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Objectives  

▪ To demonstrate facets of "meaning" in health care and 
biomedical science

▪ To outline the scope of "models of meaning" (terminologies, 
thesauri, classifications, ontologies, information models) in 
representing medical meaning

▪ To present important biomedical semantic resources, 
standards and representational formalisms

▪ To stimulate a discussion about
▪ prospects and limitations of "models and meaning" in representing 

(i) clinical facts and (ii) biomedical knowledge

▪ the interface between models of meaning and medical knowledge 
representation



Clinical example (I)

▪ Female, 45 years old, 
detects small lump in left breast 
(self exam). 

▪ GP:

▪ "cherry-sized painless lump in upper left quadrant of left 
breast"

▪ no previous history of neoplasms

▪ referral to specialist:
"breast ca?"



Clinical example (II)

▪ Specialist:

▪ history of "breast nodes": fibroadenoma? 

▪ family history of breast cancer (mother, 
diagnosed at 51, total hemimastectomy, 
brain metastases, death with 59)

▪ palpation: painless lump (1cm)

▪ Routine lab: no abnormalities

▪ Mammogram: Suggestive of 
Malignancy

▪ scheduled for Lumpectomy  



Therapy + follow up (III)

▪ Surgical removal of lump (1.3cm) from left 
breast
▪ Histology: invasive ductal carcinoma, HER2+

▪ ICD: C50.4

▪ ICD-O: M8500

▪ TNM: T1N0M0 (0.7 cm)

▪ Plan
▪ chemotherapy: monoclonal antibody 

trastuzumab (Herceptin) , 1y

▪ echocardiography screening

▪ Information of patient
▪ 5y Survival rate: Stage I: 88%

▪ known drug side effect: heart disease



Facts and knowledge (I)

Literature search: monoclonal antibodies and cancer therapy



Facts and knowledge (II)

Gene product annotations using Gene ontology



Facts and knowledge (III)

▪ The monthly cost of Herceptin is 
$4,500

▪ Herceptin is produced by Roche

▪ Herceptin has global sales of 5.25 
billion Swiss francs in 2011

▪ Clinical trials (HERA, PHARE): One 
year on Herceptin is best

▪ Marie C. got heart failure after 
being treated with Herceptin



Analyzing meaning: coded data

• ICD: C50.4 Neoplasm of upper-outer 
quadrant of breast

• ICD-O:M8500 Invasive ductal carcinoma
• TNM:T1N0M0 tumor 1.0 cm or less
• SCT:392021009 Lumpectomy of breast
• SCT:387003001 Trastuzumab
• LOINC:48676-1 HER2 in Tissue
• MeSH:D000911 Antibodies, Monoclonal
• MeSH:D009369 Neoplasms
• GO:0007569 cell aging
• GO:0006281 DNA repair
• GO:0005634 nucleus
• UniProt:P38398 Breast cancer type 1 

susceptibility protein



Analyzing context

▪ Both coded content and sentences are context dependent

▪ Examples: [exists at coding]

▪ Breast cancer (family history) 

▪ Breast cancer (hypothesis of GP, motivates referral) ?

▪ Breast cancer (suspicious due to mammogram) ?

▪ Breast cancer (confirmed fact after surgery) 

▪ Neoplasm (negated in previous history) 

▪ chemotherapy (planned treatment) 

▪ heart disorder (risk) 

▪ monoclonal antibody (topic in scientific paper) 

▪ survival rate (estimated number according to cohort) 



Observations

▪ In EHRs most clinical facts are encoded as free text narratives 
despite tendency towards more structured data

▪ Coding systems cover most concepts in health care and 
biomedical research

▪ Codes as well as textual statements are highly 
context-dependent

▪ Not everything exists (related to a patient) at the time a term, 
phrase, or code is used

▪ Use of codes (e.g. for DSS) requires further analysis of the 
underlying models of meaning



Types of models of meaning

▪ Thesauri / Terminologies

▪ Classifications

▪ Information models

▪ Ontologies



Medical Thesauri / Terminologies

▪ Groups together words / terms according to similarity in meaning

▪ Basic relations:

▪ Synonymy

▪ Broader / Narrower (ordering relations)

▪ Concept = Group of (quasi)synonyms

▪ Multiple hierarchies

▪ Mainly designed for retrieval

▪ Text definitions / explanations (scope notes) if required

▪ No formal semantics

▪ Medical terminologies 

▪ term standardization 

▪ controlled vocabulary

▪ coding of clinical facts



Example: MeSH Thesaurus: trees



Example: Medical Subject Headings (MeSH)

Literature search: monoclonal antibodies and cancer therapy

MeSH terms



Example: MeSH Thesaurus: concept



Example: MeSH Thesaurus: subheading



Classifications

▪ System for organization of individuals into predefined 
containers (classes)

▪ Primary use: statistics oriented

▪ Extensional

▪ Enforced monohierarchical structure

▪ Disjoint classes

▪ Class labels are not terms

▪ No term definitions, rather classification instructions

▪ Residual classes ("not elsewhere classified", "not 
otherwise specified")

Ingenerf J, Giere W. Concept-oriented standardization and statistics-oriented classification: continuing the 

classification versus nomenclature controversy. Methods Inf Med. 1998 Nov;37(4-5):527-39.



Example: ICD-10



Information models

▪ Templates for structured acquisition of clinical data

▪ Standards:
▪ HL7 (Clinical Models)

▪ openEHR (Archetypes, Templates)

▪ EN 13606 (Archetypes)

▪ Specify
▪ Data elements

▪ Value constraints

▪ Vocabulary

▪ "Bindings" to external terminology systems



Example: blood pressure archetype

Adolfo Muñoz, Roberto Somolinos, Mario Pascual, Juan A Fragua, Miguel A González, Jose Luis Monteagudo, Carlos H Salvador. Proof-of-concept Design and 
Development of an EN13606-based Electronic Health Care Record Service. J Am Med Inform Assoc 2007;14:118-129 

!



Types of models of meaning

▪ Thesauri / Terminologies

▪ Classifications

▪ Information models

▪ Ontologies



(Formal) Ontologies

▪ No universally accepted agreement of what ontologies are!

▪ Computer science view
▪ Ontologies are purpose oriented formal models of meaning  

(conceptualizations)

▪ Cognitive / linguistic views
▪ Ontologies are concept systems or systems of semantic reference 

(no clear distinction from thesauri)

▪ Philosophy view (scientific realism)
▪ Ontology is the study of what there is 

▪ Ontology is reality representation

▪ Ontologies give precise mathematical formulations of the properties and 
relations of certain entities

▪ Ontologies are built on domain-independent basic categories and ground 
axioms
(upper-level ontology)Quine O. On what there is. In: Gibson R. Quintessence - Basic Readings from the Philosophy of W. V. Quine. Cambridge: Belknap Press, Harvard University, 2004.

Schulz S, Stenzhorn H, Boeker M, Smith B: Strengths and limitations of formal ontologies in the biomedical domain. RECIIS - Electronic Journal in Communication, 

Information and Innovation in Health, 2009; 3 (1): 31-45:



Ontologies in biomedical science and health care

▪ Current mainstream (?) view
▪ Ontologies are hierarchies of classes of domain entities

▪ Ontologies are limited to describe what is universally true for all instances 
of a class

▪ Ontologies subscribe to the model-theoretic semantics of description 
logics 

▪ Ontologies should be created using the Semantic Web standard OWL

▪ Contentious issues
▪ Are ontologies kinds of knowledge representations?

philosophical antinomy:  ὄντος (being) vs. ἐπιστήμη (knowledge)

▪ Class - instance (universal - individual) division given by nature or at the 
discretion of the ontology engineer? 

▪ Do ontologies require upper level models? Can and should they be 
domain-independent?



Example of Upper-level Ontology: BioTopLite

Elena Beißwanger, Stefan Schulz, Holger Stenzhorn and Udo Hahn

BioTop: An Upper Domain Ontology for the Life Sciences - A Description of its Current Structure, Contents, and Interfaces to OBO Ontologies

in Applied Ontology, Volume 3, Issue 4, Pages 205-212, IOS Press, Amsterdam, The Netherlands, December 2008

Top level classes Top level relations

Example axioms



Large biomedical ontologies

▪ OBO Foundry

▪ SNOMED CT

▪ NCIT



Ontologies in biomedical science and health care

▪ Most current biomedical ontology projects commit to a simple 
variant of description logics (OWL-EL++). Theoretical background 
is set theory.

▪ Principal types of axioms in OWL ontologies 
▪ Taxonomies (is-a hierarchies):

Every homo sapiens is a primate, every primate is a vertebrate

▪ Aristotelian class definitions  (Genus + Differentia)
Viral hepatitis is equivalent to hepatitis that is caused by some virus 
population

▪ Partonomies (part-of hierarchies)
Every liver is part of some digestive system and every digestive system is 
part of some organism

▪ Disjoint partitions
Nothing is both a human and a chimpanzee 



Taxonomies

Class: Primate

Class: 

Homo S. 

Every human is a 
primate, every 
primate is a 
vertebrate

Human subClassOf Primate

Washoe

Koko

Bobo

Class: Vertebrate
Transitivity: 
Every human is a 
vertebrate

Annette

Frank

Stefan



Aristotelian definitions 

Viral Hepatitis is equivalent to Viral infection that is located in some Liver

ViralHepatitis equivalentTo ViralInfection and locatedIn some Liver

Class: 

Viral Infection

Class: 

Viral 

Hepatitis

Class:

Liver
located in

sufficient and necessary

conditions

"species"                                   "genus"                  "differentia specifica"



Partonomies

▪ Every liver is part of some digestive system and every digestive system 
is part of some organism

▪ Transitivity:  Every liver is part of some organism

Liver subClassOf partOf some DigestiveSystem

DigestiveSystem subClassOf partOf some Organism

partOf  o partOf subPropertyOf partOf

Class: 

Digestive

System

Class:

Liver

part of

Class: 

Organism

part of



Disjoint partitions

Class: Primate

Class: 

Homo S. 
No human is a 
chimpanzee  

Class: 

Chimpanzee. 

Human and Chimp  subClassOf Nothing



The OBO Foundry

▪ Collaborative, user-driven, bottom up initiative

▪ Driven by the success of the Gene Ontology

▪ Guided by ontology development principles 

▪ Rooted in upper ontologies (BFO + RO)

▪ Goal of creating a suite of orthogonal interoperable reference 
ontologies in the biomedical domain

▪ Division of labor amongst domain experts

▪ Originally using semi-formal OBO syntax, now increasingly 
OWL-DL 

Smith, B.; Ashburner, M.; Rosse, C.; Bard, J.; Bug, W.; Ceusters, W.; Goldberg, L. J.; Eilbeck, K. et al. (2007). "The OBO Foundry: Coordinated 

evolution of ontologies to support biomedical data integration".Nature Biotechnology 25 (11): 1251–1255. doi:10.1038/nbt1346



OBO Foundry: Orthogonality by Upper-level, and 

Granularity divisions

RELATION
TO TIME 

GRANULARITY

CONTINUANT OCCURRENT

INDEPENDENT DEPENDENT

ORGAN AND
ORGANISM

Organism
(NCBI

Taxonomy)

Anatomical 
Entity

(FMA, CARO)

Organ
Function

(FMP, CPRO) Phenotypic 
Quality
(PaTO)

Biological Process
(GO)

CELL AND CELLULAR 
COMPONENT

Cell
(CL)

Cellular 
Component
(FMA, GO)

Cellular 
Function

(GO)

MOLECULE
Molecule

(ChEBI, SO,
RnaO, PrO)

Molecular Function
(GO)

Molecular Process
(GO)



Linking OBO Foundry ontologies

▪ OBO Foundry principles 

▪ Single is_a parenthood, further is_a relations inferred

▪ Genus-species definitions  

▪ Reality: most Foundry ontologies have no equivalence axioms 

▪ Example: 
▪ Calcitonin secreting cell (Cell Ontology) can be defined as a Secretory

cell which secretes Calcitonin (ChEBI)

▪ Heart development (Gene Ontology) can be defined as a Developmental
process which has Heart (FMA) as participant

▪ Conclusion: Sufficient representation of definitional 
knowledge requires cross-linking OBO modules.



SNOMED CT (Systematized Nomenclature of 

Medicine - Clinical Terms)

http://www.ihtsdo.org/



SNOMED CT - clinical terminology with ontological 

foundations  

▪ Terminology for clinical 
data covering diseases, 
findings, procedures, 
organisms, substances 
etc.

▪ 311, 000 concepts, 
connected by 1,360,000  
relational expressions

▪ advertised as a 
"terminological 
standard"



SNOMED CT: Terminology + Ontology

Concepts

(represent-

ational units)

Terms

Axioms



The NCIthesaurus

http://ncit.nci.nih.gov/ncitbrowser/



The NCI Thesaurus (NCIT) – a (N)ontology for 

cancer research

▪ Reference terminology of the National 
Cancer Institute (clinical care, translational 
and basic research, public and 
administrative information)

▪ 90k classes, 11k eq axioms, 110k subclass 
axioms, 23k classes interpreted as 
individuals ("punning") for enabling non-
quantified triplets

▪ Upper-level partition (disjoint axioms at 1st

hierarchical level)

▪ Distributed in OWL (SH(D)) as stated and 
inferred version

▪ But: "NCI Thesaurus has some ontology-like 
features but NCI Thesaurus is not an 
ontology and is not designed or intended to 
one."
http://ncit.nci.nih.gov/ncitbrowser/

 ftp://ftp1.nci.nih.gov/pub/cacore/EVS/ThesaurusSemantics/NCI%20Thesaurus%20Semantics.pdf



General observations on 

SNOMED CT and NCIT

▪ Thesaurus / Ontology hybrids 

▪ SNOMED CT: ontology-aware redesign projects underway, 
increasing use of OWL for prototyping

▪ NCIT: "no ontology": uses OWL syntax, but does not 
subscribe to OWL-DL semantics

▪ Both OWL versions are logically consistent

▪ DL reasoning used in design process, but not really in 
applications

▪ Numerous entailments are unreliable, due to plain design 
errors, but also due to "workarounds" to express negation or 
probabilistic knowledge



Typical category confusions

▪ Instances instead of subclasses

▪ „Insulin Type Peptide“

▪ Superclasses instead of roles

▪ Fish subClassOf Food

▪ Epistemic intrusion

▪ Infection of unknown origin subClassOf Infection

▪ Hidden ambiguity

▪ Tumor subClassOf Pathological Process

▪ Tumor subClassOf Pathological Body Part

▪ Confusion function / process

▪ ATP transport subClassOf Biological Function

▪ ATP transport subClassOf Biological Process

▪ Confusion Process / Plan

▪ Planned Tonsillectomy subClassOf Tonsillectomy

▪ Confusion material object / information object

▪ Thorax XRay subClassOf hasPart some Heart



Other problems (source SNOMED)

▪ Anatomy-related entailments:
AmputationOfTheFoot equivalentTo rg some 

(method some Amputation  and  procedureSiteDirect some FootStructure)

AmputationOfToe equivalentTo rg some 
(method some Amputation  and procedureSiteDirect some ToeStructure)

ToeStructure subClassOf FootStructure

AmputationOfToe subclassOf AmputationOfTheFoot

▪ Negations
ThumbAbsent subClassOf VenousFinding and 

hasFindingSite some ThumbStructure

▪ Confusion Epistemology / Ontology
 PresumedViralAgent subClassOf Virus

Schulz S, Suntisrivaraporn B, Baader F, Boeker M: SNOMED reaching its adolescence: Ontologists’ and logicians’ health check.
Int J Med Inform, 2009; 78 Suppl. 1: 86-94:http://dx.doi.org/10.1016/j.ijmedinf.2008.06.004



The translation of OAV triples into DL statements is 

ambiguous

C1 Rel C2

C1 subClassOf rel some C2

*or*

C1 subClassOf rel only C2

*or*

C2 subclassOf inv(rel) some C2

*or*…

C1 Rel C2

C1 Rel C3

C1 subClassOf (rel some C2) and (rel some C3)

*or* 

C1 equivalentTo (rel some C2) and (rel some C3)

*or* 

C1 equivalentTo (rel some ((C2 or C3)))

*or*…

Translation of triples

Translation of groups 
of triples

Expressions like C1 Rel C2 are syntactically incorrect in OWL DL!



Typical problems when converting a thesaurus into 

an ontology

Mismatch between the intended meaning of labels and DL semantics:
▪ Ureter_Small_Cell_Carcinoma subclassOf

Disease_May_Have_Finding some Pain

Incorrect distributive statements
▪ Calcium-Activated_Chloride_Channel-2 subClassOf

Gene_Product_Expressed_In_Tissue some Lung and
Gene_Product_Expressed_In_Tissue some Mammary_Gland and
Gene_Product_Expressed_In_Tissue some Trachea

Existential quantification over parts instead of wholes
▪ Antibody_Producing_Cell subclassOf

Part_Of some Lymphoid_Tissue

Schulz S, Schober S, Tudose I, Stenzhorn H: The Pitfalls of Thesaurus Ontologization – the Case of the NCI Thesaurus. AMIA Annu Symp Proc, 
2010: 727-731: http://proceedings.amia.org/127gtf/1



Ontologies are not exactly made for represent 

contingent knowledge

▪ “Smoking Causes Lung Cancer”    / "Aspirin treats Headache"

▪ Interpretation problem:
▪ Not every smoking (event, habit) 

causes some lung cancer

▪ Not every lung cancer is caused by 
smoking

▪ Description logics do not allow probabilistic, default, or normative 
assertions

▪ Axioms can only state what is true for all members of a class

▪ Introducing dispositions into ontology possible but not very intuitive
▪ every participant of a smoking event has some inherent disposition which is only 

realized by getting lung cancer

▪ every aspirin tablet has the disposition of treating headache when ingested

▪ Not every aspirin tablet 
treats some headache

▪ Not every headache is treated by 
some aspirin tablet



Large biomedical ontologies are slowly maturing

▪ Legacy: originally not conceived as ontologies but as systems for 
classification and semantic annotation

▪ "Ontologization" of thesaurus-like structures problematic

▪ Few use cases for logic-based reasoning

▪ General tendency towards OWL

▪ Persisting problems 
▪ Understanding foundations of logic 

▪ Tendency to create idiosyncratic, non-principled models

▪ Acceptance of upper-level ontology still insufficient

▪ Context dependence of ontology statements not explicit

▪ Limited interoperability between different ontologies



Ontology vs. Knowledge representation

▪ Ontologies describe classes of real things (individuals), which 
exist in the world  

▪ A natural divide between ontology and KR in general is the 
philosophical distinction between ontology and epistemology:
1. Ontologies state what (is known to be) universally true for all 

members of a class, independent of observational context

2. Knowledge representation artefacts additionally make contingent, 
probabilistic, fuzzy, or default statements on individuals or classes of 
individuals

▪ The use of ontology language should be restricted to 1. 

"There are very few interesting items of knowledge that 
are truly ontological in this strict sense"

Alan Rector

Rector A. Barriers, approaches and research priorities for integrating biomedical ontologies. Semantic Health Net deliverable 6.1.

http://www.semantichealth.org/DELIVERABLES/SemanticHEALTH_D6_1.pdf



Use case: semantic annotation of information 

models + values



Organ Failure Diagnosis

Organ Heart

Status Suspected

Caused 

by 

Physical 

Exercise

Yes 

No

Unknown

Diagnosis

Suspected heart failure 

caused by physical exercise

x

Diagnosis

Heart Failure

Status

Suspected

Cause 

Physical Exercise

is a diagnosis
about organ 

failure 
is a 

diagnosis 
about heart

failure 

is a suspected
organ failure 

diagnosis

is a organ failure 
diagnosis about a 

disorder caused by 
physical exercise

is a diagnosis 
about heart 

failure

is a diagnosis is a diagnosis

is a 
suspected
diagnosis

is a diagnosis 
about sth caused 

by physical 
exercise

is a suspected 
diagnosis about 

heart failure 
caused by physical 

exercise

Text annotations with values



Organ Failure Diagnosis

Organ Heart

Status Suspected

Caused 

by 

Physical 

Exercise

Yes 

No

Unknown

x

is a diagnosis
about organ 

failure 
is a 

diagnosis 
about heart

failure 

is a suspected
organ failure 

diagnosis

is a organ failure 
diagnosis about a 

disorder caused by 
physical exercise

DL annotations



Diagnosis

Suspected heart failure 

caused by physical exercise

is a diagnosis

is a suspected 
diagnosis about 

heart failure 
caused by physical 

exercise

DL annotations



Diagnosis

Heart Failure

Status

Suspected

Cause 

Physical Exercise

is a diagnosis 
about heart 

failure

is a diagnosis

is a 
suspected
diagnosis

is a diagnosis 
about sth caused 

by physical 
exercise

DL annotations



Diagnosis

?x

Status

?y

Cause 

?z

is a diagnosis 
about ?x

is a diagnosis

is a ?y 
diagnosis

is a diagnosis 
about sth caused 

by ?z

DL patterns
?x

?y

?z



Organ Failure Diagnosis

Organ Heart

Status Suspected

Caused 

by 

Physical 

Exercise

Yes 

No

Unknown

Diagnosis

Suspected heart failure 

caused by physical exercise

x

Diagnosis

Heart Failure

Status

Suspected

Cause 

Physical Exercise

One diagnosis instance of each model



DL classification



DL querying (I)

All three information instances found



DL querying (II)



Ontologies for KR ?

▪ Medical Ontologies provide coverage for most concepts 
referred to by medical KR approaches

▪ Medical terms and ontological knowledge should not be re-
invented by KR systems

▪ Caveats: persisting content errors in biomedical ontologies

▪ Facts from the EHR encoded by ontologies (or terminologies) 
must not be interpreted out of context.

▪ Example on ontology-based annotation of information models 
a possible model for the interplay between KR and ontology 
artefacts?



Literature 



WWW 

▪ Description Logics: http://dl.kr.org/

▪ Protégé: http://protege.stanford.edu/

▪ Bioontologiea: http://www.bioontology.ch/

▪ Buffalo Ontology Site: http://ontology.buffalo.edu/smith/

▪ OBO Foundry: http://obofoundry.org/

▪ Bioportal: http://bioportal.bioontology.org/

▪ SNOMED CT: http://www.ihtsdo.org/snomed-ct/

http://terminology.vetmed.vt.edu/sct/menu.cfm
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