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Abstract

Medicallnformaticshasa constanineedfor basicMedicalLanguaye Processindasks e.g, for coding
into contmolled vocahularies, freetext indexing and informationretrieval. Most of thesetasksinvolve
term matding and rely on lexical resouces: lists of words with attachedinformation,including in-

flectedformsand derivedwords, etc. Sud resoucesare publicly availablefor the Englishlanguage

with the UMLS Specialist_exicon, but notin otherlanguages.For the Frendh language, several teams
haveworkedonthesubjectandbuilt local lexical resouces.Thegoal of the presentworkis to pooland
unify theseresoucesandto add extensivelyto themby exploiting medicalterminolagyiesand corpora,

resultingin a unifiedmedicallexiconfor Frendh (UMLF). Thispaperexposegheissuegaisedby suc

an objective describeghe methodson which the projectreliesandillustratesthemwith experimental
results!
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1 Intr oduction

Basic naturallanguageresourcesuchasthosein the UMLS SpecialistLexicon [1] area
key assefor Medicallnformatics.Lists of wordswith attachednorphosyntacticnformation
(e.g,, “stenoses’; noun plural) areusefulfor extractingtermsfrom medicaltexts [2], where
accuratesyntactictaggingis instrumentato successfulext analysis Relatinginflectedforms
andderivedformsto their basewordsaddspower andflexibility to termmatching:e.g., map-
pinginto UMLS with Metamag?2]. This alsoenhancesmformationretrieval, especiallywith
inflectedlanguagesuchasFrenchfor instancavhenmappingnto FrenchMeSHin CISMeF
[3,4], allowing ‘semantic’ navigation insteadof a restrictive hierarchicalnavigation. More
generallyaccesso knowledgebaseswhetherindexedwith controlledvocalularies(e.g., the

16/11/2002- Voici uneversionremaniéest complétéede l'article a soumettred MIE. Touscommentaires
bienvenus; compléterles auteurs(jusqu’acombienpar partenaire?) ; les motsclés (MeSH) satisfont-ilsnos
spécialistegle I'indexation ? article sansdouteun peutrop long — sanscette note, dansmon format, les 7
derniéregéférencesliépassentlO aveccettenote).



VIDAL drugknowledgebase- VidalPro/ VidalCim) or not (e.g., the ADM knowledgebase
ondisease$b)), is facilitatedby lexical knowledge.

Suchlexical knowledgeis availablefor medicalEnglishin the UMLS Specialist_exicon
[1] andfor generaEnglish(aswell asDutchandGerman)n the CELEX bas¢g6]. In contrast,
for the Frenchlanguage somelexical resourceslo exist, but they areincompleteand scat-
teredin multiple teams;for instance Frenchlexiconshave beendevisedfor variousmedical
naturallanguageprocessingNLP) projects[7,8], includingmorphosyntacticesource$7,4].
Methodshave beendesignedor acquiringlexical resource$rom terminologieq9,10], from
corporg11,12,13Jandby bootstrappindgrom existinginflectionallexicons[14]. Again,these
resourcedevelopmentmethodsare scatteredover differentteams.ln muchthe sameway,
language-aaretoolsfor performingword-level operationsexist in theseteamsfor instance,
aFrenchlemmatizer~LEMM [15], or aFrenchmedicaltext tagger{16].

Theobjectvesof thepresentvork areto poolandunify theseresourceso completethem
usingtheabove-mentioneanethodsandto make themwidely available,in standardormats,
for researctandindustry in the form of a Unified Medical Lexicon for French(UMLF). It
is performedin the framework of a projectfundedby the FrenchMinistry for Researctand
Education(ACI UMLF, grant#02C01632002—2004)We first describemore preciselythe
issuegaisedby our objectvesandoutlinetheinitial positionsof the project(section2). We
thenpresentexperimentalresultsin lexical acquisitionin orderto illustratethe methodson
which the projectrelies(section3). We finally discusssomefurtherissuesandperspecties
(sectiond).

2 Issuesand methodsin the developmentof a medical lexicon

The designof the projecthasallowedusto pinpointa seriesof issueghatmustbeaddressed
whenbuilding amedicallexicon. This sectionexposeghesdssuesandinitial solutions,some
of which arestill debatedor the UMLF lexicon.

2.1 Coverage

A first issueis to draw the line betweengenerallanguageand medicallanguage Although
somewords are clearly marked as relatedto the medicaldomain (“heart” ,> “dia gnose’,
“surgical”, “clinically” ), othersare heavily usedin medicallanguagebut cannotbe said
to be specificto it (“right” , “enlarged”). Factorssuchas frequeny and domain-specific
meaningwill be takeninto accountto designa pragmaticdecisionrule. A balancemustbe
struckbetweerthe priority to be givento clearly medicalwordsandthe carenot to discard
wordsusefulin medicaltexts. Besidesgiving an estimateeitherfor the numberof wordsor
for theexpectedcoverageof unseemmedicaltexts mustwait for bothamoreprecisedefinition
of ‘word’ anda seriousmethodologyfor measuringoverage.

A secondissuefor coverageis that a lexicon can never be exhaustve, especiallyin a
large domainsuchas medicine.An issueis to samplemedicallanguageuse. This will be
donein two ways.On the one hand,by collectingactuallanguageusein large, diversified
corpora,representingnedical specialtiesas well astheir contactwith relatedfields (such
asbiology, statisticsJaw...) andrepresentingliversegenreqhospitaldocumentstextbooks,

2Althoughthe projectworks on the Frenchlanguagefor easeof understandingexamplesin this paperare
givenin Englishor Frenchassuitsbest.



medicalweb sites,queriesto searchenginesgtc.)[17,3]; On the otherhand,by compiling

existing controlledmedicalvocalulariessuchasthesauriandclassificationstCD-10, French
SNOMED Microglossaryand full FrenchSNOMED when available, FrenchCatalogueof

Procedure¢CCAM), VIDAL thesauri(VidalCIM). Specificprovision mustbe madefor the

FrenchMeSHandWHO AdverseDrug Reactionterminologywhoseform (unaccentedip-

percasdetters)is not suitableasis for lexical acquisition;nonethelessCISMeFhasalready
manuallyprovided 30% of the MeSH with accentuatedowercasdetters;andits machine-
aided,full accentuations underway [18]. Anotherspecificcaseis thatof ADM [5], arich

knowledgebasenhichmixespropertief acorpusalexiconandaterminology andwhichis

alsoin unaccentedppercaséetters.The VIDAL drugmonographsreanadditionalinstance
of ‘knowledge-base’-typeorpus.

A further factor of non-ehaustvity in a lexicon is the productve generationof de-
rivedwords (“br ondhiolite”, “br ondiolitique™), compoundwords (“ileojejunostomy”) and
acroryms (“BSE”, “ESB”), to cite the most prevalentword formation devices, aswell as
propernouns(“Babinski”). All thesemustbe dealtwith; thosealreadyseenmaybelistedin
thelexicon, andalgorithmsto helprecognizeunseeronesdynamicallymustbe provided.In
orderto keepwithin resourceshough,the projectfocusse®n derivedwords.

2.2 Whatis aword?

An entry in the lexicon associatesnformation with a lexeme—what we generallycall a
‘word’. But often enough,lexemesare madeof several tokens(e.g., “veine cave”, “vena
cava’, “part of speet”), with aglobalmeaningwhichis notfully dervablefrom themean-
ingsof theindividualtokens.If sucha criterionis broadlytaken, mostof the expressionsghat
occurin medicalterminologiescancountas multi-tokenlexemes(“myocardial infarction”,
“infar ctusdu myocade”, “left interventricularartery”). Here again,a pragmaticposition
mustbe found given projectresourcesThe currentUMLF phaseaimsat compiling the to-
kensusefulfor medicalterminology;it cannotdrop stronglydependentexical unitssuchas
“veine cave”; however, the basiclinguistic description(morpho-syntaxpf a term suchas
“myocardial infarction” is fully derivablefrom thatof “myocardial” and“infar ction”, and
its meanings by andlarge compositionalsothatit maynotneedto belistedin thelexicon?
Two additionalkinds of entriesare usefulfor our purposesaffixes(-al, -ique, de- in-)
and ‘bound’ compoundelements-graphie bio-), which cannotoccuralone,but are basic
elementsn word formation;the latter have individual referentialcapacity(they referto an
object), while the former only correspondo a morphologicaloperation.Both belongto a

differentspacen thelexicon.

2.3 Whid informationfor eac lexeme?

Thepresentvork is limited to morphologyandsyntax.The UMLF lexiconwill provide each
word with part-of-speechnformation (noun, adjectve, etc.) and with numberand gender
featuresvhererelevant.Eachinflectedform mustberelatedto its canonicaform(s)orlemma
(e.g., plural feminine adjectve “muqueuses”to “muqueux”, plural noun“muqueuses’to
“muqueuse’). Eachdervedword mustbelinkedto its baseword (e.g., adjectve “aortique”

3Associatingan equivalent(‘'synonym’) term“heart attadk” to “myocardial infarction” may be delegated
to medicalterminologiesge.g., WHOART.



to “aorta” ). Again, meaning(semantictypes,hierarchicalrelations,non-morphologically-
relatedsynoryms)is basicallywhat medicalNLP aimsto dealwith, andmustbe addressed
in alaterphaselt will beuseful,for instanceo assignsemantidypes(e.g., dravn from the
UMLS SemanticNetwork) to lexemes.lt mustbe notedthough,as mentionedabove, that
terminologiesandmorebroadlythe UMLS alreadyaddressomeof thesessues.

2.4 Staticor dynamicspecificatiorof a lexicon

Two main approachefiave beenproposedfor specifyinga lexicon: explicit word lists or
decompositiorrules and tools; both approache$ave their pros and cons. Explicit lists of
inflectedanddervedwordscanbevalidatedoy humansandcanyield fastemprocessindgime.
Rulesapplieddynamicallyby morphologicalanalysistools candealwith unseerwordsand
reducememoryrequirementsA hybrid methodusing generalrules togetherwith lists of
exceptionshas proven effective both for lemmatizationand stemming[1,15]. Finite state
transducerareanotheigeneramethodfor implementingoothstaticanddynamicrecognition
of inflectedformsandderivedwords[7].

3 Experiments and resultsin lexical acquisition

Methodsfor collectinglexical knowledge(lexical acquisitionmethod$ canbe dividedinto
two broadclassesOn the one hand,knowledge-basednethods[7,15] assumesomeprior
knowledgeis available,andapply it to a givensource.For instance a lemmatizef{15] em-
bodieslinguistic knowledgeabouthow to computethe lemma(uninflectedform, e.g., “ab-

dominal”) of aninflectedword form (e.g., feminine plural “abdominales”). On the other
hand,discoverymethodg11,12]assumdittle prior knowledgeis available,andinvolve some
learningprocesskor instanceGrabarf10] guesseselationsbetweerderivedwords(e.g., ad-
jective “abdominal”) andbasewords(e.g., noun“abdomen”). Obviously, thesetwo sortsof
methodscancomplementachother(bothareillustratedbelow), andareto be usedon top of
existing lexical resourcegsection3.4).

3.1 Word lists

The initial stepin the compilationof a lexicon is to collect word lists from representatie
samplesf medicallanguagemedicalterminologiesandtext corpora(seesection2.1). Both

the origin of the words(from which text) andtheir frequeny mustberecordedAt this step
of processingwhatis obtainedis (potentiallyinflected)word forms ratherthanuninflected
lemmas Besidesthesewordsmayincludenoise(numbersor residuefrom Web pagecon-
version,suchasURL componentsyvhich mustbe filteredin a later step.For instance the
FrenchMeSH yields 21,475uniqueword forms (58,912occurrences)a study of 108,660
guerieg29,092unique)sentover five monthsto the CISMeFsearchengineobserned21,112
uniqueword forms (131,570occurrences)A collectionof 2,338Web pagesndexedin CIS-
MeF by the MeSH term ‘PathologicalConditions,Signsand Symptoms’,completedwith

theirimmediateWeb neighborq[CISMeF-signs] total 9,787 pages) pncecorvertedto text

format,provided 142,545(noisy)word forms(5,204,901occurrences).



3.2 Part-of-speeh andinflectionalknowledg

Thefirst kind of lexical informationthat canbe acquiredis the part-of-speeclfPOS:noun,
adjectve, etc.)of eachword. It canbe obtainedby exploiting the context of useof eachword
in a corpus.A part-of-speeh tagger [16] cannot only tagwordsthatarelistedin its inter-
nal lexicon, but alsosuggesthe mostprobabletagin context for an unknovn word. In that
respectjt is a discovery method.The lemma(uninflectedform) of eachword form canbe
obtainedwith alemmatizef15], oftenwith the helpof its part-of-speechSomelemmatizers
usea hybrid knowledge-basednd discovery approachwith both generalrules and excep-
tions,which allows themto handleunseerwords|[1,15]. [CISMeF-signs] oncePOS-tagged
with TreeTagger(www.ims.unistuttgart.de/projekicorplex/TreeTaggerDecisonTreeTaggerhtml)
andlemmatizedwith FLEMM [15], displays(amongothercateyories)21,659unique,lem-
matizedadjectves (507,162occurrencesand 38,025nouns(1,188,574occurrences)As a
side-efect, this procesgelatesinflectedforms to their lemmas,thus providing inflectional
knowledge.

3.3 Derivationalknowledg

Lists of derived words with their basewords can be obtainedby applying a hand-crafted
morphologicalanalysistool (‘stemmer’)[7,13] to lists of wordsfound in a corpus,just as
lemmatizersverein the previous step,to spotnew derivedwords. They canalsobe discov-
eredfrom structuredterminologiesby comparingsimilar wordsin relatedterms[10]. For
instance;l,042derivedwordswith their basewordswereobtainedaftervalidation)from the
FrenchlCD-10 andSNOMED Microglossaryfor Pathology[10]. Finally, we have startedto
experimentcorpus-basediscovery of dervedwordsasproposedoy [11]. Initial resultson
[CISMeF-signs]shav avery goodprecision.

3.4 Fusionandvalidationof lexical information

We alreadyhave assembledanedicallexiconsduringthe courseof former projects.Both pre-
existing and newly-producedresourcegesultingfrom the abore-mentionednethodsneed
to be unified andvalidated.First, theseresourcesnustusethe same‘ontology’ of syntactic
information(part-of-speechiags,morphosyntactiéeatures) Experiencen previousunifica-
tion projects(e.g., the GRACE evaluationof Frenchmorphosyntacti@analyzersywww.limsi.

fr/IProjects/GRAE/) hasshavn that a commonformat could be designedto represenin a
unifying way the variouscorventionsfor modelingmorphosyntactiecnformationin different
syntactiomodels For distribution, severalformatscanbegeneratedrom thecommonformat.
Providing adistributionformatcompatiblewith the UMLS Specialisi_exiconwill enablehe
useof UMLS toolswith FrenchresourcesSecondthe statusof eachlexical entry mustbe
documentedimportedfrom formerresource®f the participatingteams collectedfrom cor-

pus, from terminology etc., validatedor still only proposed.This way, carewill be taken

to ensurethe traceabilityof lexical entry origin sothatinclusionin the final lexicon canbe
properlymotivated.Finally, validationwill involve bothautomatedaonsisteng checkingand
humanreview. Amongotherpoints,multiple entriesfor the sameinflectedformsor lemmas
canbedetectedandpresentedor humanreview; lemmaswhich differ by only onelettermay
reveal eitheractualspelling variantsor spellingerrorsin the sourcedocumentsAll entries



will becrossed-alidatedby two differentteamsto ensurethe highestquality to theresulting
resources.

4 Discussion

We have shavn methodsandinitial experimentsto collecta large lexicon of Frenchmedi-
cal words,including morphologicalinformationsuitablefor helpinglanguageprocessingn
varioustaskssuchasterm matchingand informationretrieval. Indeed,several aspectsstill
needto beworkedout, andusefultypesof information(e.g., synoryms)cannotbeaddressed
currentlyfor want of larger resourcesthe presenfprojectmustbe consideredasa first step
towardsextensve lexical resourcesor easiemprocessingf Frenchmedicallanguages.

The currentgoalsof thiswork alsoleave for furtherinvestigationthe multilingual dimen-
sion of medicallexicons;asa matterof fact,apartfrom English[1], resourceslsoexist for
medicalGerman[19,20]. Neverthelesssomeof the discovery methodspresentechereare
applicableto furtherlanguage$10]. Languagealignments alsoanimportanttask,for which
variousmethodshave beenproposed9,19,21].

The UMLF web site will keeptrack of project progressProvision for a maintenance
structurewill alsobe preparedn parallelwith technicalwork. The UMLF projectwill end
in 2004,whereit will make its lexical resourcedreely availablefor researclpurposes—and
threeyearslaterfor all uses.
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