


Introduction
Recurrenceof diseasefollowinganytechniqueto correctthecontracture(s)isoneof themajor
setbacksin thetreatmentof Dupuytren'sdisease(DD). Sincepresenttechniquesonly treatthe
symptomsof thischronicandprogressivedisease,recurrenceovertime is inevitablein the
majority of patients.Therefore,assessmentof recurrenceratesisanessentialelementin
describingandcomparingtheefficacyof differenttreatmentoptionsfor DD.

Two separatesystematicreviews[1, 2] haverecentlyidentifieddire needfor consensuson
howto definerecurrenceof DD. This lackof acleardefinition maypartlyexplainwhyre-
portedrecurrenceratesvaryfrom 0%to 100%[3±8].In addition,wehaveshownthatapplying
thedifferentdefinitionson asingledatasetcanchangetheresultingrecurrenceratesfrom 2%
to 86%[1].

To obtainaninternationallyacceptedandwidesupporteddefinition of recurrencefor DD,
aconsensusagreementbasedon theexperienceandknowledgeof aninternationalgroupof
renownedexpertsisneeded.Therefore,thegoalof this internationalstudywasto developcon-
sensuson asingledefinition of recurrenceof DD that isapplicablein clinicalandresearch
settings.

Methods
In thisstudyweusedtheDelphimethod,which isdesignedto reachconsensusbetweenindi-
vidualsusingquestionnaire-basedsurveys[9]. Thisexpert-basedconsensusstudydid not
involveparticipationof studysubjectssuchaspatientsor non-patientvolunteers.Therefore,
no institutional reviewboardapprovalwasneededfor thepresentstudybasedon locallaw.
Expertsin thefield of Dupuytren'sdisease(DD) wereinvited to participatein our Delphi
study.To identify theseexperts,weselectedall clinicalDD-relatedPubMedarticlesthatwere
publishedbetween2005and2012.In addition,weusedthearticlesfrom our systematicreview
to identify expertsin thefield of DD [1]. Eitherthefirst or lastauthorof eacharticle,based
on thenumberof publicationsin thefield of DD, wasinvited to participate.Whenmultiple
expertswereidentifiedfrom thesameinstitution, only themostexperiencedexpertwasinvited
to participate.Weexcludedexpertsthatdid no longerparticipatein thefield, for exampledue
to retirement,or authorswhopublishedonly asingleDD-relatedpaper.

In November2012,42expertsfrom tencountriesin four continentswereinvited to partici-
pate.All expertswereprovidedwith information on theDelphistudyaswellaswith adraft of
our systematicreview.FollowingDelphiguidelines,51%agreementisconsideredconsensus.
However,weaimedfor aminimal of 70%agreementfor consensus.Theidentitiesof theother
participatingexpertswerenot disclosedto theexpertsduring theprocess.

In thefirst round,expertswereaskedto scoretherelevanceof four differentdimensions
of recurrenceto beincludedin asingledefinition of DD recurrence(first two columnsof
Table1) usinga0±10numericalscaleandmultiple choicequestions.Forexample,weasked
ªOn ascalefrom 0 to 10,howimportant is it to includethereturn of Dupuytren'snodules
basedon palpationor visualinspectionin thedefinition of recurrence?ºAfter eachquestion,
theexpertscouldaddacommentor explanation.

Thefirst two authorsanalyzedtheresultsanddiscussedtheoutcomeswith theother
authors.If 70%of theexpertsscoredfiveor higher,theitem wasconsideredimportant for fur-
therconsideration.Theseincludeditemswerediscussedmorein-depthin thefollowing
rounds.

In eachfollowinground,weprovidedfeedbackto theexpertsbysummarizingtheanswers
on thepreviousround in combinationwith asynopsisof anonymouscomments.After this
feedback,weaskedtheexpertsto answereachquestionagainon whichconsensuswasnot yet
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reached.Topicson whichconsensuswasreachedwerealsopresentedbut only with theoppor-
tunity for theexpertsto giveadditionalcomments.If expertsdid not completeaprevious
round beforethedeadline,theywerestill invited to thenextround.

Results
Twenty-oneexperts(64%)from 10countriesparticipatedin thisstudy:7 from North-Amer-
ica,13from Europe,and1 from Australia.A totalof four roundswereneededto reachconsen-
sus.Theresponseratevariedperround betweenthe76%and90%(Fig1).

A first dimensionscoredby theexpertswaslocationof recurrence.Consensuswasthat
recurrenceof Dupuytren'sdisease(DD) shouldbelocatedin theoperatedareaonly in order
to differentiaterecurrencefrom diseaseextensionto otherjoints. In addition,sinceDD can
affectmultiple joints,fingersandhands,consensuswasthat recurrenceshouldbemeasuredin
all treatedjoints,fingersandhandsregardlessif full extensionwasreachedduring treatment.
Expertsalsoreachedconsensusthatall treatedjoints shouldbescoredindividually to countas
arecurrencerate(Table1).

Theseconddimensionwaswhetherarecurrenceshouldbeassessedbasedon thepresence
of nodules,cordsand/or joint contractures.ExpertsagreedDD nodulesandcordsshouldnot
beexplicitlytakeninto accountandfurthermorearecurrentjoint contractureof at least20
degreesin onejoint isneededfor arecurrence.

A third dimensionwasthetiming of baselinemeasurementsandfollow-up.Expertsagreed
recurrenceshouldbemeasuredatoneyearpost-treatmentandshouldbecomparedto abase-
line measurement.Consensuswasthat intra-operativemeasurementsshouldnot beusedasa
baselinevalueand,therefore,anassessmentatsixweeksaftertreatmentwasselectedasabase-
line.Sinceit ispresentlyunclearfrom literaturehowrecurrencedevelopsovertime,experts
agreedto recommendyearlyrepeatedmeasurementswhenfeasible.

A fourth dimensionconsistedof scoringpatients'characteristics,suchasdiathesisand
patientperceptionof recurrence.Althoughit isclearthatdiathesishasasignificantinfluence
on recurrence,theexpertsagreedthat information on diathesisshouldnot beincludedinto
thedefinition, althoughit shouldbescoredin everystudy.Theexpertsalsoagreedthat,while
patient-ratedinformation aboutrecurrencecanberelevant,it shouldnot beincludedin asin-
gledefinition of recurrenceof DD.

After thelastround,all 21expertsagreedto definerecurrenceof Dupuytren'sdiseaseafter
treatmentas“an increase in joint contracture in any treated joint of at least 20 degrees at one
year post-treatment compared to six weeks post-treatment”. Additionally,althoughnot partof
thedefinition, theexpertsadvisedthecommunityto 1) conductstudiesthat repeatmeasure-
mentsyearlyto studythedevelopmentof recurrence,and2) measureandreport recurrence
ratesfor all treatedjoints individually (Table2: implementationof thedefinition).

Table 1. Dimension s. The dimensions (numbered 1–4) were presented to the experts and the resulting consensus on each dimension is presented. The

last column shows the percentage of experts that agreed on each consensus or a range of percentages, when the outcome differed in more than one round of

the Delphi study.

Dimensi ons Consens us % Experts

1 Location of recurrence All treated joints 70%–80%

2 Inclusion of nodules, cords and contractures 20˚ contracture, no modules or cords 86%

56%–60%

3 Baseline measurements and follow-up 6 weeks post treatment, 1 year post treatment 79%

86%

4 Patient characteristics & Patient-reported recurrence Excluded 75%

https://doi.org/10.1371/journal.pone.0164849.t001
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Fig 1. Flow diagram. Figure showing shows the number of experts who were included in the study rounds

and their country of origin.

https://doi.org/10.1371/journal.pone.0164849.g001
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Discussion
Sincethepresentlackof aconsensusfor recurrenceof Dupuytren'sDiseasemakeit impossible
to compareresultsbetweendifferentstudies,weconductedthis internationalstudyto obtain
consensuson auniversaldefinition for recurrenceof DD aftertreatment.Basedon this,we
proposeto definerecurrenceof DD aftertreatmentas“an increase in joint contracture in
any treated joint of at least 20 degrees at one year post-treatment compared to six weeks post-
treatment

Thedefinition establishedin thisstudywasobtainedbyevaluationfour differentdimen-
sionsof recurrence.Thefirst dimensionwaslocationof recurrence.Consensuswasthatonly
theoperatedor treatedareashouldbeconsideredandthatall treatedhands,fingersandjoints
shouldbeincludedto calculaterecurrencerates,whichallowto distinguishrecurrence(in the
samearea)from diseaseextension(outsideof thetreatedarea).In addition,althoughaddi-
tional measuressuchasatotalpassiveextensiondeficit (TPED)canalsobeof value,consensus
wasthat individual joint measurementsshouldbeusedprimarily. Oneexpertstated:̀ TPEDis
measuredwhileall joints arebeingsimultaneouslypassivelyextended.Assuch,it represents
fixedjoint contractures.Thiswill yieldadifferentmeasurementthanthesumof measure-
mentsmadeof individual joint passiveextension,while theproximal joint or distaljoints in
thatsamerayareallowedto flex.'Furthermore,adisadvantageof aTPEDis that it includes
non-affectedjoints andnewlyaffectedjoints (diseaseextension),creatingpossiblefalse-posi-
tiverecurrencerates.

A seconddimensionconsideredincludingpalpablenodules,palpablecordsandcontrac-
turesin thedefinition of recurrence.Theexpertsunanimouslyagreedto includeincreaseof
contracturein thedefinition of recurrence.Furthermore,theyagreedto excludenodulesand
cords.Theangularthresholdfor thecontractureto beconsideredarecurrencewassetat20
degrees.Thereweretwo reasonsfor this threshold.Firstly,inherentmeasurementerrorsof
goniometryareapproximately5±10degreesandthereforealargerthresholdisneeded[10].
Secondly,15±20degreesisoftenconsideredanindication for anewintervention,for example
in theHuestonTable-toptest[11].

Theexclusionof thepresenceof nodulesandcordsin thedefinition wasmorecontroversial
in our groupof experts.While themain reasonto includepalpablenodulesandpalpablecords
in thedefinition wasthat reappearingnodulesandcordsaretheearliestsignsandoftenthe
causeof recurrence,themajority of theexpertsmentionedthreemain reasonsto excludepal-
pablenodulesandpalpablecordsin thedefinition. Firstly,nodulesandcordsby themselves
veryseldomcauseanydisability,or requiresurgicaltreatment.Secondly,minimal invasive
techniquesaremeantto disconnectDupuytrentissuethat formscordsor nodules.However,
thesecordsandnodulesareleft in placeduring thesetechniques[5, 12].Thismakesit difficult
to identify newlyformednodulesandcordsbecausetheold onesremain.Thirdly, it ischal-
lengingto reliablyidentify thepresenceof nodulesandcordsin thepresenceof post-surgical
scarring.

A third dimensionconsideredtiming of baselineandfollow-upmeasurements.Consensus
wasto performbaselinemeasurementsatsixweeksposttreatment,mainlybecauseexperts
concludedthatwoundhealingtakestime followingsurgery.Furthermore,handfunction will
return in approximatelytwo to four weeksandit alsohasbeendemonstratedthat theresultsat
sixweeksposttreatmentwerebettercomparedto one-weekposttreatment[13,14].Therefore,
sixweekswasconsideredafirst time-point evaluationfor treatmentsuccess.Thefollow-up
time wasmorecontroversial.Expertsmentionedfrom aclinicalpoint of view,longerfollow-
up measurementsmight expressmorepreciselytheamountof recurrenttreatmentsthatare
needed.However,from aresearchperspective,aone-yearfollow-upmayalreadyexpressthe
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maindifferencesbetweentechniques.Oneexpertstated:̀ recurrenceprogresseswith time.But
thisprogressionisnon-linear.Eitherour scientificcommunitydevelopsstandardizedtime-to-
recurrencecharts,or weall decideto evaluateall patientsatagivenpoint in time.'After four
rounds,consensuswasto measurerecurrenceafteroneyear.In addition,theexpertsadvised
yearlyrepetitionof measurementsin studiesthatcovermultiple follow-upyearssincemore
knowledgeisneededon howrecurrenceprogressesovertime.

A lastdimensionincludedpatientcharacteristicsandpatients'perception.Consensuswas
thatpatientfactors(e.g.diathesis)canpredicttherisk of developingrecurrence,but arenot a
characteristicof recurrenceitself[15]. Therefore,it wasexcluded.In addition,whileall experts
concludedthatpatients'perceptionisveryimportant [16], it wasalsoexcluded.Oneexperts
stated̀ whilewecanpatourselveson thebackfor agreatrangeof motion improvement,or feel
wedid not achieveour goal,thepatient'sownperceptionis thebottomline of whatmatters
themost.Unfortunately,wedo not haveveryobjectivemeasures(of subjectiveimprovement)
andanymeasurewill beinvariablyaffectedby factorsunrelatedto themedicaltreatmentdeliv-
ered'.Since,thereareno objectivemeasuresto measurepatients'perceptionaboutrecurrence,
it isnot includedin thisdefinition.

Our studyhasanumberof weaknessesandstrengths.Firstly,only theminimal amountof
expertsgenerallyassumedto beneededfor aDelphistudyparticipatedin our study[9]. Unfor-
tunatelytheinvitedexpertsfrom theAsiancontinentdid not respondandarethereforenot
representedin thisDelphistudy.However,all respondedexpertsrepresentcountriesfrom all
overtheworld andareclearlyrenownedin thefield.Expertscompletedall roundswith an
averageresponserateof 80%and,at theendof theprocess,all expertsagreedon thefinal defi-
nition of recurrence.Secondly,thisDelphistudywasconductedwith computer-basedques-
tionnaires.A disadvantageof thismethodis that it lackstheability to stimulatediscussionand
canleadto misinterpretationof commentsgivenbyexperts.On theotherhand,computer-
basedquestionnairesallowanonymousresponsesfrom theexperts,andthusavoidingpossible
peer-pressure.A third limitation wasthat thegoniometricmeasurementprotocolneededfor
thisdefinition wasnot partof theDelphiconsensusrounds.To our knowledge,aninterna-
tionally recognizedguidelinefor measuringjoint angleispresentlylacking.In our experience,
mostresearchersandcliniciansmeasurejoint angledorsally[17]. Assomeof theexpertsas
wellasareviewerof thismanuscripthavecorrectlynoted,it is important to control for the
adjacentjoints whenmeasuringaspecificjoint, especiallywhenacordspansmultiple joints.
Fortunately,sincethepresentdefinition isbasedon achangein joint angleof time,differences
betweengoniometricmeasurementtechniquesmayleadto differentabsoluteangles,but
differencemaybemuchsmallerwhenanalyzingthechangein joint angleovertime.A final
limitation is thatwhileour goalwasto obtainoneclinicallyrelevantandeasilyapplicabledefi-
nition for recurrenceof DD aftertreatment,it maynot bepossibleto reflectthecomplexityof
recurrenceof DD in thissingledefinition. Table2 showsanexampleof howatypicaldataset
from aclinicalstudyshouldbeinterpretedto calculatearecurrencerate.Fromthis table,it is
alsoclearthat thissinglerecurrenceratedoesnot capturethecomplexityof thedata.There-
fore,wedo not advocateresearchersto only usethissinglemeasure,but wedo advocatethis is
theminimal measureto report.Additional secondarymeasuresmaybeneededto alsodescribe
thepresenceof thediseaseor diseaseextension,for examplethepresenceof palpablenodules
andcords.Also,in addition to usingathresholdfor recurrence,it couldalsobevaluableto
describetheaveragechangein joint anglebetweenbaselineandfollow-upor to report recur-
rencerateperjoint separately.

In conclusion,wepresentauniform definition that for thefirst time allowscomparison
betweenfuturestudies,therebyimproveour understandingof theeffectivenessof different
treatmentmethods.
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Patient Hand Joint Extension de®cit prior
treatment (degrees )

Extension de®cit 6 weeks
post treatment (degrees)

Extension de®cit 1 year
post treatm ent (degrees)

Recurren ce (Yes
/ No)

Recurrenc e rate
(%)

1 Left MP 4 60 10 10 No 5/14

joints = 36%MP 5 75 0 20 Yes

Right MP5 20 0 0 No

PIP

5

90 40 60 Yes

2 Left MP 5 30 10 15 No

PIP

5

80 20 35 No

3 Right MP 4 10 0 10 No

MP 5 15 0 15 No

PIP

5

40 0 20 Yes

4 Left PIP

5

90 10 25 No

5 Left MP 3 60 10 30 Yes

MP 4 40 0 15 No

MP 5 30 0 15 No

PIP

5

60 5 25 Yes

https://doi.org/10.1371/journal.pone.0164849.t002
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