How should parthood relations be expressed in
SNOMED CT?
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The Systematized Nomenclature of Medicine, Clinical Terms (SNOMED CT)1 is a clinical
terminology with a broad coverage of health care, which has been developed with the help
of a rather inexpressive description logic dialect known as EL [1]. The advantage of using a
description logic (DL) for defining a medical ontology is that, instead of error-prone “hierarchy
engineering,” where each newly introduced concept needs to be manually positioned at the
right place in the concept hierarchy, one adds a definition of the new concept to the knowledge
base and the DL reasoner then automatically finds the right position of this concept in the
concept hierarchy. The advantage of using an inexpressive DL is that classification (i.e., the
computation of the concept hierarchy) is fast even for a very large ontology like SNOMED CT.
Efficient reasoners for EL, like SnorocketTM ,2 which is based on the classification algorithm
introduced in [2], can classify SNOMED CT in less than a minute.
The disadvantage of using an inexpressive DL is that not all relevant properties can be explicitly
expressed. In particular, EL does not allow to state that relations such as part-of are transitive,
and consequently the reasoner cannot take transitivity into account during classification. In
order to overcome such limitations in DLs without transitive relations, the SEP-triplet encoding
was proposed in [3]. An SEP-triple for the concept A is actually composed of three concepts:
the structure AS , the entity A, and the part AP . Intuitively, the E-concept is supposed to be
instantiated by entire anatomical objects (such as my hand), the P-concept by the proper parts
of the referred objects (such as any part of my hand), and the S-concept by both entire objects
and their parts. Fig. 1 gives an example of how a correct use of the SEP-triplet encoding should
look like. It is easy to see that transitivity of the part-of relation can be simulated through
the intra-triple part-of relationships and the intrinsic transitivity of (both intra- and intertriple) subsumption relationships. In fact, in the example of Fig. 1, the DL reasoner is able
to infer that the finger is part of the upper limb since we have Finger ⊑ FingerS ⊑ HandP ⊑
HandS ⊑ UpperLimbP ⊑ ∃part-of.UpperLimb. Since characteristics are inherited along the is-a
hierarchy, the SEP-triplet encoding also allows us to simulate inheritance of characteristics
along the part-of hierarchy. In our example, by connecting an injury via a location link to the
S-concept, we can ensure that ‘injury to finger’ is classified as ‘injury to hand’ and ‘injury
to upper limb’. To suppress such inheritance along the part-of hierarchy (e.g., ‘amputation of
finger’ should not be classified as ‘amputation of hand’ or ‘amputation of upper limb’), one
needs to connect via location to the E-concept. There are, however, several problems with the
SEP-triplet encoding. On the one hand, the SEP-triplet approach is error prone since it works
correctly only if it is employed with a very strict modelling discipline. For instance, incorrect
links to the S-concept rather than the E-concept may result in unintended consequences like
the classification of ‘amputation of finger’ as a subconcept of ‘amputation of upper limb’. On
the other hand, the approach introduces for every proper concept in the ontology two auxiliary
concepts, which results in a drastic increase in the ontology size, and thus in the time needed
for classification.
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Fig. 1. Example of a correct use of the SEP-triplet encoding. The solid edges denote subsumption
(IS-A), the dashed edges part-of, and the dotted edges has-location relationships.

To avoid these problems, we have proposed in [4] to use the more expressive DL EL++ [5, 6],
for which classification can still be done in polynomial time. The complex role inclusion axioms
available in EL++ can be used to state reflexivity and transitivity of roles like part-of, subrole
relationships (e.g., between proper-part-of and part-of), and right-identity rules (which can,
e.g., be used to express the inheritance of characteristics along the part-of relation). To avoid
unintended inheritance of characteristics (e.g., in the case of amputation), we use two distinct
relations: has-location, which is inherited from a part to its whole, and has-exact-location, a subrelation of has-location, which is not inherited that way. Fig. 2 shows the re-engineered ontology
obtained this way from the knowledge base of Fig. 1.
This new modelling approach avoids the introduction of the two additional auxiliary concepts
(the S-concept and the P-concept) for every anatomical concept. The experiments reported in
[4] show that this actually speeds up the time needed for classification. However, for backward
compatibility, it would be nice to be able to define the S-concept and/or the P-concept in
case it is needed (e.g., since it is used directly in other parts of the ontology). According to
the underlying intuition, this should be easy: these concepts can be pre-coordinated as fully
defined concepts, as illustrated here for the concept hand: HandP ≡ ∃proper-part-of.Hand and
HandS ≡ ∃part-of.Hand.
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Fig. 2. The re-engineered version of the knowledge base in Fig. 1, now without SEP-triplets.

Unfortunately, this solution (which was already proposed in [4]) is not completely satisfactory
since not all subsumption relationships for the auxiliary concepts that follow from the SEPencoded version of the knowledge base (Fig. 1) follow from the re-engineered version (Fig. 2)
extended by the definitions for the S- and P-concepts for Finger, Hand, and UpperLimb. For
example, in Fig. 1 we have the (stated) subsumption relationship FingerS ⊑ HandP . Using
the complex role inclusion axioms in Fig. 2 together with the definitions for the auxiliary
concepts, we can only conclude ∃part-of.Finger ⊑ ∃part-of.Hand (i.e., FingerS ⊑ HandS ), but
not ∃part-of.Finger ⊑ ∃proper-part-of.Hand (i.e., not FingerS ⊑ HandP ). In order to obtain the
second subsumption, we would need to add the complex role inclusion
part-of ◦ proper-part-of ⊑ proper-part-of.
Interestingly, this left-identity rule, together with proper-part-of ⊑ part-of, creates a so-called
cycle over role inclusions, which is not allowed in the DL SROIQ underlying the new version
of the Web Ontology Language, OWL 2. Consequently, OWL 2 compliant reasoners (like FaCT
and Pellet) would not accept this extended knowledge base as an input. Fortunately, such a
cyclic dependency is allowed in EL++ and can be processed by our reasoner CEL.3 Recently,
Kazakov [7] was able to design a decidable extension of SROIQ that can also express the
extended knowledge base.
To sum up, we have recalled the re-engineering of SNOMED CT as proposed in [4], and have
shown that a backward compatible version, which also contains definitions for the auxiliary
S- and P-concepts, requires an additional complex role inclusion that destroys the acyclicity
property of the set of complex role inclusion. For this reason, the backward compatible reengineered version of SNOMED CT is not expressible in OWL 2, but it is expressible in EL++
and an appropriate extension of SROIQ.
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