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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 Il periodontal furcation defects.

Keywords: Periodontics; guided tissue regeneration; furcation defects;
systematic review; review

Introduction

The furcation area represents a challenge for dental
treatment due to its specific anatomy that has impor-
tant therapeutic and pathologic implications (Sanz ez 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 ez a/., 2010).
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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 ez
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 ef al., 2000;
Queiroz et al., 2010).

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 ez al., 2013; Eickholz et al., 20006); enamel matrix
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derivatives (EMD) (Queiroz et al., 2016; Jaiswal and
Deo, 2013; Casarin ez al., 2010); B-tricalcium phosphate
(Siddiqui ez al., 20106); hydroxyapatite (Queiroz e al.,
20106); bioresorbable collagen membranes (Deo e 4/,
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 ef 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 ez al., 2019). Evidence from
randomized clinical trials indicates that currently avail-
able treatments improve clinical parameters (Ipshita ez
al., 2018; Queiroz et al., 2016; Jaiswal ¢t al., 2013; Pradeep
et al., 2013; Casarin et al., 2010; Santana e al., 2009;
Eickholz ez al., 2006; Hotfmann ez al., 2000; Jepsen ez al.,
2004; Meyle ez al., 2004; Cury e al., 2003; Machtei ez al.,
2003; Couti ef al., 2002; Eickholz and Hausmann, 2002;
Maragos et al., 2002; Pruthi ez al., 2002; Eickholz et al.,
2001; Eickholz ez al., 2000). However, human histologic
evidence of periodontal regeneration is limited to case
reports involving only some biomaterials (Laugisch ez
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 7 al., 2017). There is always a risk
that the treatment will not be effective, due to systemic
or patient-related factors (Asimuddin ez a/., 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 ez 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-Oztiz 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 (Avila-Ortiz ez 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.EEO. 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 (FR.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.EEO.), 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
atleast 10 participants, and studies published in English.
Exclusion criteria were non randomized retrospective or
prospective studies, 7 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 11
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 compatison
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 (ER.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).



119

Oliveira et al .:Periodontal regeneration with biomaterials

31a(|apIaH JO AlsiaAiun ‘AGojojuopoliad pue Anspuad aAnesadQ jo Juswede G e 4 TEETE W/ yinow 1jds 0002 ‘Je 12 Zjoyo1]
g / . Yiesy .
19q9opIaH Jo Ausianlun ‘A3ojojuopoliad pue Ansnuaq aanesadQ jo yuswedsq  6'9¢ 6 0008 (i susioed BOWS W/H yinow 3jds LO0T /& 12 Z|od1]
dadiuuip ‘eqoyiuey Jo AlsioAluN 99 L1 yl|esH W/ ynow ydg ¢00¢ /& 32 IYYid
Anspua Jo |00YdS ‘ANSIDAIUN DAIDSDY UISISIAN D5ED) 8'66 /1 YeaH W/4 poiejos! 7007 e 19 soderein
: T pajenjead sdnoin
d1aqapIaH jo Alsianiun ‘ASojojuoporiad pue Alsiuag aanesadQ jo uswipedaq 8/ 61 pauodal JoN 1 potejost 200T Je 19 Z]oydI]
pajenjeas sdnoin
Ansiiua( Jo 939]|0D) 193U [EDIPAN BYSEIGRN JO ANSIDAIUN €S <l Y eaH W/4 yinow j1jds 700¢ /e 19 uno)
QBIS| ‘BJIBL 4OJUDD) [BDIPN WBqUIBY U [BJUOPOLID : ey porejost ‘e 39 191yoe
[ | "BjieH D [BIIPSW wiequuey Jiun | poliad L' /Yy 8¢ Poo8 yym suaied Jsjous W/ pajenjeas sdnon €00¢ '/ 1OIYoeWN
[00Y2S [BIUSQ BqEDIDRILd ‘dYIWINN Sy 6 y)|esH W/4 yanow yjds €00 "[e 12 AinD
, , , papn|oxa jou
Auewan ‘uassaln) ‘Uassaln) Jo Ajisiaalun ‘ASojojuopollad jo juaweda ¥G oF S10M SINOLLS PUE 1[E9H W/A ynow yidg £00¢ ‘Je 19 9[ASN
9pn|oxa jou )
A “uuog A A8 d P d d
uewIan) ‘uuog ‘uuog jo Ajsiantun ‘Aojojuopoliad jo Juawedaq ¥S S S1M SIOWS PUE L)[2oH W/4 yinow 3jds £00¢ *Je 30 uasda(
, ) papn|oxa jou )
SiaqepioH |endsoH Ausiaalun ‘Ansiua aAneAISsUuOD) Jo Juswiiedaq 69t 6 S1oM SIYOLLS PUE 1[EOH W/4 ypnow yjds 900 "e 12 Zjoyy}o1]
PapN|OXa 10U dIOM
Auewdn) ‘uapsai ‘A3ojouyoa] Jo Alsioalun AlsnuaQ aAleAIasuo)) jo juawnedaq S 1S auaI3Ay [eio ‘uoisuapadAy /A yinow y1jdg 900¢ '/ 19 UuBWYOH
‘1opuad ‘a8e ‘unjowg
. parejos! .
AJIsI9AIUN dsudUIWN|S [elapa Jo d1ul]d A30j0juopolad gy 09 Yeay W/4 porenfens sdnoin 6007 'JE 19 eUBIUES
[00YydS [eua egedldeild ‘dVIWINN q¢ cl yijesaH W/4 yinow yds 010¢C '[e }o uLiese)
y y et ) pa1e|os! .
eIpu| ‘eypiepA 989]10D) [BIUS(] "d’S ‘SOUOPOLI JO Juaweda( 9'9¢ 0¢ Yeay W/H porenfens sdnoin €10 ‘Je 19 [emsie|
|1zelg ‘Ojned 0O€S Jo AJSIaAIUN ‘ASUD(] JO [00YDS 0Jald OBII_qIY JO DIUl|D) 109 0z YeaH W/4 ypnow yjds €107 ‘Je 19 9397
elpu| ‘aiojedueg 0 6o eo paje|os! €107 ‘e 10 doapes
‘9IN}ISU| DIB9Sy PUE 339]|0D) [EIUD(] JUBWUIDAOD) ‘SOIUOPOLId JO Judwieda v tHEOH Wi pajenjeas sdno.n tocd peid
00Y2g [BIuR(] eqedidelly 5] poiejost ‘e 32 zodieNnY
[O0YOS | d eqedidelld "dVOWINN g€ Ly YijeaH W/4 pajenjeas sdnon 910¢ '/ !
elpu| ‘eyereule i - paje|os! R
‘2lojedueg ‘(]¥DAD) IMNsu| Yoleasay pue 98a[|0D) [BIUI( JUSWUIIA0D 06 tHEoH Wi pajenjeas sdnoun 8Loc tsdl
(5129A) o715
ans Apmg ade SUONIPUOD DIWSNSAS 1apuany usisag Apms Joyiny
uBaON ojdweg

syuaiyed 0} pajejas saIPNIS By} JO SONSLIDIOBIBYD SAIE}[ENY) "L d|qel



Journal of the International Academy of Periodontology (2020) 22/3

120

"JBS[1IOAO PANUNUOD 7 3|qE ]

(jonuoo) Juawapugep dej uado Jo (3sa)) dejy paoueape

‘tndap 19y00d Suiqoud)  awodnQO Arewtiy
sawodnQ Arepuodas

dANISO( Zl add “TWD ‘Id ‘1D VD AJ|EUOJOD B pUE JaLLE] UONBIBUSSDI 9NsSsT) papINg YUm  ydJe Jejnqipuey . 600¢
/e 19 BUBIUES
pauiquod auiaAdens) pue aredeAxoipAy ajqeqiosqeolq
(J]ohu0d) v1Q3 0107
dANISO( v TAD ‘add v pue juawapligap dejy uado o (359)) sutajoid aaneALIDp yoJe Jej|Ixepw B 15 ULlese
xuyew [pweus snjd v Q3 pue yuswapligap dejy uado [ 19 ULese)
(Jouoo)
auelquIDW 9]qeql0saIolq pue Yel3o||e auoq paLp
dANISO( 4! TAD ‘add VD -97991§ PIZ|[RIRUILISP 10 (3593) SURIGUISW B|GRGIOSAIOI]  YdB Je[nqipueiy m\w,_%mm
pue }JeI30[|B DUO( PIIP-9Z93.) PIZI|BIDUILUIP YHM B39 emstef
uoneUIqWOD Ul su1djoid SAITBALISP XIJjeW [SWeu]
ddUIYIP O ! 1d’ (]onu02) drnesadorsod JJe Je|ngipue €10
WP ON ¢l WD "ddd 1d 15 Vo SY99M § 10 (159]) 7 MM DUBIqUIDSW J4| 4D JO |[BAOWIDY . INQIPUEN JREENEY
Sy (3593) |93 SreUOIpPUSE % | €102
SARISOd cl Qdd 'Id 1D o 0} J0U IO pauiquiod (jonuod) 3utuueld Jool pue 3uijedg H2IE FEINQIPUEN ‘Je 39 dospely
(jos3u00) ayiredeAxolpAy .
SANISO4 rdl add ) soreydsoyd winiopeowny ¢ 1o (3s93) ayededxoipAy yoJte rejnqipuey 5 mo_mmms\g
soreydsoyd winiojeoLy-g pue aAneALISp XLjeW [ouweuq ! :
AA1 98 e1dA 90|y Aq pamo|[0} d¥S
. yum :¢ dnoi *qQ 98 L1euoIpusly % L Aq pamojjoy 810¢
SANSOd cLpueg Id "ddd VO (d¥S) :¢ dnouny (@) Aaalep Snip jedoj [98 ogeoe|d YAV ABINQIPUEN ‘e 19 euysd|
Aq pamoi|o} ‘(d¥s) Sutuejd joos pue Suijeds :| dnoin
(xopul
(orpedou 10 (stpuow) w:w M\\M b:&MMW:M\AMMW% i Qm\,m\m%mw: o sdno.s aaneredwo val Joyin
onmisod) synsay  dn mojjoq [oA9] Ul [eAlsUl [esiuid) 1 D 14 yiny

S)|NSaJ pue SPOYJaW JusWIeal) By} O} Paje[al SAIPNIS AU JO SDNSLIIORIBYD dANE)I[ENY) " d]qeL



121

Oliveira et al .:Periodontal regeneration with biomaterials

9ARISOd

9ARISOd

9AISOd

9ARISOd

9ARISOd

9AISOd

dAISO(

9ARISOd

9ARISOd

9AISOd

9AISOd

9ARISOd

cl

09

cl

cl

09

cl

cl

144

vl

vl

0cl

vl

ddd ‘Id 1D

ddd ‘Id 1D

TAD ‘Add

TAD ‘Add ‘Id ‘1D

ddd ‘Id 1D

TAD ‘Add

ddd ‘Id 1D

ddd WD ‘Id ‘1D

ddd WD ‘Id ‘1D

1D ‘Add “TWD

ddd ‘Id 1D

ddd

VO

TvOo

TvO

TvO

TvO

TvO

VO

VO

VO

TvO

VO

VO

(]oJ3u00) JaLleq 3en1d [AIngLijA1eoe
apnoejAjod sa|qiglosqeolq 1o (3s}) JalLieq UOUBXOAPI|Od

(Jouood) Jsrireq
auajAyjeoionyyenaifjod 1o (3sa)) JaLueq O L6 unoe|34jod

(]o3u02) suelquaw sudjAyioionjjenaii|od
10 ()59}) dueIqUSW USZE||0D B|qeqIOSqeOlg

(Jouod) a1ej|ns winid[ed
JO JalLIeq pUE (3533) dul|DAdAXOp sn|d aejjns winioje)

(Johuod) Jalreq 0L6
unoe|3Ajod pue (3s93) auelquiaW SudJALe0IoN|jeIRIA|0d

(]o3u0D) JaLIeq dUBjAylR0IoNn|jenaIA|0d
pue }ei3o|[e duoq pPaLIP-9zaa1) PaZI|eJauliWwap 10 (359))
9)elpAyIWway 21e)|nNs WiNId|ed speid [edIpaw Jo Jaliieq

(jos3u02) Juswapugap dejy uado 1o Ajuo suelquisw
10 (3s9)) _wm 9|0ZepIuoi}PW %G 7 YUM SuBIqUIDN

(Joluod) JuswaplLIgep
dejy uado=0 10 (1593) uoneIOUDZI ANSSIY PapIND

(]03U0D) dUEIqUIDW 3|qeqloSqeolq YIm uolelauadal
anssiy twt_:w 10 (159)) SANBALIDP XIijeW |[Sweu]

(Jouod) sueiqUIBW 1O (3S9)) SANBALIDP XIjeW [SWeu]

(jonuod) Jatueq 0 L6 unoej3Ajod ajqeqiosqeolq 1o (3sa1)
IaLeq auajAyieoion)jenaidjod papuedxs a|qeqiosai-uoN

(]onu0d) uonelauadal anssiy papingd pue (3sa)
dAIleALIap uldold XLjew [pweuy

UoJe Je[nqipuep

UoJe Je[nqipuepy

UoJe Je[nqipuep

UoJe Je[nqipuepy

UoJe Je[nqipuep

UoJe Je[nqipuep

UoJe Je[nqipuep

UoJe Je[nqipuep

UoJe Je[nqipuepy

UoJe Je[nqipuepy

UoJe Je[nqipuepy

UoJe Je[nqipuepy

000¢ 'Je
19 zjoypy

100¢
‘Je 19 z|oyo13

40[0r4
‘I8 19 14IYld

¢00c¢ ‘e
19 soSeley

2007 e
12 Zjoypo1

¢00¢
‘Je 39 1IN0

€00¢

‘Je 39 193N

€00¢
‘e 19 AInD

¥00¢
‘e 19 9]AOW

¥00¢C
‘Je 39 uasda(

9007 '1®
12 Zjoypo1

900¢ Je
19 uueW}OH

'penunuod "¢ 9|qe |



122

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
J’_

(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

Random sequence generation

(selection bias)
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versus ePTFE, EMD and OFD. The 12 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.

Selective reporting (reporting

bias)

personnel (performance bias)

Blinding of participants and
Blinding of outcome
assessment (detection bias)
Incomplete outcome data

Allocation concealment
(attrition bias)

(selection bias)

Ipshita et al., 2018

Queiroz et al., 2016

Pradeep et al., 2013

Leite et al., 2013

Jaiswal et al., 2013

Casarin et al., 2010

Santana et al., 2009

Hoffmann et al., 2006

Eickholz et al., 2006

Jepsen et al., 2004

Meyle et al., 2004

Cury et al., 2003

Machtei et al., 2003

Couri et al., 2002

Eickholz et al., 2002

Maragos et al., 2002

Pththi et al., 2002

Eickolz et al., 2001

Eickholz et al., 2000

0000000000000000000
0000000000000000000
22000000~ 0~~0~00
0000-00000000000000
0000000000000000000
0000000000000000000

0000000000000000000 -

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



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 11), 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 e al., 2018; Queiroz et al., 2016;
Leite et al., 2013; Jaiswal ez al., 2013; Pradeep ez al., 2013;
Casarin ¢/ al., 2010; Santana ¢/ /., 2009; Eickholz ¢/ al.,
20006; Hottmann ez al., 20006; Jepsen ez al., 2004; Meyle ez
al., 2004; Cury et al., 2003; Machtei et al., 2003; Couti ef
al., 2002; Eickholz and Hausmann, 2002; Maragos ez al.,
2002; Pruthi ez 4/., 2002; Eickholz e# 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 ez al, 2002), and other
studies included patients of both sexes. Twelve studies
applied the “split mouth” model as an experimental
design (Leite ez al., 2013; Casarin et al., 2010; Eickholz ez
al., 2006; Hottmann e al., 20006; Jepsen ez al., 2004; Meyle
¢t al., 2004; Cury et al., 2003; Couti ¢z al., 2002; Pruthi ez
al., 2002; Eickholz ez 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 ez al., 2006; Hoffmann ez
al., 20006; Jepsen et al., 2004; Meyle ef al., 2004; Machtei
¢t al., 2003; Eickholz et al., 2001). Table 1 summarises
this information.

Characteristics of the included studies related
to treatment, methods, and results

The most commonly used treatment was
polytetrafluoroethylene barrier membranes which were
used in seven studies (Leite ¢f a/., 2013; Eickholz ez al.,
2006; Couti et al., 2002; Pruthi ez a/., 2002; Eickholz

Oliveira et al .:Periodontal regeneration with biomaterials 123

et al., 2001), followed by enamel matrix derivative
(Queiroz et al., 2016; Jaiswal 7 al., 2013; Casarin e 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 ez al.,
2010) and the remaining studies evaluated teeth in the
mandibular arch. The experimental model evaluated was
Class 11 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 ¢7 al., 2013). All studies
evaluated the secondary outcomes, but the parameters
were different among studies.

Meta-analysis

Four studies (Eickholz et al., 2006; Couti et al., 2002;
Pruthi ez al., 2002; Eickholz e 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: 12 = 22%).

Three studies compared different biomaterials versus
EMD (Queiroz ef al., 2016; Jaiswal ez 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: 12 = 80%).

In addition, two studies compared different biomate-
rials and OFD (Casarin e/ a/., 2010; Santana ef al., 2009).
The authors showed no significant difference between
treatments (P = 0.08; MD: 1.56; 95% CI: -0.20 to 3.32;
heterogeneity: 12 = 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 ef 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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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

Groups

Follow up

Vertical CAL (mm)

Control
MD + SD

Test
MD + SD

ePFT x Biomaterials

Eickholz
et al., 2006

Couri et al.,

Pththi et

Eickholz et

2002

al., 2002

al., 2001

Bioabsorbable polyglactin 910 barrier (control)

Non-resorbable expanded
polytetrafluoroethylene barrier (test)

Demineralized freeze-dried bone allograft and
polytetrafluoroethylene barrier (control)

Barrier of medical grade calcium sulfate
hemihydrate (test)

Bioabsorbable collagen membrane (test)

Polytetrafluoroethylene membrane (control)

Polytetrafluoroethylene barrier (control)

Polyglactin 910 barrier (test)

12 months

12 months

12 months

60 months

1.5+1.2

1.0+ 1.08

0.47 + 1.81

0.7+1.0

1.0+x1.6

0.38£1.12

1.00 + 1.22

0.2+27

EMD x Biomaterials

Jaiswal et Queiroz et al.,

Casarin et al.,

2016

al.,, 2013

2010

B tricalcium phosphate/hydroxyapatite (control)

Enamel matrix derivative and B-tricalcium
phosphate/ hydroxyapatite (test)

Demineralized freeze-dried bone allograft and
bioresorbable membrane (control)

Enamel matrix derivative proteins in
combination with demineralized freeze-dried
bone allograft and bioresorbable membrane
(test)

Open flap debridement and EDTA (control)

Open flap debridement and EDTA plus enamel
matrix derivative proteins (test)

12 months

12 months

12 months

2.64 +0.93

0.85+£0.31

0.2+1.0

2.93 +0.83

212 +1.07

0.8+1.4

Open flap
debridement x Biomaterials

Casarin et

Santana et

al., 2010

al., 2009

Open flap debridement and EDTA (control)

Open flap debridement and EDTA plus enamel
matrix derivative proteins (test)

Open flap debridement (control)

Bioabsorbable hydroxyapatite and tetracycline
combined with guided tissue regeneration
barrier and a coronally advanced flap (test)

12 months

12 months

0.2+1.0

0.65 + 0.6

0.8+1.4

3.05+0.6
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Mean Difference
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Mean Difference
1V, Random, 95% CI

1.1.1 Biomaterials versus ePTFE
Eickholz et al., 2001 0.2 2.7 9 0.7 1 9 11.0% -0.50[-2.38,1.38] 2001
Couri et al., 2002 0.38 1.12 13 1 1.08 13  39.1% -0.62[-1.47,0.23] 2002 — &
Pththi et al., 2002 1 1.22 17 0.47 1.81 17  29.4% 0.53 [-0.51, 1.57] 2002 e e —
Eickholz et al., 2006 1.5 1.2 9 1 16 9 20.6% 0.50 [-0.81, 1.81] 2006 e I —
Subtotal (95% Cl) 48 48 100.0% -0.04 [-0.69, 0.62] <
Heterogeneity: Tau? = 0.10; Chi? = 3.84, df = 3 (P = 0.28); I = 22%
Test for overall effect: Z = 0.11 (P = 0.91)
1.1.2 Biomaterials verus EMD
Casarin et al., 2010 0.8 1.4 12 0.2 1 12 29.8% 0.60[-0.37,1.57] 2010 T
Jaiswal et al., 2013 0.85 0.31 10 2.12 1.07 10 34.8% -1.27[-1.96, -0.58] 2013 —
Queiroz et al., 2016 2.64 0.93 14 2.93 0.83 14 35.4% -0.29[-0.94, 0.36] 2016 —
Subtotal (95% CI) 36 36 100.0% -0.37[-1.35, 0.62] B
Heterogeneity: Tau? = 0.60; Chi? = 10.08, df = 2 (P = 0.006); I> = 80%
Test for overall effect: Z = 0.73 (P = 0.47)
1.1.3 Biomaterials versus Open Flap Debridement
Santana et al., 2009 3.05 0.6 30 0.65 0.6 30 53.4% 2.40 [2.10, 2.70] 2009 b
Casarin et al., 2010 0.8 1.4 12 0.2 1 12 46.6% 0.60[-0.37,1.57] 2010 T
Subtotal (95% CI) 42 42 100.0% 1.56 [-0.20, 3.32] R e ——
Heterogeneity: Tau? = 1.48; Chi? = 11.97, df = 1 (P = 0.0005); I*> = 92%
Test for overall effect: Z = 1.74 (P = 0.08)

-4 -2 0 2 4

Figure 1. Meta-analysis results.

most common teeth to be lost (Chace and Low, 1993;
Ramfjord ez al., 1987; McFall, 1982; Hirschfeld and Was-
serman, 1978). Tsao e al. (2000) identified factors that
can affect the outcome of furcation therapy as shallow
initial probing depth (PD), poor oral hygiene, gingivitis,
Actinobacillus actinonycetemeomitans 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 1l 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 11 and 111 furcations in animals and humans (Lau-
gisch ez 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 seties and case report (Laugisch
¢t 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,

Favours [Experimental] Favours [Control]

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 ¢z 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 ez a/., 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 e
al., 2014) or clinical studies (Sculean ¢f a/., 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 vatiety 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
¢t al. (2015) evaluated biomaterials for promoting peri-
odontal regeneration in human intrabony defects while
the present study evaluated only Class 11 furcation defects.
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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 ez al., 2006;
Couti et al., 2002; Pruthi et a/, 2002; Eickholz et al., 2001),
EMD (Queiroz e# al., 2016; Jaiswal ez al., 2013; Casarin
et al., 2010) and OFD (Casarin e al., 2010; Santana ef
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 ef a/.,2015). In a study evaluating clinical,
radiographic, histologic and microbiologic outcomes of
periodontal regeneration in Class I, 11 or I1I furcation it
was concluded that future studies should have long term
follow ups, ideally >5 years after baseline (Avila-Ortiz ez
al.,2015). In the present review, except for the study by
Casarin et /. (2010) which presented 24 month follow
up, Hickholz ez 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 ¢z 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 e a.,
2014; Albrektsson e7 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 11
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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