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Despite underlying much of medicine, anatomicalcemts are frequently not separated from other
aspects of terminology, leading to duplication aggletition. This paper describes the development
of a re-usable terminological model of anatomy gslmeGALEN Representation And Integration
Language (GRAIL), which embodies multiple subsumption hietaes and constrained
compositional statements. The model comprises erltary entities sanctioning statements
connecting these entities.  Of particular importanithin the model are partonomic relationships,
the degree of specification or uniqueness of actitra, and the way in which abnormality is
represented. Although significant problems reméie, model is proving useful in providing a
basis for a wider terminological system. The pafiscusses progress to date, and prospects for
the future.

1. Introduction: Why a model of anatomy

Anatomy is central to medical terminology. Theteahconcept in many medical terms is of a abnormal
structure, process or procedure combined with atoamcal site. The GALEN project is funded by the
European Community under the initiative on Advantrédrmatics in Medicine to develop the foundatidas
the next generation of re-usable, application-irdejent multi-lingual systems of medical terminologyt
seeks to provide a central resource to supportrenhéntegration of medical informatics systemsdiferse
types.

GALEN is based on a modelling theory embodied sn@ALEN Representation And Integration Language
(GRAIL) Kernel[1, 2]. It is developing a Termingy Server based on a Coding Reference (CORE) model
which serve as an interlingua for representingratéreninologies and models. This paper presemgstinrent
state of the GALEN CORE Model’s high level model &matomy, version 1.5.

2. Background: Brief Outline Ideasfrom the GRAIL Kernel

The GRAIL Kernel is a subsumption language reldatedystems such as CLASSIC [3], BACK [4], etc.
but with important differences. A GRAIL model cists of a subsumption hierarchy of elementary iestit
and a set of sanctioning statements connectinge tlegdities. The sanctioning statements express the
constraints on what composite concepts can be fhrm€omposite concepts can themselves be the tdpic
further sanctioning statements.  Composite coscayet indicated by the keywowdich, e.g.:

Entity which Attribute-Value
Entity which <Attribute1-valuel Attribute2-value2 ... AttribidevalueN>.

Sanctioning statements are made at three levets:gtammar level, sense-level and necessity-level.
Statements at each level must be sanctioned bgnstats at the next higher level. Roughly speakihg,
grammar-level statements sanction queries and peseby the knowledge engineer. They correspondtm
closely to the type constraints found in other laages. Sense-level statements sanction the geneséhew
particularisations representing ‘sensible’ medmaicepts. Necessity level statements prevent ¢hergtion
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of entities representing redundant concepts — ‘¢hg hand which is a part of the arm”. Statemests
written in the form:

TopicEntity levelQualifier Attribute-Value.

Models in the GRAIL Kernel are concerned with wilitats sensible to say rather than what is true.
Hence all statements about anatomical relationstaken as representing ‘conventional’ or ‘conceptua
knowledge and are not altered by physical changEer example, surgical removal of the right mididiee
of a patient’'s lung does not make us any less Blensd discuss the that patient’s right middle lobe for
example to say that it is absent —nor is their plmysical alteration which will make it more sensilbb speak
of the “left middle lobe” of the lung. (A specialechanism for dealing with major anatomical abradities
such assitus inversus is beyond the scope of this brief paper.)

3. Methodology

The process of developing the GALEN CORE modeliheslved a series of limited experiments followed
by a systematic development effort. Two broad sypEcorpora are used as sources: i) existing godird
classification systems and nomenclatures ii) teqiorts and other ‘raw corpora’ provided by diffaren
applications within the project. Of the existimygora, SNOMED-III [5] has been a particularly innamt as a
reference point and source of concepts, and thityatisi cover the concepts in ICD-9 [6] is a basinimal
requirement for the model. In addition GALEN pagated in the experiments in representing chest
radiograph reports conducted by the CANON groupaf] where possible has attempted to remain cobhgati
with the semantic network set out by the UMLS [8].A systematic methodology has been developed fout o
these experiments.

Figure 1: Taxonomy of major elementary categdioesinatomical model..

AnatomicalConcept IntrinsicallyPathologicalStructure
Structure [Ulcer Erosion Tumour ..]
BodyStructure GeneralisedCavity
AnatomicalRegion ConventionalCavity
BodyPart [AbdominalCavity ThoracicCavity...]
[Head Neck Thorax Arm ...] TrueCavity
[Heart Lung Liver ...] ActualCavity
[AnatomicalSinus Lumen ...]
GenericAnatomicalStructure PotentialCavity
[Wall Angle Membrane...] [PleuralSpace PeritonealSpace...]
Figure 2: Summary of major selective and desempéttributes.  The ZB means that A subsumes

B and is used for value sets which are arrangediaigically.
Selective Attributes:

hasLaterality [left right]

hasUpperLowerPosition [upperPosition middlePositamerPosition].
hasMedialLateralPosition [medial lateral]
hasProximalDistalPosition [proximal middleProximafal distal]
hasOrdinalPosition [first second third...]

Descriptive Attributes

hasTopology [solid hollow = tubular]
hasSurfaceVisibility [surfaceVisible internal]

hasSpecificationLevel [unspecified>partiallySpecified> wellSpecified> UniquelySpecified]
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4. Results: Summary of the Schemata

4.1. Anatomic Structure

4.1.1. Elementary Entities: Structuresand BodyParts

The first step in developing a GRAIL model is toide up entities into clean taxonomies accordmthe
‘subsumption’ relation —+.e. to decide what elementary entities there are dmndhaentities are kinds of other
entities. The basic taxonomy for elementary caiegas summarised in Figure 1.

4.1.2. Selectorsand Descriptors

To express all subsumptions explicitly producesomplex and unmanageable network. GRAIL allows
modelers to assign additional characteristics,cateria’, to entities. The GRAIL engine classiientities
formally in the subsumption network based on tegteria. There are a series of modifier attrisuaich are
used to express the characteristics by which strestto be further classified along different axeBhe most
important additional attributes and the correspogdialue types are shown in Figure 2.

4.1.3. Degree of Specification

The degree of specification of a category must beetted explicitly in GRAIL rather than implied ke
class-instance distinction as in most subsumptarguages. Different applications will require eliéint
degrees of specification. However, in anatomydbkgree to which a give structure is unique in thdyhs
elementary — the “liver”, “right kidney”, “left fotth finger” are each uniquely specified although fhist is
atomic, and the remainder are composites with asingly complex patterns of selectors. Degree of
specification is applied using necessary levekstantse.g.

(Fingerwhich <hasOrdinalPosition OrdinalValueType
hasLaterality lateralityValueType>)
necessarihasSpecificationLevel uniqugelySpecified.

4.2, Partitive Attributes
4.21. Major partitive attributes

Figure 3: Major partitive attributes and informests for their use.

HasDivision Does it divide into similar pieces witmilar layers?
hasSurfaceAnatomicalDivisio - in two dimensions?
n
hasSolidDivision - in three dimensions?
hasLinearDivision Can it be divided into segmerids@s obstruction of a division
obstruct the whole?
hasBlindPouchDivision Specific to the appendixmiéormix etc.
hasLayer When the structure is divided, is thateasiayer in each division?
hasStructuralComponent When a structure is divideds the component (usually) reside in
one division?
hasBranch Is it a branching structure? e.g. agebi®nchi, nerves, etc.
hasConstituent For indefinitely many items— ceit@lecules, etc.
isMadeOf For mass items — liquids, tissues, etc.

Most anatomical concepts fit together with part-lgh(partitive) relations. In GRAIL there can be man
different part-whole relationships, for example thitral valve is a structural component of therhbat the
mucosa is a layer of the stomach. Subsumptionpanmtitive attributes interact, for example ‘sheftthe
femur” is a part of the “femur”, but a “fracture tife shaft of the femur” is a kind of a “fracturktoe femur”
Details of the mechanism can be found in [2, 9,&Q] a similar mechanism for conceptual grapheseribed
in [11]. The major partitive attributes are shownFHgure 3 along with an informal test for how eatlould be
used.

The important distinction is divisions and struetucomponents. Divisions are roughly self-simiard
have the same layers. By contrast, componentdisgeete parts of a particular structure. Whensthecture
is divided, structural components normally remairone or the other divisions. Branching structaesdealt
with by a separate attributeasBranch/isBranchOlbecause branching is not usually considered ithegs—
e.g. we do not speak of the radial artery as achrahthe aorta.
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4.2.2. Containment and Cavities

Figure 4: Attributes relating to cavities

forms Hollow structures and bilayered membrdioas
cavities
contains Cavities contain substances and structures

The structure of cavities and containment is onthefmost difficult. Structures are designatedals,
hollow, or tubular by the attributehasTopologicalForm All hollow structures form arueCavity The
TrueCavityformed by a tubular structure is calledamen In additional bilayered membranes such as the
Pleura and Peritoneum form PotentialSpaces.  TrueCavitieay also occur in solid organs either
physiologically, as the ventricles of the brain pathologically as the cavity in a granuloma&avitiessuch as
the AbdominalCavitywhich are formed by surface structures and whosedaries are often vague in common
usage (whether or not there is a formal anatomdefihition) are designated @onventionalCavitiesThe
attributecontains/isContainedIn pertains only to cavities and their content€avitiescontainSubstanceand
Structures —  BloodVesselsontainBlood; theAbdominalCavity containtheLiver.

4.3. Linking Anatomy Function

4.3.1. Functions, processes, states and L ocations

There are two fundamental attributes which link malr anatomy and with abnormal anatomy and
processes respectively -asLocationandisFunctionOf. Processes have numerdesatures, e.g.Rate
Regularity etc. which may also havBtates Statesare linked to features of processes and anatomthéy
attributeaffects The pattern is illustrated by the expressiomgHe presence of a peptic ulcer in the stomach
and gastric hyperacidity respectively:

presencavhich affects Peptic (Ulcawhich hasLocation Stomach)
elevationwhich affects (Ratavhich isFeatureOf (
secretionwhich <isFunctionOf Stomach hasProduct GastricAcid>)).

4.3.2. Presence and Absence ; abnormality and pathology.

Figure 5: Summary of key attributes linking anatoprnpcesses, and states.

affects Links States including presence and absenfeatures and structures
isFeatureOf Link$-eaturesto Processes
hasLocation Links (usually pathologicalptructurego the Structures in which they

are located. (Note that this is distinct from hasSuralComponent
which links the features of normal anatomy.)

hasPathologicalSt takes valuefpathological physiologicallo indicate whether or not a
atus given state represents a ‘disease’ or ‘pathology’.
hasAbnormalitySt takes values [normal nonNormal] to indicate whethetate is the
atus normal structure or in some way variant.

The use ofpresenceabove provides a uniform manner of dealing withthbihe presenceof abnormal
structures and thabsenceof normal structures and places both within aamif pattern along with states of
features of processes such as elevation of raseocoétion of gastric acid.

This uniform representation also opens the way tan#orm treatment ofnormal/nonNormaland
pathological/physiological The GALEN CORE Model separates these two aspesssdistinct — a state may
be abnormal without being pathological and, occedly, the presence of a normal structure may be
pathological — as in an ectopic pregnancintrinsicallyPathologicalStructuresare important category of
structures including ulcers, tumours, lacerati@bs, whose presence is always pathological. A samypwf the
key attributes and their usages is included inrrei¢u

5 An Example

The overall modelling style will be illustrated bire example of the lung. At the top level is the
grammar-level statement which indicates that itemsonable to describe lobes of the lung as hayasgions
“upper”, “middle”, and “lower”.
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(Lobewhich isSolidDivisionOf -Lung )
grammaticallyhasUpperLowerPosition -[upper middle lower].

This grammar-level statement sanctions the sewsé-$tatements which describe which positions & |
and right lobes:

(Lobewhich isSolidDivisionOf-'RightLung’)
sensiblyhasUpperLowerPosition-[upper middle  lower].

(LobewhichisSolidDivisionOf'LeftLung'
sensiblyhasUpperLowerPosition-[upper lowler
These sense level statements sanction the gemeddfparticularisations such as that represeritimg right
middle lobe of the lung”:

(Lobewhich <isSolidDivisionOf-'RightLung’
hasUpperLowerPosition-middle>ameRightMiddleLobe

SincehasUpperLowerPosition-middleis only sanctioned for thRightLung an attempt to create the entity
representing the “left middle lobe” of any but aagenitally abnormal lung generates an error .

In addition the sense-level statements sanctiorieessity-level’ statements which say that, cphealy,
all right lungs have upper, middle and lower lobesl that all left lungs have upper and lower lolaes] that
hence the “right lung which has a middle lobe’ustjthe “right lung”.

'RightLung'necessariljhasSolidDivision
(Lobe which hasUpperLowerPosition-[upper middierer])

‘LeftLungnecessariljhasSolidDivision
(Lobewhich hasUpperLowerPosition-[upper lower])

6 Conclusion: Problems and Prospects

This paper provides a brief introduction to thetamacal structure of the GALEN CORE Model versiab.1
Current experience indicates that the basic schafnpartitive attributes is effective. Separatinghmdogical
status and abnormality as distinct attributes maggal a major simplification, and the use of matavidedge to
describe the level of specification needed foreddht applications is a significant step forwardwards
re-usable systems. The uniform structure of presamd absence has so far proved useful, but raiseses
of problems which have yet to be fully resolved.heTmodel is currently being tested and a more cetapl
report will be published in the near future.
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