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Overview 

•  Introduction : a viewpoint on CAD 
•  CAD results as DICOM Structured reports 
•  Semantic web technologies and ontologies  
•  CAD results using ontologies 
•  Added value 
•  Barriers 
•  Conclusion 
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Introduction 
•  CAD: extraction of features from images 
‒  objective (rather than subjective) 
‒  accurate and repeatable 
‒  quantitative (rather than qualitative) 

•  Used in focused clinical research to assess: 
‒  e.g., the efficacy of a new drug 
‒  the performance of a new procedure (e.g. a new 
image processing) 

•  as well as translational research 

RC 305 Computer Applications, ECR’2012, Vienna 

As a prerequisite of deployment in clinical routine, associated to 
decision support systems 
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Introduction  
some examples 

•  Extraction of RECIST criteria, for the follow-up of solid 
tumors 

•  Diagnosis of malignancy of chest nodules in CT and PET  

•  Detection of MS lesions for diagnosis and follow-up of 
MS 

•  Measurement of atrophy of hippocampal structures for 
diagnosis and follow-up of AD 

RC 305 Computer Applications, ECR’2012, Vienna 
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Introduction  
Requirements 

•  Well-systematized modelling of extracted 
features 
‒  Explicit meaning 
‒  Complete (i.e. related to imaging evidence) 
‒  With appropriate measurement units 

•  Current state of the art: DICOM SR 
(structured reporting) 

RC 305 Computer Applications, ECR’2012, Vienna 



Structure of a SR document 

•  Tree structure (different types of nodes) 

Root node 

Content item Content item Content item 

Content item Content item Content item 

Relation Relation Relation 

Relation Relation Relation Relation 



Nodes of a SR document 

•  CONTAINER 
•  TEXT 
•  PNAME (person name) 
•  DATETIME 
•  DATE 
•  TIME 
•  NUM (numerical value) 

•  IMAGE 
•  WAVEFORM 
•  COMPOSITE 
•  UIDREF 
•  SCOORD (spatial) 

•  SCOORD3D (3D) 
•  TCOORD (temporal) 
•  CODE 



Nodes of a SR document 

•  CONTAINER 
•  TEXT 
•  PNAME (person name) 
•  DATETIME 
•  DATE 
•  TIME 
•  NUM (numerical value) 

•  IMAGE 
•  WAVEFORM 
•  COMPOSITE 
•  UIDREF 
•  SCOORD (spatial) 

•  SCOORD3D (3D) 
•  TCOORD (temporal) 
•  CODE 

Red: context of observation ;     Blue: image evidence ;      Black: other 



Relations within a SR document 

•  Contains 
•  Has Observation Context 
•  Has Acquisition Context 
•  Has Properties 
•  Inferred From 
•  Selected From 
•  Has Concept Modifier 



Relations within a SR document 

•  Contains 
•  Has Observation Context 
•  Has Acquisition Context 
•  Has Properties 
•  Inferred From 
•  Selected From 
•  Has Concept Modifier 

Red: context of observation ;     Blue: image evidence ;      Black: other 



Contrainsts on relationships 
ex: Chest CAD SR 
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“PET-CT CAD Report” 

“Recording 
Observer”=“ChampionˆBrianˆˆDrˆ” 

Has Obs. Context 
PNAME 

CONTAINER 

“Proc Study Instance UID”=“1.2.34.114” UIDREF 

“Subject Name”=“JonesˆDoeˆˆˆ” PNAME 

Has Obs. Context 

Has Obs. Context 

Contains 
“Finding”=“Mass” CODE 

(Adapted from D. Clunie SPIE 2001) 

“Diameter”=“1.3” “cm” NUM 

“Path”=“Polyline” SCOORD 

Has Properties 

Inferred From 

Contains 
“”=“image1” 

Selected From 
“”=“image2” 

IMAGE 

IMAGE 

Contains 



Possibilities / limitations of DICOM SR 

•  Rich possibilities 
‒  Control of content 
‒  Rich content (images, ROI, measurements, codes) 

•  … but, limitations 
‒  in DICOM syntax (binary, with DICOM tags) 
‒  in general, no formal semantics (codes, constraints 
on relationships) 
‒  Specific software for querying / reasoning on SR 
data 

RC 305 Computer Applications, ECR’2012, Vienna 
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Semantic web technologies 

•  Ontologies and ontology languages 

•  Ontology editors, e.g. Protégé (Stanford Univ.) 

•  Query languages, e.g. SPARQL (W3C recomm) 

•  Reasoners, e.g. FaCT++, Pellet, HermiT 

RC 305 Computer Applications, ECR’2012, Vienna 
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Ontologies 
•  Definition (informatics and AI) 
‒  « a formal, explicit specification 
of a shared conceptualization »  
       (Gruber 1993) 

•  Two basic aspects 
‒  A shared vocabulary 
‒  Formal semantics : axioms 
expressed in a logical language 

RC 305 Computer Applications, ECR’2012, Vienna 
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Formal semantics 

•  Definitions of classes of objects 
‒  Taxonomy of classes: subsumption (i.e. « is a » relation) 
‒  Instanciation (relation between an individual and a class) 

•  Definitions of properties 
‒  Taxonomy of properties 
‒  Domain and range, inverse properties, etc. 

•  Processing by a reasoning engine 
‒  Assess satisfiability (consistency) 
‒  Classification of ontologies 
‒  Classification of instances 

RC 305 Computer Applications, ECR’2012, Vienna 

Reasoners are not application-specific 
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Some ontologies 

•  NCBO Bioportal:  
‒ More than 300 ontologies in the field of 
biology/medicine 

•  Examples 
‒ FMA: Foundational Model of Anatomy 
(Rosse et al.) 
‒ RadLex (RSNA) 

RC 305 Computer Applications, ECR’2012, Vienna 



RC 305 Computer Applications, ECR’2012, Vienna 

18 



Foundational Model of Anatomy  
•  Origin : C. Rosse et J. Mejino (Univ. Washington, Seattle) 

–  « Digital Anatomist »  

•  Objective 
–   « Theory of structural phenotype », 
–  Application-independent (« foundational ») 

•  Scope 
–  Multi-scale: from organism down to cell 
–  Multi-species 
–  Embraces « development » (ontogenesis) 
–  Canonical anatomy 
–  Normal anatomy 



FMA: snapshot from NCBO bioportal  
(ontology browser) 
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CAD results represented using ontologies 

•  Represented as a set of predicates  
‒  involving instances of the ontology classes 
‒  relating these instances using the ontology’s properties 

•  that denote  
‒  the observation context 
‒  the imaging features (i.e. images, ROIs, etc) 
‒  their relationships to real life entities, e.g. 

•  Anatomical entities (taken from FMA) 
•  Pathological entities (taken from corresponding ontologies, e.g. : 
SNOMED, NCIT 

RC 305 Computer Applications, ECR’2012, Vienna 
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CAD results using ontologies 
example (in simplified syntax) 

•  reportID1 hasTitle ‘PET/CT CAD report’ 
•  reportID1 authoredBy CADalgoID1 
•  reportID1 isAResultOf execofCADAlgoID1 
•  execofCADAlgoID1 hasData imageSeriesID1 
•  execofCADAlgoID1 hasData imageSeriesID2 
•  linear-measurtID1 isADiameterOf patho-objectID1  
•  linear-measurtID1 hasQuantitativeValue ‘13’ 
•  linear-measurtID1 hasMeasurementUnit UCUM:mm 
•  linear-measurtID1 isResultOf execofCADAlgoID1 
•  linear-measurtID1 isPartOf reportID1  
•  linear-measurtID1 isDerivedFrom ROIID1  
•  ROIID1 refersTo patho-objectID1  
•  patho-objectID1 locatedIn anat-entityID1 

RC 305 Computer Applications, ECR’2012, Vienna 
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reportID1 

‘PET/CT CAD report’ 
hasTi

tle  

CADalgoID1 authoredBy 

execofCADAlgoID1 

imageSeriesID1 

hasData 

imageSeriesID2 

linear-measurtID1  

hasPart 

hasForResult 

patho-objectID1  

ha
sQ
ua
nt
ita
tiv

eV
al
ue

 

‘13’ 

ha
sM
ea
su
re
m

en
tU
ni
t 

UCUM:mm 

anat-entityID1 

locatedIn 

ROIID1 

refersTo 

hasForResult isDer
ivedF

rom 

isAResultOf 
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‘PET/CT CAD report’ 

‘13’ 

reportID1 
hasTitl

e  

CADalgoID1 authoredBy 

execofCADAlgoID1 

imageSeriesID1 

hasData 

imageSeriesID2 

linear-measurtID1  

hasPart 

hasForResult 

patho-objectID1  

ha
sQ
ua
nt
it

at
ive
Va
lu
e 

ha
sM
ea
su
r

em
en
tU
ni
t 

UCUM:mm 

anat-entityID1 

locatedIn 

ROIID1 

refersTo 

hasForResult isDer
ivedF

rom 

isAResultOf 

rdf:type 

CAD-report 
subClassOf Report 
isAResultOf exactly 1 CAD-Analysis 
isAResultOf only CAD-Analysis 

CAD-report 

Longest-Diameter 
subClassOf Diameter 
  (subClassOf Linear-measurement) 
  (hasMeasurtUnit only Linear-
measurement-unit) 

rdf:type 

Longest-diameter 

CAD-analysis 
rdf:type 

CAD-analysis 
subClassOf ImageProcessing 
(hasData some Image) 
hasInstrument some CAD-
algorithm 
 

Solid-tumor 

Solid-tumor 
subClassOf Tumor 

PET-image 
rdf:type PET-image 

subClassOf Image 

CT-image rdf:type 

CT-image 
subClassOf Image 



Added value of semantic web 
technologies and ontologies (1) 

•  Standard vocabulary, facilitating data 
integration 
•  More explicit and more formal representation of 
CAD results 
‒  contrained by the domain and range of the 
ontology’s properties  
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Added value of semantic web 
technologies and ontologies (2) 

•  Standard query language 
‒  i.e. SPARQL (W3C), a standard language to query 
semantic repositories 

‒  Needs to be hidden from the user interface (GUI) 

RC 305 Computer Applications, ECR’2012, Vienna 
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Added value of semantic web 
technologies and ontologies (3) 

•  Rich inferencing capabilities 
‒  Potentially useful for CAD reasoning/classification 
•  Ontology classes may include « defined classes » 
mentioning necessary and sufficient conditions for a 
particular instance to belong to this class 

‒  Implemented as standard (DL) reasoners 
‒  Examples of use 
•  Daniel Rubin (Stanford Univ, caBIG) : RECIST criteria 
•  Sonja Zillner (Siemens, MEDICO) : Classif. of lymphomas 

RC 305 Computer Applications, ECR’2012, Vienna 
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Barriers 
•  Availability / adoption of domain ontologies 
‒  gathering consensus among domain experts (!) 
‒  with sufficient quality (from an ontology engineering 
perspective) 
‒  Overlaping domains 
•  Clinical medicine / Physics / Biology / Engineering / 
Imaging / etc. 

•  Ontology subset extraction, integration and 
customization 

à Long and iterative process 

RC 305 Computer Applications, ECR’2012, Vienna 
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Conclusion / Summary 
•  To introduce semantic web technologies and 
especially ontologies 

•  To highlight added value in representation, sharing 
and reuse of CAD results data 

•  To discuss some of the barriers hampering the 
application of this technology in the field of imaging 
and CAD 

RC 305 Computer Applications, ECR’2012, Vienna 
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