD.

Standard Bayesian meta-analysis (SM) was performed to 
compare all regenerative techniques combined in a single group 
(ALLREG) versus OFD procedures for FImp, HCAL gain, VCAL gain 
and PPD reduction (Figure 2a–d), and to evaluate HCAL gain com-
paring GTR-NONRES + BRG versus OFD (Figure S1), and comparing 
GTR-NONRES versus GTR-RES (Figure S2).

Bayesian network meta-analysis (NM) was possible for HBL 
gain, PPD reduction and VCAL gain. Network plots are depicted in 
Figure 3a–c.

3.3.1 | Tooth loss, furcation closure and 
furcation conversion

Tooth loss was not reported in any of the studies.
Furcation closure was reported in 10 studies. Frequencies of 

furcation closure ranged between 22% and 36% for GTR-NONRES 
(three studies, 113 defects), between 0% and 24% for GTR-RES (five 
studies, 172 defects), between 0% and 18% for EMD (two studies, 
58 defects), between 0% and 56% for BRG (two studies, 30 defects) 
and between 0% and 60% for combination therapies (seven studies, 
106 defects) (Table 3).

Furcation conversion from class II to class I was specified in six 
studies including 371 defects and the reported frequencies ranged 
from 20% to 100% (Table 3).

Furcation Improvement (FImp) was obtained in 19 out of 30 
(63%) surgically treated defects for BRG, 48 out of 58 (83%) for 
EMD, 12 out of 14 (86%) for BRG  +  EMD, 68 out of 114 (60%) 
for GTR-NONRES, 23 out of 45 (51%) for GTR-NONRES  +  BRG, 
113 out of 173 (65%) for GTR-RES, 22 out of 37 (59%) for GTR-
RES + BRG, 10 out of 10 (100%) for GTR-RES + BRG+EMD and 3 
out of 55 (6%) for OFD.

3.3.2 | Comparison of regenerative techniques 
versus OFD (SM)

FImp
The Bayesian SM for FImp (three RCTs) comparing all the regenera-
tive techniques (ALL REG) versus OFD estimated a significant OR of 
20.91 (90% CrI = 5.81, 69.41; I2 = 31.5, 90% CrI = 1.07; 8.37317E + 29) 
in favour of regenerative techniques (Figure 2a).

HCAL gain
The Bayesian SM for HCAL gain (three RCTs) comparing all the re-
generative techniques (ALL REG) versus OFD estimated a signifi-
cant mean difference of 1.6 mm (90% CrI = 0.79, 2.39; I2 = 94.0, 
90% CrI  =  81.60; 99.08) in favour of regenerative techniques 
(Figure 2b).

VCAL gain, PPD reduction
The Bayesian SM for VCAL gain and PPD (four RCTs) reduction 
comparing all the regenerative techniques (ALL REG) versus OFD 
estimated significant mean differences of 1.34 mm (90% CrI = 0.58, 
2.08; I2  =  91.30, 90% CrI  =  78.54; 98.06) and of 1.29  mm (90% 
CrI = 0.3; 2.26; I2 = 93.90, 90% CrI = 84.35; 98.65), respectively in 
favour of regenerative techniques (Figure 2c,d).
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Publication bias for FImp, HCAL and VCAL gain and PPD reduc-
tion could not be assessed as <10 studies could be included in the 
network meta-analysis.

3.3.3 | Direct and indirect comparisons between 
regenerative techniques (NM)

HBL gain
Five treatment options (GTR-NONRES, GTR-RES, GTR-RES + BRG, 
BRG, EMD) were analysed for HBL gain, with a total of 10 possible 
pairwise comparisons (four direct comparisons based on data from 
six RCTs and six based on indirect evidence (Figure 3a). All pairwise 
comparisons are reported in Figure 4a and in a supplementary re-
sults section (Appendix S2).

The combined technique with the highest Pr of being the best 
treatment in terms of HBL gain was the BRG (Pr = 61%), followed by 
EMD (Pr = 19%) and GTR-RES + BRG (Pr = 15%). The therapies with 
the highest ranking were as follows: (a) BRG (mean rank [Mr]=1.81), 
(b) GTR-RES + BRG (Mr = 2.45) and (c) EMD (Mr = 2.96) (Table S1). 
The surface under the cumulative ranking curve (SUCRA) for HBL 
was 64% for BRG, 51% for GTR-RES + BRG and 41% for EMD (Figure 
S3a, Appendix S2).

Heterogeneity and inconsistency of the network
The percentage of total variability due to the between-trials het-
erogeneity was moderate to high (I2  =  65.29, 90% CrI  =  14.85; 
95.09) while the percentage due to the network inconsistency 
(Iw

2 = 26.66, 90% CrI = 0.31; 81.04) was low. The network incon-
sistency (τw

2) was compared to the between-trials heterogeneity 
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TA B L E  2   Characteristics of the included studies
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Method, 
follow-up Smoking habits

Control Group 
participants

Test Group 
participants Control Group defects Test Group defects

Control Group 
interventions (Group for 
NM)

Test group interventions 
(Group for NM) Outcomes

Control 
group
tooth 
loss

Test 
group 
tooth 
loss

Control Group 
furcation 
closure/ furcation 
conversion

Test Group 
furcation 
closure/ 
furcation 
conversion

Site and 
funding

Queiroz et al. 
(2016)

Parallel group
12 months
H

Smokers were 
excluded

1. 14 individuals
53.14 ± 5.92 years
2. 14 individuals
54.57 ± 5.63 years

13 individuals
53.69 ± 6.58 years

1. 14 teeth
II furcation class
Mandibular
Buccal
Average PPD
4.93 ± 0.73 mm
2. 14 teeth
II furcation class
Mandibular
Buccal
Average PPD
4.79 ± 0.70 mm

13 teeth
II furcation class
Mandibular
Buccal
Average PPD
4.92 ± 0.49 mm

1. β-Tricalcium 
phosphate/
hydroxyapatite (BRG)

2. Enamel matrix 
derivative + β-tricalcium 
phosphate/
hydroxyapatite 
(EMD + BRG)

Enamel matrix derivative 
(EMD)

HCAL, 
VCAL, 
PPD, REC

0 0 1. 0 furcation 
closure

10 (71%) 
conversion class II 
to class I

2. 0 furcation 
closure

12 (85%) class II to 
class I

0 furcation 
closure

13 (100%)
conversion 

class II to 
class I

University, 
NR

Leite et al. 
(2013)

Split mouth
12 months
H

Smokers were 
excluded

15 individuals (3 
lost to follow-up)

37–60 years

15 individuals (3 
lost to follow-up)

37–60 years

12 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
3.43 ± 1.20 mm

12 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
3.47 ± 1.32 mm

ePTFE membrane 
removed after 4 weeks 
(GTR-NONRES)

ePTFE membrane 
removed after 2 weeks 
(GTR-NONRES)

HBL (re-
entry), 
VCAL, 
PPD, REC, 
VBL

0 0 NR NR University, 
grants

Jaiswal & Deo 
(2013)

Parallel group
12 months
H

Smokers were 
excluded

10 individuals
36.6 ± 1.3 years

1. 10 individuals
2. 10 individuals
36.6 ± 1.3 years

10 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
3.02 ± 0.73 mm
Average HCAL
4.50 ± 1.71 mm

1. 10 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
3.28 ± 0.76 mm
Average HCAL
3.30 ± 0.40 mm
2. 10 teeth
II furcation class
Average PPD
3.14 ± 0.53 mm
Average HCAL
3.50 ± 0.70 mm

OFD (OFD) 1. EMD + DFDBA+PLA 
membrane 
(GTR-RES + BRG+EMD)

2. DFDBA + PLA 
membrane 
(GTR-RES + BRG)

HCAL, 
VCAL, 
PPD, REC

0 0 0 furcation closure
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class II to class I

1.
3 (30%) 

furcation 
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7 (70%) 
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2.
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closure
8 (80%) 
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class II to 
class I

University, 
NR

Santana et al., 
(2009)

Parallel group
12 months

Smokers were 
excluded

30 individuals
48.3 years

30 individuals
48.3 years

30 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.95 ± 1.3 mm
Average HCAL
6.10 ± 1.4 mm

30 teeth
II furcation class
Mandibular
Buccal
Average PPD
6.36 ± 1.0 mm
Average HCAL
4.85 ± 0.90 mm

OFD (OFD) ePTFE membrane + HA 
(GTR-NONRES + BRG)

HCAL, PPD, 
VCAL, REC
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closure*

*if HCAL ≤ 2mm

18 (60%) 
furcation 
closure*

*if 
HCAL ≤ 2mm
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self-
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Villaça et al. 
(2004)
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12 months

Smokers were 
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10 individuals 10 individuals 10 teeth
II furcation class
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Buccal
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2.93 ± 1.35 mm

10 teeth
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Buccal
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3.27 ± 1.34 mm

Non-modified ePTFE 
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(GTR-NONRES)

Modified ePTFE 
membrane 
(GTR-NONRES)
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entry), 
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0 0 NR NR University, 
NR
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(seven to 20 
cigarettes per 
day)
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(GTR-RES)

Enamel matrix derivative 
(EMD)
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27 (60%) 
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8 (18%) 
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27 (60%) 
conversion 
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class I

University, 
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were current 
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Study
Method, 
follow-up Smoking habits

Control Group 
participants

Test Group 
participants Control Group defects Test Group defects

Control Group 
interventions (Group for 
NM)

Test group interventions 
(Group for NM) Outcomes

Control 
group
tooth 
loss

Test 
group 
tooth 
loss

Control Group 
furcation 
closure/ furcation 
conversion

Test Group 
furcation 
closure/ 
furcation 
conversion

Site and 
funding

Maragos et al. 
(2002)

Parallel group
12 months
H

Smokers were 
excluded

17 individuals
55.8 years

17 individuals
55.8 years

11 teeth
II furcation class
Mandibular
Buccal & lingual

1. 11 teeth
II furcation class
Mandibular
2. 14 teeth
II furcation class
Mandibular
Buccal & lingual

Calcium sulphate 
membrane (GTR-RES)

1. Calcium sulphate 
membrane doxycycline 
hyclate (GTR-RES)

2. Calcium sulphate 
membrane + DFDBA 
(GTR-RES + BRG)

HBL (re-
entry), 
HCAL, 
PPD, 
VCAL, VBL

0 0 NR NR University, 
NR

Pruthi et al. 
(2002)

Split mouth
12 months
H

Smokers were 
excluded

17 individuals
56.5 ± 13.3 years

17 individuals
56.5 ± 13.3 years

17 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
4.53 ± 1.77 mm
Average HCAL
2.0 mm

17 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
4.73 ± 1.16 mm
Average HCAL
2.0 mm

ePTFE membrane 
(GTR-NONRES)

Collagen membrane 
(GTR-RES)

HBL (re-
entry), 
PPD, 
VCAL, 
VBL, REC

0 0 NR NR University, 
industry

Karapataki et 
al. (1999)

Split mouth
12 months

All patients 
were smokers

11 individuals
43.4 years

11 individuals
43.4 years

11 teeth
II furcation class
Mandibular
Buccal & lingual
Average HCAL
5.9 ± 1.5 mm

11 teeth
II furcation class
Mandibular
Buccal & lingual
Average HCAL
6.0 ± 1.4 mm

ePTFE membrane 
(GTR-NONRES)

PLA membrane 
(GTR-RES)

HCAL, 
VCAL, REC

0 0 NR NR University, 
grants

De Leonardis 
et al. (1999)

Split mouth
12 months
H

Smokers were 
excluded

12 individuals
49.8 years

12 individuals
49.8 years

12 teeth
II furcation class
mandibular
Average PPD
7.1 ± 1 mm

12 teeth
II furcation class
mandibular
Average PPD
7.3 ± 1 mm

PLA membrane 
(GTR-RES)

PLA 
membrane + DFDBA 
(GTR-RES + BRG)

HCAL, PPD, 
VCAL, REC

0 0 6 of 12 (50%) 
converted into 
class I

11 of 12 (91%) 
converted 
into class I

University, 
private 
practice, 
grants

de Santana et 
al. (1999)

Parallel group
12 months

Smokers were 
excluded

15 individuals
48.3 years

15 individuals
48.3 years

15 teeth
II furcation class
Maxillary
Buccal
Average PPD
5.83 ± 1.12 mm
Average HCAL
5.1 ± 0.8 mm

15 teeth
II furcation class
Maxillary
Buccal
Average PPD
5.6 ± 1.3 mm
Average HCAL
5.2 ± 0.7 mm

OFD (OFD) CAF (OFD) HCAL, PPD, 
VCAL, REC

0 0 1 of 30 2 (13%) 
furcation 
closure

University, 
NR

de Santana et 
al. (1999)

Parallel group
12 months

Smokers were 
excluded

15 individuals
48.3 years

15 individuals
48.3 years

15 teeth
II furcation class
Maxillary
Buccal
Average PPD
6.06 ± 0.9 mm
Average HCAL
5.53 ± 1.2 mm

15 teeth
II furcation class
Maxillary
Buccal
Average PPD
6.06 ± 1.4 mm
Average HCAL
4.93 ± 1.1 mm

OFD (OFD) ePTFE membrane + HA 
(GTR-NONRES + BRG)

HCAL, PPD, 
VCAL, REC

0 0 1 of 30 5 (33%) 
furcation 
closure

University, 
NR

Bouchard et al. 
(1997)

Parallel group
12 months

Only non-
smokers or 
light smokers 
(<5 cigarettes/
day) were 
included

15 individuals
(9 females)
48.5 ± 8.1 years

15 individuals
(9 females)
50.9 ± 10.4 years

15 teeth
II furcation class
Mandibular
Buccal
Average PPD
4.8 ± 1.9 mm
Average HCAL
6.1 ± 1.5 mm

15 teeth
II furcation class
Mandibular
Buccal
Average PPD
4.7 ± 1.2 mm
Average HCAL
6.5 ± 1.2 mm

PGA/PLA membrane 
(GTR-RES)

ePTFE membrane 
(GTR-NONRES)

HCAL, PPD, 
VCAL, REC

0 0 6 (40%) closed 
or converted to 
class I

8 (53%) closed 
or converted 
to class I

University, 
industry
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4.7 ± 1.2 mm
Average HCAL
6.5 ± 1.2 mm

PGA/PLA membrane 
(GTR-RES)

ePTFE membrane 
(GTR-NONRES)

HCAL, PPD, 
VCAL, REC

0 0 6 (40%) closed 
or converted to 
class I

8 (53%) closed 
or converted 
to class I

University, 
industry

TA B L E  2   (Continued)

(Continues)
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Study
Method, 
follow-up Smoking habits

Control Group 
participants

Test Group 
participants Control Group defects Test Group defects

Control Group 
interventions (Group for 
NM)

Test group interventions 
(Group for NM) Outcomes

Control 
group
tooth 
loss

Test 
group 
tooth 
loss

Control Group 
furcation 
closure/ furcation 
conversion

Test Group 
furcation 
closure/ 
furcation 
conversion

Site and 
funding

Garrett et al. 
(1997)

Parallel group
12 months

Not reported 64 individuals 66 individuals 64 teeth
II furcation class
Both mandibular & 

maxillary
Buccal & lingual for 

mandibular
Only Buccal for 

maxillary
Average PPD
5.5 mm
Average HCAL
4.7 mm

66 teeth
II furcation class
Both mandibular &  

maxillary
Buccal & lingual for  

mandibular
Only Buccal for  

maxillary
Average PPD
5.6 mm
Average HCAL  

4.6 mm

ePTFE
membrane 

(GTR-NONRES)

PGA/PLA membrane 
(GTR-RES)

HCAL, PPD, 
VCAL, 
VBL, REC

0 0 14/64 (22%) 
furcation closure

33/64 (52%) 
furcation 
conversion class II 
to class I

16/66 (24%) 
furcation 
closure

35/66 (53%) 
furcation 
conversion 
class II to 
class I

University, 
industry

Hugoson et al. 
(1995)

Split mouth
12 months

Not reported 38 individuals
34–63 years

38 individuals
34–63 years

38 teeth
II furcation class
Mandibular and 

maxillary
Buccal & lingual for 

mandibular
Only Buccal for 

maxillary
Average PPD
5.6 ± 1.4 mm

38 teeth
II furcation class
Mandibular and  

maxillary
Buccal & lingual for  

mandibular
Only Buccal for  

maxillary
Average PPD
5.3 ± 1.2 mm

ePTFE membrane 
(GTR-NONRES)

PLA (GTR-RES) HCAL, PPD, 
VCAL, REC

0 0 4/38 (10%) 
furcation closure

13/38 (34%) 
furcation 
conversion class Ii 
to class I

13/38 (34%) 
furcation 
closure

11/38 (29%) 
furcation 
conversion 
class II to 
class I

University, 
private 
practice, 
industry

Wang et al. 
(1994)

Split mouth
12 months

Not reported 12 individuals
46.42 ± 9.15 years

12 individuals
46.42 ± 9.15 years

12 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
6.92 mm

12 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
6.92 mm

OFD (OFD) Collagen membrane 
(GTR-RES)

PPD, VCAL, 
VBL, REC

0 0 NR NR University, 
private 
practice, 
self-
funded, 
industry

Blumenthal 
(1993)

Split mouth
12 months

Not reported 12 individuals
31–80 years

12 individuals
31–80 years

12 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.17 ± 1.47 mm
Average HCAL
4.42 ± 0.93 mm

12 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.75 ± 1.61 mm
Average HCAL
4.50 ± 0.87 mm

ePTFE membrane 
(GTR-NONRES)

Collagen membrane 
(GTR-RES)

HCAL, HBL 
(re-entry), 
PPD, 
VCAL, 
REC, VBL

0 0 NR NR University, 
industry

Bouchard et al. 
(1993)

Split mouth
12 months

Not reported 12 individuals
45 years

12 individuals
45 years

12 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.1 ± 1.4 mm

12 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.2 ± 2.0 mm

ePTFE membrane 
(GTR-NONRES)

CTG (GTR-RES) HCAL, HBL 
(re-entry), 
PPD, 
VCAL, 
VBL, REC

0 0 4/11 (36%) 
furcation closure

2/11 (18%) 
furcation 
closure

University

Gantes et al. 
(1991)

Parallel group
12 months

Not reported 14 individuals 13 individuals 14 teeth
III furcation class
Mandibular
Average PPD
7.43 ± 1.41

13 teeth
III furcation class
Mandibular
Average PPD
7.23 ± 1.75

CAF + citric acid (OFD) CAF + DFDBA +citric 
acid (BRG)

PPD, VCAL, 
REC

0 0 1/14 “soft tissue” 
furcation closure

3/13 “soft 
tissue” 
furcation 
closure

University, 
public 
grant

Garrett et al. 
(1990)

Parallel group
12 months

Not reported 12 individuals 13 individuals 16 teeth
II furcation class
Mandibular
Buccal & lingual
5.9 ± 1.3

15 teeth
II furcation class
Mandibular
Buccal & lingual
6.0 ± 0.7

CAF + citric 
acid + DFDBA (BRG)

Collagen 
membrane + DFDBA 
(GTR-RES + BRG)

HBL (re-
entry), 
PPD, VBL, 
REC

0 0 9/16 (56%) 
furcation closure

3/15 (20%) 
furcation 
closure

University, 
public 
grant

Abbreviations: OFD = open flap debridement; GTR-RES = membrane technique (resorbable); GTR-NONRES = membrane technique (non-resorbable);  
EMD = enamel matrix derivative; DFDBA = allograft from bio-banking; GF = growth factor; HA = alloplastic materials (hydroxyapatite);  
b-TCP = alloplastic materials (b-tricalcium phosphate); CAF = coronally advanced flap with special suturing; PLA = polylactide; H = Hamp classification  
(Hamp et al. 1975) for furcation defects stated in the article; NR = not reported.

TA B L E  2   (Continued)
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Study
Method, 
follow-up Smoking habits

Control Group 
participants

Test Group 
participants Control Group defects Test Group defects

Control Group 
interventions (Group for 
NM)

Test group interventions 
(Group for NM) Outcomes

Control 
group
tooth 
loss

Test 
group 
tooth 
loss

Control Group 
furcation 
closure/ furcation 
conversion

Test Group 
furcation 
closure/ 
furcation 
conversion

Site and 
funding

Garrett et al. 
(1997)

Parallel group
12 months

Not reported 64 individuals 66 individuals 64 teeth
II furcation class
Both mandibular & 

maxillary
Buccal & lingual for 

mandibular
Only Buccal for 

maxillary
Average PPD
5.5 mm
Average HCAL
4.7 mm

66 teeth
II furcation class
Both mandibular &  

maxillary
Buccal & lingual for  

mandibular
Only Buccal for  

maxillary
Average PPD
5.6 mm
Average HCAL  

4.6 mm

ePTFE
membrane 

(GTR-NONRES)

PGA/PLA membrane 
(GTR-RES)

HCAL, PPD, 
VCAL, 
VBL, REC

0 0 14/64 (22%) 
furcation closure

33/64 (52%) 
furcation 
conversion class II 
to class I

16/66 (24%) 
furcation 
closure

35/66 (53%) 
furcation 
conversion 
class II to 
class I

University, 
industry

Hugoson et al. 
(1995)

Split mouth
12 months

Not reported 38 individuals
34–63 years

38 individuals
34–63 years

38 teeth
II furcation class
Mandibular and 

maxillary
Buccal & lingual for 

mandibular
Only Buccal for 

maxillary
Average PPD
5.6 ± 1.4 mm

38 teeth
II furcation class
Mandibular and  

maxillary
Buccal & lingual for  

mandibular
Only Buccal for  

maxillary
Average PPD
5.3 ± 1.2 mm

ePTFE membrane 
(GTR-NONRES)

PLA (GTR-RES) HCAL, PPD, 
VCAL, REC

0 0 4/38 (10%) 
furcation closure

13/38 (34%) 
furcation 
conversion class Ii 
to class I

13/38 (34%) 
furcation 
closure

11/38 (29%) 
furcation 
conversion 
class II to 
class I

University, 
private 
practice, 
industry

Wang et al. 
(1994)

Split mouth
12 months

Not reported 12 individuals
46.42 ± 9.15 years

12 individuals
46.42 ± 9.15 years

12 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
6.92 mm

12 teeth
II furcation class
Mandibular
Buccal & lingual
Average PPD
6.92 mm

OFD (OFD) Collagen membrane 
(GTR-RES)

PPD, VCAL, 
VBL, REC

0 0 NR NR University, 
private 
practice, 
self-
funded, 
industry

Blumenthal 
(1993)

Split mouth
12 months

Not reported 12 individuals
31–80 years

12 individuals
31–80 years

12 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.17 ± 1.47 mm
Average HCAL
4.42 ± 0.93 mm

12 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.75 ± 1.61 mm
Average HCAL
4.50 ± 0.87 mm

ePTFE membrane 
(GTR-NONRES)

Collagen membrane 
(GTR-RES)

HCAL, HBL 
(re-entry), 
PPD, 
VCAL, 
REC, VBL

0 0 NR NR University, 
industry

Bouchard et al. 
(1993)

Split mouth
12 months

Not reported 12 individuals
45 years

12 individuals
45 years

12 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.1 ± 1.4 mm

12 teeth
II furcation class
Mandibular
Buccal
Average PPD
5.2 ± 2.0 mm

ePTFE membrane 
(GTR-NONRES)

CTG (GTR-RES) HCAL, HBL 
(re-entry), 
PPD, 
VCAL, 
VBL, REC

0 0 4/11 (36%) 
furcation closure

2/11 (18%) 
furcation 
closure

University

Gantes et al. 
(1991)

Parallel group
12 months

Not reported 14 individuals 13 individuals 14 teeth
III furcation class
Mandibular
Average PPD
7.43 ± 1.41

13 teeth
III furcation class
Mandibular
Average PPD
7.23 ± 1.75

CAF + citric acid (OFD) CAF + DFDBA +citric 
acid (BRG)

PPD, VCAL, 
REC

0 0 1/14 “soft tissue” 
furcation closure

3/13 “soft 
tissue” 
furcation 
closure

University, 
public 
grant

Garrett et al. 
(1990)

Parallel group
12 months

Not reported 12 individuals 13 individuals 16 teeth
II furcation class
Mandibular
Buccal & lingual
5.9 ± 1.3

15 teeth
II furcation class
Mandibular
Buccal & lingual
6.0 ± 0.7

CAF + citric 
acid + DFDBA (BRG)

Collagen 
membrane + DFDBA 
(GTR-RES + BRG)

HBL (re-
entry), 
PPD, VBL, 
REC

0 0 9/16 (56%) 
furcation closure

3/15 (20%) 
furcation 
closure

University, 
public 
grant

Abbreviations: OFD = open flap debridement; GTR-RES = membrane technique (resorbable); GTR-NONRES = membrane technique (non-resorbable);  
EMD = enamel matrix derivative; DFDBA = allograft from bio-banking; GF = growth factor; HA = alloplastic materials (hydroxyapatite);  
b-TCP = alloplastic materials (b-tricalcium phosphate); CAF = coronally advanced flap with special suturing; PLA = polylactide; H = Hamp classification  
(Hamp et al. 1975) for furcation defects stated in the article; NR = not reported.
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(τ2) and expressed in terms of probability of τw
2 to be larger than 

τ2, Pr (τw
2  >  τ2) (Lu & Ades, 2006). The value of Pr (τw

2  >  τ2) was 
equal to 0.50.

Publication bias could not be assessed as <10 studies could be 
included in the network meta-analysis.

VCAL gain
Six treatment modalities (GTR-NONRES, GTR-RES, GTR-RES + BRG, 
GTR-NONRES + BRG, GTR-RES + BRG+EMD, OFD) were analysed 
for VCAL gain, with a total of 15 possible pairwise comparisons 
(seven direct comparisons based on data from 13 RCTs and eight 
based on indirect evidence (Figure 3b). All pairwise comparisons 
are reported in Figure 4b and in the supplementary results section 
(Appendix S2).

The procedure with the highest Pr of being the best treatment 
in terms of VCAL gain was the GTR-NONRES + BRG (Pr = 75%) fol-
lowed by GTR-RES + BRG+EMD (Pr = 19%), GTR-NONRES (Pr = 3%) 
and GTR-RES  +  BRG (Pr  =  2%). The treatments with the highest 
ranking were as follows: (a) GTR-NONRES  +  BRG (Mr  =  1.44), (b) 
GTR-RES + BRG+EMD (Mr = 2.08), (c) GTR-RES + BRG (Mr = 3.42) 
(Table S2). The surface under the cumulative ranking curve 
(SUCRA) for VCAL was 76% for GTR-NONRES  +  BRG, 65% for 
GTR-RES  +  BRG+EMD and 43% for GTR-RES  +  BRG (Figure S3b, 
Appendix S2).

Heterogeneity and inconsistency of the network
The percentage of total variability due to the between-trials het-
erogeneity was low (I2  =  28.50, 90% CrI  =  4.20; 80.77) as well 
as the percentage due to the network inconsistency was higher 
(Iw

2  =  60.87, 90% CrI  =  1.31; 92.95). The network inconsistency 
(τw

2) was compared to the between-trials heterogeneity (τ2) and 
expressed in terms of probability of τw

2 to be larger than τ2, Pr 
(τw

2 > τ2) (Lu & Ades, 2006). The value of Pr (τw
2 > τ2) was equal to 

0.64.

Publication bias
Study publication bias for VCAL was examined using funnel plots 
(Appendix S3). Intervention effect centred at comparison-specific 
pooled effect for network meta-analyses plotted against the stand-
ard error showed symmetrical distribution with no obvious skew-
ness of treatment effects.

PPD reduction
PPD reduction was the most reported outcome in all the studies 
(Figure 3c). Nine treatment options (GTR-NONRES, GTR-RES, GTR-
RES  +  BRG, GTR-NONRES  +  BRG, BRG, GTR-RES  +  BRG+EMD, 
BRG + EMD, EMD and OFD) were analysed for PPD reduction, with 
a total of 36 possible pairwise comparisons (16 direct comparisons 
based on data from 13 RCTs and 20 based on indirect evidence 
(Figure 3c). All results are reported in Figure 4c and in a supplemen-
tary results section (Appendix S2).

The procedure with the highest Pr of being the best treatment 
in terms of PPD reduction was the GTR-NONRES + BRG (Pr = 56%) 

followed by GTR-RES + BRG+EMD (Pr = 14%) and EMD (Pr = 13%). 
The treatments with the highest ranking were as follows: (a) GTR-
NONRES + BRG (Mr = 2.2), (b) GTR-RES + BRG+EMD (Mr = 3.31), 
(c) EMD (Mr  =  4.2) (Table S3). The surface under the cumulative 
ranking curve (SUCRA) for PPD was 77% for GTR-NONRES + BRG, 
64% for GTR-RES  +  BRG+EMD and 54% for EMD (Figure S3c, 
Appendix S2).

Heterogeneity and inconsistency of the network
The percentage of total variability due to the between-trials het-
erogeneity was moderate to high (I2  =  62.89, 90% CrI  =  14.99; 
89.87) while the percentage due to the network inconsistency was 
low (Iw

2  =  24.86, 90% CrI  =  0.26; 81.80). The network inconsist-
ency (τw

2) was compared to the between-trials heterogeneity (τ2) 
and expressed in terms of probability of τw

2 to be larger than τ2, 
Pr (τw

2 > τ2) (Lu & Ades, 2006). The value of Pr (τw
2 > τ2) was equal 

to 0.31.

Publication bias
Study publication bias for PPD was examined using funnel plots 
(Appendix S3). Intervention effect centred at comparison-specific 
pooled effect for network meta-analyses plotted against the stand-
ard error showed symmetrical distribution with no obvious skew-
ness of treatment effects.

3.3.4 | Standard Bayesian meta-analysis (SM)

HCAL gain
Network meta-analysis was not possible for HCAL gain.

A Bayesian SM for HCAL gain (two RCTs) showed that GTR-
NONRES + BRG was superior to OFD by 2.49 mm (90% CrI = 2.44; 
2.54) (Figure S1). Evidence from six RCTs was summarized in a 
random-effects Bayesian SM where no statistically significant dif-
ference was observed between GTR-RES versus GTR-NONRES 
(mean difference = −0.01 mm; 90% CrI = −0.64; 0.6, I2 = 72.39, 90% 
CrI = −2.74; 94.52) (Figure S2).

3.3.5 | Patient-reported outcomes and 
adverse events

Patient-reported outcomes were documented in one study (Jepsen 
et al., 2004) by questionnaires. During the first post-operative week 
there was a frequency of no pain or no swelling of 62% and 44%, 
respectively, in the group treated with EMD and 12% and 6%, re-
spectively in the GTR-RES with PLA/membrane group.

Adverse events were reported in seven studies (Bouchard, 
Giovannoli, Mattout, Davarpanah, & Etienne, 1997; Bouchard, 
Ouhayoun, & Nilvéus, 1993; De Leonardis, Garg, Pedrazzoli, & 
Pecora, 1999; Garrett et al., 1997; Hugoson et al., 1995; Jepsen et 
al., 2004; Karapataki, Falk, Hugoso, Olsson, & Slotte, 1999) and are 
described in the supplementary results section (Appendix S2).
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3.3.6 | Class III furcation defects

Only one study on class III furcation defects (in mandibular molars) 
could be identified that fulfilled the inclusion criteria of the present 
systematic review (Gantes et al., 1991). The only outcome assessed 
after 12 months was “soft tissue closure” by a panel of three examin-
ers. This endpoint was obtained in one out of 14 non-grafted control 
defects and in three out of 13 DFDBA-grafted (BRG) class III furca-
tions. Bone fill could be demonstrated in one of these cases during a 
re-entry procedure.

3.4 | Risk of bias

Risk of bias of individual studies is reported in Table 4. Only one 
study was adequate with regard to all items including blinding of the 
statistician (Queiroz et al., 2016). Adequate methods of random se-
quence generation, allocation concealment and blinding of assessors 

were reported in three studies (Garrett et al., 1997; Jepsen et al., 
2004; Queiroz et al., 2016). Adequate random sequence generation 
was also reported in five other studies (Blumenthal, 1993; Jaiswal & 
Deo, 2013; Leite et al., 2013; Maragos, Bissada, Wang, & Cole, 2002; 
Santana, Mattos, & Dyke, 2009), and blinding of assessors was per-
formed in another four studies (Garrett et al., 1990; Hugoson et al., 
1995; Karapataki et al., 1999; Santana et al., 2009). All studies were 
adequate with regard to reporting incomplete outcome data. Other 
sources of bias are shown in Table 4.

4  | DISCUSSION

This systematic review was designed to evaluate the adjunctive 
clinical benefits of regenerative procedures in the treatment of 
furcation defects when compared to open flap debridement and 
to compare the various types of regenerative treatment among 
each other.

F I G U R E  2   (a) FImp SM forest plot for OFD versus all others regenerative techniques. (b) HCAL gain SM forest plot for OFD versus all 
others regenerative techniques. (c) VCAL gain SM forest plot for OFD versus all others regenerative techniques. (d) PPD reduction SM forest 
plot for OFD versus all others regenerative techniques
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F I G U R E  3   Network plots for HBL 
gain (a), PPD reduction (b) and VCAL 
gain (c). Nodes are weighted according 
to the number of studies including 
the respective intervention. Edges are 
weighted according to the number 
of studies including the respective 
comparison. Solid lines refer to direct 
comparisons (the width of the lines is 
proportional to the number of randomized 
controlled trials (RCTs) included for each 
comparison) while dotted lines refer to 
those comparisons that have not been 
tested directly in RCTs
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No studies on class I furcation defects were identified. Only one 
RCT addressed class III mandibular furcation defects and showed 
very limited success in improving the furcation status. The findings 
of the remaining 19 studies included in this systematic review indi-
cate that for mandibular (buccal/lingual) and maxillary (buccal) class 
II furcation defects a variety of regenerative techniques produced 
a significant advantage if compared to OFD in terms of primary 
outcomes (furcation closure/conversion) and surrogate periodontal 
outcomes. Moreover, some procedures, such as the use of bone 
replacement grafts, with or without barrier membrane application, 
appear to have a higher probability to show better results.

The present systematic review is unique as it is based on the 
best available evidence, by including only randomized clinical trials 
with of at least 12 months’ duration, and as it has used, to the best 
of our knowledge, for the first time Bayesian network meta-anal-
yses to allow for direct and indirect comparisons between various 
regenerative techniques. This is in contrast to previous system-
atic reviews on regenerative furcation therapy, that were either 
not limited to RCTs, and/or did not perform meta-analyses, and/
or included studies of shorter duration, and/or were focused on 
specific procedures only (Avila-Ortiz et al., 2015; Chen, Tu, Yen, & 
Lu, 2013; Jepsen et al., 2002; Kinaia, Steiger, Neely, Shah, & Bhola, 
2011; Panda et al., 2019).

Tooth loss was not reported in any of the studies included 
in this systematic review. This may be not surprising, as an 

observation period of 12 months is probably not long enough to 
evaluate this important outcome. In fact, long-term data on regen-
erative furcation therapy are sparse (Figueira et al., 2014). Clinical 
furcation closure was reported in about half of the studies and 
frequencies ranged between 0% and 60%. No meta-analysis of 
furcation closure rates was performed, as the methods to estab-
lish furcation closure varied substantially and ranged from direct 
measurements at re-entry as demanded at a previous European 
Workshop (Jepsen et al., 2002) to defining a furcation as closed if 
the horizontal CAL at 12 months was equal or smaller than 2 mm. 
Based on the available data, furcation closure following regener-
ative therapy cannot be considered to be a predictable outcome. 
Furcation conversion from class II to class I was specified in about 
one third of the studies and the reported frequencies ranged from 
20% to 100%. The two multicentre studies (Garrett et al., 1997; 
Jepsen et al., 2004) having a low risk of bias and providing by far 
the largest numbers of participants and defects indicated con-
version rates between 52% and 60% using either GTR or EMD. 
A meta-analysis on FImp (either closure or conversion to class I) 
was performed and showed evidence that the furcation status can 
be significantly improved by various regenerative therapies when 
compared to open flap debridement (OR = 20.91). This outcome 
is relevant as it has been shown previously that there is no sig-
nificant difference in the long-term prognosis (risk for tooth loss) 
of molars with class I furcation involvement and molars without 

Study Treatment arms Furcation closure
Furcation 
conversion

Queiroz et al. 
(2016)

EMD 0 (0%) 13 (100%) to class I

BRG 0 (0%) 10 (71.4%) to class I

EMD + BRG 0 (0%) 12 (85.7%) to class I

Jaiswal & Deo 
(2013)

OFD 0 (0%) 2 (20%) to class I

GTR-RES + BRG+EMD 3 (30%) 7 (70%) to class I

GTR-RES + BRG 0 (0%) 8 (80%) to class I

Santana et al. 
(2009)

OFD 0 (0%) if HCAL ≤ 2 mm NR

GTR-NONRES + BRG 18 (60%) if HCAL ≤ 2 mm NR

Jepsen et al. 
(2004)

GTR-RES 3 (7%) 27 (60%) to class I

EMD 8 (18%) 27 (60%) to class I

De Leonardis 
et al. (1999)

GTR-RES 0 (0%) 6 (50%) to class I

GTR-RES + BRG 0 (0%) 11 (91%) to class I

de Santana et 
al. (1999)

OFD 1 NR

GTR-NONRES + BRG 5 (33%) NR

Garrett et al. 
(1997)

GTR-NONRES 14 (22%) 33 (52%) to class I

GTR-RES 16 (24%) 35 (53%) to class I

Hugoson et al. 
(1995)

GTR-NONRES 4 (10%) 13 (34%) to class I

GTR-RES 13 (34%) 11 (29%) to class I

Bouchard et 
al. (1993)

GTR-NONRES 4 (36%) NR

GTR-RES 2 (18%) NR

Garrett et al. 
(1990)

BRG 9 (56%) NR

GTR-RES + BRG 3 (20%) NR

TA B L E  3   Furcation closure/conversion 
(class II to class I)
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F I G U R E  4   (a) HBL gain NM forest 
plot for pairwise comparisons. Size of the 
spheres is proportional to the number of 
studies with direct evidence supporting 
the comparison. (b) VCAL gain NM forest 
plot for pairwise comparisons. Size of the 
spheres is proportional to the number of 
studies with direct evidence supporting 
the comparison. (c) PPD reduction NM 
forest plot for pairwise comparisons. 
Size of the spheres is proportional to the 
number of studies with direct evidence 
supporting the comparison
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furcation involvement (Dannewitz et al., 2016; Graetz et al., 2015; 
McGuire & Nunn, 1996; Salvi et al., 2014). Only in patients not 
undergoing periodontal care class I furcation involvement was as-
sociated with an increased risk of molar loss (Nibali et al., 2017).

Calculation of numbers needed to treat (NNT) was considered 
for the present systematic review. However, NNT is more complex 
from meta-analysis than from single trials. Treating the data as if it 
all came from one trial may lead to misleading results when the trial 
arms are imbalanced. While NNT from meta-analysis can be cal-
culated from pooled risk differences, this is unlikely to be a stable 
method unless the event rates in the control groups are very similar. 
Therefore, in this work, the use of a relative measure, such as the 
odds ratio, was preferred (Cates, 2002).

Regenerative techniques yielded 1.6 mm more horizontal clin-
ical attachment gain than OFD. However, it has to be emphasized 
that this is based on a limited number of direct comparisons and 
regenerative techniques. Regarding the other primary outcome 
HBL gain, Bayesian network meta-analysis showed that BRG was 
the technique with the highest probability of being the best treat-
ment, followed by EMD and GTR-RES + BRG. The therapies with 
the highest ranking were as follows: (a) BRG, (b) GTR-RES + BRG 
and (c) and EMD.

With regard to the secondary outcomes VCAL gain and PPD re-
duction the adjunctive clinical benefit of regenerative procedures 
was approximately of 1.3 mm for both parameters, values similar to 
the regenerative benefits noted in intraosseous defects (Nibali et al., 
2019). In addition, NM analysis showed that treatments using bone 
replacement grafts, alone or combined with GTR showed the highest 
rankings for VCAL gain and PPD reduction.

Surprisingly, even though an earlier European Workshop had 
concluded that more emphasis should be given to patient-centred 
outcomes and adverse effects (Jepsen et al., 2002) patient-reported 
outcomes were only addressed in one study (Jepsen et al., 2004), 
indicating that less post-operative swelling and pain was found fol-
lowing EMD compared to GTR-RES. Adverse events such as suppu-
ration were reported in seven studies and mostly associated with 
GTR procedures.

Strengths of the present systematic review are as follows: (a) it 
included only RCTs and not study designs with an inherent higher 
risk of bias; (b) studies included had at least 12 months’ duration 
what appears to be critical for the evaluation of the outcomes of 
periodontal regeneration; and (c) inclusion was not limited to cer-
tain types of regenerative techniques. Furthermore, for the first 
time network meta-analyses were employed to combine evidence 
from direct and indirect comparisons among a set of different tri-
als on regenerative furcation surgery in a unique network of treat-
ments. This approach has been shown to be a useful method for 
analysing the performance of different root coverage procedures 
(Buti et al., 2013) and regenerative therapies of infrabony defects 
(Tu, Needleman, Chambrone, Lu, & Faggion Jr, 2012). Network 
meta-analysis made it possible to investigate treatment compar-
isons never directly tested in RCTs. Another important advantage 
of the Bayesian NM is the possibility of obtaining a ranking of the 

treatments included in the analysis and assessing the probabil-
ity for each treatment to be the best. Traditional meta-analytical 
methods do not permit grading treatments by effectiveness, while 
this is a fundamental issue in the clinical decision-making process, 
especially in the presence of a large number of available treatment 
options (Buti et al., 2013).

Limitations of the present systematic review are the relatively small 
number of studies available for the various different regenerative tech-
niques, due to the stringent inclusion criteria. Very few studies could 
be retrieved that had chosen open flap debridement as a control, what 
is needed to establish the added benefit of a regenerative technique in 
direct comparison. This may be due to the fact, that OFD has not been 
shown to improve the furcation status (Graziani et al., 2015) and may 
thus be considered unethical as control in an RCT. Moreover, most of 
the studies that were finally included had an unclear risk of bias. Based 
on the available data, it was not possible to evaluate the influence of 
oral hygiene, smoking, antibiotics and other patient, site and technique 
factors associated with successful outcomes of regenerative therapy in 
furcations.

Interventions and assessments of outcomes were rather het-
erogeneous. In SM models heterogeneity for FImp (I2  =  31%) was 
deemed low to moderate, while it was high for VCAL gain, HCAL 
gain and PPD reduction. This could be explained by the fact that an 
overall regenerative group was created including different surgical 
procedures. In NM models, the percentage of total variability due to 
the between-trials heterogeneity was consistently lower than 75%; 
it was deemed low for VCAL gain (I2 = 29%), moderate to high for 
PPD reduction (I2  =  63%) and moderate to high for HBL gain net-
work meta-analysis models (I2  =  65%). In combining the data from 
a set of different studies, NM approach shares all difficulties with 
standard meta-analysis. In particular, precise definition of treatment 
procedures, reproducibility of measurement methods/landmarks at 
furcation sites and consistency of outcome measures together with 
differences in the characteristics of the participants certainly affect 
variability in the models. In fact, all these factors are potential sources 
of heterogeneity among studies and inconsistency of the network.

While the statistical combination of direct and indirect evi-
dence is a powerful and welcome addition to evidence synthesis 
techniques, it also raises the issue of properly assessing a source of 
variability emerging in NM models: the inconsistency. In the present 
work, heterogeneity and inconsistency did not show particularly 
high values in the estimates of NM models; the percentage of total 
variability due to the network inconsistency (Iw

2) was generally low 
to moderate (ranging between 25% and 61%), showing that network 
inconsistency was generally not a concern for HBL gain (Iw

2 = 27%) 
and PPD reduction (Iw

2 = 25%), while VCAL gain (Iw
2 = 61%) results 

appeared less consistent with direct evidence. Overall, the esti-
mates seem to account for the reliability of the results.

A variety of outcome measures can be considered to assess the ef-
fectiveness of regenerative furcation therapies (Jepsen & Jepsen, 2018; 
Sanz et al., 2015). From a clinical point of view, complete elimination of 
the inter-radicular defect appears to be the most important outcome. 
Decreasing furcation degree is associated with a decreased long-term 
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tooth loss risk (Nibali et al., 2016). Thus, the main outcome variables 
for studies evaluating the efficacy of regenerative techniques in furca-
tions are change of furcation status (conversion into class I or complete 
closure) and horizontal hard-tissue fill. As histological evidence for suc-
cessful furcation regeneration is not a practical outcome variable for 
controlled clinical trials, changes in direct bone measurements (hori-
zontal probing bone level, at surgery and during re-entry, open mea-
surements) serve as primary outcome variables for evaluating clinical 
success, while closed measurements such as clinical attachment level 
gain (horizontal/ vertical probing attachment level), probing depth re-
duction (horizontal/vertical), and radiographic assessments may serve 
as secondary outcomes (Machtei, 1997). Bone fill during a re-entry pro-
cedure is the only component of a regenerated periodontium that can 
be accurately assessed clinically. In fact, it was stated at a European con-
sensus conference that it would be desirable for all future GTR studies 
to report the reduction in horizontal probing during re-entry, and also 
the frequency (predictability) of complete furcation closure (Jepsen et 
al., 2002); however, this may not always be feasible due to ethical con-
siderations. Patient-reported outcomes following regenerative furca-
tion surgery may include post-operative pain, the rate of complications, 
perceived benefit, and change in quality of life.

The clinical performance of conservative surgery (OFD) in the 
treatment of class II furcation defects has been evaluated (Graziani 
et al., 2015). Based on prospective data of the control groups of 
RCTs, most of them with 6 months’ duration, the following outcomes 
could be established and can serve as reference: furcation closure 
after OFD was never reported, mean HBL gain was almost imper-
ceptible, mean HCAL gain amounted to 1mm, mean VCAL gain to 
0.55 mm and mean PPD reduction to 1.4 mm.

The efficacy of various regenerative approaches in furcation 
defects has been evaluated by several systematic reviews with or 
without meta-analyses (Avila-Ortiz et al., 2015; Chen et al., 2013; 
Jepsen et al., 2002; Kinaia et al., 2011; Murphy & Gunsolley, 2003; 
Reynolds, Aichelmann-Reidy, Branch-Mays, & Gunsolley, 2003) and 
has also been addressed in recent comprehensive narrative reviews 
(Jepsen & Jepsen, 2018; Sanz et al., 2015).

Evaluating the effect of GTR compared to OFD by meta-analy-
ses, Jepsen et al. (2002), found furcation closure at re-entry to be a 
rare finding. However, GTR was superior to OFD for HBL and HCAL 
gain. Kinaia et al. (2011) performed meta-analyses to investigate the 
effects of GTR-NONRES versus OFD, GTR-RES versus OFD, and GTR-
NONRES versus GTR-RES in class II furcations, including only studies 
with re-entry data. They concluded that both GTR-NONRES and GTR-
RES were significantly superior to OFD for HBL gain, PPD reduction, 
and VCAL gain. However, no significant differences between GTR-
NONRES and GTR-RES were found. These findings are confirmed by 
the present network meta-analysis. Chen et al. (2013) systematically 
compared GTR versus OFD, GTR + BRG versus OFD, and GTR versus 
GTR-BRG. Regarding furcation closure in mandibular defects, the re-
sults indicated that GTR + BRG was the most effective therapeutic 
approach. Their results also showed a superiority of GTR in combina-
tion with BRG compared with both OFD and GTR alone, as previously 
indicated by Murphy and Gunsolley (2003). These findings could be 

confirmed by our network meta-analyses. A recent systematic review 
with meta-analysis by Panda et al. (2019) evaluated the adjunctive ef-
fect of autologous platelet concentrates for the treatment of furcation 
defect. As currently there are no RCTs available with a duration of at 
least 12 months, this treatment modality was not analysed in the pres-
ent systematic review.

Exemplary human histology is needed to supplement the infor-
mation obtained from clinical regenerative studies (Machtei, 1997). 
The histological evidence for periodontal regeneration in furcations 
was recently reviewed and information derived from human histol-
ogy was found to be scarce (Laugisch et al., 2019). Regarding the 
treatment groups of the present systematic review supportive human 
histology is available for GTR (Gottlow, Nyman, Lindhe, Karring, & 
Wennstrom, 1986; Stoller, Johnson, & Garrett, 2001). Regarding a 
combination of GTR-RES + BRG one study by Harris (2002), and for 
BRG two studies (Camelo, Nevins, & Schenk, 2003; Nevins, Camelo, 
Nevins, Schenk, & Lynch, 2003) observed new bone, cementum, and 
connective tissue attachment coronal or limited to the notch area.

Thus, for the treatment modalities that ranked highest in the pres-
ent network meta-analysis, BRG with or without GTR, there is some 
supportive evidence from human histology. However, no human histo-
logical data are available for the use of EMD in this indication.

In summary, the findings from the present systematic review could 
consolidate and expand the evidence on regenerative treatment of 
class II furcation defects. Bearing in mind that most of the studies 
included mandibular and few studies maxillary buccal furcations in 
non-smoking patients, the following conclusions can be drawn:

5  | CONCLUSIONS

•	 The likelihood to obtain FImp (closure or conversion to class I) is 
significantly higher (OR = 20.91; 90% CrI = 5.81, 69.41) for regen-
erative techniques than for open flap debridement.

•	 Adjunctive regenerative techniques lead to a significant gain of 
HCAL, VCAL and reduction of PPD compared to OFD.

•	 The procedures with the highest ranking for HBL gain are BRG, 
GTR-RES + BRG and EMD.

•	 GTR-NONRES and GTR-RES lead to similar improvements of 
HBL, VCAL and PPD.

•	 GTR-RES + BRG leads to more HBL gain than GTR-RES alone.
•	 PROMS show less post-operative swelling and pain following 

EMD compared to GTR-RES.
•	 No gold standard in the regenerative treatment of class II furca-

tions can be defined.
•	 No conclusions can be made for interproximal maxillary furcation 

defects because of lack of studies.

IMPLIC ATIONS FOR FUTURE RESE ARCH

•	 RCTs assessing the efficacy of novel therapies (such as biologics) 
of at least 12 months’ duration should be performed.
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•	 RCTs assessing efficacy of treatment in interproximal maxillary 
class II furcation defects are needed.

•	 RCTs assessing efficacy of treatment in class III furcation defects 
are advocated.

•	 RCTs assessing the long-term outcomes of furcation regeneration, 
including tooth loss, furcation closure/conversion and PROMs 
and cost–benefit analyses are needed.

•	 Adherence to CONSORT guidelines should be mandatory to im-
prove reporting and reduce risk of bias.

•	 Research into novel approaches for the regenerative treatment of 
class II furcations is encouraged.
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