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Introduction

The furcation area represents a challenge for dental 
treatment due to its specific anatomy that has impor-
tant therapeutic and pathologic implications (Sanz et al., 
2015). Periodontal disease can invade furcation areas re-
sulting in irreversible marginal alveolar bone resorption 
and attachment loss in the interradicular area. This can 
result in destruction of  the periodontium progressing 
apically and the furcation of  multirooted teeth becomes 
exposed (Siddiqui et al., 2016).
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ABSTRACT

Background: This systematic review evaluated the most effective therapeutic approach to 
treat periodontal furcation defects with a minimum follow-up of 12 months. The primary 
outcome was clinical attachment level (CAL). Secondary outcomes were probing pocket 
depth, gingival margin level, gingival index and plaque index. 

Methods: A comprehensive search of studies published up to December 2019 and listed 
in PubMed/MEDLINE, Scopus, and Cochrane Library databases was performed in ac-
cordance with the Preferred Reporting Items for Systematic Reviews (PRISMA) statement. 
Two reviewers independently searched eligible studies, made a final article selection, 
and extracted the data of the selected studies to evaluate qualitatively and quantitatively 
(meta-analysis). 

Results: Overall, 19 studies were selected for the analysis. Six hundred and eighteen 
patients (mean age, 45.3) were treated. More commonly used treatment was polytetra-
fluoroethylene barrier (ePTFE), followed by enamel matrix derivative (EMD) and open-flap 
debridement (OFD). Only one study evaluated maxillary arch and remaining evaluated 
mandibular arch. All treatments provided CAL gain, but meta-analysis did not show 
significant difference among more commonly used treatments and controls (P=0.91; 
P=0.47; P=0.08, respectively). 

Conclusion: There is no difference on effectiveness of main therapeutic approaches 
evaluated for treatment of Class II periodontal furcation defects.
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Predictable closure of  furcation defects with differ-
ent types of  treatments aimed at regeneration of  bone, 
cementum and periodontal ligament has been a major 
objective of  periodontal regenerative therapy (Lohi et 
al., 2017). Various types of  treatments have been used 
for areas with furcation exposure, including non-surgical 
scaling and root planning with manual and power-driven 
scalers, open flap debridement (OFD), resective surgery, 
and regenerative approaches (Cattabriga et al., 2000; 
Queiroz et al., 2016).

Many different types of  regenerative treatments 
that have been used effectively for the treatment of  
furcation defects, such as guided tissue regeneration 
(GTR) using polytetrafluoroethylene barrier (ePTFE) 
(Leite et al., 2013; Eickholz et al., 2006); enamel matrix 
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derivatives (EMD) (Queiroz et al., 2016; Jaiswal and 
Deo, 2013; Casarin et al., 2010); β-tricalcium phosphate 
(Siddiqui et al., 2016); hydroxyapatite (Queiroz et al., 
2016); bioresorbable collagen membranes (Deo et al., 
2014). However, complete closure of  furcation defects 
is still considered unpredictable, and it is still unclear 
if  definitive clinical regenerative procedures compare 
favorably with conservative treatments (Troiano et al., 
2016; Sanz et al., 2015). 

The ultimate goal of  these treatments is furcation 
closure via periodontal regeneration that encourages 
new formation of  root cementum, periodontal liga-
ment (PDL), and alveolar bone encompassing the entire 
furcation area (Laugisch et al., 2019). Evidence from 
randomized clinical trials indicates that currently avail-
able treatments improve clinical parameters (Ipshita et 
al., 2018; Queiroz et al., 2016; Jaiswal et al., 2013; Pradeep 
et al., 2013; Casarin et al., 2010; Santana et al., 2009; 
Eickholz et al., 2006; Hoffmann et al., 2006; Jepsen et al., 
2004; Meyle et al., 2004; Cury et al., 2003; Machtei et al., 
2003; Couri et al., 2002; Eickholz and Hausmann, 2002; 
Maragos et al., 2002; Pruthi et al., 2002; Eickholz et al., 
2001; Eickholz et al., 2000). However, human histologic 
evidence of  periodontal regeneration is limited to case 
reports involving only some biomaterials (Laugisch et 
al., 2019).

Even though there are several types of  regenerative 
treatments available the greatest challenge for peri-
odontal regeneration is to reestablish of  a good tooth 
contour to facilitate self-performed microbial plaque 
control (Asimuddin et al., 2017). There is always a risk 
that the treatment will not be effective, due to systemic 
or patient-related factors (Asimuddin et al., 2017). Al-
ternative treatments in these cases can include tooth 
extraction and placement of  dental implants t. 

A Consensus Report from the American Academy 
of  Periodontology (AAP) Regeneration Workshop 
concluded that regenerative therapy is a viable option 
to achieve predictable outcomes for the treatment of  
furcation defects in certain clinical scenarios (Reddy et al., 
2015). Furthermore, a recent systematic review conclud-
ed that future studies should have long-term follow-up 
and place more emphasis on patient-reported outcomes 
(Avila-Ortiz et al., 2015). This new information will 
provide critical information to better understand the 
influence that periodontal regenerative therapies could 
have on the quality of  life of  patients, which will be of  
great value to develop cost-effective and predictable 
clinical protocols (Ávila-Ortiz et al., 2015).

This systematic review evaluated most effective ther-
apeutic approach to treat periodontal furcation defects 
with minimum follow-up of  12 months. The primary 
outcome was clinical attachment level (CAL). Secondary 
outcomes were probing pocket depth, gingival margin 
level, gingival index and plaque index.

Materials and Methods

This systematic review is based on the Preferred Report-
ing Items for Systematic Reviews (PRISMA) checklist 
structure and in accordance with a model proposed in 
previously published reports. The study was registered 
on the international prospective register of  systematic 
reviews (PROSPERO CRD42018083767).

 Two independent investigators (H.F.F.O. and C.S.S.) 
conducted an electronic search of  PubMed/MED-
LINE, Scopus, and Cochrane Library for articles pub-
lished up to December 2019, using the following search 
terms: “furcation defects”. Other researcher (C.A.A.L) 
manually searched for articles published in the following 
journals: Journal of  Clinical Periodontology, Journal of  
Periodontology (1970), Journal of  Periodontal Research, 
The International Journal of  Periodontics & Restorative 
Dentistry and Periodontology 2000. He also conducted 
a search of  the non-peer reviewed reports and cur-
rently unpublished registered trials. All differences in 
choices between the investigators were analyzed by a 
third investigator (F.R.V.), and consensus was reached 
through discussion. 

Studies were independently selected and classified as 
included or excluded by the two investigators (C.S.S. and 
H.F.F.O.), based on the title and abstract of  the articles. 
Eligible studies included randomized controlled trials 
(RCTs), studies that compared different furcation de-
fects treatments to promote CAL gain, studies that had 
at least 10 participants, and studies published in English. 
Exclusion criteria were non randomized retrospective or 
prospective studies, in vitro or animal studies, computer 
simulations, case reports, studies that evaluated only 
one type of  treatment without a comparison group, 
published report reviews and studies with less than 12 
months follow-up. A specific question was formulated 
based on the population, intervention, control, and 
outcome (PICO) criteria. The focused question was: 
“What is the most effective treatment to treat Class II 
periodontal furcation defects?” Based on these criteria, 
the population was the participants who were treated 
patients treated with biomaterials to promote periodon-
tal regeneration in Class II furcation defects, the inter-
vention was regenerative therapy, and the comparison 
was control groups. The primary outcome was clinical 
attachment level, and secondary outcomes were gingival 
margin level, probing pocket depth, gingival index and 
plaque index. 

Data extracted from the articles were sorted as 
quantitative or qualitative by one of  the researchers 
(C.A.A.L.) and then checked by two others (F.R.V. and 
V.E.S.B.). Any disagreements were resolved through 
discussion until consensus was reached. The quantitative 
and qualitative data were tabulated for ease of  compari-
son (Tables 1 and 2). 



Oliveira et al .:Periodontal regeneration with biomaterials     119

A
ut

ho
r

St
ud

y 
D

es
ig

n
G

en
de

r
Sy

st
em

ic
 c

on
di

tio
ns

Sa
m

pl
e 

si
ze

M
ea

n 
ag

e 
(y

ea
rs

)
St

ud
y 

si
te

Ip
sh

ita
 e

t a
l. 

20
18

G
ro

up
s 

ev
al

ua
te

d 
is

ol
at

ed
F/

M
H

ea
lth

90
-

G
ov

er
nm

en
t D

en
ta

l C
ol

le
ge

 a
nd

 R
es

ea
rc

h 
In

st
itu

te
 (G

D
C

RI
), 

Ba
ng

al
or

e,
 

Ka
rn

at
ak

a,
 In

di
a

Q
ue

iro
z 

et
 a

l. 
20

16
G

ro
up

s 
ev

al
ua

te
d 

is
ol

at
ed

F/
M

H
ea

lth
41

35
U

N
IM

C
A

P,
 P

ira
ci

ca
ba

 D
en

ta
l S

ch
oo

l

Pr
ad

ee
p 

et
 a

l. 
20

13
G

ro
up

s 
ev

al
ua

te
d 

is
ol

at
ed

F/
M

H
ea

lth
69

40
D

ep
ar

tm
en

t o
f P

er
io

do
nt

ic
s,

 G
ov

er
nm

en
t D

en
ta

l C
ol

le
ge

 a
nd

 R
es

ea
rc

h 
In

st
itu

te
, 

Ba
ng

al
or

e,
 In

di
a

Le
ite

 e
t a

l. 
20

13
Sp

lit
 m

ou
th

F/
M

H
ea

lth
20

46
.0

1
C

lin
ic

 o
f R

ib
ei

rã
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Two investigators (C.A.A.L. and R.S.C.) assessed the 
methodological quality of  the studies included in the 
review according to the Cochrane collaboration criteria 
for judging risk of  bias (Figure 1). 

The meta-analysis was based on continuous outcome 
(mean ± standard deviation) evaluated by mean 
difference (MD) in millimeters of  clinical attachment 
level (CAL), through the inverse variance (IV) method. 
The MD values were considered significant when p<0.05, 
both with corresponding 95% confidence intervals (CI). 
Subgroup analysis were performed between biomaterials 

versus ePTFE, EMD and OFD. The I2 statistic was 
used to express the percentage of  total variation across 
studies due to heterogeneity (25% corresponding to low 
heterogeneity, 50% indicating moderate heterogeneity, 
and 75% indicating high heterogeneity). The software 
Reviewer Manager 5 (Cochrane Group) was used for 
the meta-analysis.

The kappa coefficient value was calculated to de-
termine inter-reader agreement in the study selection 
process for publications in the PubMed/MEDLINE, 
Scopus, and Cochrane Library databases. 

Figure 1. Cochrane risk of bias evaluation of the included studies.
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Results

Literature search

The database search retrieved 454 references, including 
PubMed/Medline, Scopus, and the Cochrane Library. 
After applying the inclusion/exclusion criteria to the 
titles and abstracts of  the selected comparative studies, 
70 studies remained. Four articles had restricted access 
in journals and were excluded. Reading these study 
texts resulted in exclusion of  other 48 studies because 
they were involved other types of  intrabony defects 
(non-Class II), another tooth (non-molar), applied non-
surgical treatment of  furcation defects or the follow up 
was less than 1 year. A manual search for articles identi-
fied one more study. Overall, 19 studies were selected 
for the analysis (Ipshita et al., 2018; Queiroz et al., 2016; 
Leite et al., 2013; Jaiswal et al., 2013; Pradeep et al., 2013; 
Casarin et al., 2010; Santana et al., 2009; Eickholz et al., 
2006; Hoffmann et al., 2006; Jepsen et al., 2004; Meyle et 
al., 2004; Cury et al., 2003; Machtei et al., 2003; Couri et 
al., 2002; Eickholz and Hausmann, 2002; Maragos et al., 
2002; Pruthi et al., 2002; Eickholz et al., 2001; Eickholz 
et al., 2000). 

The kappa inter-investigator agreement for articles 
that were selected (kappa value=0.72) showed an ac-
ceptable level of  agreement (Landis and Koch, 1977).

Characteristics of the included studies related 
to patients
A total of  618 patients were treated for furcation defects, 
and they had a mean age of  45.3 years. All included stud-
ies were conducted at universities. One study included 
only female patients (Eickholz et al., 2002), and other 
studies included patients of  both sexes. Twelve studies 
applied the “split mouth” model as an experimental 
design (Leite et al., 2013; Casarin et al., 2010; Eickholz et 
al., 2006; Hoffmann et al., 2006; Jepsen et al., 2004; Meyle 
et al., 2004; Cury et al., 2003; Couri et al., 2002; Pruthi et 
al., 2002; Eickholz et al., 2001; Eickholz et al., 2000) and 
in the others, researchers evaluated experimental groups 
in different subjects. Most of  the studies indicated that 
they enrolled healthy patients with no systemic condi-
tions, and six studies included smoking patients with no 
systemic conditions (Eickholz et al., 2006; Hoffmann et 
al., 2006; Jepsen et al., 2004; Meyle et al., 2004; Machtei 
et al., 2003; Eickholz et al., 2001). Table 1 summarises 
this information.

Characteristics of the included studies related 
to treatment, methods, and results
T he  mos t  commonly  used  t r ea tment  was 
polytetrafluoroethylene barrier membranes which were 
used in seven studies (Leite et al., 2013; Eickholz et al., 
2006; Couri et al., 2002; Pruthi et al., 2002; Eickholz 

et al., 2001), followed by enamel matrix derivative 
(Queiroz et al., 2016; Jaiswal et al., 2013; Casarin et al., 
2010). Other types of  treatments described included 
bioresorbable collagen membrane, alendronate gel, 
open-flap debridement, others absorbable synthetic 
materials used has barrier for GTR or phytotherapy.

Follow-up times varied from 3–60 months. Only 
one study evaluated the maxillary teeth (Casarin et al., 
2010) and the remaining studies evaluated teeth in the 
mandibular arch. The experimental model evaluated was 
Class II furcation defects. All selected studies evaluated 
clinical attachment level that is the subject (primary 
outcome) of  the present systematic review (Table 2). 
Of  these, only one study did not show improvement 
directly related to periodontal regeneration (primary 
outcomes) in the groups treated with polytetrafluoro-
ethylene barrier (ePTFE) (Leite et al., 2013). All studies 
evaluated the secondary outcomes, but the parameters 
were different among studies. 

Meta-analysis 
Four studies (Eickholz et al., 2006; Couri et al., 2002; 
Pruthi et al., 2002; Eickholz et al., 2001) evaluated the 
influence of  different biomaterials versus ePTFE. The 
results found no difference between biomaterials com-
pared to ePTFE (P = 0.91; MD: -0.04; 95% CI: -0.69 
to 0.62; heterogeneity: I2 = 22%). 

Three studies compared different biomaterials versus 
EMD (Queiroz et al., 2016; Jaiswal et al., 2013; Casarin 
et al., 2010) and also found no difference between bio-
materials versus EMD (P = 0.47; MD: -0.37; 95% CI: 
-1.35 to 0.62; heterogeneity: I2 = 80%). 

In addition, two studies compared different biomate-
rials and OFD (Casarin et al., 2010; Santana et al., 2009). 
The authors showed no significant difference between 
treatments (P = 0.08; MD: 1.56; 95% CI: -0.20 to 3.32; 
heterogeneity: I2 = 92%). 

Table 3 shows the mean differences ± standard de-
viation of  CAL for control and test groups per study 
included in the meta-analysis. Meta-analysis results are 
presented in Figure 2.

Discussion

Periodontal disease is a very common condition with 
the main clinical features being bone loss and clinical 
attachment level reduction. After treatment, residual 
periodontal pockets of  >5 mm are associated with 
increased risk for disease progression (Sculean et al., 
2015). Ideal periodontal treatment includes elimination 
of  infection and reduction of  probing pocket depths. 
Several periodontal surgical techniques to induce peri-
odontal regeneration have been evaluated. 

This systematic review evaluated the most effective 
therapeutic approach to treat periodontal furcation 
defects. Molar teeth with furcation involvement are the 
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Groups
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Table 3 - Mean difference (MD) ± standard deviation (SD) of vertical clinical attachment level (CAL) for control 
and test groups per study included in the meta-analysis
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most common teeth to be lost (Chace and Low, 1993; 
Ramfjord et al., 1987; McFall, 1982; Hirschfeld and Was-
serman, 1978). Tsao et al. (2006) identified factors that 
can affect the outcome of  furcation therapy as shallow 
initial probing depth (PD), poor oral hygiene, gingivitis, 
Actinobacillus actinomycetemcomitans infection, and absence 
of  connective tissue cells on retrieved membranes. 

The methodological quality of  the studies included 
in this review was assured not only according to results 
of  the Cochrane collaboration criteria for judging risk 
of  bias but also by the fact that the included studies 
evaluated (primary or secondary outcomes) the above 
mentioned factors contributing to successful treatment 
of  the Class II furcation defects. All included studies 
evaluated CAL and, in a general way, assessed probing 
pocket depth, gingival margin level, gingival index and 
plaque index.

A recent systematic review evaluated available histo-
logic evidence for periodontal regeneration for treated 
Class II and III furcations in animals and humans (Lau-
gisch et al., 2019). Fifty-seven studies reported animal 
outcomes and six studies reported human outcomes 
from cases series or case report. Reports results in hu-
mans showed important but weak scientific evidence of  
the results based on case series and case report (Laugisch 
et al.,2019).

Periodontal regeneration can be assessed by differ-
ent methods, i.e., histology, probing, radiographs, and 
direct measurement of  bone (Caton, 1997). The primary 
outcome of  this review was CAL that is considered a 
standard clinical method to evaluate regenerative tech-
nologies (Bansal and Singh, 2016; Reddy and Jeffcoat, 

1999). Qualitative analysis of  the results showed that 
all treatments evaluated resulted in beneficial results 
on periodontal healing. In this context, other factors 
related to the treatments can be consider by clinicians 
such as price (which may vary around the world) and 
need of  a second surgical procedure for non-resorbable 
barriers removal.

Regarding the sites where the treatments were 
performed, only one study evaluated maxillary teeth 
(Casarin et al., 2010) while the other 18 remaining studies 
evaluated mandibular teeth. We included both maxillary 
and mandibular teeth in this study because the consensus 
report from the AAP about regeneration of  furcation 
defects states that both maxillary and mandibular Class 
II furcation defects show histologic evidence f  peri-
odontal regeneration after the application of  various 
regenerative therapies (Reddy et al., 2015).

Is important to consider that the studies included in 
this review evaluated different surgical techniques and 
biomaterials either alone or in different combinations. 
Previous systematic reviews of  pre-clinical (Ivanovic et 
al., 2014) or clinical studies (Sculean et al., 2015) have ob-
served that there is substantial heterogeneity with respect 
to the materials utilized (i.e. resorbable and nonresorbable 
membranes, types of  biomaterials and various combina-
tions thereof). Furthermore, as observed in this review, 
there is wide variety among the studies due to differences 
in study design (split mouth or groups evaluated sepa-
rately). It is important to note that the study by Sculean 
et al. (2015) evaluated biomaterials for promoting peri-
odontal regeneration in human intrabony defects while 
the present study evaluated only Class II furcation defects. 

Figure 1. Meta-analysis results.
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Because of  the heterogeneity of  the included studies 
in the present review, the meta-analysis necessitated the 
authors to consider more commonly used treatments 
as the controls to other biomaterials. Data were divided 
in subgroups comparing ePTFE (Eickholz et al., 2006; 
Couri et al., 2002; Pruthi et al, 2002; Eickholz et al., 2001), 
EMD (Queiroz et al., 2016; Jaiswal et al., 2013; Casarin 
et al., 2010) and OFD (Casarin et al., 2010; Santana et 
al., 2009) to other types of  treatment (connective tissue 
graft, bioresorbable collagen membrane, alendronate 
gel, and others absorbable synthetic materials used has 
barrier for guided tissue regeneration). 

In this review, inclusion criteria included a minimal 
follow up period of  12 months. The aim of  this was to 
consider treatment that had good long-term follow-up 
(Avila-Ortiz et al.,2015). In a study evaluating clinical, 
radiographic, histologic and microbiologic outcomes of  
periodontal regeneration in Class I, II or III furcation it 
was concluded that future studies should have long term 
follow ups, ideally >5 years after baseline (Avila-Ortiz et 
al.,2015). In the present review, except for the study by 
Casarin et al. (2010) which presented 24 month follow 
up, Eickholz et al. (2002; 2001) which presented 60 and 
120 (Eickholz et al. 2006) months follow up, most studies 
evaluated clinical results for up to 12 months. Therefore, 
the present study reinforced that further studies should 
have longer follow-up periods to ensure that periodontal 
regenerative therapy is stable and effective. 

Today, dental implants must be considered as an 
alternative treatment in cases where periodontally 
compromised teeth have a poor or uncertain progno-
sis. Nonetheless, implants suffer from complicatios as 
well including peri-implantitis and also require careful 
peri-implant maintenance therapy (Monje et al., 2016);. 
The high reported implant survival rates of  92.8-97.1% 
over a follow up period of  10 years indicate that the 
implants are a good treatment option (Srinivasan et al., 
2014; Albrektsson et al., 2012). 

In conclusion, from this review it can be concluded 
that there is no difference ineffectiveness of  the thera-
peutic approaches evaluated for treatment of  Class II 
periodontal furcation defects. The professional choice 
of  an effective and predictable treatment to promote 
periodontal regeneration depends on the availability of  
regenerative agents, need for a second surgical procedure 
for non-resorbable barriers removal and cost of  these 
treatments.
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