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ABSTRACT
BACKGROUND: Theaim of this studywasto investigaterisk of tooth lossn molarswith

8&888#% c;\é%]rﬁp SFB %%% n|n| a};l gl?ﬁcﬁsﬁesearchUCL EastmanDental Institute,
MATI(:]RIAd.% %I& I\éETHODS. A systematicsearchof the literature was conductedn
nited Kingdo

O\I;lct)jnMedllne, Embasel ILACS and Cochrangibrary for longitudinal studiesvith at least
3 yearsfollow-up includingmeasuresf Fl and data otoothloss.

RESULTS: Adtotal of 21 studieswereincludedin thereview,from aninitial searchof 1207
titles. Therelativerisk of tooth loss duringnaintenanceherapyattributableto FI was 1.46
(95% Cl= 0.99-2.15, p=0.06jor studies upo 10 yearsand 2.21 (95% C.I. = 1.79-2.74,
p<0.0001)for studieswith a follow-up of 10-15/ears.A gradualincreasan therisk of tooth
losswasobservedor molarswith degredl andlll Fl.

CONCLUSIONS: The presenceof FI approximatelydoubles therisk of tooth lossfor
molarsmaintainedin supportive periodontal therapyor up to 10-15years.However,most
molars, evenwith gradelll FlI respondwell to periodontal therapy, suggestitigat every
effort should“bemadeto maintaintheseteethwhen possible. Longerm studies reporting

patientrepatedoutcomesareneededo substantiat¢his conclusion.
CLINICAL RELEVANCE:

Scientific rationale for the study: Molars affectedby furcation involvementare thoughtto

have a highisk of tooth loss.
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Principal findings: Molarswith FI werefoundto haveanincreasd relativerisk of tooth loss
comparedvith molarswith no FI. However,eventeethwith degredll furcationinvolvement
have good survivaiatesin supportive periodontaare.

Accurate periodontaltherapyand maintenancecare should be plannetbr teethevenwith

severdureationinvolvement, although recognizinigeir higherrisk of longtermtoothloss.

BACKGROUND

Periodontitisaffectsthe supporting apparatus of tteeth,leadingto apicalmigration of the
epithelialattachmenandresorptionof connectiveissueandalveolarbone,oftenresultingin
early toothyloss: In multi-rooted teeth, the bonedestructioncan reach the area of root
separation;” thus exposinity to microbial colonization.In this occurrence,a ‘furcation
involvement” is” created. Furcation involvements ormore simply ‘furcations’ are very
commonfindingsin periodontitiscaseswith a reportedorevalenceof 13.7%in the general
population in_the U.S. (Albandar et al. 1999) andin about 3050% of patientswith
periodontitis (Hirschfeld & Wassermanl978, Svardstrom & Wennstrom 1996). Furcation
defectsare generallyclassifiedinto degred, Il or Ill basedon the horizontal component of
the bonydefect(Hampetal. 1975), orin more complex diagnostisystemswhich take into
account root morphology, horizontal anettical bone losgMiiller & Eger1999).As for any
periodontal lesion, thizeatmenif furcationinvolvedteethinvolves a norspecificreduction
of thebacterialloadbelowthe gingivalmargin(Heitz-Mayfield etal. 2002),achievedby oral
hygiene instructions and non-surgical periodontal the(§8PT), and aimedat removing
calculusanddisruptingthe plaquebiofilm from the affectedroot surfaces However,teeth
with furcation involvement(FI) havebeenshownnot to respondas favourablyto NSPT as
teethwith no Fl (Nordlandet al. 1987, Looset al. 1988), owingto difficulty in cleaning
inside the ‘furcationboth for clinician and patien{Lang et al. 1973, Fleischeret al. 1989).
More advanceadasesud asdegredl andlll FI mayneedsurgicaltreatmentor extractions.
Overall, theevidencesuggestshatteethwith furcationinvolvement have a poorer lorigrm
prognosis ecomparedwith singlerooted teeth and toothwith no furcation involvement
(Hirschfeld& Wassermarl978,Mc Fall 1982, Goodson 1994However,the exactrisk of

toothlossaccordingo furcationdiagnosis antreatmenthas nobeenpreviouslyassessed.

Tooth survivalfrom resectivestudies(including hemisectionand root amputation)varies
accordingto different studies depending oaperator,technique,patient and site factors

(Buhler 1988,Carnevaleet al. 1998, HuynhBa et al. 2009). Moreconservativesurgical
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techniques include thereationof a tunneto facilitate selfperformedoral hygiene inside the
FI area (Hellden et al. 1989). With the emergenceof implant therapy, often complex
treatmentof furcationsis rejectedin favour ofextractionand placementof dentalimplants.
However, there is a paucity of data ontooth survival in surgical furcation therapy vs.
extractionmandiimplant placementand there are no clear guidelinesfor furcation therapy
(Huynh-Ba' et al., 2009). The aim of this systematicreview was to appraise theexisting
literature on periodontafurcationrinvolved teeh with respectto tooth loss basedon initial
diagnosig(no furcation/furcationgradel, Il or lll) andtreatmentcarriedout andto identify

areameedingfurtherresearch.

MATERIALSAND METHODS
A systematiaeview protocolwaswritten in the planning sagesandthe PRISMA checklist
(Moheretal., 2009)wasfollowed bothin the planning andeportingof thereview (checklist

attachedassupplementamateriall).

Focused question
The questionaddressedvas the following: What is the risk of tooth lossin teeth with

furcationinvolvement andavhich factorsaffectthe outcome?

Eligibility criteria
Longitudinal humanstudiesin patientswith chronic periodontitifCP) presenting data on
furcationdiagnosis and tooth losgereconsiderectligible. Theinclusion criteriawere:
o Studydesignsiongitudinalstudies(retrospectiveor prospective)
o..-Secure’furcationdiagnosigclinical)
0, Treatmenbf furcationinvolvement provided
o==Reportingtooth lossdataby furcation diagnosig(furcationvs. nofurcationor
differentdegrees ofurcationinvolvement)
o™With a follow-up ofatleast3 years
Thefollowing study designaereexcluded:
- Reviews
- Casereports
- Studiesfocusedon aggressivperiodontitis(AgP)

- Studies oranimalmodels
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Choice of main outcomes

Giventhe predictable heterogenedj/the studieso be includedye chose thenostobjective
outcome'tooth loss’ asthe mostappropriatefor this review. In an attemptto reducerisk of
bias, although naclear evidenceexist on the ‘goldstandardfor furcationdiagnosisfor this
review we ‘categorizedfurcation diagnosisas ‘secure’ only if made through clinical

measuremenwith Naber’'sprobeor equivalent.

I nformation sources

The literature searchfor the presentsystematicreview was conductedat Ovid Medline,
EmbaseILACS and Cochrandibrary up to 27 May 2014 and updated on 22 July 2015.
The referencdlists of includedarticlesand relevanteviewswere manually searchedThe
searchwas complemented by hargkarchof the journalsmostlikely to publishstudes on
furcationinvolvement over théast 20 years(Journal of Clinical Periodontology, Journal of
Dental Research andJournal of Periodontology). The Editors of the aboveramedjournals

werecontactedo enquire about any papanspressonthis topic.

Search strategy.
The searchstrategy used a combination ofMeSH terms and key wordsdescribedin

supplementatnaterial2.

Study selection
Studieswere selectedn two-stagescreeningand carriedout by two independenteviewers
(A.Z. andK.N. for the first stageand A.Z. andL.N. for the secondstage).Disagreements

about inclusion or exclusion ofstudywereresolvedby consensus.

Thefirststagesereeningof titles andabstractsvascarriedout in orderto eliminateirrelevant
articles and“these thatlid not meetthe inclusioncriteria establishedy this study. At the
secondstagescreening following proof readingof the full-texts, the studyeligibility was
verified independentlyy bothreviewersand the dataxtractionandquality assessmentere
performed forsthe includestudies.The level of agreemenbetweenthe two reviewerswas

calculatedusingKappastatisticsfor thefirst and secondstagescreening.

Data collection process data items
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Data were extracted based on the general study characteristics(authors and year of
publication, country)and populationcharacteristicgnumber ofparticipants,age, gender,
inclusion/exclusioncriteria, diagnosis of periodontastatus, method used for furcation
diagnosis,degreeof furcation involvement,treatmentprotocol, studytimelines, outcomes
described).

Risk of biastnindividual studies

We aimedto assessherisk of bias of the includedtudies,definedas a systematicerror or
deviationfrom the truth,in resultsor inferences Risk of bias/ quality assessmerfor the
individual ‘'studieswas performed using th&lewcastle- Ottawa Quality Assessmengcale
(http://www.ohri.ca/programs/clinical_epidemiology/oxford.htraccessed 17 September
2014).

Summary measures/Synthesis of results/ Statistical methods

The primary outcomewas tooth loss at various periods of follow-ugyearsbetweengroups
with and witheutFI|. For toothloss,thetotal number oteethlost and thepatientyearsfor the
length of follow-upwereobtainedrom includedstudies.Furtherdataweregathered on tooth
lossbasedon furcationdiagnosigdegred, Il orlll) (Hampetal. 1975)whenavailable. The
relative risk_of“tooth losswere estimatedusing acomputer program (Review Manager
Version5.0. Copenhager;he Nordic CochraneCentre,The Cochrane Collaboration, 2008).
The contributionof eacharticle wasweighed. Randoreffectsmetaanalysesf the selected
studieswere appliedto allow for methodologicaldifferencesamongstudies.Forestplots
were producedo graphicallyrepresenthedifferencein outcomes of groupsith and without
FI for all included studies usingpoth numberas the analysisunit. Reporteddatadid not
permit accountingfor clustering of teeth and therefore outcomeswithin individuals. A p
value= 0.05nasusedasthelevel of significance Heterogeneityasassessedith chi-square
testand f test'The suggestednterpretationof |2 is; 0-40% might not bémportant,30-60%
may represenimoderate heterogeneity, 50-90%ay represensubstantiaheterogeneityand
75%-100% considerable heterogengliyggins & Green2011).To avoid the biasrom data
including thirdumolars and different degreesof furcation involvement, metaanalyseswith
data of excludinghird molarsand comparing tooth loss different degreesof furcation
involvementwerealso performed.In addition, funnel plotsvere usedto assesshe presence

of publicationbias.
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RESULTS

Study selection

Figure lreportsthe flowchart representingtudy selectionand inclusionThe initial search
resultedin 1207 articlesat Ovid Medline,EmbaseCochrand.ibrary andLILACS combined.
Following" first=stage screeningof titles and abstracts,41 articles qualified for full-text
screening(consideredootentially suitableby at leastonereviewer).Four additionalarticles
wereidentified by a manuasearchand ongrom editorial contacts (undeteview). After full
text reading, 2Ahrticlesmet the definedinclusioncriteriaand 25 were excluded(reportedas
supplementataterial3). Thereasondor exclusionwereasfollow: 13 studiesvereexcluded
asthey did\not reponteasorfor tooth lossseparatelyfor teethwith furcationinvolvement; 6
studieswere excludedas they includedsome caseswith follow-ups lessthan 3years; 3
studieswere excludedas they were book chaptersreviews or casereports;2 studieswere
excluded becauseof nonsecure furcation diagnosis (just radiographicanalysis) and 1
becauset wasa duplicatereportwith a shorter follow-up on theamepopulation of one of
the includedstudies.Every effort was madeto obtain anyrelevantmissing datafrom the

papers bycoentaetingthe authors bgmail.

The kappa valudor inter-revieweragreemenwas 0.89 at title and abstractscreeningand
0.82atfull textreading, showing gooalgreemenbetweerthereviewers.

Study characteristics

Table 1 reportsthe characteristic®f the sampleincludedin the reviewedstudies.Of the 21
includedstudies mostarticleswerewrittenin English (n=20) and th German.The countries
wherethe studiesvereconducedwereUnited Stategn=11),Germany(n=6), Sweden(n=2),

Switzerland(n=1) andtaly (n=1). The patientsamplerangedirom 9 (Eickholz &Hausmann
2002) to,600patients (Hirschfeld & Wassermanl1978). All studies were longitudinal,
including boeth prospective and retrospective studies, althaitgn it was difficult to

distinguishthemnatureof the studyasit wasnotalwaysclearly stated.The 21 paperseviewed
spannedaerossfive decadeswith 2 publishedin the 1970s (Lindhe &\yman 1975,
Hirschfeld& Wassermari978), 3in the 1980¢McFall 1982,Goldmanetal. 1986, Woocket

al. 1989), 7in the 1990s (Kuhraatal. 1990,Wangetal. 1994 Little etal. 1995,McGuire &

Nunn 1996, Yukna & Yukna 199Haneyet al. 1997,McLeod et al. 1998), 5in the 2000s
(Eickholz & Hausmanr2002, Checchét al. 2002, Dannewitzet al. 2006, Pretzlet al. 2008,
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Zafiropouloset al. 2009) and 4n the 2010s(Johanssort al. 2013,Miller etal. 2014,Salvi
etal. 2014,Graetzetal. 2015).

Table 2 summariseghe interventiors of the includedstudies.Five of the included papers
focused on 'specific treatmentfor a specific group of furcationinvolved teeth: 3 papers
focusedon'regenerativereatmentof gradell furcations(Haneyetal. 1997, Yukna & Yukna
1997, Eickholz &Hausnann2002), 1 on tunneling of gradeandlll furcations(Little etal.
1995) and: 1 orroot resectionor extractionand implant therapyin gradelll furcations
(Zafiropouloset.al. 2009). Two papers reported datar tooth lossin teethwith FI, but did
not reportdataspecificallyon tooth lossatio of molarswithout FI (Lindhe & Nyman 1975,
McLeod et”al. 1998). Fourteen paperassessedongterm tooth lossin cohorts of
periodontitis patients during maintenancecare (reporting breakdown of toothloss by
furcation degree),hencewere suitable for metaanalysis. Supportive periodontal therapy
(SPT) protocols_had avide range of frequencyyhile somewere not clearly specified,and
generallyincludedperiodic (3- to 6- to 12-monthly) periodontatlinical measurementspral

hygiene instruetions and subgingival debridement arfetnneeded periodontakurgeries.

Synthesisefresults

The included studiegyenerally reportedclinical and occasionallyradiographicoutcomes.
None of thenreportedpatientreportel outcomesAs by study inclusionall studiesreported
tooth lossdata.In somecasestooth loss datavere reportedfor single-rootedeethandfor
molarswith and withoutFI in the patient cohorOccasionallypnly tooth losslatafor molars
were repoted. Some studiesreporteddata only on first and secondmolars, while other
studies groupethird molarstogetheraswell. However,when possiblean effort wasmadeto
extract datarelative only to first and secondmolars. Studies focusing onhAgP had been
excluded. Some studies reported that the patientsample included bothCP and AgP
(Dannewitzetal:2006,Pretzlet al. 2008,Salvietal. 2014,Graetzet al. 2015). Authorsvere
contactedto”obtain data regarding only CP, but this was possiblefor only one study
(Dannewitzetal..2006).Hence,data includingooth CP and asmallersubsetof AgP patients
wereincludedfor Pretzletal. 2008,Salvietal. 2014 andsraetzetal. 2015. Considering that
olderstudiesmayalsohave included subjectge now classifyasAgP and that nalifferences
in tooth lossratesbetweenmolarsof AgP and CP patientshadbeenreported(Graetzet al.

2015),we decidedto include studiesvith mixed AgP-CP to avoid unnecessargxclusionof
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relevantdata. Only data on tooth loss following initial therapy(during maintenancecare)

wereanalysed.

Survival of molarswith furcation involvement across all included studies

Grouping® studies reporting datan tooth loss for molars with and without furcation
involvementseparatelya btal of 8143molarswithout furcationinvolvement and &otal of
5772 molarswith furcation involvementwere included. Tooth survival rangedrom 94 to
100%after4 to 7.5yearsin regeneratiorstudies(Haneyet al. 1997, Yukna & Yukna 1997,
Eickholz & Hausmann2002), 89%after5.8yearsin thestudyfocusing on tunnelind_ittle et
al. 1995),".79%after a minimum of 4 yearsfor the study focusing omoot resection
(Zafiropoulosetal. 2009) and 43-100%(fter 5 to 53 yearsfor studies including combined
therapies(Hirschfeld & Wassermaril978,McFall 1982, Goldmanet al. 1986, Woodet al.
1989, Kuhrauet al. 1990, Wanget al. 1994, McGuire & Nunn 1996,Checchiet al. 2002,
Dannewitzetal. 2006,Pretzletal. 2008, Johanssagtal. 2013,Miller etal. 2014,Sdvi etal.
2014,Graetzet al. 2015). Amongeethreportedin thesestudiesthe averagetoothloss/year

was0.01 and,0:02espectivelyfor molarswithout andwith furcationinvolvement.

Relative risk ofTooth Loss Based on Follow-Up Periods (3" molars excluded)

Nine studiegHirschfeld& Wassermari978,McFall 1982, Goldmartal. 1986,Woodetal.
1989, Dannewitzet al. 2006, Pretzl et al. 2008, Johanssoet al. 2013, Miller et al. 2014,
Graetzet al. 2015) reporteddata on toothloss by furcation involvement excludinghird
molars.Metaanalysisfor the comparisonof tooth loss amongselectedstudiespresentedan
overallrelativerisk of 2.90 (95%Cl= 2.01-4.18)for molarswith furcationinvolvement (p<
0.0001)(Figure 2). For studieswith a follow-up period of 5-1¢ears,10-15years,and >15
years,therelative risk of tooth lossbetweenteethwith and withoutfurcation involvement
was 1.46(95%Cl= 0.99to 2.15,p=0.06, 2.21 (95%Cl= 1.79t0 2.74, p< 0.0001), and 4.46
(95% Cl= 246210 7.62, p< 0.0001)espectively.The comparisons qgsenteca low (p value
for chi-squarétest=0.40 and 0.56, and test= 0% and0%, for follow-up period of 5-10
yearsand 10-15,yearssubgroupanalysesrespectively)to high (p value for chi-squaretest
<0.0001 and?test= 96% for follow-up period of >15 years subgroapalysis)degree of
heterogeneityamongselectedstudies.The combinedeffect for all subgroupsalsoshoweda

high heterogeneitgmongstudies(p valuefor chi-squargest<0.0001 andtest=93%).
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Relative risk of Tooth Loss Based on Follow-Up Periods (3" molarsincluded)
Thirteenstudies(Hirschfeld & Wassermari978,McFall 1982,Goldmanet al. 1986, Wood
etal. 1989, Kuhratetal. 1990,Wangetal. 1994,Checchietal. 2002,Dannewitzet al. 2006,
Pretzlet d. 2008,Johanssort al. 2013, Miller et al. 2014, Salvi et al. 2014, Graetzet al.
2015)reporteddata on tooth lossith and withoufurcationinvolvement includingall molars
(only some studiesreportedboth datarelative to all molars and excludingthird molars)
Overall, only small'changesto the summaryestimatefor risk of tooth loss by FI were
detectedwhen they were included,comparedto when only first and secondmolars were

included (Figure B

Relative risk of Tooth Loss Based on Degrees of Furcation Involvement (3 molars
excluded)

When studies _reporting tooth loss by degred-bfvere consideredMcGuire & Nunn 1996,
Dannewitzet al. 2006, Johanssoat al. 2013, Salvi et al. 2014, Graetzet al. 2015), we
observedhatrespectively8%, 18% and 30% déethwith furcationdegred, Il andlll were
lost in the“follow-up period (0.01, 0.02 and 0.63:th/patient/year)Meta-analysisfor the
comparison of tooth loss among included stugiesentedarelativerisk of 1.67 (95%Cl=
1.14t0 2.43, p=0.008 1.83 (95%CI= 1.37t0 2.45, p< 0.0001) and 3.13 (95@t= 2.30to
4.24, p< 0.000Ior furcationinvolvement degrel vs.I, degredll vs.ll anddegredll vs. |
respectively (Figure 4). The comparisonspresenteda low to moderate degree of
heterogeneityamongselectedstudies(p valuefor chi-squareest=0.04, 0.20 and 0.26, and |
test = 61%, 33% and 25%for degreell vs. |, degreelll vs. Il and degreelll vs. |

comparisongespectively).

Risk of biaS.assessment

Risk of biasanalysegaformedusing theNewcastleOttawascaleshowedthat study quality
scoresrangedfrom a total of 3 to atotal of 5 (out of amaximumtotal of 9 stars)(table 3).
Funnelplots‘of metaanalysisof relativerisk for tooth loss basedon follow-up periods and
degreesof fureation involvementare reportedin supplementamaterial4, 5 and6. These
funnel plotswere relatively asymmetrical,which implied potential publication bias. The
asymmetricalresult of the funnel plots might result from a lack of small sample studies
included in the current systematic review since most of the selected studies were

retrospectivavith arelativelylargesamplesize.
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DISCUSSION

Thisis thefirst systematiaeview,to our knowledgeto providesummarymeasure®f risk of
tooth loss in teeth with and without furcation involvement in chronic periodontitis.
Acknowledging-thait is difficult to summarisediseaseprogressiormeasurechs PPD and
CAL changesin studiesin different settings andwith different examinersand study
protocols,we believedthat the objective measure'tooth loss’ might be thebest ultimate
objective measureof diseaseprogressiorreflecting different responsesn teethaffectedor
not by furcationinvolvement. Althought is commonlythoughtthat FI would affect tooth
loss, no datasofar were availablefor a direct comparisorof this measureacrossdifferent
studies.This systematiaeview provides evidencéo suggestthat FI approximately doubles
the risk of toothlossfor molarsin supportive periodontal theraggr up to 10-15years.In
particular, first and secondmolarswith furcation involvement had aelative risk (RR) of
tooth lossof 1.46 (p=0.06) ugo 10 yearsand of 2.21 from 10 to 15 years (p<0.0001)
comparedwith molars with no furcation involvement (RR 1.69 and 2.0&spectively
includingthirdsmolars).A 3 to 4 timeshigherrisk of toothlosswasobservedor studieswith
longerfollow-ups (>15years,up to 53 years),although dataelativeto this outcome havéo
be interpretedcautiously dueto high heterogeneity. Furthermoréhis review provides
evidencehatthe degeeof FI (Hampetal. 1975)is significantlyassociatedvith risk of tooth
loss, increasingfrom furcationdegreel to Il to Ill. No datawere availableto assessisk of

toothlosshy FI in theabsencef periodontatherapy/maintenance.

Recentsysteméc reviewson furcations focused on shadetm outcomes,concluding that
degreell furcations show significant improvement 6 monthafter accessflap surgery
(Grazianietals2015)and could be successfullytreatedwith regenerative surgergspecially
with a combinedregenerativeapproach(Reddyet al. 2015). The currentreview show that
tooth survivalrangedrom 94 to 100%after 4 to 7.5yearsin regeneration studiggianeyet

al. 1997, Yukna & Yukna 1997, Eickholz & Hausmann 2002), 8f%r 5.8 yearsin the
study focusingson tunnelin@.ittle etal. 1995),79% afteraminimum of 4 yearsfor the study
focusing on rootesection(Zafiropouloset al. 2009) and 43-100%fter 5 to 53 yearsfor

studies including combined nauwrgical and varioussurgical approacheqHirschfeld &

Wassermari978,McFall 1982,Goldmanet al. 1986, Woodet al. 1989, Kuhratet al. 1990,
Wangetal. 1994,McGuire & Nunn 1996,Checchiet al. 2002,Dannewitzet al. 2006, Pretz|
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etal. 2008, Johanssagt al. 2013,Miller etal. 2014,Salvietal. 2014,Graetzetal. 2015). It

was not possiblego subanalyserisk of toothloss basedon treatmentprovidedwithin each
study, owing to lack of systematicdata on tooth loss accordirig the varioustreatment
approachescrossdifferent studies.Endodonticcomplications,caries,fractureswere often
reportedascauseof tooth loss alongside periodonthseaserogression (Kuhraatal. 1990,
McLeodetal. 1998,Haneyet al. 1997, Yukna & Yukna 199Dannewitzet al. 2006).0Only

studieswith *secure’clinical diagnosis ofurcationinvolvementwereincludedin this review.
Thereforestudieswith radiographianeasure®f Fl wereexcludedasconsideredessreliable
(Ross& Thompson 1978Bjorn & Hjort 1982).

A strengthof the data included that studieswith shorter follow-up had consistergsults
and reportecsimilar relativerisk for tooth loss. This may be dueto the fact that, although
differentoperatorsand possiblydifferenttreatmentstrategiesvere used,all analysedstudies
had similar.designsconsistingof initial periodontal therapy, surgical therapyen needed
(including aceesSlaps, osseousesectivesurgery, rootesection,tunneling orregenerative
surgery oceasionallyand then supportive periodontétierapy(at regularintervalsfor most
studies generdly every3-4-6 upto 12 months)Limitations of thedataincluderetrospective
nature andackof detaileddata ordegreeof furcationinvolvementn moststudies.

Strengthsof this systematicreview are a relatively high sample size and the small
heteogeneityfor. most of the metaanalysesLimitations are the residualheterogeneityfor
studieswith_over 15yearsfollow-up and the possibleresenceof publicationbias, which
meanghat theresultsof the currenteview should banterpretedcautiously.ln summarythe
data analysedin, this review confirm that furcation involvementrepresentsa risk of tooth
loss.In patients:undergoingauserelatedperiodontal therapy, surgical therapyeededand
supportive=periodontatare, the risk of tooth lossis in the region of 1.5-2.2 (1.69-2.06
excluding.third molars) up to 15 yearsin maintenance(only borderline significant for
studies upto“10,years).Suchrisk seemsto increasesharply after the 15yearstime-point,
although studyheterogeneitydoes not Bow clear conclusions onthis. Great care is
recommendedh the diagnosisireatmentand supportiveareof molarswith FI. However,it
must be emphasisedhat this review clearly showsthat mostmolarsaffectedby FI respond

well to periodontaltreatmentandevenin the presenceof degredll furcations,only 30% of
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molarswerelost in a follow-up period of 5-15years.Data on patientrelatedoutcomes on
survival ofmolarswith FI aredesperatelyneeded.In light also of previousstudiesshowing
the costeffectivenessof maintainingteethwith furcation involvement (Schwendicket al.
2014) andtheir good survivalratesevenwhen comparedwith replacementientalimplants
(Fugazzoetto=2001)we recommendthat every effort is made to maintain teeth with Fl
wheneverpossible Specifictreatmentprotocolsfor molarswith FI cannot beecommended
basedon this review owing to a paucity of data andlack of randomisedcontrolledtrials

testingdifferenttreatmenimodalitiesaccordingto FI.
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TABLE LEGENDS

Table 1. Summaryof study procedurefor all included studiegSRP=scaling and root
planning; ART.='active periodontaltreatment;SPT=supportive periodontal therapi;PD=
probing poeket depthgl= attachmentoss: OHI= oral hygieneinstructions;OFD = OpenFlap
DebridementCP=ChronicPeriodontitis,AgP= AggressivePeriodontitis).

Table 2. Summaryof study characteristicdor included studie{SRP=scaling and root
planning; APT = active periodontaltreatment;SPT= supportive periodontal therapjB=

antibiotic; PPD=probing pocket depthQHI= oral hygienenstructions;OFD = OpenFlap
Debridement)

Table 3. Quality assessmerdf included studies.

FIGURELEGENDS

Figure 1. Flowehart of study inclusion

Figure 2. Forestplot presentingelativerisk (risk ratio, RR) of tooth losdbasedon follow-up
periods (3rd“molars included). Metaanalysisfor the comparison of tootfhoss among
selectedstudiespresentedan overall RR of 2.52 (95%Cl= 1.85to 3.42, p< 0.0001)For
studieswith a follow-up period of 5-1§ears,10-15 years,and >15years,the RR of tooth
lossbetweenteethwith and withoutfurcationinvolvementwas 1.69 (95%Cl= 1.11to 2.56,
p= 0.01), 2.06 (95%€CI= 1.73to 2.46, p< 0.0001), and 3.86 (95@i= 2.34t0 6.39, p<
0.0001),respectively.
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Figure 3. Forestplot presentingRR of tooth lossbasedon follow-up periodg3rd molars
excluded). Metaanalysisfor the comparisorof tooth loss amongelectedstudiespresented
anoverall oddgatio of 2.90 (95%Cl= 2.01to0 4.18, p< 0.0001)-or studieswith a follow-up
period of 5-10years,10-15years,and>15years,the RR of tooth losdbetweernteethwith and
without fureation involvementwas 1.46 (95%CI= 0.99to 2.15, p= 0.0f 2.21 (95%Cl=
1.79t0 2.74, p<0.0001), and 4.485% Cl= 2.62t0 7.62, p< 0.000) respectively.

Figure 4. 'Forestplot presentingrisk ratio of tooth loss basedon degreesof furcation
involvement(3® molars excluded).Meta-analysisfor the comparison of toottoss among
selectedstudiespresentedd RR of 1.67 (95%Cl= 1.14t0 2.43, 1.83 (95%ClI= 1.37t0 2.45)
and 3.13(95% Cl= 2.30to 4.24)with statisticalsignificance(p= 0.008, p< 0.0001 and p<
0.0001) when‘comparing degreél to I, degreelll to Il, and degredll to | furcation

involvement, respectively.

Follow

Author/ Study Sampl Mean -up ) ) o
Inclusion/ disease classification ~ Country

Year design en= age years
(range)

Lindhe . Prospective 75 Range 5 >50% lossof periodontalsupport Sweden
& cohort 26-79 andoptimaloral hygiene
Nyman
(21975)
Hirschfel Retrospecti 600 42 22 (15- ‘Early’: PPDof 4mmorless,with  U.S.
d& ve cohort 53) gingivalinflammationand
Wasserm subgingivalcalculus;Intermediate’
an PPDof 4to 7 mm; ‘Advanced’:PPD
(1978) >7 mm, furcationinvolvement
McFall  Retrospecti 100 44 19 (15- ‘Early’: PPD<4mm (n=11); U.S.
(1982)  vecohort 29) ‘intermediate”:PPD4-7mm (n=53);

‘advanced’:PPD>7mm(n=36)
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etal.
(1986)

Woodet
al.
(1989)

Kuhrau
etal.
(1990)

Wanget
al.
(1994)

Little et
al.(1995)

McGuire
& Nunn
(1996)

Haneyet
al.
(1997)

Yukna&
Yukna
(1997)

McLeod
etal.
(1998)

ve cohort

Retrospecti 63

ve cohort

Retrospecti 59

ve cohort

Prospective 24

cohort

Prospective 18

cohort

Retrospecti 100

ve cohort

Retrospecti 13
ve

controlled

Prospective 13

cohort

Retrospecti 114

ve cohort

42 22.2
(15-34)
45 13.6
(10-34)
46 5.8 (4-
8)
43 8
Not 4.6
reporte
d
46 10
Not 4-5
reporte
d
51 6.7 (6-
7.5)
53 12.5
(5-29)

Chronicperiodontitis

Patientsvith moderatgperiodontitis
treatedandmaintainedoy SRP for

10yearsor longer

Patientswith periodontitiswith

furcationrinvolvedteethtreated

surgically

Patientswith CPthathadcompleted
an 8-yearclinical trial without
missingappointmentandhadno
morethan? firstor secondnolars

missingatbaseline.

Patientwith periodontaddiseasawith
deepclassll or classlll molar

furcationinvasion

Chronicgeneralizednoderateo

severeadultperiodontitis

Chronicperiodontitis

Gradell molarfurcation
defectswith adjacenbonecrest
height>75%of therootlengthand

coronalto thefurcationbone

level

Moderateto advanced
periodontitiswith 4to 7 mm or

greaterAL
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Eickholz Prospective 9 48 5 Advancedperiodontadisease Germany

& controlled
Hausman
n (2002)
Checehi  Retrospecti 92 45 6.7 (3- Chronicadultperiodontitiswho Italy
etal. ve cohort 12) completedAPT andhavebeenon a
(2002) recallSPTschedule
Dannewi_Retrospecti 71 46 5 Chronicto aggressiveeriodontitis ~ Germany
tzetald™ vecohort (> 50%bonelossin atleast2
(2006) permanenteeth)
Pretzl.et! Retrospecti 100 46 10  Generaliseanoderatechronicand ~ Germany
al. ve cohort generalizedevereor aggressive
(2008) periodontitis
Zafiropo Retrospecti 60 50 Min. 4 ChronicPeriodontitiswith a Germany
uloset  vecohort minimum of 4 siteswith CAL loss<
al. 4mm,radiographievidenceof bone
(2009) lossandBOPIn 4 sites
Johansso Retrospecti 64 Not 14.8 Patientgeferredto theDepartment Sweden
n etal. ve cohort reporte (13-16) of Periodontology
(2013) d
Miller"et*“Retrospecti 106 42 15  Moderateto severechronic U.S.
al. vecohort periodontitis
(2014)
Salviet  Retrospecti 199 45 11.5 Chronicor aggressivgeriodontitis  Switzerla
al. vecohort (Level 1: proximalattachmentoss  nd
(2014) of > 3mmat> 2 nonadjacenteeth;

level 2: proximalattachmentossof

>5mmin> 30%of teeth)
Graetzet ,Retrospecti 379 46 18.3 Chronicor aggressiveeriodontitis Germany
al. ve cohort with atleastone1* or 2" molar
(2015) presentregularSPTandcomplete

radiologicaldocumentatiorat

This article is protected by copyright. All rights reserved



baselineandlastvisit

Tablel

Author/ I'nitial therapy (active periodontal therapy, Supportive periodontal
Y ear APT) therapy (SPT)
Lindhe & OHI, SRP restorativeherapyif needed, 3-6 monthlyOHI and
Nyman periodontakurgeryin PPDs>4mm prophylaxisby hygienist,yearly
(1975) (gingivectomy Widmanflaps,bone periodontakexaminationsand
recontouringfurcationplasty,tunneling,root  radiographs
resectiorasindicated)
Hirschfeld 'Subgingivalscalingwith or without surgery Deepscaling+ ‘problemareas’
& (additionalsurgicalprocedureor non-surgical  retreatedvhennecessary,
Wassermansprocedurgperformeddependingon tooth occlusion
(2978) diagnosis) wascheckedandadjustedas
indicated OHI
McFall Supragingivabndsubgingivalscaling, Generallyevery3-4to 6 months
(1982) polishing,OHI, occlusaladjustmentnd (includingcurettagemuco
biteguardsf neededgingival curettage, periosteaflaps,osseousurgery,
gingivectomy gingivoplasty ostectomy, rootresectionf needed)
osteoplasty
Goldmanet Oral physiotherapysupragingivabnd 3-6 monthsrecalls(selective
al. (1986) subgingivalscaling,OHI grindingandcoronalre-shaping,
adjunctrestorativereatmenif
needed)
Woodetal. OHI+ nonsurgical(SRP,curettagepcclusal Not reported
(1989) adjustmentpndsurgicaltreatment
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(gingivectomy flap surgery flap curettage,

osseougontouring,0sseougrafting,root



Kuhrauet
al. (1990)

Wangetal.
(1994)

Little et
al.(1995)

McGuire &
Nunn
(1996)

Haneyetal.
(1997)

Yukna&
Yukna
(2997)

McLeodet
al. (1998)
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amputation)

Surgicaltherapy(modifiedWidmanflap, root

resectiontunneling)

SRPfollowed by oneof threeprocedures:
pocketelimination

surgery modified Widmanflap surgeryor
gingival

curettage

Surgicaltherapyconsistingof osseous

resectioningand/orrecontouringo the adjacent

mesialtoothandtunneling

SRP,0OHI, removalof fremitus,surgeryif
indicated(osseousurgery,0penSRP,rarely

bonegrafts

Coronallyadvancedlap proceduresindcitric
acidroottreatmentwith or without adjunctive
implantationof freezedried,demineralized

allogeneichone

Regenerativsurgerywith bonegraftsand
coronallyadvancediaps

Non-surgicaltherapy(OHI, SRP,occlusal
adjustment,

oceasionaliseof systemicAB and
antibacteriamouthrinsesjollowed by surgical
treatmen{pocketreductionandpocket
eliminationproceduresndoccasional

regeneratiomprocedures)

‘Regular’

3-monthrecallinterval for
maintenanc@rophylaxisand

yearlyexaminations

3- morthly following surgeryto
controlplaqueandpotential
bacterial

pathogens

2- or 3-monthintervals(majority
undera 3monthinterval) (SRP,
polishing,minor occlusal

adjustments)

6-monthlyfor 5 years

Weekly,thenmonthly
deplaquinguntil surgicalre-entry
at 6-12 months then3-month

recalls

6-monthly



Eickholz& Guidedtissueregeneration 3-monthlyfor thefirst 2 years

Hausmann (OHI and

(2002) professionatooth cleaning) then
3—6/monthly maintenanceisits
accordingto individual

periodontakisk.

Checchiet” OHI, SRP,re-evaluationandperiodontal 3-4 monthly hygienist

al. (2002) g surgery appointmentecall

Dannewitz#™ OHI, professionatoothcleaning, SRP Generally3-to 6- or 12-monthly
etal. (2006)wSurgicalinterventionincludedaccesdlap (clinical measurementglaque

surgery,GTR, tunneling,resectiveprocedures score andif necessarye-

ortoothextraction instrumentatiorof siteswith
PPDof 4mmandBOPor > 5mm
Pretzl.et ale=Subgingivaldebridemenunderlocal Patintswith andwithout SPT(3
(2008) anaesthesiandperiodontalurgeryif required to 6-monthlyincluding OHI,

professionatoothcleaning,
polishing,applicationof a
fluoridegel)

Zafiropolue=56 mandibulaffirst or first andsecondnolars  6-monthly (OHI, supra and

setal. weretreatedby hemisection(GroupH, n=32).  subgingivaldebridement,

(2009) 36 implantsin the mandibleto replace polishing)
periodontallyinvolvedfirst or first andsecond

molars(Group 1,n=28).

Johanssons=@Hjy supra andsub-gingival scaling,selective  3- to 4-monthlyfor 2 yearshy
etal. (2013), periodontakurgeriegoccasionally dentalhygienistgthenreferred
regenerative) backto generaldentist/hygienist

for supportivecare)

Miller etal.” Non-surgicalandsurgicalperiodontaktreatment Lastedfor aslong asthe patient

(2014) continuedo be seen(periodontal
healthandoral hygiene
assegswent,retreatmenand

surgerywhennecessary)
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Salvietal. OHI, SRP,surgeryif needeqOFD, SPTatDepartmenof
(2014) regenerationtunnelingor resectivesurgery) Periodontologyor private
practiceaccordingto needs

(somepatientswere‘non-

compliers)
Graetzetal. Subgingivaldebridementwith manualand 3- to 12-monthly (non-surgicalor
(2015) powerdriveninstrumentsQFD in caseof PPD surgicalsubgingivaldebridement

>5mmwith BOP or PPD> 6mm (tunnelingor  with or without antibiotic

rootresectionrwvhenneeded) therapy)
Table2
Study Selection Comparison Outcome
Lindhe & Nyman(1975) * * * * %
Hirschfeld& Wasserman
(1978) * %k * * %k
McFall(1982) * * * k
Goldmanetal. (1986) * % * *
Woodetal. (1989) * * * *
Kuhrauetal:,(1990) * * * * %
Wangetal(1994) * * * * %
Little etal.(1995) * - * %k
McGuire & Nunn (1996) * - 2. 8.8 ¢
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Haneyetal. (1997) * K * *
Yukna & Yukna (1997) * * *
McLeodetal. (1998) * * k
Eickhalz & Hausmann

2002 * % * %
Checchietal. (2002) * % *
Dannewitzetal. (2006) * * *
Pretzl.etal. (2008) * * *
Zafiropoubsetal. (2009) * * *
Johanssoetal. (2013) * *
Miller etal.(2014) * *
Salvietal. (2014) * % * %
Graetzetal (2015) * % * *

Table3
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‘l'itles and abstract screened n= 1207 |

LN

Potentially suilable Lor al least |
reviewer n=4|

Detected frum manual search n=4

Deetected through Edilorial contact n=1

Exeluded as not suitable n 11635

Included after full fext review n 21

Reasons for exclusion (n=25);

involved testh n 13

the included cases n=6
= Mot appropriate study design n=3
+  MNon-secure diapnasis n=2
*  Duplicate repart n=1

«  Notooth loss specified for furcation-

®  Shorl follovw-up <3 yeurs on gl leust some of
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