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Abstract. Medical terminology collects and organizes thenyndifferent kinds of
terms employed in the biomedical domain both byciitieners and also in the
course of biomedical research. In addition to sgyvas labels for biomedical
classes, these names reflect the organizationadiphkes of biomedical vocabularies
and ontologies. Some names represent invarianturé=at(classes, universals) of
biomedical reality (i.e., they are a matter foraogy). Other names, however, con-
vey also how this reality is perceived, measured, anderstood by health profes-
sionals (i.e., they belong to the domain of epistiegy). We analyze terms from
several biomedical vocabularies in order to thratl on the interactions between
ontological and epistemological components of thegminologies. We identify four
cases: 1) terms containing classification critefig,terms reflecting detectability,
modality, uncertainty, and vagueness, 3) termstedeim order to obtain a complete
partition of a given domain, and 4) terms reflegtimere fiat boundaries. We show
that epistemology-loaded terms are pervasive imbiical vocabularies, that the
“classes” they name often do not comply with sogtaksification principles, and
that they are therefore likely to cause problemshan evolution and alignment of
terminologies and associated ontologies.

1 Introduction
1.1 Biomedical terminology

The purpose of biomedical terminology is to collect the names ofesudest, qualities and
processes employed in the biomedical domain both by practitioners ane aourse of
biomedical research. Biomedical terminology reflects not onlywé#n®us subspecialties of
biomedicine (roughly corresponding to specialized subdomains or dimensibitsnadi-

cal reality), but also the many purposes for which terminologesl@veloped. Specialized
terminologies include SNOMED QGTfor clinical medicine, the Foundational Model of
Anatomy for anatomical structures, the International Statisticabsffiaation of Diseases
and Related Health Probletnr International Classification of Diseases, for short) for
health disorders, the Current Procedural Termindldgy medical procedures, and the
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Gene Ontology™ for molecular biology. Most terminologies were originally devetbfre
serve a particular purpose. The Medical Subjects Hed&d{Mg=SH) is the controlled vo-
cabulary used for indexing the biomedical literature at the U®MNd Library of Medi-
cine, a purpose analogous to that of the Gene Ontology, which is uaaddtate’ (charac-
terize, index) genes and gene products. The very names of sommetegies reflect their
purpose clearly. This is the case, for example, of the AligeBilling Concepts terminol-
ogy. The International Classification of Diseases (ICD-9-@Wlved out of a terminology
for compiling mortality and morbidity statistics but now constitie®ntrolled vocabulary
used by the insurance industry for reporting claims. We show thadrily cases biomedical
terms are crafted not only for naming the classes of erfttigsl in biomedical reality, but
also to represent additional information. In this paper, we areydarty interested in the
intrusion of epistemology into biomedical terminology.

1.2 Terms as names for biomedical classes

It is often said that there is nothing that cannot be encountered dorien of medicine.

Deviations are everywhere. Thus anatomy as described in textboogspoods to canoni-
cal anatomy; it represents some kind of idealized structure twhvra actual human body
fully corresponds. It is essentially impossible to describe sks@aanifestations without
resorting not only to lists of associated signs and symptoms buatise frequency distri-
butions of the latter for each particular disease. In addition tontds common, prototypi-
cal form of the disease, there are many clinical variantshich some of the common
manifestations are missing and other, less frequent manibestatike their place.

In this context of high variability, it is not surprising that naraee crafted to represent
not only the prototypical classes but also the many possible variEmis. names are
formed that include information identifying specific clinical vat& or information about
associated lesions or injuries. The default assumption on the piwdsef working with,
and on, terminologies, is that such specially crafted termssmond to classes of entities
found in biomedical reality in just the same sense as do moighstoaward terms such as
meningitisor fever.

This assumption takes many forms, and on the weakest possible ri¢éadingists in
the thesis that every term used in clinical practice or in kiacakresearch igpso factoto
be accepted as designating a corresponding ‘class’ or ‘concept’rebyhtbe correspond-
ing classes or concepts are then not always conceived as egistthg side of entities in
reality but rather as being themselves linguistic entitiegetates of the terms with which
they are associated. In what follows, however, we will providdese to the effect that
only some types of variant terms represent classes (univarsedsyity, and that others are
in fact disguised assertions about such genuine classes whicbrawdated as terms
merely in order to meet current practical requirements of coding.

Genuine classes are supposed to reflect the categorization $npmposed by
Rosch [5] and Tversky [8]. They define resemblance between ca&ggarimaximizing the
sum of all the common features within a category minus the suhe aheasures of all of
the distinctive features. Categories must also reflect ttoeiped world structure.

5 http://geneontology.org/
6 http://www.nlm.nih.gov/mesh/



1.3 Ontology vs. epistemology

Ontology, for the biomedical informatics purposes which are of cortoceus here,
starts out from the idea that there are invariants in realitgre called ‘classes’ or ‘univer-
als’ — which are captured in the general terms used in the textbbdkslogical science
and which are instantiated by particular examples or caseslotksses, whether these be
organisms or organism parts, qualities, functions, processeaselser symptoms. Ontol-
ogy is then the study of such classes and of the relations betweenfor example of the
is_arelation which obtains between two classes when it is a nudtseientific law that all
instances of the first class are instances of the second, parthefrelation which obtains
between two classes when it is a matter of scientifictteawinstances of the first exist al-
ways as parts of instances of the second.

Epistemology in the strict sense is the study of how cognitive @sbjeme to know
the truth about given phenomena in reality — for example that theyiiade given classes
or universals. In the sense that is relevant to our present purposgsgistemology is the
study of biological or medical knowledge. Thus it encompasses the iwayhich physi-
cians come to know about the existence of given diseases in giventgati

In this paper, we examine the degree to which biomedical teamtseated to represent
not instances or classes in reality but rather featurestiafieour knowledge or ignorance
of such instances or classes. We identify four such cases foh wig present examples
drawn from medical vocabularies: 1) terms containing classticatriteria, 2) terms re-
flecting detectability, modality, uncertainty, and vaguenesterf)s created in order to ob-
tain a complete partition of a given domain, and 4) terms raftgatiere fiat boundaries.

2 Termscontaining classification criteria

Compound biomedical terms are often generated from simpler termddiyg qualifiers
representing classification criteria. In many cases, sudtiadigecreated variant terms do
not represent classes of entities in reality which are didtiom the classes represented by
the corresponding root terms: rather, they represent the sameyingdegality but ex-
pressed in slightly different ways. Sometimes, variant tefonsot make ontological sense
at all: they do not represent special classes in realityrbutather such as to convey other
sorts of information. In other cases, however, variant terms @ tefcorresponding
classes, and to classes which are distinct from those ckferrby the underlying root
terms. For example where the presence or absence of a méoifiesta key element for
distinguishing between different diseases or different formsifemse.

2.1 Variation

Let us takdebrile seizureandafebrile seizurdo illustrate ontologically valid variants.
(Febrile in this context means ‘fever-related’.) Seizures occur whemahmal pattern of
neuronal activity becomes disturbed, causing convulsions (among othe).thifgie sei-
zures are one possible manifestation of epilepsy, they areatsman in young children
exposed to fever (e.g., after receiving immunization shotsjufs occurring in the con-
text of fever in children are calld@brile seizuresThey can be thought of as a transient
overreaction of brain neurons to fever and are distinct &ebrile seizuresvhere an un-
derlying inherent condition (e.g., a brain lesion) may cause therss. Here, taking ac-
count of the presence or absence of a manifestation (fever) inntteeafia disorder reflects
an ontologically valid distinction as the two kinds of seizures atindt in their origin and



also have a different prognosis and treatment. Note however thataféblile seizures a
term which serves its epistemological purpose in distinguishizgreewith underlying in-
herent cause from seizure triggered solely by fever, it cabjeeted to the given term that
it does not capture the (positive) essence or nature of the disegsestion, which might
more properly be called precisely: seizure with underlying inhesarge.

A similar phenomenon can be observed outside the domain of disorders. tBefoge
cent era of molecular biology, the identification of micro-orgasisetied (and still does in
many cases rely) on extrinsic (phenotypic) rather than intr{gsicotypic) characteristics.
Besides shapegccusrod, spiral), one of the most important criteria for identifying bacte-
ria is Gram stain, which is based on the reactions of a mc@nmple upon exposure to
crystal violet dye. Gram-positive bacteria (e.§taphylococcus aureusappear purple
brown under microscopic examination, while Gram-negative bacternp, Escherichia
coli) do not. Gram staining is based on the ability of the bactdieak to retain the crys-
tal violet dye during solvent treatment. While this criterioradierefers to an identification
technique (i.e., how we acquire knowledge about given bacteria), ttstodi between
Gram-positive and Gram-negative bacteria does in fact correspardivision in nature on
the side of bacteria themselves. The cell walls of Gramipesiicroorganisms have a
higher peptidoglycan and lower lipid content than do those of Gram-nebatiteria, and
this gives the bacteria themselves specific properties gemgsitivity to some antibiotics).
In other words, Gram stain reveals differences in constitutidratacteristics of bacteria
that were simply not known — but were present — when the Danish phySi@an discov-
ered this property in the nineteenth century. This does not, howeydy,thmat the distinc-
tion between Gram-positive and Gram-negative bacteria corresporadslistinction be-
tween twoclassef bacteria.

2.2 Conjunction

Here is a completely different case. Tuberculosis is antiater disease caused by
Mycobacterium tuberculosig\lthough the lungs are most commonly affected, the bacteria
may also infect other organs, including the adrenal glands. The foatie corresponding
location-based subtype of the diseas€&uberculosis of the adrenal glandBests are used
to diagnose the infection, including direct identification under agstmpe and culture of
infected fluids. This background helps understand the presence in the Invedaiaulary
(ICD-9-CM) of a term such as

Tuberculosis of adrenal glands, tubercle bacilli not found (in sputum) by roapys
but found by bacterial culture

This term is in fact not the name of a special class .aRather, it is a sentence-schema, of
the form:

[is an instance offuberculosis of adrenal glandshereby tubercle bacilli were not
found (in sputum) by microscopy but rather by bacterial culture,

and formatted as if it were a class name for coding purposesf Eourse the fact of posi-
tive or negative identification d¥lycobacterium tuberculosisy microscopic examination
of bodily fluids does not change the disease in any way (it changkesrrtee correspond-
ing disease class nor the instances by which this class astiaged). It simply provides
information about how a physician obtained knowledge about the diseases diexam-
ple of an epistemological criterion (how the disease was diagnitsed$ introduced into a
terminology that is otherwise used for classification purposes.

Closely related to the previous example are many cases Vilgepeeisence of associ-
ated manifestations, lesions, or injuries are used to defirgeslaSonsider terms such as:



Closed skull fracture without intracranial injury
Open skull fracture without intracranial injury
Closed skull fracture with intracranial injury
Open skull fracture with intracranial injury

A fracture of the skull may bepen(when the broken bone penetrates the skicjazed A
fracture of the skull can in either case also be associatadniri&cranial injury. The pres-
ence of skin penetration by the fractured bone need not imply a diféenermtf fracture, but
it does imply a change in the total disease phenomenon of which ¢hedréorms a part.
For example, open fractures are more likely to get infectedtodilie breach created in the
skin barrier. Here, skin penetration has a direct and predictabseguence on the evolu-
tion of the fracture. Therefore, the term open fracture repesenite than the simple con-
junction of a fracture and skin laceration occurring at differerations and the presence or
absence of skin penetration by the fractured bone is, therefoessiichtion criterion that
is valid from the point of view of ontology.

In contrast, the presence of concomitant intracranial injury doeshaage the fracture
itself and, therefore, a fracture without intracranial injurysdoet differ from the fracture
when taken alone. The presence of intracranial injury may indeect #fie prognosis of
that fracture, making a fracture of the skull with intracramplry worse than an isolated
fracture. On the other hand, a brain concussion (i.e., a head tvéthoat fracture) with
intracranial injury might have the same prognosis as a skulifeawith intracranial injury.
Thus, there is no ontological difference between a skull fraanotea skull fracture without
intracranial injury. Where a skull fractukeith intracranial injury is most properly con-
ceived as a conjunction of a skull fracture and a (possibly relatdgranial injury, the
term Skull fracture without intracranial injurymerely conveys the information that the
presence of possible intracranial injury in the context of a stadtdre has been adequately
checked and ruled out. The added precision brought by this latter teefothaelates to
what is known about a given case of skull fracture rather than tedlity of the fracture
itself.

Although affecting primarily the subdomain of disorders (e3allbladder calculus
without mention of cholecystifi¥uberculin skin test reactor without active tuberculpsis
this phenomenon is also encountered with procedures Aelgnoidectomy without tonsil-
lectomy Repair of malunion of humerus without gjaft

3 Termsreflecting detectability, modality, uncertainty, and vagueness
3.1 Detectability

Many diseases start with a latent phase. Tumors often growafreingle cell in which the
functions regulating cell proliferation have been altered. Atahity stage, most tumors are
not detectable by the techniques currently available. It often takeshs if not years be-
fore the tumor has grown large enough that its presence becomesnappasay, a radi-
ologist. Similarly, the diagnosis of diseases, abnormaldied, manifestations is sometimes
fortuitous: they may be discovered either by chance or during an oatésti focused on
other, quite different matters. Some special terms, nowcared to mark the way in
which a disease is discovered. Thusaymptomatic cholelithiasisames a condition — the
presence of gallstones — whose diagnosis is made when gallsterkscarered during an
abdominal ultrasound, CT scan, or X-Ray exam prescribed for anotitderpr (e.g., the
presence of blood in urine) and in the absence of symptoms of cholditfgas, jaun-
dice).



Along the same lines, subclinical seizuras a seizure that can be detected by EEG,
but has no clinical manifestations. These examples illustréz@ we call “threshold
classes”, i.e., classes created for the purpose of represérgiearly stage or a milder form
of a disease. In this case, although inevitably emphasizing hophyls&cian came to dis-
cover the disease, detectability essentially representgvkety of the disease, the disease
classes below some detection threshold often representing mildes. fSuch class terms
are ontologically valid in the same way in which, for examefabryoor fetusare onto-
logically valid class terms in biology. (They represent phadelsdd0].) They correspond
to a partition of the domain of diseases along the dimension of geB&dause in the pro-
totypical case diseases are for obvious reasons above some threstieidctdbility, the
partitioning of diseases by severity is however largely incomplet

3.2 Modality

The presence of modality indicators in medical terms is a coshpldifferent issue. Take
for example the following three terms for an abscess of the awaryallopian tube:

Definite tubo-ovarian abscess
Probable tubo-ovarian abscess
Possible tubo-ovarian abscess

Here, definite probable andpossibleclearly refer to modality, not detectability. In other
words, these qualifiers reflect the confidence of the physicidneatime the diagnosis is
posed, i.e., an epistemological feature that does not reflenaithee or severity of the dis-
ease being diagnosed. Here again, because of the uncertaintyitirtbetiee diagnostic
process, such features are found mostly in the subdomain of disB#sasexamples of
terms exhibiting modality markers include:

Diseases of possible viral origin

Probable suicide

Basal cell tumor, uncertain whether benign or malignant
Diarrhea of presumed infectious origin.

In some cases, terms even reflect the degree of confidencasiaignyas towards several
alternative possible diagnoses:

Atypical squamous cells of uncertain significance, probably benign

Atypical squamous cells of uncertain significance, probably malignant
Atypical squamous cells of uncertain significance suggestive of an intrelgdit
lesion

These examples present a particularly clear form of a phenomeanrirsalmost all bio-
medical terminologies, namely the expression via single tefiméormation which should
more properly be conveyed in the form of complete sentences.

3.3 Vagueness, underspecification, and other hedges.

Vagueness is frequently encountered in medicine, and it is frequmpkytant (for exam-
ple for legal reasons) that clinical coding systems captureevags in explicit fashion in
their constituent terms. Once again, however, we should bewar@awingrontological
conclusions from the existence of terms of given sorts.

Vagueness arises for example in the presence of preliminangamnplete diagnosis,
but it is present for many other reasons also. Many class rexhist underspecification



markers such asnspecifiedand not otherwise specifiethbbreviatedNOS. Examples of
such terms include:

Open fracture of unspecified cervical vertebra

Concussion with loss of consciousness of unspecified duration
Replacement of unspecified heart valve

Poisoning by unspecified drug or medicinal substance
Colostomy, not otherwise specified

Chemical element, NOS

In the examples abovanspecified cervical vertebnr&fers to one of the seven cervical ver-
tebrae andinspecified heart valveefers to the mitral, tricuspid, aortic, or pulmonary heart
valve. Further specification faolostomycould be in terms of permanence (permanent vs.
temporary) or localization (transverse colostomy vs. sigmoidostomy)

Markers expressing vagueness and other types of hedges are pearvésoraedical
vocabularies [3]. The issue here is not so much the existencewsd#ness but rather how
vagueness is represented. Going back to the examples above, theravetiidpe circum-
stances where it is not known which of the four heart valves wascegplin this case, the
valve replaced simply needs to be referred thesst valveand there is no need to creating
a spurious class term such wsspecified heart valveSimilarly, in the absence of further
information about the permanence or localization of a colostomy, peaetigular instance
of colostomy still shares the characteristics common to colossoimigeneral (i.e., it is an
artificial opening from the colon on the abdomen wall). Thus the €lakstomy, not oth-
erwise specifiedtoo, shares all the characteristics of the daasstomy- but it has no ad-
ditional characteristics eitheNot otherwise specifiedxpresses the — quite trivial — fact
that further information could be gained but is not currently avaikbdeit this particular
instance. Thus again, it is an epistemological rather than arogictl feature which is
here expressed.

4 Termscreated in order to obtain a complete partition of thedomain

Medical terminologies such as the International ClassificatioDiséases (ICD) aim at
providing a coding system for all possible health problems. In othefswiZD sets out to
provide a complete partition of the domain of health problems. At the §ene however it
also aims to be as concise as possible, offering only of the @ir@€,000 classification
slots (i.e., nodes in the classification tree), which meartsitti& impossible to represent
even all standard forms of diseases, let alone their clinicelnta. The trade-off adopted
by the World Health Organization in developing ICD is to provide dtwtshe most fre-
quent problems (corresponding essentially to genuine biological glagdele reserving
part of the 20,000 slots to groupings of the less frequent diseasesgooding to its own
rules of thumb for constructing artificial classes) by mearterais involving ‘other’.

Let us examine, for example, the representatio@ystic fibrosisin ICD-10. As illus-
trated in Table 1, this class has four subclagSgstic fibrosis with pulmonary manifesta-
tions and Cystic fibrosis with intestinal manifestationsrrespond to two frequent clinical
forms of cystic fibrosisCystic fibrosis, unspecifiess another example of a class whose
name exhibits underspecification markers (see 3.3 ab@ysjic fibrosis with other mani-
festationsis created for the purpose of representing those clinical formsometed by the
first two cases (e.qg., cystic fibrosis which affectsréq@oductive system) and thus to com-
plete the classification at minimal cost in extra terminaalgiesources.



Table 1 —Cystic fibrosisn ICD-10

E84 Cystic fibrosis
E84.0 | Cystic fibrosis with pulmonary manifestatior]
E84.1 | Cystic fibrosis with intestinal manifestaon
E84.8 | Cystic fibrosis with other manifestations
E84.9 | Cystic fibrosis, unspecified

n

The issue with such artificial classes created in order tonolteomplete partition of a
given domain even though the number of classificatory slots is ¢irgtéhat their defini-
tions are relative to (and thus vary with changes in definitionstb§r classes. Thus for
example the instances Glystic fibrosis with other manifestatioase instances aCystic
fibrosisthat are instances of neith@ystic fibrosis with pulmonary manifestatiomsr Cys-
tic fibrosis with intestinal manifestationSuch terminological practice brings instabilities
also in the sense that if a newith ... manifestationsubclass otystic fibrosisis intro-
duced at some later stage in addition tovifte pulmonary manifestatiorendwith intesti-
nal manifestationsubclasses, then the meaning and extensi@ysfic fibrosis with other
manifestationsvill itself change even though the term itself remains theesam

It often occurs that a plurality of clinical vocabularies allrmkefvhat is purported to be
the same class but in ways which make their respective dafimitelative to the definitions
of other classes provided within the corresponding host vocabulary. dssaquence, the
putatively identical classes in the separate vocabulariesiljersto a spurious differentia-
tion of a sort which blocks alignment of the data coded in their téfarsexample, Clinical
Terms Version 3 (CTV3) also represe@gstic fibrosis but its subclasses, shown in Table
2, are slightly different from those of ICD.

Table 2 —Cystic fibrosisin Clinical Terms V. 3

C370 Cystic fibrosis
C3702 Cystic fibrosis with pulmonary manifestatior
C3703 Cystic fibrosis with intestinal manifestagon
C3700 Cystic fibrosis with no meconium ileus
XaBDb | Cystic fibrosis with other manifestations
C370z Cystic fibrosis NOS

n

All subclasses present in ICD are also present in CTV3, bM3Qiks an extra subclass:
Cystic fibrosis with no meconium ileuéwe assume for the purpose of this demonstration
that this additional subclass is ontologically valid, then its incgts will be included i€ys-

tic fibrosis with other manifestatioms ICD but not in CTV3.

Terms like Cystic fibrosis with other manifestatiomse examples of a quite general
phenomenon: because they are introduced simply in order to completé&ianptmty are
likely to have different sets of instances depending on which ctadsih they belong to.
Other examples of this same phenomenon include:

Certain adverse effects not elsewhere classified
Other prostate disorders

Female infertility of other origin

Unclassified epileptic seizures

Removal of other device from thorax

Toxic effect of other pesticides



To make matters worse, underspecification features are soesetiombined with terms
created for the purpose of obtaining a complete partition, leadilgd®s mwames which are
(from the ontological perspective, at least) absurd, such as

Other specified respiratory tuberculosis, not otherwise specified

5 Issuesrelated to normality and to fiat boundaries

Many classes found in biomedical vocabularies aim at representinfpenogality of in-
stances to which the classification is applied, but rather tbhemiation as interpreted and
used in some decision-making process (e.g., in the diagnosis @aae)isThe fact in real-
ity might be, for example, that a given individual has a heightfeet (122 cm). The corre-
sponding interpreted information is, in the context of a seven yedmegtdhormal height,
and in the context of an aduttwvarfism The definition of normality for size (and for many
other biological characteristics, such as visual acuity orrtieuat of hemoglobin per deci-
liter of whole blood) is determined statistically by referetaca population.

The problem here is that normality is thus made relative to populao that there are
almost as many definitions of medical terms involving a normetityponent as there are
populations. Average size, for example, is different in North Agaeand in Asia. Addi-
tionally, in the case of size and hemoglobin, there are variatiths a given population
related to age and gender. In addition to varying across geogragloos, classes whose
definitions are relative to a given population will also necegsaaity over time to reflect
changes in this population. In other words, such classes will haeeedgiffsets of instances
depending on the part of the world and time in history considered.

The normality of biological characteristics (and deviations frar® is central to the
diagnostic process in medicine. Therefore, classes creatggriase abnormal findings are
pervasive in biomedical vocabularies. Examples of such classeslaretecocious pu-
berty, Enlarged liver and Decreased libidoIn some cases, the degree of abnormality is
made precise, as in:

Cerebral spinal fluid protein increased, slight
Cerebral spinal fluid protein increased, marked

Beyond normality, this observation can be generalized to notions sistinagability of
the fetus outside the womb at 32 weeks of gestatibose variation over time and across
geographical locations ranges almost from zero to 90% survival.

6 Discussion

Consider, in light of the above, the history of viral hepatitis Egjidemic jaundice
now calledhepatitis A was known already to the Ancient Greeks. It is transmittexalijir
infected feces. Another form of hepatitis is transmitted by comtgh the blood of infected
patients, which is why it was namedrum hepatitibefore getting its current nanteepati-
tis B. Contamination after transfusion of contaminated blood was frequene tibéomid-
1970s, when blood banks started testing for the hepatitis A and B wrhssshad been
discovered a few years earlier. While the number of transfusaosrhitted hepatitis cases
dropped dramatically with the initiation of such testing, the deselas not completely dis-
appear. This observation led physicians to hypothesize that other isepaiges may be
responsible for these other cases, nan@m@A non-B hepatitisThe hepatitis C virus was
discovered in the early 1990s, and additional D, E, F, and G hepatises have also been
identified. Along the way, terms were crafted in order to nmaee diseases relatively to
what was known at the time, i.e., by exonerating known virusesdamsing the disease. In



addition tonon-A non-B hepatitisnames such ason-A non-B non-C hepatitsndnon-A
non-B non-C non-D non-E hepatittan be found in the literature, if not in biomedical ter-
minology.

While the terminology of hepatitis — in involving the use of namesngisdly reflecting
non-features rather than defining characteristics — is far ilead, it has not caused classi-
fication problems. Each non-feature term can be thought of as theernenyil of other
terms at a certain depth in the hierarchy. At a given lekiel,corresponding classes are
jointly exhaustive and mutually exclusive. The first level unidepatitis consists of the
three subclassd®epatitis A hepatitis B andnon-A non-B hepatitisin turn, non-A non-B
hepatitisis subdivided intchepatitis Candnon-A non-B non-C hepatitig\ithough each
kind of viral hepatitis is expected to be a direct subclass ofitispather than being classi-
fied further down the hierarchy, an organization of this sort repteseviable if not ideal
alternative.

As a matter of fact, many examples of a similar clasdibn scheme based on a par-
ticularly important binary distinction and its complement can be foorthe biomedical
domain, including:

Non-Hodgkin lymphoma

Non-invasive medical procedure
Non-opioid analgesics

Non-steroidal anti-inflammatory drugs
Non-insulin dependent diabetes mellitus

Although these classes emphasize absent features (i.e.atiesepresent in the comple-
ment class), we argue that they essentially correspond to gatidine classes for which no
specific positive name or names have as yet been crafted. €hetumcil the search for
such positive names reflects our adherence to the so-called ‘#pewsgof universals’ [2],
which argues that it is a mistake to suppose that we can uselogi&Zal combinations to
discover universals existing in reality. The needed positive denoomsatiave indeed al-
ready been produced in the case of the subclasses of diabetassnisipe |(for insulin
dependentdiabetes mellitusind Type Il (for non-insulin dependentiabetes mellitusin
this case, however, the nomenclature based on numbering may stihdidered less than
fully adequate.

It is important for a number of reasons that classes denoted bydiaiterms repre-
sent as closely as possible the genuine classes which esaslitp. Having variant names
for the same class — names incorporating epistemological adesixtumay be acceptable
(and possibly desirable) as long these terms do not cause confusieimdgpyéld to denote
distinct classes. This is the case with the many exampleso$ denoting the absence of
association between two entities (eAdenoidectomy without tonsillectojrsymply corre-
sponding toAdenoidecton)y Here, again, there is no special class in realityishiaistanti-
ated by individual cases @fdenoidectomy without tonsillecton@ertainly there are sets
(in the mathematical sense) of the corresponding instances, butdiahterminologies
and the associated ontologies are interested not in purely contiegitnsbetween sets
of instances (as illustrated, for example, by a set-inclustation such as that between
animal owned by the Emporand mammal weighing less than 200 )kRather, they are
interested in those sorts of relations which are captured inificiéaivs, and this means
relations holding between genuine classes in reality [7].

Moreover, class names are often the primary (if not the sedd)re used for aligning
biomedical vocabularies. Improper alignment of classes brought abspuligus naming
conventions is thus likely to result in inadequate integration of thieal and research da-
tabases in which these classes are contained.



7 Conclusions

In this study, we analyze the epistemological features of bi@aletirminology and
their relations to ontological features. This study is thereforaplementary to various
other approaches developed to identify ontological distinctions, such amdaad
Welty's meta-properties [9] and Pustejovsky’'s qualia structureLjde these approaches,
our analysis recognizes the necessity of making these distinetiptisit. In contrast, the
influence of information and library sciences on terminology developoféatt results in
products in which such distinctions are, if not hidden, at least sirefdyred to as Ranga-
nathan’s “facets” [1]. In the future, we plan to develop a methodlémtifying epistemo-
logical features systematically and to refine the definitiomeriuine classes in biomedi-
cine.
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