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Sharing and reuse

e Sharing anatomical knowledge

« Anatomy plays a central role in medicine

— applications
o Computer assisted interpretation of 3D MRI
Images
e Decision support in (neuro)surgery
e Intelligent data retrieval in the Semantic Web

etc.
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Hemispheres

* bounded by "Falx Cerebri"
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Lobes

* bounded by sulci or lines

Central Sulcus

Lateral Sulcus
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Brain Anatomy Ontology

http://idm.univ-rennesl.fr/~odameron/anatomy/abstractModel/index.html
BEE

2 Laboratoire IDM : Cortex Knowledge Base - Wanadoo

Fichier  Edition  Affichage Faworis  Qutils 2

() Précédente ~ [ [2] "» 2 Rechercher <7 Favoris @ Média £

. Adresse |$§| hitkp: f fidm , univ-rennes 1. frf~odameronfanatomy/abstractModelfindesx. html

Concepts list

s Hemisphere
o FROMWNTAL LOEBE
n
n PreCentral Gyrus
S et of PreCentral Gyrus B
w Inferior Pars of PreCentral Gyvrus
» Superior Frontal Geyrus
n Medial Fars of Supenor Frontal Gyrus
n Zupericr Pars of Supenor Frontal Gyrus
» Inferior Pars of Supenor Frontal Gyrus
»n Mliddle Frontal Geyrus
n Superior Pars of Intermediate Frontal Gyrus
n Inferior Pars of Intermediate Frontal Gyrus
» Inferior Frontal Crras
» Orbital Pars of Inferior Frontal Gyrus
» Trangular Pars of Infertor Frontal Gyrus
» Opercular Pars of Infenor Frontal Geyrus
Gyrus Rectus
hfedial Orbital Gyrus
Lateral Orbatal Gyrus
Anterior Orbital Gyrus
Fostenor Orbatal Gyrus
Subcentral Cryrus
ParaCentral Lobule
Transverse Frontopolar Gyrus

= “nrerier Pare of FroantaPealar Mroae

Anatomical Composition
Direct anatomical parts

o Supenor Pars of PreCentral Gyrus
o Inferior Pars of PreCentral Gyrus

Anatomical continuity

e Subcentral Gyrus
e« ParaCentral Lobule

o Inferior Frontal Gyrus
o Supernor Frontal Gyrus

Cwpercular Pars of Infertor Frontal Gyrus
o Medial Pars of Supenor Frontal Gyrus

Contiguous sulci

e Central Sulcus

PreCentral Sulcus

Lateral Sulcus

Anterior subcentral Sulcus
Inferior precentral Sulcus
Superior precentral Sulcus

|&

G Internet
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Labeling the gyri and sulci in MRI images
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INTEROPERATING
BETWEEN ONTOLOGY and RULES

Asserted Hierarchy |:||E”E|

CLASS BROWSER
For Project: ® BrainAnatamy

- ok

Hrainhnalumy Protégé 3.1 beta (file:\C:\Program®%20Files\Protege_3.1_beta\BrainAnatomy.pprj, 0...

Asserted Hierarchy % g (W
owl: Thing -

Fle Edt Project OAL Code Window Tools  Help

> df: Lis
SN 16 +BE wa ¢y F0E 9H B BB o oot
v @ WAE
® Gyrus f.OWLCIasses | I Properties ‘ = Forms ‘ & Indvicals | & Vetaolats ‘ = SIRL Rules ‘
@ Hemisphere _{?
® Lobe SWRL Rules _'l _rfF W
® Pars Narme Expression
v O NMAE

Rule-1 = isMAEBoundedBy(?x, 7y) A isMAEBoundedBy(z, 7y) n MAE(?x) n MAE(?Z) n GyniConnection(?y) = isMAEConnectedTo(?x, 7z)

¥ @ GyriConnection . ;
Rule-2 = isMAEBoundedBy(?x, 72) A hasSegment(?y, 72) A SulcalFold(?y) A SulcalFold(?z) a MAE(?x) - isMAEBoundedBy(?y, %z)

@ CanventionalDeparation

® Operculus Rule-3 = hasAnetomicalPar(7x, ?y) A hasAnatomicalPart(?y, 7x) A AnatomicaBntity(?x) A AnatomicaErtity(?y) -+ sameds(7x, ?y)
® PliDePassage Rule-4  =* hasseqmert(?x, ?y) A hasSegmert(?y, 74} A SulcalFald(?x) A SulcalFold(?y) = sameds(?x, 7y)

v @ SulcalFald
® Sulcus

@ SulcusSegment

@ SulciConnection - ) . 11
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Rule Base

 Dependencies between properties
— Ontology properties
 Mereological
e Spatia
 Mereological and spatial
— Ontology and other domain properties

e Queries

2005 University Rennes 1
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Topological dependency

If two entities have a common boundary, they
are connected

isConnectedTo (?x,?y) <«
isBoundedBy (?x, ?z)
A isBoundedBy (?y, ?2)

Z

X =Y
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Propagation of connection along part-of

If a part of a gyrus is connected to another
gyrus, the two gyri are connected

isConnectedTo (?x,?y ) <«

hasPart (?x,?z)
A isConnectedTo (?z,?y)

2005 University Rennes 1
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Other domain properties

If there Is a connection relation between
entities, they are connected

isConnectedTo (?x,?y) <«

connectsMAE (?z, ?x, ?y)

Z:

=,
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Query

« For given items m; of a region under study, find all the
possible instances of anatomical entities ?x; they are
part of ?

Q (?2X4, ..., 2% ) :- [\ AE(?x;) A hasPart(?x,,m,)

I=1,n

« Answering queries with ontology and rules

2005 University Rennes 1 16



Very simple example

» Current facts fco CSo
~  +boundedBy (ml, fc,) : -
~ * boundedBy (ml, cs,) Pes,
= * boundedBy (ml , pcs,) RS
R  connects (op,m2,pcg,)

4 « falxCerebri (fc,)

e centralSulcus (cs,)

e preCentralSulcus (pcs,)
* AE (op)

(.
* Query
Q(?x,) - AE (?X,) A hasPart (?x,, m;) A hasPart (?x,,m2)
all the possible instances of AE which m, and m, can be part of ?
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(1) Rules

. R1
isBoundedBy (?x, ?y) «—

hasPart (?x,?z)
A isBoundedBy (?z,?y)
isConnectedTo (?x, ?y) BZ

hasPart (?x,?2z)
A isConnectedTo (?z, ?y)

R3

isConnectedTo (?x,?y) <«
connects (?z, ?x,?y)

2005 University Rennes 1
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Rules reasoning

(1)

~ —- ~ R1

isBoundedBy (g,, cs;) «— fco, CSy
hasPart(g,,ml) ' "’ g
A isBoundedBy (ml,cs,) «—facts ml ;

.................. I

isConnectedTo (m2, pcg,) <« Jo | m? épcg
connects (op,m2,pcg,) . facts & :

(4) =\
g —" = ~ RS3
isConnectedTo (g,, pPcg,) <«

hasPart (g,,m2)
A isConnectedTo (m2, pcg,)
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(2) Ontology

PreCentralGyrus =
4

Falx Cerebri CentralSulcus

o

.
o
Ry
o
.
.
.

* Gyrus g ,
e =1 isBoundedBy FalxCerebri "'“E"'"'?f“"“
e =1 isBoundedBy CentralSulcus : 3§ 5
. S e >
< « =1 isBoundedBy PreCentralSulcus E 53 . %
» © ¢ 2
=1 isConnectedTo PostCentralGyrus:.: £ : ¢
: o ¢ Q2
etc. 0 ¢ £
\ : 2 2 8
T % o

PreCentralSulcus

g
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Ontology reasoning

fc, CS,
(1) isBoundedBy (gOICSO) \ llll““l. llllll :I:.l_.'.:IIII am
. )
(2) isBoundedBy (g,, fc,) S i 2 F 2
o > °
Y A . : O
(3) isBoundedBy (g,,pPcs)) % :
(4) isConnectedTo (g, pcg,) Jo . S 3 é
1% g
S a s £
= (,instance of PreCentralGyrus PCSo = AN

PCYo
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Test Case

6\

 Annexes
— Ontology
— Other domain relations
— Rules

2005 University Rennes 1
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"Sharable" rule base

Rule 9: isMAEContiguousTo(m1,m2) « separatesMAE(s,m1,m2) A MAE(m1) A MAE(m2) A SF(s)

/Propagation of MAE boundary (i.e. a first sulcal fold) to a second sulcal fold containing the first/
Rule 10: isMAEBoundedBy(m,s) < isMAEBoundedBy(m,ss) A hasSegment(s,ss) A SF(s) A SF(ss) A MAE(m)

/Propagation of MAE boundary (with a first material entity) to a second material entity containing the first, only if the boundary is not contained in
the second material entity/

Rule 11: isMAEBoundedBy(m,s) < isMAEBoundedBy(sm,s) A hasAnatomicalPart(m,sm)
A isNotContainedIn(s,m)
A (SF(s) V gyriConnection(s)) A MAE(sm) A MAE(m)

/Propagation of contiguity to parts/

Rule 12: isMAEContiguousTo(m1,sm2) « isMAEContiguousTo(m1,m2) A hasAnatomicalPart(m2,sm2)
A isMAEBoundedBy(ml,s) A isMAEBoundedBy(m2,s) A isMAEBoundedBy(sm2,s)

A MAE(m1) A MAE(m2) A MAE(sm2) A SF(s)

/Propagation of contiguity (to a first material entity) to a second material entity containing the first/

Rule 13: isMAEContiguousTo(m1,m2) <« isMAEContiguousTo(m1,sm2) A hasAnatomicalPart(m2,sm2)
A hasNoCommonParts(m1,m2)

A MAE(m1) A MAE(m2) A MAE(sm2)

/Propagation of MAE separation to parts/
Rule 14: separatesMAE(s,m1,sm2) «— separatesMAE(s,m1,m2) A hasAnatomicalPart(m2,sm2) A isMAEBoundedBy(sm2,s)
A SF(s) A MAE(m1) A MAE(m2) A MAE(sm2)

/Propagation of MAE separation (of a first material entity) to a second material entity containing the first/
Rule 15: separatesMAE(s,m1,m2) « separatesMAE(s,m1,sm2) A hasAnatomicalPart(m2,sm?2)

A hasNoCommonParts(m1,m2)

A SF(s) A MAE(m1) A MAE(m2) A MAE(sm2)

/Propagation of MAE separation (i.e. a first sulcal fold) to a second sulcal fold containing the first/
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Full Brain cortex anatomy ontology

http://idm.univ- rennesl.fr/~odameron/anatomy/abstractModel/index.nhtml

2 Laboratoire IDM : Cortex Knowledge Base - Wanadoo |Z||E|rg|
: Fichier  Edition  Affichage Faworis  Qutils 2 @]
(D précédente = 0 - [¥] [2] & O Rechercher <o Favoris o midia & L @] -
. Adresse |$§| hitkp: f fidm , univ-rennes 1. frf~odameronfanatomy/abstractModelfindesx. html vl Ok
. “ | Anatomical Composition ©
Concepts list
Direct anatomical parts
o Supenor Pars of PreCentral Gyrus
o Hermsphere o Inferior Pars of PreCentral Gyrus
o FROMWNTAL LOEBE
n Orhital Gynl
= PreCentral Gyrus _ | Anatomical continuity
n Supernor Pars of PreCentral Gyrus
- .Inferior FParz of PreCentral Gyrus e Subcentral Gyrus
= Superior Pr.ontal Gz _ o ParaCentral Lobule
n Medial Fars of Supenor Frontal Gyrus
- Supe.rior Pars of Supe.rior Frontal Geyrus e Inferior Frontal Gryrus
- Inferior Pars of Supenor Frontal Gyrus o Supernor Frontal Gyrus
»n Mliddle Frontal Geyrus
- Supe_nor FPars ofInterme@ate Frontal Gyrus « Opercular Pars of Inferior Frontal Gyrus
- Inferior Pars of Intermediate Frontal Gyrus e Medial Pars of Superior Frontal Gryrus
» Inferior Frontal Crras
n Oibital Pars of Infenior Frontal Gyrus N
» Trangular Pars of Infertor Frontal Gyrus . .
n Opercular Pars of Infenor Frontal Geyrus Contlguous sulci
» Gyrus Rectus
= Medial Orbital Gyrus » Central Sulcus
» Lateral Orbital Gyrus = DreCentral Sulcus
» Anterior Orbital Gyrus . M
S e e o « Antenor subcentral Sulcus
e e Inferior precentral Sulcus
T L o e Superior precentral Sulcus
» Transverse Frontopolar Gyrus
= Tirerior Pare of FrontaPalar (Gome hs b
G Internet




Potential requirements

 Ontology Web language
1. OWL DL expressiveness (or sublanguage)
2. Extended by gqualified cardinalty constraints

 Rule Web language

3. ontology concepts and roles in rule body and
head as unary or binary predicates in atoms.

4. *“ordinary” domain relations, not ontology concept
nor role, in body and head atoms.

5. n-ary predicates in body and head atoms
6. queries expressed by n-ary predicates

7. “safe” rules, 1.e. a variable that occurs In the
head also occurs in the body

2005 University Rennes 1 25



Candidate technologies

Any language extending OWL DL with rules

1.

2.

3.

To represent all the knowledge described
In the ontology and rule annexes, as
naturally as possible

To Interoperate between rules and
ontology for reasoning

To Indicate properties (decidabillity,
completeness, correctness) that are
guaranteed

2005 University Rennes 1
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Workshop Protégé With Rules, July 18™, Madrid

* In conjunction with the 8th International Protegé Conference

* Supported by the RuleML Initiative
www.med.univ-rennes 1 .fr/~cgolb/Protege2005/Protege WithRulesCFP.htm

Brain.ﬁnatnmy Protége 3.1 beta (file:MC:\Program®%20Files\Protege 3.1 beta\BrainAnatomy. pprj, OWL File... |:||E|rz|

File Edit Project OWL

O&E G BB

Cocle

By

Wincow

&% = = B «»

Toolz  Help

<i@\pm tégé

r © OWLClasses r M Fropetties r = Forms |/ & Individuslz |/ & Metacsts r — SWRL Rules |

CLASS BROWSER
For Project: 4 BrainAnatomy

Class Hierarchy

v 0 anstomicaEntity
v @ maE
. GyIrus
. Hemisphere
D Lobe
. Pars
v (D MNMAE
¥ 0 GyriConnection
'. ConventionalDeparation
. Operculus
D PliDePazzage
b O SulcalFold
. SulciConnection

INSTANCE BROWSER

For Class: swrllmp

rASSEHEd rlnferred |

HAME ~ % # X

= hasAnatomicalPart{?x, 7yl n has&nastomicalPart{?y, 720 n AnstomicaBrtity({7x) a AnatomicaBntity( 7y
— hasSegmenrt(?x, ?v) A hasSegmert(?y, 7¥) A SulcalFold{?x) A SulcalFoldi?y) = samels(?x, 7v)

—* isMAEBoundedBy(7x, 7v) a isMAEBoundedBy(?z, 7v) n MAE(?x) a MAE(YZ) n GyriConnection(?y)
= izsMAEBoundedBy(7x, 72) n hasSegment(?y, 7z) A SulcalFold{?y) n SulcalFold(?z) A MAE(?x) — i

<

4
W

e | I

~ B8

+ -

Types * B
swrllmg
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= FMA+ Protége 2.1.2 ile:\C:\Documents%20and%205ettings\Christine\Bureau)FMA+. pprj, OWL Files)
Project Edit Window OWL ‘Wizards Code Help

D@ -~ B® % AR o & = E |

[Ci) OWLClasses

Subclass Relationship <= [ 4|0 Frontal_lobe  (ype=owlClass) +-FT
- =T & o e

Asserted Hierarchy cr X A B [‘Mame | | Annatations ERES |

@ Muscle_laver_of_male_urethra | - | |
) — Frontal_labe (¥ Property Walue Lang

% musc:e_:ayer_oi_pre-prostaniﬁurethr %; definition Frontal_lobe_is_the_anterior-mos..

uscle_laver_of_sponagy_urethra . D) UWDAID 51874
‘ €P© Muscle_layver_of_subdivision_of_tmald I EEmE]

- @ Muscle_layer_of_urethra
@ Muscular_laver_of_memhranous_ure
Lo @ Muscular_laver_of_prostatic_urethra
0'@ Organ_component_of_anal_canal
€P© Organ_component_of_cartilage_orga
@P© Qrgan_camponent_of_cavernous_org
Lo @ Organ_component_of_deferent_duct
@P© Organ_component_of_eyehall
0'@ Organ_component_of_fibrous_mass |
€P© Organ_component_of_ganglion
@P© Organ_camponent_of_gland_organ
€P© Organ_component_of_kidney
@P© Organ_component_of_memhbrane_on
0'@ Organ_component_of_memhranaus_|
9'@ Organ_component_of_muscle_organ
@ @Organ_component_of_neuraxis
Lo @Area_of_neuraxis
@ (T Body_of_neuraxis
(Tl Cingulate_gyrus
©- @Circumventricular_organ_of_neur
g @Commissure_of_neuraxis
Lo @Culmen_of_neuraxis
(T Cuneus
@ (T Declive_of_neuraxis
©- @Flocculus_of_neuraxis
@ (C) Falium_of_neuraxis
Lo @ Farmation_of_neuraxis
@Frenulum_uf_superior_medulIary_
o @ Gray_matter_component_of_neur
@ (T Gyrus_of_neurais
e @Hemisphere_of_neuraxis
Lo @ Layer_of_neuraxis
@ (Tl Lingula_of_neuraxis
@ (ClLohe_of_neuraxis

Asserted Conditions @ @ -]@ @. x

MECESEARY & SUFFICIENT (&
MECEZSARY

=

roperties rﬁ] @ E ﬂ @ x
arterial_supply {multiple Arterial_plexus, Set_
bounded_by {rultiple Physical_anatomical_g|
constitutional_part  {multiple Fhysical_anatam|
constitutional_part_of  {multiple Physical_anat]
continuous_with  (multiple FPhysical_anatomic
continuous_with_distally  (multiple Anatomical
continuous_with_proximally  (multiple Anatom
custom_parttonomy  (multiple Physical_anato
custom_partonamy_af  {multiple Physical_ang
dimension ({single {individual_d1-dimension i
general_part ({multiple Set_of_nenes, Anato
has_houndary (single hoolearn)
has_dimension {single boolean)
has_inherent_3-D_shape (single boolean)
has_mass (single hoolean)
inherent_3-D_shape (single Wolume)
Iymphatic_drainage  {multiple Subdivision_of_|
member_of (multiple Anatomical_sefy
nerve_supply {multiple Set_of_nerves, Subdiv
part  {multiple Anatomical_entity_termplate)
par_of ({multiple Anatomical_entity_template)
regiohal_part {multiple Anatormical_structure,
regional_part_of (rmultiple Anatomical_structu
segmental_supply  (multiple Segmental_inne
surrounded_by  {multiple Anatomical_structurg
systemic_part  {multiple Anatomical _structure |
systemic_par_of (multiple Anatomical_struct
wenous_drainage  (rmultiple Subdivision_of_vel

n}

@Lobe_of_cerebral_hemiSphere
@Lobular_organ_component

@ 7 arterial_supply (Subdivision_of_arterial_tree_organ u Tissue)
@3 part Lateral_orbital_gyrus

@3 part Posterior_orhital_gyrus

@3 part Precentral_gyrus

@3 part Superior_frontal_gyrus

{313 part Medial_orbital_gyrus

@3 part Inferiar_frantal_gyrus

@3 part Intermediate_orhital_oyrus

@3 part Straight_gyrus

@3 part Middle_frontal_gyrus

@3 part_of Cerebral_hemisphere

@3 regional_part Superior_frontal_gyrus
@3 regional_part Middle_frontal_gyrus
@3 regional_part Inferior_frantal_gyrus
@3 regional_part Precentral_gyrus

@3 regional_part Straight_owrus

@3 regional_part_of Cerebral_hemisphere

n}

n

[nRilln}

nn

i

n

n}

n}

i

@ 7 arterial_supply (Subdivision_of_arterial_tree_organ u Tissue)  [from Lobe_of ]
@ 7 arerial_supply (Arterial_plexus u Set_of_areries 1 Areriole U Artery)

@ 7 arterial_supply (Systemic_artery 0 Subdivision_of_arterial_tree_organ u Tissue)
@ 7 hounded_by {Subdivision_of_organ_surface U Surface_of_subdivision_of_organ

PP PPV PPOPPPPIPPTY
1 = ) o o) o = =1 50 (53 53 5 o )

(C) Anterior_lobe_of_cerehellum %)« hounded_by Physical_anatorical_entity [frarmn Anatomical _structure] has_physical_state  (single {individual_Solid i
@ Flocculonodular_lobe_of_cere @ w constitutional_part Physical_anatomical_entity [from Anatomical_structure] | E primary_site_of
@ @Lobe_m’_cerebral_hemispherE @V constitutional_par_of Physical_anatomical_entity [from Anatomical_structure]| E -7
@ Frontal_lobe @ 7 continuous_with Physical_anatomical_entity  [from Material_physical_anatormic. ]| E
@Insula @V continuous_with_distally Anatomical_structure  [from Anatomical_organ_comp. ]| C S
@Limbic_lobe @V continuous_with_proxirmally Anatormical_structure  [frorm Anatormical_organ_co ]| C l
©Occipital_lobe 7 custorn_partonormy (Physical_anatomical_entity u Mon-physical_anatomical_entitf C

(C) Parietal_lohe (=)} Disjoints & 'l'@ 'ﬁb °% @ M
@Temporal_lobe
@Neural_lobe_of_neurohypnph

@ FPosterior_|lohe_of_cerebellum

n}

7 custorn_partonomy_of Physical_anatomical_entity [fram Anatomical_structure]
@ dimension = individual_d3-dimensian [from Anatomical_structure]
@ 7 general_part (Set_of_nemes 1 Organ_part U Fiat_organ_systermn_subdivision u A
@ 7 general_part (Set_of_nemes U Anatomical_structure U Body_substance u Anato

n

Labe ||M I = >3 ® Lagic Wiew ) Properties View
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