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LinKBase ®
A Medical
Ontology

Language B

Language A

Lexicon Grammar

Decision Support or
Other Rules

MEDCIN

SNOMED CT

ICD-9 & ICD-10

MedDRA
Domain Concepts 

Semantically Organized

Cross-referenced to 3rd party 
Content Systems

The LinKBase® Ontology
Main purpose: serving NLP/NLU
About 100 man years of development
Commercially available

Proprietary
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What impacts NLP?What impacts NLP?

1. Top structure: presence of upper- and mid layer

2. Relationships and full definitions

3. Synonym assignments and the lexicon
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TRANSPOSITION (ACTION)

transposition

SURGICAL PROCEDURE

TRANSPOSITION (DISORDER)

CONGENITAL MALFORMATION

Top structure and NLPTop structure and NLP
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TRANSPOSITION

CONGENITAL MALFORMATION

PATHOLOGICAL STRUCTURE

BODY STRUCTURE

SUBSTANCE (BFO)

SURGICAL REPAIR

REPAIRING PROCESS

PROCESS (BFO)

“Anatomic repair of transposition of the
great arteries is a˙method of choice for 
treatment of this congenital heart defect.

HAS-ACTEE

HAS-PARTICIPANT

Syntactic relationship

Top structure and NLPTop structure and NLP
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TRANSPOSITION (PROCEDURE)

SURGICAL PROCEDURE

PROCESS (BFO)

APPLYING TECHNIQUE

PROCESS (BFO)

“The Baldwin intestinal transposition
technique has been applied since 1904.

HAS-PARTICIPATING-PROCESS

HAS-PART

Syntactic relationship

Top structure and NLPTop structure and NLP
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LinKBaseLinKBase®® LayersLayers

PROCESS

PROPERTYOBJECT

UPPER
LAYER

Most general
Describe all that exists
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LinKBaseLinKBase®® LayersLayers

PROCESS

PROPERTYOBJECT

DOING

MENTAL PROCESS

TEMPERATURE

COLOR

SIZE

GASEOUS SUBSTANCE

ORGANISM

UPPER
LAYER

Most general
Describe all that exists

MID LAYER
More specific concepts;

shared by
Several domains 
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LinKBaseLinKBase®® LayersLayers

PROCESS

PROPERTYOBJECT

BODY TEMPERATURE

TISSUE PERFUSION TEMPERATURE

SIZE OF NEEDLE
CAVITY SIZE

RED

NECK EXCISION

RESPIRATION

COMPLAINING

BACTERIUM

HUMAN

ALVEOLAR AIR

BREATH

BACTERIAL INFECTION

DOING

MENTAL PROCESS

TEMPERATURE

COLOR

SIZE

GASEOUS SUBSTANCE

ORGANISM

UPPER
LAYER

Most general
Describe all that exists

MID LAYER
More specific concepts;

shared by
Several domains 

DOMAIN
Concepts specific 
for a given domain
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PROCESS

PROPERTYOBJECT

DOING

MENTAL PROCESS

TEMPERATURE

COLOR

SIZE

GASEOUS SUBSTANCE

ORGANISM

BODY TEMPERATURE

TISSUE PERFUSION TEMPERATURE

SIZE OF NEEDLE
CAVITY SIZE

RED

NECK EXCISION

RESPIRATION

COMPLAINING

BACTERIUM

HUMAN

ALVEOLAR AIR

BREATH

BACTERIAL INFECTION

UPPER
LAYER
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MID LAYER
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SNOMED top conceptsSNOMED top concepts

LinKBase® mid layer 

LinKBase® mid layer 
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“Confirmed glioblastoma in previous biopsy.”

BIOPSY

biopsy

H_EANDM_PMH HAS-CCC

PROCEDURE

EANDM CONCEPTUAL FRAMEWORK

Ontological

Upper layer and NLP
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Upper layer and NLP
LinKBase® SNOMED
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What impacts NLP?What impacts NLP?

1. Top structure: presence of upper- and mid layer

2. Relationships and full definitions

3. Synonym assignments and the lexicon
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ASEPTIC MENINGITIS MENINGITIS

“The aseptic meningitis was due to a drug rather than to a CNS infection.”

IS-A

Concept instantiation
negated by syntax.

Instantiated concept
by inferring.

CONFLICTING! NOT TRUE
FOR 100% OF INSTANCES

CNS INFECTIONS
IS-A

Principle of 100 % true relationships Principle of 100 % true relationships 
relationships should be true for all subsumed by that entity
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Temporal relations diagramTemporal relations diagram

AT
BEFORE
AFTER
DURING
INCLUDES
UNTIL
FOLLOWS
SINCE
UP-TO
CO-CONTINUES
CO-PRECEDES
CO-STARTS
CO-ENDS

Reference 
Time Interval
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NonNon--CENCEN--temporal relationstemporal relations

HAS-EXTERNAL-TEMPORAL-
CONNECTING-PERIOD-WITH
HAS-FINISH-EARLIER-THAN
HAS-FINISH-LATER-THAN
HAS-FINISH-NOT-EARLIER-THAN
HAS-FINISH-NOT-LATER-THAN
HAS-FINISH-REFERENCE-WITH

HAS-FOLLOWING-CAUSED-
PROCESS
HAS-HAPPENING-EARLIER-
THAN
HAS-HAPPENING-LATER-THAN

Reference 
ProcessBeginning :

End : of process

1 1 22

(+ source causes target concept)
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Why so many links?Why so many links?

Postoperative 
complication

– Is_A Complication of 
Surgical procedure
–– HHasas--TemporalTemporal--Relation Relation 
Surgical DoingSurgical Doing

Intraoperative 
complication

– Is_A Complication of 
Surgical procedure
–– HHasas--TemporalTemporal--Relation Relation 
Surgical DoingSurgical Doing

-Has-Happening-Later-Than Surgical 
Doing (LinKBase®)

- Has-Cen-Occurrence-
During Surgical Doing

= the only way to fully define a concept

-After 387713003 : Surgical procedure 
(procedure) (SNOMED)
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• DEFINING: logically define concepts
• REFINING: allow concepts to be connected to 

“qualifiers” in specific instances

Relationships in Relationships in SNOMEDSNOMED

Acute disease

Disease

IS-A

Sudden onset and/or short 
duration (qualifier value)

CLINICAL COURSE

CLINICAL COURSE
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Full definitionsFull definitions
LinKBase®

necessary and sufficient

SNOMED

necessary

Reduction of computing time when reasoning over the ontology
Enhancement of data retrieval due to limited set of conditions to fulfill
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What impacts NLP?What impacts NLP?

1. Top structure: presence of upper- and mid layer

2. Relationships and full definitions
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What impacts NLP?What impacts NLP?

1. Top structure: presence of upper- and mid layer

2. Relationships and full definitions

3. Synonym assignments and the lexicon

The connection between an ontology and its 
lexicon is given by the term assignment to the 
concepts in the ontology
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• LinKBase®: terms are true synonyms of the 
ontological concepts

• SNOMED: terms can be either true synonyms 
or related elements either from a

- taxonomic point of view (i.e. more generic 
terms assigned to more specific concepts) or
- from a clinical point of view
(e.g. symptoms assigned to a disorder)

synonym assignment synonym assignment 
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Nasopharyngitis is not a synonym for rhinitis!

Mixing synonymy with granularity!

SNOMED LinKBase®



KRKR--MED 2008MED 2008

MARIA VAN GURPMARIA VAN GURP

www.landcglobal.comwww.landcglobal.com

Slide 26

Broader term assignment
– enhances search and retrieval of related concepts

But negative effect on NLP due to

– introduction of more ambiguity
– introduction of an indirect hierarchical 

inconsistency (when the ontology is viewed from 
the lexical point of view)

– clinical associations may lead to incorrect 
conclusions

The acute coryza was caused by an allergic reaction

common cold

Synonym assignmentSynonym assignment: effect on NLP
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Lexicon contentLexicon content

telephone

noun

Part of Speech

Lexeme

LinKBase®

BLACK TELEPHONE

zwarte telefoon

TELEPHONE

black phone

phone

IS-A

Term

telephone noir

ROOT: telephone
POS: noun
WORD_CLASS: common
SE: plural-common telephones
SE: singular-common telephone
FEATURES: countable-noun normal-noun

ROOT: telephone
POS: verb
WORD_CLASS: lexverb
SE: gerund telephoning
SE: infinitive telephone
SE: participle telephoned
SE: past-verb telephoned
SE: thirdpersonsingular telephones
FEATURES: monotransitive nonphrasal
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• the SNOMED structure and synonym assignment 
makes it very suitable for specific (clinical) 
applications

• LinKBase® is designed for advanced NLP, 
information extraction applications

Conclusion
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• Adaptations to integrate SNOMED with NLP:

– create a general top level structure that 
provides meaning to the lower levels, aids in 
resolving disambiguity and allows reasoning 
over the ontology

– Extend and adapt the set of relationships to 
allow to define the sometimes subtle 
differences between concepts and the 
generation of full definitions

– Only add terms which are true synonyms of 
the concepts and thus create a correct (lexical) 
hierarchy

– Extend the lexicon; additional grammatical info 
will enhance use of NLP technology

SNOMED and NLP
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Questions?

L&C ontology team
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