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Anatomy and Standardization

Challenges

Lack of a unifying theory of anatomy;

Ambiguity about what anatomy Is
what does and does not belong In It;

Lack of universally accepted principles
for representing anatomical reality



Anatomy and Standardization

Questions proposed for discussion

Is an anatomy standard a matter of standardized terminology,
or of something else?

Do we need a standard for anatomy as a whole,
or just for some parts?

How big should a standard be?

Should it include for example histology?

How does the development of an anatomy standard relate to
the development of a reference ontology for anatomy?
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Reality or Views of Reality?




Reality or Views of Reality?
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Terminology or Something Else?

Terminologia Anatomica

International Anatomical Terminology

FCAT
Federative Committee on Anatomical Terminology

Incisura cardiaca (pulmonis sinistri)
Margo inferior
Hilum pulmonis
Radix (Pediculus) pulmonis
Lingula pulmonis sinistri
Culmen pulmonis sinistri
Lobus superior
Lobus medius (pulmonis dextri)
Lobus inferior
Fissura obliqua
Fissura horizontalis (pulmonis dextri)

AD2.3.04.002

AD7.1.01.001 | Cavitaspleurals

AD7.1.02.002 | Pleura visceralis; Pleura pulmonalis
A07.1.02.003 Tunica serosa

A07.1.02.004 | Tela subserosa

A07.1.02.005 | Pleura parietalis

A07.1.02.006 Cupula pleurae

A07.1.02.007
ADT.N.02.008
A07.1.02.009
A07.1.02.010 |

Pars costalis

Pars diaphragmatica
Pars mediastinalis
Tunica serosa

Cavitas thoracis: Cavitas thoracica

CAVITAS THORACIS
[THORACICA]

Regiones pleuropulmonales'”
Fascia endothoracica
Membrana suprapleuralis

i icopleuralis
(_ Cavitas pleuralis
3

Cupula pleurae

Thoracic cavity; Thorax
[Py

i Mr.- / :I"I.-'.-f:.'.‘-;.:I!.-.':-";.'-: -
Visceral pleura; Pulmonary pleura
Serosa; Serous coat
Subserosa; Subserous layer

Parietal gileura

cupula

Costal part
Diaphragmatic part
Mediastinal part
Serosa; Serous coat

AT ,.-_-'l'pf'.
R TR e

THALEY)

Cervical pleura; Dome of pleura; Pleural



Terminology or Something Else?

Incisura cardiaca (pulmonis sinistri)

Margo inferior CAVITAS THORACIS

Hilum pulmonis |"IF THORACICA ,F
Radix (Pediculus) pulmoms

13

T srmemala mnlmame PRaminnee nlanrarnnlmanalas

Hl'story'of Terminologia Anatomica

1850’s Discussions of standardizing anatomical terminology
1895 The Basle Nomina Anatomica
1989 Nomina Anatomica Sixth edition
1998 Terminologia Anatomica
Federative Committee on anatomlcal termmology

AU I’Ifl.-lri P llllllll

Termlnologla Aﬂﬂtﬂl’[’llca AD7.1.02.006 Cupula pleurae - L'emcal pleura; Dome of pleura; Pleural

cupula
AD7.1.02.007 Pars costalis Costal part
International Anatomical Terminology AD7.1.02.008 Pars diaphragmatica Diaphragmatic part
FeAT A07..02.009 | Pars mediastinalis Mediastinal part
Federative Committee on Anatomical Terminology A07.1.02.010 | Tunica serosa Serosa; Serous coat




AlE.4.00.001
Al3.6.01.001
Al3.6.071.002
AlZ.6.01.003
Al 6.02.001
AD3.6.02.002
Al3.6.02.003
AD3 602004
A03.6.03.007
A03.6.03.002
Al.6.03.003

A03.6.03.004 |

AD3.6.03.005
AD3.6.03.006
AD3.6.03.007
AD3.6.03.008
AD3.6.03.009

ADZ5.04:007
Al3.6.05.001

Al3.6.05.002
Al3.6.05.003
AD3.6.05.004

Anatomy Terminology Standard

Juncturae membri inferioris

| JUNCTURAE CINGULI PELVICI
| syndesmoses cinguli pelvici

Membrana obturatoria
Canalis obturatarius
Symphysis pubica

[iscus mterpubicus; Fibrocartilago interpubica

Liz. pubicum superius
Lig. pubtcum inferius

Articulatio sacroiliaca

Lig. sacroiliacum anterius
Lig. sacroiliacum interosseur
Lig. sacroiliacum posterius
Lig. sacrotuberale

Processus falciformis
Lig. sacraspinale
Faramen ischiadicum majus
Foramen ischiadicum minus

| JUNCTURAE MEMERI INFERIORIS LIBERI

| syndesmosis tiblofibularis

' Membrana interossea cruris

Lig, tibiofibulare anterius
Liz. tikiofibulare posterius

Joints of lower limb
! JOINTS OF PELVIC GIRDLE
| Syndesmoses of pelvic girdle

| Dbturator membrane

| Obturatar canal

| Pubic symphysis

: Interpubic disc; Interpubic fibrocartilage
superior pubic ligament

: [nferior _-:|1|I:|i: ligament
Sacro-iliac joint
Anterior sacro-iliac ligament
Interossecus sacra-iliae lizament
Posterior sacro-iliac ligament

Sacrotubercus hgament

Falciform process

[ Sacrospinous lizament

Greater sciatic foramen
Lesser seiatie foramen

JOINTS OF FREE LOWER LIMB

Tibiofibular syndesmaosis;
Inferior tibiofibular joint

Interosseous membrane of leg

Ancerior tibiofibular heament
Pasterior tibiofibular ligament




AlE.4.00.001
Al3.6.01.001
Al3.6.071.002
AlZ.6.01.003
Al 6.02.001
AD3.6.02.002
Al3.6.02.003
AD3 602004
A03.6.03.007

| JUNCTURAE CINGULI PELVICI
| Syndesmoses cinguli pelvici |
|

| Articul

A03.6.03.002 |

Al.6.03.003

A03.6.03.004 |

AD3.6.03.005
AD3.6.03.006
AD3.6.03.007
AD3.6.03.008
AD3.6.03.009

AD36.04.00%
ARS.6.05.601

AD2.6.05.002 |

Al3.6.05.003
ADZ.6.05.004

| JUNCTURAE MEMERI INFERIORIS LIBERI

Anatomy Terminology Standard

Juncturae membri inferioris Joints of lower limb

! JOINTS OF PELVIC GIRDLE

syndesmoses of pelvic girdle

Dbturator membrane

(Obturatar canal

Pubic symphysis

: Interpubic disc; Interpubic fibrocartilage

Loypori-= mpihis i arman

Membrana obturatoria

Canalis obturatarius

Symphysis pubica

[iscus mterpubicus; Fibrocartilago interpubica
I"E p|_|hu'=1m cHLering

Fec r:'””| Rosse C: Terminologia Anatomica:

Considered from the Perspective of
Next-Generation Knowledge Sources

"4 Clinical Anatomy; 14:120-133 (2001)

Lig. sacrospimnale
Faramen ischiadicum majus
Faramen ischiadicum minus

Lig. sac el
Lig. sac

Lig. sac

lizarment
ment

[ Sacrospinous lizament
! Greater sciatic foramen

| JOINTS OF FREE LOWER LIMB

| syndesmaosis tiblofibularis

Membrana interossea cruris
Lz, tibiofibulare anterius
Liz. tikiofibulare posterius

| Tibiofibular syndesmaosis;
| Inferior tibiofibular joint

Interosseous membrane of leg

Ancerior tibiofibular heament
Pasterior tibiofibular ligament




Terminology or Something Else?

“The oesophagus Is a muscular tube ...
connecting the pharynx to the stomach. It
begins in the neck, level with the lower
border of the cricoid cartilage and the sixth
cervical vertebra; descending largely
anterior to the vertebral column through the
superior and posterior mediastina.’

Gray’s Anatomy, 38th edition, p. 1751
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Something else !!!

® (C) Anatomical entity
o @ Physical anatomical entitg.f"
Q@ @ Material physical anatomical entity
Q @Anatnmical structure
@ (C) Boy
& (C) Body part
&= @ Oryan system
& (C) Organ
@ (C) Solid argan
& (C) Cavitated organ
o] @ Crgan with argan cavity
@Esnphagus
@Btnmach
@Small intestine
@Large intestine
@Appendix
@Anal canal (viewred anatomically
(C) Gallbladder
@Uterus
@ (T Uterine tube
@Urinaw hladder
E"@Ureter
@Uagina
@ (T Urethra
@ (L) Lacrimal duct
@ (C) Pharyngotympanic tube
@ (C) Male genital duct
& (C) Hollow tree organ
& (C) Eyeball
Meuraxis
@ (T Serous sac
& (C) Tooth
E"@Memhrannus labyrinth
&= @ Croan with cavitated organ parts
@ (C) Organ part
& () Tissue
E"@Tiasue subdivision

@ (T Cell

@ (C) Cell part

| »

:| Preferred Name VYV LWMDAID

§|Esnphagus |

SAMOMINS W C % 5 HNonEnglishEquivalents %V C 2 5
<I> Gullet “I> Oesophagus

| Definition

Crgan with organ cavity which iz continuous proximally with the pharyne and distally with the ston
o| Exarnples: There is only one esophagus.

Member Of YV o+ - Part ;
r@ Set of viscera | @Wﬂll of esophagus
; (C) Lumen of esophagus
§§ Part OF AE L @ Cervical part of esophagus
: - - @ Thoracic part of esophagus
@ Upper gastrointestinal tract @ Abdominal part of esophagus
| (© Foregut (C) Broncho-esophageus
| Attributed Part Vo
related part | anatomicaliarbitrany | sharediunshared | paritic
2| Wall of esophagus Anatomical Unshared Partition 1
2| Lumen of esophagus Anatomical Unshared Partition 1
Cervical part of esophagus  Arbitrary Unshared Partition 2
Thoracic part of esophagus Arbitrary Unshared Partition 2
Attributed Continuous With Vo
related ohject | coordinate | laterality
Phanmx Superior
Stomach Inferior
Orientation Vo
related ohject | coordinate | laterality

Plane of phanmgoesophageal ju... Superior

‘| Plane of esophagogastric junction Inferior




Something Else: Ontology

Ontology

A theory of reality

A conceptualization of what exists

Distinct from VIEWS of reality
e.g., textbooks

Ontology of anatomy
a conceptualization of
component parts of organisms
that exist as natural kinds (universals)
arrangement of component parts



Anatomy and Standardization

Questions proposed for discussion

Is an anatomy standard a matter of standardized terminology,
or of something else?

Do we need a standard for anatomy as a whole,
or just for some parts?

Should it include histology?

How big should a standard be?

How does the development of an anatomy standard relate to
the development of a reference ontology for anatomy?



Parts or Whole of Anatomy?




Anatomical Structures ?




What Is structure?

“Structure” ....... a homonym for

1. entity composed of parts;

2. arrangement or interrelation of
parts of a whole.



What Is structure?

“Structure” ....... a homonym for

1. entity composed of parts;
(e.g., a building, a cell, a plant, brain)
l.e., @ material object

2. arrangement or Iinterrelation of
parts of a whole.
(e.g., parts of a sentence or a symphony;
strata of society;
metameric segmentation of earthworm)
.e., relationships of entities to one another



What Is anatomy?

"Anatomy” ........ a homonym for

anatomy (structure)

anatomy: (science)



What Is anatomy?

"Anatomy” ........ a homonym for

anatomy (structure)
e.g., anatomy of the frog, hand, brain
.e., structural phenotype of an organism

anatomy (science)
systematized branch of knowledge accumulated
about anatomy (structure) or structural
phenotype



Distinction between
Anatomical and Non-anatomical structures?

Anatomical structure

Material physical anatomical entity
has inherent 3D shape
generated by coordinated expression of
organism’s own structural genes
spatially related in patterns
determined by coordinated gene expression.

Foundational Model of Anatomy



0.1-0.15mm Stage 0.1-0.2mm 0.1-0.2mm 0.1-0.2mm 0.1mm

ca 1 day 1 cal;-3days 2 | caddays 3| ca56days 4| ca7-8days 5a
Fertilization From 2 to Free Attaching Solid
ca 16 cells blastocyst blastocyst trophoblast
=YL - A i A A
@ 407Q. ') il
-’09‘2 Amniotic/&
0027 chorionic cavities

Implantation

Embryogenesis:

0.1 mm 0.15-0.2mm 0.2mm

ca9days Db cali-12days DC| ca13days 6
Trophoblestio t::gﬂli: circle Cr?r?’lri;(i?.rr;‘lcs:r!;k +
lacunae P -

The ontogeny of anatomical ,
structure; ok
I.e., anatomical structures and T
their structural arrangement. C4mm s o | ts-2smm | 2-35mm

ca 16 days 7 ca 18 days 8| cazo0 days 9| caze days 10

umbilical
vesicle Dorsal
view

Pkt " Somites first Meural folds
rimitive pit; .
- - y Notochordal neural folds + Neun‘cllppear begin o fuse
Establishment of an organism’s e Umbitcal
structural phenotype Somies -
P yp . Soiies B

2.5-4.5mm 3-5mm 4-6mm

ca 24 days 11 ca26days 12 ca 28 days 13

Rostral Caudal Four limb buds;

neuropore neuropore lens disc;

closes; closes; ofic vesicle

optic vesicle upper limb buds




Anatomical Structure?




Anatomy Ontology

Foundational Model of Anatomy

- symbolic representation of
the structural phenotype of the human body (reality)
Declares the principles
for including entities and relationships
that are implicitly assumed
when knowledge of anatomy
Is applied in different contexts;
Explicitly defines
entities and relationships
necessary and sufficient for consistently
representing the structure of the
human body.
Implemented as
a reference ontology for anatomy




Foundational Model of Anatomy

Unifying theory of anatomy
High Level Scheme

FMA = (At, ASA, ATA, Mk)

Where:
At = Anatomy taxonomy
ASA = Anatomical Structural Abstraction
ATA = Anatomical Transformation Abstraction
Mk = Metaknowledge
(principles, rules, axioms)



Anatomy and Standardization

Challenges

Lack of a unifying theory of anatomy;

Ambiguity about what anatomy Is
what does and does not belong In It;

LLack of universally accepted principles
for representing anatomical reality




What are principles?

Assertions that guide reasoning and actions
e.g., those required for establishing an
0]4]10] (0]0)Y,
standard



What Kinds of principles?

Domain-specific principles

Foundational principles for anatomy
(Rosse, Mejino: J Biomed Inform 2003)

Top-level ontology principles
SNAP, SPAN

(Grenon, P and Smith, B., SNAP and SPAN:

Towards Dynamic Spatial Ontology,
Spatial Cognition and Computation 4(1), 69-103, 2004.)

Implementation principles

(Zhang, Bodenreider: Law and order:

Assessing and enforcing compliance
with entological modeling principles.
Comp Biol Med 2005; submitted)



Foundational Principles of Anatomy

Unified context principle
Abstraction level principle
Species specificity principle
Definition principle

Dominant concept principle
Organizational unit principle
Content constraint principle
Relationship constraint principle
. Coherence principle

10. Representation principle

e R A G S CUR N




Foundational Principles of Anatomy

Unified Context Principle:

The abstraction should conform to
a strictly structural context.

Only In a structural context Is It possible to
establish a single inheritance hierarchy (taxonomy)
that subsumes all anatomical entities.



Unified Context Principle

with functional, clinical concepts

Application context: Education, mix structural
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Foundational Principles of Anatomy

Abstraction Level Principle:

The abstraction should represent canonical anatomy;
provide a framework for anatomical variants;
exclude Instantiated anatomy.




Foundational Principles of Anatomy

Abstraction Level Principle:

Canonical anatomy
a field of anatomy (science)
comprises the synthesis of generalizations
based on anatomical observations that
describe Idealized anatomy (structure)
Implicitly sanctioned by their usage
In anatomical discourse;
deals with universals and not individuals.




Foundational Principles of Anatomy

Abstraction Level Principle:

Instantiated anatomy
a field of anatomy (science)
comprises anatomical data
pertaining to Instances
of organisms and their parts
deals with individuals and anatomical data.



|dealized Reality: Universals




|dealized Reality: Universals

“The oesophagus Is a muscular tube ...
connecting the pharynx to the stomach. It
begins in the neck, level with the lower
border of the cricoid cartilage and the sixth
cervical vertebra; descending largely
anterior to the vertebral column through the
superior and posterior mediastina.’’

Gray’s Anatomy, 38th edition, p. 1751



|dealized Reality: Classes

® (C) Anatomical entity
o @ Physical anatomical entitg.f"
Q@ @ Material physical anatomical entity
Q @Anatnmical structure
@ (C) Boy
& (C) Body part
&= @ Oryan system
& (C) Organ
@ (C) Solid argan
& (C) Cavitated organ
o] @ Crgan with argan cavity
@Esnphagus
@Btnmach
@Small intestine
@Large intestine
@Appendix
@Anal canal (viewred anatomically
(C) Gallbladder
@Uterus
@ (T Uterine tube
@Urinaw hladder
E"@Ureter
@Uagina
@ (T Urethra
@ (L) Lacrimal duct
@ (C) Pharyngotympanic tube
@ (C) Male genital duct
& (C) Hollow tree organ
& (C) Eyeball
Meuraxis
@ (T Serous sac
& (C) Tooth
E"@Memhrannus labyrinth
&= @ Croan with cavitated organ parts
@ (C) Organ part
& () Tissue
E"@Tiasue subdivision

@ (T Cell

@ (C) Cell part

| »

:| Preferred Name VYV LWMDAID

§|Esnphagus |

SAMOMINS W C % 5 HNonEnglishEquivalents %V C 2 5
<I> Gullet “I> Oesophagus

| Definition

Crgan with organ cavity which iz continuous proximally with the pharyne and distally with the ston
o| Exarnples: There is only one esophagus.

| Member Of vV o+ -  Ppart 3
r@ Set of viscera | (C)wall of esophagus

: () Lumen of esophagus

Part Of V o+ - @ Cervical part of esophagus

@ Thoracic part of esophagus

| (© Foregut (C) Broncho-esophageus
| Attributed Part Vo
related part | anatomicaliarbitrany | sharediunshared | paritic
2| Wall of esophagus Anatomical Unshared Partition 1
2| Lumen of esophagus Anatomical Unshared Partition 1
Cervical part of esophagus  Arbitrary Unshared Partition 2
Thoracic part of esophagus Arbitrary Unshared Partition 2
Attributed Continuous With Vo
related ohject | coordinate | laterality
Phanmx Superior
Stomach Inferior
Orientation Vo
related ohject | coordinate | laterality

Plane of phanmgoesophageal ju... Superior

‘| Plane of esophagogastric junction Inferior




Foundational Principles of Anatomy

Species Specificity Principle:

The initial iteration of the abstraction should represent
the anatomy of Homo sapiens, but at the same time

It should serve as a framework for the anatomy of
other mammalian and eventually vertebrate species.




Species Specificity Principle

Hindpaw

/ Biological
arcomolecule *Myosin

Actin



Species Specificity Principle

@ (T Limb segment

o @ Limh segment

¥ @ Limb girdle il ! %—ggigil girdle RV
@ () Pectoral girdle @ (C) Pelvic girdle
@ () Pelvic girdle @ (C)Free limb
@ (T Free limb @ (C) Free Forelimb
@ () Free upper limb ©- (C) Free Hindlimb
- @ Free [awer limb @ (CiFree Iim.h segmen_t
& @ Free limb segment o {E}hgmmal free limb segment
@ (T Proximal free limb segment & @i:ﬂm
zgizﬂ i @ (T gdle free limb segrment
Iy S Farearm
@ (T Middle free limb segment © (Cilag
E'-@Fnrearm @E&i;’[alﬁee lirrk seg@
@ (Cll oy @ (CTHand
(0 Distal free limb segrent > zgznrtepap
E"{E_:'HEIFIEI EI-@ [-[Ij.cl;:lpa'-'
& (C) Foot ©- (€) Hoof

@ (T) Subdivision of pectaral girdle @ (C) Suhdivision of pectoral girdle




Foundational Principles of Anatomy

Definition Principle:

Defining attributes of anatomical entities
should be specified in terms of
physical attributes and
structural relationships of
the anatomical entity



Role of Definitions

To specify a unique taxonomy

To assure semantic and logical
consistency within the ontology

To assure transitive inheritance of
properties through type hierarchy
(taxonomy)

Michael J, Mejino JLV, Rosse C.

The role of definitions in biomedical
concept representation.

Procs AMIA Fall Symp 2001; 463-467.



What constitutes Aristotelian definitions?

An entity Is defined by:
Class to which it belongs (genus)

Essential attribute(s) distinguishing it from
members of the same class (differentiae)

Essence of an entity Is the sum of:

Properties It inherits transitively from parent
classes

Attributes assigned to It



Definition Principle

Lung
MSH2001|
Either of the pair of organs occupying the
cavity of the thorax that effect the aeration

of the blood.

Where should we insert “Lung’ In an anatomy
taxonomy?



Definition Principle

Lung
MSH2001|
Either of the pair of organs occupying the
cavity of the thorax that effect the aeration
of the blood.

FMA

L_obular organ the parenchyma of
which consists of air-filled alveoli
which communicate with the
tracheobronchial tree.



Role of Definitions

@ (C) Anatornical entity
@ @ Physical anatomical entitg.f""
® (C)Material physical anatorical entity
@ @Anatumical structure
& (C) Body
@ (C) Body part
& (C) Organ system
@ (C) Organ
& (L) Solid organ
® () Parenchymatous organ
& (C) Lobular organ
& (C) Lung
Liver
(C) Pancreas
@ Frostate
& (C) Testis
@ (T Salivary gland
@ (T} Lacrimal gland
(B Thryroid gland
@Accessnwthyruid gland
{©) Areolar gland
@ (C) vestibular gland
@ (C) Bulbo-urethral gland
(T Pituitary gland
@ (T} Lactiferous gland
(C) Accessory pancreas
e @ Coricomedullany organ
@ (C) Homogeneaus organ
- @ Monparenchymatous organ
& (C) Cavitated organ
- @ Qrgan with organ cawity
- @ orpan with cavitated argan parts

& (C) Organ part
= .

| b

-| Preferred Name V'  LWDAID

EE Lung

| synomyms vV C S NonEnglishEquivalents V/ C % &
: @Pulmu

| Definition

Lobular organ the parenchyma of which consists of air-filled alveali which communicate with the
g@ tracheobronchial tree. Examples: There are only two instances, right lung and left lung.

Dimension

Has Physical State

Bounded By
@ Surface of lung

Inherent 3-D Shape

Solid

¥ | (c)Pyramid

Member Of v

Part ‘

'C) Lobe of lung
'C) Upper lobe of lung
'C) Middle lobe of lung

| /©) Set of thoracic viscera

'C) Lower lobe of lung
'C) Root of lungy

Part Of v

i Lung parenchyma
e Intrapulmonary part of tracheohronc

| (T Chest

'C) Right intrapulmonary part of tracheo




Foundational Principles of Anatomy

Unified context principle
Abstraction level principle
Species specificity principle
Definition principle

Dominant concept principle
Organizational unit principle
Content constraint principle
Relationship constraint principle
Coherence principle
10.Representation principle

© © N o o bk~ ow DD F



Dominant Concept and Organizational Unit Principles

Anatomical Entity \
Physical - Non-physical
Anatomical Entity -1S a- Anatomical Entity
Material Physical \ Non-material Physical
Anatomical Entity Anatomical Entity
Substance

. Space Surface
Anatomical
Structure

\ Human
Biological T Body
Macromolecule
Acellular
Anatomical Part

Structure 1

: Organ Organ

Organ subdivision



What Kinds of principles?

Domain-specific principles

Foundational principles for anatomy
(Rosse, Mejino: J Biomed Inform 2003)

Top-level ontology principles
SNAP, SPAN

(Grenon, P and Smith, B., SNAP and SPAN:

Towards Dynamic Spatial Ontology,
Spatial Cognition and Computation 4(1), 69-103, 2004.)

Implementation principles

(Zhang, Bodenreider: Law and order:

Assessing and enforcing compliance
with entological modeling principles.
Comp Biol Med 2005; submitted)



Formal (Top-level) Ontologies

S
Continuants

Occurrents

Distinguishing criterion (differentia): Time



Formal (Top-level) Ontologies

Entities

Continuants

Entities which endure in toto in every instant of time
at which they exist

Occurrents

Dependent entities which do not endure through time;
unfold themselves in successive temporal phases
(e.g., processes, actions)




Formal (Top-level) Ontologies

Entities

Continuants

Entities which endure in toto in every instant of time
at which they exist

Independent continuants
objects, components

Dependent continuants
attributes, roles, qualities, functions

Occurrents
Dependent entities which do not endure through time;

unfold themselves in successive temporal phases
(e.g., processes, actions)




. Temporal coherence

Dependence

Univocity

Compositionality

Objectivity

Positivity

Explicitness

Taxonomic Levels

B E RO | B [ GO [N =

Partonomic Levels

10. Single Inheritance

11. Exhaustiveness

Principles of
Formal Ontologies



Principle of Temporal Coherence

An ontology should rigorously distinguish

continuants
occurrents

Anatomy Is a science of continuants

Anatomical structures, attributes, relationships
and functions are all continuants

FMA complies with principle of temporal coherence
(~70,000 classes of FMA are all continuants)

Excludes functions



Principle of Dependence

If an ontology recognizes a dependent entity
[e.qg., surface of lung, parenchyma of lung]
then it should also recognize
the class on which the dependent entity depends [e.g., lung]

FMA s largely compliant:
1,980 classes of “Subdivision of ...” “Component of....”
1,809 the class ofi “‘whole” exists (91%)



Principle of Single Inheritance

A class in an ontology’s taxonomy should

have only one parent on the immediate
higher level.

FMA?’s definition principle enforces

compliance with the principle of single
Inheritance:

an entity can have but one essence



Principle GO |FMA
Temporal coherence No [N/A
Dependence No [N/A
Univocity No |Yes
Compositionality No [Yes
Objectivity No |Yes
Positivity No [Yes
Explicitness No [N/A
Taxonomic Levels No [Yes
Partonomic Levels No |Yes
Single Inheritance No [Yes
Exhaustiveness No [No




What Kinds of principles?

Domain-specific principles

Foundational principles for anatomy
(Rosse, Mejino: J Biomed Inform 2003)

Top-level ontology principles
SNAP, SPAN

(Grenon, P and Smith, B., SNAP and SPAN:

Towards Dynamic Spatial Ontology,
Spatial Cognition and Computation 4(1), 69-103, 2004.)

Implementation principles

(Zhang, Bodenreider: Law and order:

Assessing and enforcing compliance
with entological modeling principles.
Comp Biol Med 2005; submitted)



Principle of Non-duplication

An ontology should represent an entity only once and
assoclate with this single entry all terms that point to the

referent entity
e Synonyms
« FMA compliance: treatment of synonyms

Number of terms
Preferred names 69,889
Synenyms 40,683
Trotal terms 110,572
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FMA Relationship Types

Hierarchical relationships 8
Nonhierarchical

assoclative relationships 4
Inverse relationships 38

Atomic properties 121



Instantiation of Relationships

-IS A- 1,105,164
-PART-OF- 972,612

Double assignment 300



Conclusions

Questions proposed for discussion

Is an anatomy standard a matter of standardized terminology,
or of something else?

Do we need a standard for anatomy as a whole, or just for
some (foundational) parts?

How big should a standard be?

Should it include for example histology?

How does a reference ontology for anatomy relate to
anatomy standard?



Conclusions

FMA'’s role for Anatomy Standard

Proposes a unifying theory of anatomy
Implements the theory in a
rigorous and consistent ontology
conforms to three sets of ontological principles
Incorporates Terminologia Anatomica
International standard for anatomy terminology
Encompasses in one continuous information space
anatomical entities from the level of
molecules to the whole organism
Conceptualizes anatomy in a strictly structural context
that generalizes to all views and application domains
Serves as a template for reference ontologies
In other basic science domains




FMA'’s Role Anatomy Standarad

Should

help to answer:

Questions proposed for discussion

W
W
W

nat do we mean by a standard?

ny do we need a standard?

nat would a CEN standard for anatomy look
like?

Who would use 1t?

\What sorts of applications should It support?



