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Abstract

MedicalInformaticshasa constantneedfor basicMedicalLanguageProcessingtasks,e.g., for coding
into controlled vocabularies,freetext indexing and informationretrieval. Mostof thesetasksinvolve
term matching and rely on lexical resources: lists of words with attachedinformation,including in-
flectedformsandderivedwords,etc.Such resourcesare publicly availablefor theEnglishlanguage
with theUMLSSpecialistLexicon,but not in otherlanguages.For theFrench language, several teams
haveworkedonthesubjectandbuilt local lexical resources.Thegoalof thepresentwork is to pooland
unify theseresourcesandto addextensivelyto themby exploiting medicalterminologiesandcorpora,
resultingin a unifiedmedicallexiconfor French (UMLF). Thispaperexposestheissuesraisedbysuch
an objective, describesthemethodson which theprojectreliesandillustratesthemwith experimental
results.1
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1 Intr oduction

Basicnaturallanguageresourcessuchas thosein the UMLS SpecialistLexicon [1] are a
key assetfor MedicalInformatics.Listsof wordswith attachedmorphosyntacticinformation
(e.g., “stenoses”, noun, plural) areusefulfor extractingtermsfrom medicaltexts [2], where
accuratesyntactictaggingis instrumentalto successfultext analysis.Relatinginflectedforms
andderivedformsto theirbasewordsaddspowerandflexibility to termmatching:e.g., map-
ping into UMLS with Metamap[2]. Thisalsoenhancesinformationretrieval, especiallywith
inflectedlanguagessuchasFrench,for instancewhenmappingintoFrenchMeSHin CISMeF
[3,4], allowing ‘semantic’ navigation insteadof a restrictive hierarchicalnavigation. More
generally, accessto knowledgebases,whetherindexedwith controlledvocabularies(e.g., the
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VIDAL drugknowledgebase– VidalPro/ VidalCim)or not (e.g., theADM knowledgebase
on diseases[5]), is facilitatedby lexical knowledge.

Suchlexical knowledgeis availablefor medicalEnglishin theUMLS SpecialistLexicon
[1] andfor generalEnglish(aswell asDutchandGerman)in theCELEX base[6]. In contrast,
for the Frenchlanguage,somelexical resourcesdo exist, but they areincompleteandscat-
teredin multiple teams;for instance,Frenchlexiconshave beendevisedfor variousmedical
naturallanguageprocessing(NLP) projects[7,8], includingmorphosyntacticresources[7,4].
Methodshavebeendesignedfor acquiringlexical resourcesfrom terminologies[9,10], from
corpora[11,12,13]andby bootstrappingfrom existinginflectionallexicons[14]. Again,these
resourcedevelopmentmethodsare scatteredover different teams.In much the sameway,
language-awaretoolsfor performingword-level operationsexist in theseteams:for instance,
aFrenchlemmatizerFLEMM [15], or aFrenchmedicaltext tagger[16].

Theobjectivesof thepresentwork areto poolandunify theseresources,to completethem
usingtheabove-mentionedmethods,andto makethemwidely available,in standardformats,
for researchandindustry, in the form of a Unified MedicalLexicon for French(UMLF). It
is performedin theframework of a projectfundedby theFrenchMinistry for Researchand
Education(ACI UMLF, grant#02C0163,2002–2004).We first describemorepreciselythe
issuesraisedby our objectivesandoutlinetheinitial positionsof theproject(section2). We
thenpresentexperimentalresultsin lexical acquisitionin orderto illustratethemethodson
which theprojectrelies(section3). We finally discusssomefurther issuesandperspectives
(section4).

2 Issuesand methodsin the developmentof a medical lexicon

Thedesignof theprojecthasallowedusto pinpointaseriesof issuesthatmustbeaddressed
whenbuilding amedicallexicon.Thissectionexposestheseissuesandinitial solutions,some
of whicharestill debatedfor theUMLF lexicon.

2.1 Coverage

A first issueis to draw the line betweengenerallanguageandmedicallanguage.Although
somewords are clearly marked as relatedto the medicaldomain(“heart” ,2 “dia gnose”,
“surgical” , “clinically” ), othersare heavily usedin medical languagebut cannotbe said
to be specificto it (“right” , “enlarged”). Factorssuchas frequency and domain-specific
meaningwill be taken into accountto designa pragmaticdecisionrule. A balancemustbe
struckbetweenthepriority to begivento clearlymedicalwordsandthecarenot to discard
wordsusefulin medicaltexts.Besides,giving anestimateeitherfor thenumberof wordsor
for theexpectedcoverageof unseenmedicaltextsmustwait for bothamoreprecisedefinition
of ‘word’ andaseriousmethodologyfor measuringcoverage.

A secondissuefor coverageis that a lexicon can never be exhaustive, especiallyin a
large domainsuchasmedicine.An issueis to samplemedicallanguageuse.This will be
donein two ways.On the onehand,by collectingactuallanguageusein large,diversified
corpora,representingmedicalspecialtiesas well as their contactwith relatedfields (such
asbiology, statistics,law...) andrepresentingdiversegenres(hospitaldocuments,textbooks,

2Althoughtheprojectworkson theFrenchlanguage,for easeof understanding,examplesin this paperare
givenin Englishor Frenchassuitsbest.
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medicalweb sites,queriesto searchengines,etc.) [17,3]; On the otherhand,by compiling
existingcontrolledmedicalvocabulariessuchasthesauriandclassifications:ICD-10,French
SNOMED Microglossaryand full FrenchSNOMED whenavailable,FrenchCatalogueof
Procedures(CCAM), VIDAL thesauri(VidalCIM). Specificprovision mustbemadefor the
FrenchMeSHandWHO AdverseDrug Reactionterminologywhoseform (unaccentedup-
percaseletters)is not suitableasis for lexical acquisition;nonetheless,CISMeFhasalready
manuallyprovided 30% of the MeSH with accentuatedlowercaseletters;andits machine-
aided,full accentuationis underway [18]. Anotherspecificcaseis thatof ADM [5], a rich
knowledgebasewhichmixespropertiesof acorpus,alexiconandaterminology, andwhichis
alsoin unaccenteduppercaseletters.TheVIDAL drugmonographsareanadditionalinstance
of ‘knowledge-base’-typecorpus.

A further factor of non-exhaustivity in a lexicon is the productive generationof de-
rivedwords(“br onchiolite” , “br onchiolitique” ), compoundwords(“ileojejunostomy”) and
acronyms (“BSE” , “ESB” ), to cite the most prevalentword formationdevices,aswell as
propernouns(“Babinski” ). All thesemustbedealtwith; thosealreadyseenmaybelistedin
thelexicon,andalgorithmsto helprecognizeunseenonesdynamicallymustbeprovided.In
orderto keepwithin resourcesthough,theprojectfocusseson derivedwords.

2.2 Whatis a word?

An entry in the lexicon associatesinformation with a lexeme—what we generallycall a
‘word’. But often enough,lexemesare madeof several tokens(e.g., “veine cave”, “vena
cava”, “part of speech” ), with aglobalmeaningwhich is not fully derivablefrom themean-
ingsof theindividual tokens.If suchacriterionis broadlytaken,mostof theexpressionsthat
occurin medicalterminologiescancountasmulti-tokenlexemes(“myocardial infarction” ,
“infar ctusdu myocarde”, “left interventricularartery” ). Hereagain,a pragmaticposition
mustbe foundgivenprojectresources.The currentUMLF phaseaimsat compiling the to-
kensusefulfor medicalterminology;it cannotdropstronglydependentlexical unitssuchas
“veine cave”; however, the basiclinguistic description(morpho-syntax)of a term suchas
“myocardial infarction” is fully derivablefrom thatof “myocardial” and“infar ction” , and
its meaningis by andlargecompositional,sothatit maynotneedto belistedin thelexicon.3

Two additionalkinds of entriesareusefulfor our purposes:affixes(-al, -ique, de-, in-)
and ‘bound’ compoundelements(-graphie, bio-), which cannotoccuralone,but arebasic
elementsin word formation;the latter have individual referentialcapacity(they refer to an
object),while the former only correspondto a morphologicaloperation.Both belongto a
differentspacein thelexicon.

2.3 Which informationfor each lexeme?

Thepresentwork is limited to morphologyandsyntax.TheUMLF lexiconwill provideeach
word with part-of-speechinformation (noun,adjective, etc.) and with numberand gender
featureswhererelevant.Eachinflectedform mustberelatedto its canonicalform(s)or lemma
(e.g., plural feminineadjective “muqueuses”to “muqueux”, plural noun “muqueuses”to
“muqueuse”). Eachderivedword mustbelinkedto its baseword (e.g., adjective “aortique”

3Associatinganequivalent(‘synonym’) term “heart attack” to “myocardial infarction” maybedelegated
to medicalterminologies,e.g., WHOART.
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to “aorta” ). Again, meaning(semantictypes,hierarchicalrelations,non-morphologically-
relatedsynonyms)is basicallywhatmedicalNLP aimsto dealwith, andmustbeaddressed
in a laterphase.It will beuseful,for instance,to assignsemantictypes(e.g., drawn from the
UMLS SemanticNetwork) to lexemes.It mustbe notedthough,asmentionedabove, that
terminologiesandmorebroadlytheUMLS alreadyaddresssomeof theseissues.

2.4 Staticor dynamicspecificationof a lexicon

Two main approacheshave beenproposedfor specifyinga lexicon: explicit word lists or
decompositionrulesand tools; both approacheshave their pros andcons.Explicit lists of
inflectedandderivedwordscanbevalidatedby humansandcanyield fasterprocessingtime.
Rulesapplieddynamicallyby morphologicalanalysistoolscandealwith unseenwordsand
reducememoryrequirements.A hybrid methodusing generalrules togetherwith lists of
exceptionshasproven effective both for lemmatizationand stemming[1,15]. Finite state
transducersareanothergeneralmethodfor implementingbothstaticanddynamicrecognition
of inflectedformsandderivedwords[7].

3 Experiments and resultsin lexical acquisition

Methodsfor collectinglexical knowledge(lexical acquisitionmethods) canbe divided into
two broadclasses.On the onehand,knowledge-basedmethods[7,15] assumesomeprior
knowledgeis available,andapply it to a givensource.For instance,a lemmatizer[15] em-
bodieslinguistic knowledgeabouthow to computethe lemma(uninflectedform, e.g., “ab-
dominal”) of an inflectedword form (e.g., feminine plural “abdominales”). On the other
hand,discoverymethods[11,12]assumelittle prior knowledgeis available,andinvolvesome
learningprocess.For instance,Grabar[10] guessesrelationsbetweenderivedwords(e.g., ad-
jective “abdominal” ) andbasewords(e.g., noun“abdomen”). Obviously, thesetwo sortsof
methodscancomplementeachother(bothareillustratedbelow), andareto beusedontopof
existing lexical resources(section3.4).

3.1 Word lists

The initial stepin the compilationof a lexicon is to collect word lists from representative
samplesof medicallanguage:medicalterminologiesandtext corpora(seesection2.1).Both
theorigin of thewords(from which text) andtheir frequency mustberecorded.At this step
of processing,what is obtainedis (potentiallyinflected)word forms ratherthanuninflected
lemmas.Besides,thesewordsmay includenoise(numbersor residuesfrom Webpagecon-
version,suchasURL components)which mustbe filtered in a later step.For instance,the
FrenchMeSH yields 21,475uniqueword forms (58,912occurrences);a studyof 108,660
queries(29,092unique)sentoverfivemonthsto theCISMeFsearchengineobserved21,112
uniqueword forms(131,570occurrences).A collectionof 2,338Webpagesindexedin CIS-
MeF by the MeSH term ‘PathologicalConditions,SignsandSymptoms’,completedwith
their immediateWebneighbors([CISMeF-signs], total 9,787pages),onceconvertedto text
format,provided142,545(noisy)word forms(5,204,901occurrences).
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3.2 Part-of-speech andinflectionalknowledge

Thefirst kind of lexical informationthatcanbeacquiredis thepart-of-speech(POS:noun,
adjective,etc.)of eachword.It canbeobtainedby exploiting thecontext of useof eachword
in a corpus.A part-of-speech tagger [16] cannot only tagwordsthatarelisted in its inter-
nal lexicon, but alsosuggestthemostprobabletag in context for anunknown word. In that
respect,it is a discovery method.The lemma(uninflectedform) of eachword form canbe
obtainedwith a lemmatizer[15], oftenwith thehelpof its part-of-speech.Somelemmatizers
usea hybrid knowledge-basedanddiscovery approachwith both generalrulesandexcep-
tions,which allows themto handleunseenwords[1,15]. [CISMeF-signs], oncePOS-tagged
with TreeTagger(www.ims.uni-stuttgart.de/projekte/corplex/TreeTagger/DecisionTreeTagger.html)
andlemmatizedwith FLEMM [15], displays(amongothercategories)21,659unique,lem-
matizedadjectives(507,162occurrences)and38,025nouns(1,188,574occurrences).As a
side-effect, this processrelatesinflectedforms to their lemmas,thusproviding inflectional
knowledge.

3.3 Derivationalknowledge

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
lemmatizerswerein thepreviousstep,to spotnew derivedwords.They canalsobediscov-
eredfrom structuredterminologiesby comparingsimilar words in relatedterms[10]. For
instance,1,042derivedwordswith theirbasewordswereobtained(aftervalidation)from the
FrenchICD-10 andSNOMEDMicroglossaryfor Pathology[10]. Finally, we havestartedto
experimentcorpus-baseddiscovery of derivedwordsasproposedby [11]. Initial resultson
[CISMeF-signs]show averygoodprecision.

3.4 Fusionandvalidationof lexical information

Wealreadyhaveassembledmedicallexiconsduringthecourseof formerprojects.Both pre-
existing and newly-producedresourcesresultingfrom the above-mentionedmethodsneed
to beunifiedandvalidated.First, theseresourcesmustusethesame‘ontology’ of syntactic
information(part-of-speechtags,morphosyntacticfeatures).Experiencein previousunifica-
tion projects(e.g., theGRACE evaluationof Frenchmorphosyntacticanalyzers,www.limsi.
fr/Projects/GRACE/) hasshown that a commonformat could be designedto representin a
unifying way thevariousconventionsfor modelingmorphosyntacticinformationin different
syntacticmodels.For distribution,severalformatscanbegeneratedfrom thecommonformat.
Providing adistributionformatcompatiblewith theUMLS SpecialistLexiconwill enablethe
useof UMLS toolswith Frenchresources.Second,thestatusof eachlexical entrymustbe
documented:importedfrom formerresourcesof theparticipatingteams,collectedfrom cor-
pus, from terminology, etc., validatedor still only proposed.This way, carewill be taken
to ensurethe traceabilityof lexical entryorigin so that inclusionin thefinal lexicon canbe
properlymotivated.Finally, validationwill involvebothautomatedconsistency checkingand
humanreview. Amongotherpoints,multiple entriesfor thesameinflectedformsor lemmas
canbedetectedandpresentedfor humanreview; lemmaswhichdiffer by only onelettermay
reveal eitheractualspellingvariantsor spellingerrorsin the sourcedocuments.All entries
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will becrossed-validatedby two differentteamsto ensurethehighestquality to theresulting
resources.

4 Discussion

We have shown methodsandinitial experimentsto collect a large lexicon of Frenchmedi-
cal words,includingmorphologicalinformationsuitablefor helpinglanguageprocessingin
varioustaskssuchasterm matchingandinformationretrieval. Indeed,several aspectsstill
needto beworkedout,andusefultypesof information(e.g., synonyms)cannotbeaddressed
currentlyfor wantof larger resources;thepresentprojectmustbe consideredasa first step
towardsextensive lexical resourcesfor easierprocessingof Frenchmedicallanguages.

Thecurrentgoalsof thiswork alsoleavefor furtherinvestigationthemultilingualdimen-
sionof medicallexicons;asa matterof fact,apartfrom English[1], resourcesalsoexist for
medicalGerman[19,20]. Nevertheless,someof the discovery methodspresentedhereare
applicableto furtherlanguages[10]. Languagealignmentis alsoanimportanttask,for which
variousmethodshavebeenproposed[9,19,21].

The UMLF web site will keeptrack of project progress.Provision for a maintenance
structurewill alsobe preparedin parallelwith technicalwork. The UMLF projectwill end
in 2004,whereit will make its lexical resourcesfreely availablefor researchpurposes—and
threeyearslaterfor all uses.
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