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Abstract. According to F.P. Brooks, werewolves are the most terrifying of all 
monsters because they are common people who are transformed into night-
mares.  Likewise, nothing can be more concerning than having a semantic  
system that produces inaccurate results due to unidentified problems in the on-
tology.  Inaccurate medical information can have catastrophic consequences.  
This paper will briefly discuss some issues with existing biomedical ontologies.  
For instance, the part-of and has-part dilemma may lead to alternative interpre-
tations and incompatibility among ontologies. Challenges concerning biomedi-
cal ontologies can cause inadequate mappings between data elements and  
contents.  Therefore, causing major problems that can corrupt biomedical on-
tologies for large multiscale and multidomain integration.  Moreover, this can 
result in problems with current methods used to manage biomedical ontology, 
and ambiguous and inconsistent relation definitions between terms. 
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1 Introduction 

If a person started only eating junk food and began getting sick, would the issue be 
mainly in the person's digestive system?  The probable answer is: no.  His digestive 
system maybe working properly; however, the issue would most likely be the kinds of 
foods the body is being fed.  Arguably, to heal from the symptoms he should 'fix' his 
diet.  Arabs have a saying "stomach is the house of disease and medication".  This 
implies: what enters a body (through the stomach) can make it sick or healthy.  The 
problems may be: not identifying the concerns about junk food and discussing them.  
The same can be said about biomedical ontology.  There can exist the best semantical-
ly integrated system that uses different topics of ontologies, but if there is a problem 
with the ontology itself, the results will not be accurate.  Apparently, there are more 
articles about diet issues than there are on concerns about the challenges of ontology 
usage. 

It is important to mention that data elements are essential to decide the level of ac-
curacy at different stages of data process (Maojo et al. 2011).  Semantics enable ma-
chines to understand context and the type of data they utilize. Thus making machines 
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more able to understand at the human-level (Gangemi 2003).  Semantics are going to 
enhance the independence of knowledge management by delegating everything to the 
machines (Cayzer 2004).  An ontology is a "domain-specific dictionary",  It captures 
the semantic meaning and relationship of terms which allows for further usage of the 
term’s concept (Maojo et al. 2011).  It contains terms along with defined properties 
that can be executed by a computer.  Ontologies are created by domain-experts.  It is a 
formal representation about things that can be "talked about" in a way systems can 
handle (Simperl 2009).  "Ontology is a representation of universals; it describes what 
is general reality, not what is particular. (Maojo et al. 2011)"  Ontology differs from 
databases because databases represents instances of entities where as ontology 
represent classes of entities.  Ontology provides engineers with the semantics of data 
which can be used with problem-solving methods along with reasoning services to 
produce a great system with fewer resources (Schulz et al. 2006). 

An ontology represents and shares concepts of a domain in a formal way that can 
be understood by software agents, which makes ontology an important element in 
artificial intelligence implementations.  Ontology provides information management 
systems with a way to handle unstructured contents, which may be impossible for 
computers to handle without ontologies.  Ontologies are spread through distribution 
systems, such as the semantic web.  Ontologies are needed for knowledge description, 
natural language processing, and as a reference for standardizing language modeling.  
The more varying ontologies that are available, the greater the chance there will be of 
having more inaccurate ontologies, especially with the absent of more stricter stan-
dards on some aspects of ontology creation. 

Currently, vast amounts of data require transmission and manipulation, and without 
sharing it, the data may become useless.  Because of the amount of data, people can 
no longer manually do the necessary transmission, interpretation, and manipulation.  
The reason for this is related to the semantic web (web 3.0) (Gómez-pérez 2004).  On 
the other hand, using computers to manipulate large amounts of heterogeneous data 
can cause an integration problem.  Ontology can solve this problem by providing 
computers with an understanding of information, and using it for reasoning without 
interference from humans.  The problem here is that some ontologies are corrupted or 
unusable, and it may be difficult to find an ontology that is good enough to produce  
effective and accurate decisions or inferences.  Furthermore, it can be a challenge to 
use such ontologies because ontologies are written in different languages, and these 
languages are still in the development phase (Gómez-pérez 2004).  Another challenge 
facing ontologies in general is that ontology description is so loose unlike databases 
(Baader 2002).  However, a good ontology should consist of good concepts and speci-
fications, which can be used to make effective and accurate reasoning within in its 
domain. 

A biomedical ontology is an ontology that is developed to serve bioinformatics 
needs (Maojo et al. 2011).  There is the open biomedical ontology (OBO) library 
which was established in 2001 and, as of Aug 2008, contains 70 ontologies.  Biomed-
ical ontology "may ease the integration of heterogeneous clinical data (Sugumaran et 
al. 2002)."  The main goal for using biomedical ontologies is to enhance automatic 
information exchange between disease classification systems (Domingue et al. 2011).  
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It is good to mention that computational ontologies can be considered the most suc-
cessful scientific and practical prospective in the Biomedicine field (Maojo et al. 
2011) and biomedical ontologies are the most important and very developed applica-
tion domain of the semantic web (Domingue et al. 2011).  On the other hand, there are 
many challenges facing biomedical ontologies.  For example: the possibility of having 
different interpretations and incongruity between ontologies (Chen et al. 2005; Schulz 
et al. 2006); mapping challenges between data elements for multi-scale data (Cook et 
al. 2009); and poor relations definition between terms (Yu 2006).  However, this pa-
per concentrates on the mereological relations such as parthood relations concerns 
(Schulz et al. 2006). 

2 Parthood Relations Concerns 

In the world of biomedical ontologies, since semantic web is about machines working 
together with little or no human interference, a clear formal ontology criteria should 
be constructed.  A standardization of mereological relations in biomedical ontologies 
is needed (Schulz et al. 2006).  Literature suggesting standards for mereological rela-
tions are relatively new in biomedical ontologies (Schulz et al. 2006). 

Is-a relation shows an inheritance relation from a class, where part-of and its in-
verse has-part are mereological relations which when used in the biomedical field 
describes the structure of a biological organism (or its components).  According to 
Schulz, Kumar and Bittner, 2006, part-of and has-part are considered the second rela-
tion after is-a (Schulz et al. 2006).  Relations, especially foundational ones, should be 
well defined and characterized to prevent any "human-dependent semantic bias 
(Schulz et al. 2006)".  However, the is-a relation is relatively well-defined and has a 
formal restriction (Brachman 1983).  The definition of part-of and has-part is not 
well-defined, and has a lack of standardizations, and can be ambiguous (Schulz et al. 
2006).  For example, part-of (Toe, Foot) doesn't have that much of a difference with 
part-of (my toe, my foot) (Schulz et al. 2006).  In other words, there is no clear distin-
guished difference between the class-level and the instance-level (Smith et al. 2004).  
The parthood relations are more complex between classes and goes beyond standar-
dized mereology (Schulz et al. 2006).  However, formal mereological relations in 
biomedical definition needs to be improved to prevent alternative interpretations of 
relations among ontology engineers especially by mixing has-part and part-of rela-
tions or giving them inaccurate definitions since the structure of them is still "impli-
cit" (Schulz et al. 2006). Otherwise, the integration between systems may be broken. 

The parthood dilemma has three aspects: time challenge, location wonder, and  
occurrence doubts (Maojo et al. 2011).  The attempts to solve these aspects are rela-
tively recent (Schulz et al. 2006).  This paper will focus on the first two aspects.  
According to Schulz, Kumar and Bittner, 2006, there are "Four mutually disjoint cat-
egories for material objects and processes"(Schulz et al. 2006): 

1.  Parthood between tangible and non-tangible elements. 
2.  Parthood status over time. 
3.  Parthood based on the pertaining to space. 
4.  Parthood based on what is actually occurring or observable. 
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According to Schulz, Kumar and Bittner, 2006, biomedical ontology has four catego-
ries (Schulz et al. 2006), biomedical elements can be classified as a "universal" or a 
"particular" and either as a "continuant" or an "occurrent".  On one hand, "particulars" 
are actual entities that can be uniquely identified, counted, and pointed to e.g., my hair 
and a skin cell.  On the other hand, "universal" can be properties as well as entities 
which can be demonstrated by "particulars" e.g., Hair and Cell.  "Particulars" can be 
under two main categories: "continuants" (or "endurants") and "occurrents" (or "per-
durants") (Simons 1987). Unlike "occurrents", "continuants" are more constant (or 
persistence) over time.  A "particular" can be "continuants" at a certain period of time.  
For instance, my skin cell can be a "continuant" of my body the period before it dies. 
However, "occurrents" don't exist as wholeness at a certain instance (Schulz et al. 
2006).  "Occurrents" consist of processes among a phase or phases (e.g. phase of 
thinking of this line and the phase of thinking about the whole paper) (Schulz et al. 
2006).  Based on the definition, "universals" also have "continuants" and "occur-
rents".  For example, a "continuant universal" would be something like Skin and an 
"occurrent universal" would be something like Academic Semester.  Parthood rela-
tions in biomedical ontologies are represented between "universals" and not "particu-
lars" (Schulz et al. 2006).  For instance, part-of(Brain, Head) Brain and Head are 
"universals" and don't represent a "particular" brain or head. However, we say that is 
usually the case, but not always. For instance, part-of(my brain, my head). 

Class-level relations should be distinguished from instance-level. However, the 
fact is such distinction is ignored in biomedical definitions (Schulz et al. 2006).  A 
reason behind this fact is the focus on concepts definitions rather than working on 
their way of representation (Schulz et al. 2006; Smith et al. 2004).  This can work 
well for clinical coding purposes, but not as well for automated reasoning (Schulz et 
al. 2006).  Reiteration: automation is the main goal behind having ontology that can 
produce semantic systems.  According to Schulz, Kumar and Bittner, 2006(Schulz et 
al. 2006), there are four different readings of the class-level part-of: 

 

1. "All instances of A have part-of some instance of B." 
2. "All instances of B have part-of some instance of A." 
3. 1 and 2. 
4. "At least one instance of A which is part-of some instance of B." 

A formal definition is needed to clarify the part-of relation between classes and in-
stances (Hahn 2005).  This would help eliminate alternative interpretations of the 
part-of relation. 

The original mereology was built upon the instance-level part-of.  This can be tran-
sitive, antisymmetric, and reflexive (Schulz et al. 2006).  This can cause confusion in 
the interpretation (Schulz et al. 2006).  Such confusion can even be found in medical 
textbooks: is Y a whole structure or a part of X (Schulz et al. 2006)? 

Another challenge exist with the domain and range restrictions for the part-of rela-
tion when it comes to intangible (Casati et al. 1994), limits, and spots (Varzi 1997).  
Cavities may not be considered as part of their hosts based on some literature  (Don-
nelly 2004b; Hahn 2001; Smith 2003).  The following is a more focused look at the 
time and location challenge for the parthood relation. 
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2.1 Time of Parthood 

The biggest challenge of the time of part hood is having too many different theories 
and definitions (Hawley 2004).  A discussion is basically about whether or not "conti-
nuant" is always a part of an entity overtime (Schulz et al. 2006).  One solution is to 
add more formality and restrictions on the interpretations. A suggested solution for 
the time challenge is to add a third attribute (Thomson 1983).  For example, part-
of(Thumb, Hand, Dec 1, 2012 11am)  means: Thumb is a part of Hand at a certain 
time.  In other words, the part-of relationship may no longer exist after that time.  In 
the same direction, having temporary-part-of(child, female) and permanent-part-
of(thumb, hand) (Bittner et al. 2004).  The first indicates that thumb may not always 
be a part-of hand for some instance of the hand's life.  The second means thumb is a 
part-of hand for the entire life of thumb. 

Since many systems that use ontologies are made to accept triples (i.e. relation(x, 
y)), adding a third attribute can be problematic.  On the other hand, having temporary-
part-of may not indicate the element's parthood situation based on time.  Permanent-
part-of(a, b) looks appealing, but what about microorganisms in which a can be no 
longer part of b and both would still within their lifecycle. A good suggested solution 
is to have historic-part-of (thumb, hand) (Schulz et al. 2006).  It represents thumb as a 
temporal part-of hand and not permanent.  It clearly states: the part-of did exist some-
time in the past.  Therefore, it provided  accurate information based on a time period 
(the past).  It may be an assured presentation as human beings tend to know the past 
more preciously (or at least like to think so). On the other hand, it doesn't consider the 
current or future parthood situation nor it states the actual time of the relation to be 
considered true.  Our suggestion is to have part-of-at-writing.  This will indicate that a 
non-permanent-part-of elements had the part-of relation at the time the relationship 
was written-down.  It gives a time-based description about the parthood situation and 
gives a guess it may still be the case in the future.  For instance part-of-at-writing(my 
thumb, my hand) which indicates that my thumb was a part-of my hand at the time the 
relation was written.  It also gives the assumption: it may still be the case while the 
relation is read and will continue to be the case in the future; however, it may not be 
the case anymore (after the relation was written). Part-of-at-writing indicates the 
relation is true for more recent time than the historic-part-of relation. 

2.2 Location Vs. Part-of 

Basically, an entity is located in another entity at a certain time only if the first was at 
the same spatial location as the second (Donnelly 2004a; Donnelly 2005).  On the 
other hand, not every entity that is located at a biological structure at a time is a part 
of that structure (Schulz et al. 2006).  For instance, air in lungs.  Another unsolved 
issue is the location status of biological objects in constant exchange like some cells 
and protein (Cohn 2001). 

If an element is located inside another element, does it mean the first is part-of the 
second?  For instance, located-in(Blood, Head) is it equivalent to Part-of(Blood, 
Head) at a certain time?  Few articles indicate located-in and part-of are the same 
(Donnelly 2004a; Varzi et al. 2004).  The remaining question: is it always the case? 
and if yes, should we keep using both relations?  Such questions can be answered 
more easily than in some cases where objects are constantly exchanging forms with 



178 O. Rabie and A.F. Norcio 

their surroundings (Schulz et al. 2006). In the same direction, for how long the "lo-
cated-in" relationship is considered true? 

According to (Schulz et al. 2006), they suggest solving the challenge of the distin-
guish between part-of and located-in by saying: they can be the same relation under 
three principles.  One of them: if an object is permanently-located-in another object 
then it is permanent-part-of as well.  They said it holds true in the case of an object a 
comes to into existence after object b (part-of(a, b)).  This suggestion can be argued 
via the case of transplanting adult kidneys into infants and children.  In such a scena-
rio, an adult kidney existed long before it became permanently located in the infant or 
the child.  In other words, a existed before b.  Although it satisfies the other two prin-
ciples (i.e. kidney is not an artificial object and its functionality is critical for the  
infant’s or child’s body), it existed before the host body and it became permanently-
located-in and permanently-part-of.  Therefore, we think the principle should be mod-
ified to include the case of a exiting before b. 

3 Conclusion and Future Work 

Biomedical ontology is essential in the advancement of both research and communi-
cation.  It may be the best solution for integrating different biomedical systems.  On 
the other hand, biomedical ontology faces numerous challenges that prevent it from 
achieving its full potential.  Such challenges should be addressed in order to resolve 
them.  A crucial challenge is in the definition of the (arguably) second most important 
relation (the parthood).  
   Basically, restriction and definition challenges are open for opinions.  The environ-
ment of ontology in general and biomedical ontologies especially is indicated to be 
open for trail-and-error experiments.   
   Furture work would include encouraging communication between different com-
munities involved in biomedical ontology.  The lack of communication and discus-
sion between different biomedical ontology groups is one of the challenges facing 
solving the concerns ontology faces (Rubin et al. 2008).  We would also try to meas-
ure the difference of biomedical ontology usage sufficiency before and after some 
"recommended" modifications.  Finally, having only few articles addressing biomedi-
cal ontologies challenges and even fewer discussing solutions is another obstacle in 
the face of resolving the issue. 
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