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Abstract  

Achieving semantic interoperability is critical for biomedical 

data sharing between individuals, organizations and systems. 

The ISO/IEC 11179 MetaData Registry (MDR) standard has 

been recognized as one of the solutions for this purpose. The 

standard model, however, is limited. Representing concepts 

consist of two or more values, for instance, are not allowed 

including blood pressure with systolic and diastolic values. 

We addressed the structural limitations of ISO/IEC 11179 by 

an integrated metadata object model in our previous research. 

In the present study, we introduce semantic extensions for the 

model by defining three new types of semantic relationships; 

dependency, composite and variable relationships. To eva-

luate our extensions in a real world setting, we measured the 

efficiency of metadata reduction by means of mapping to ex-

isting others. We extracted metadata from the College of 

American Pathologist Cancer Protocols and then evaluated 

our extensions. With no semantic loss, one third of the ex-

tracted metadata could be successfully eliminated, suggesting 

better strategy for implementing clinical MDRs with improved 

efficiency and utility. 
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Introduction   

Achieving semantic interoperability is fundamental and criti-

cal for sharing biomedical information between individuals, 

organizations, and systems [1]. Metadata is a key component 

of interoperability for data exchange, mapping, and interpret-

ing across various domains. A metadata description and regis-

tration standard was established by ISO/IEC, named ISO/IEC 

11179 [2]. The ISO/IEC 11179 Metadata Registry (MDR) 

standard provides a semantically precise structure for metada-

ta. Many organizations have built MDRs based on this stan-

dard for managing and registering metadata. Following this 

trend, many healthcare organizations have increasingly 

adopted and implemented MDRs for managing data semantics 

for biomedical research, Electronic Health Record (EHR) sys-

tems, and clinical trials [3-8]. We implemented a MDR, 

named Clinico-Histopathological Metadata Registry (CHMR), 

for the data management of clinical research and trials [9].  

Recently, several studies have shown semantic and structural 

limitations of ISO/IEC 11179 [10-13]. The limitations of 

ISO/IEC 11179 can be categorized as the following. As the 

scope and coverage of an MDR increases, most of the data 

elements are newly defined and not reused from existing data 

elements [11]. Accordingly, the number of related data ele-

ments will increase. Another limitation is the granularity of 

data element concepts; all concepts exist at a single level, with 

no means of inter-relating [11, 13]. The standard model pro-

vides no structure for semantic and syntactic relationships 

between related concepts and between parent-child relations 

or sub-components. 

These limitations are mainly due to the single semantic pers-

pective. The single semantic perspective dictates that the se-

mantics of metadata are determined by an association of ob-

ject class and properties in the data element concept. The sin-

gle perspective weakens the semantic representation of meta-

data. Thus one suffers from finding appropriate metadata in an 

MDR, resulting low metadata reusability. Although the stan-

dard allows for multiple Classification Scheme and Derived 

Data Elements, the implication is that no addition to the se-

mantics of the administered items is recommended.  

To address the single perspective problem, additional struc-

tural and semantic extension to ISO/IEC 11179 may be 

needed. The structural limitations were addressed in our pre-

vious study by extending the standard model, the Integrated 

Metadata Object Model (IMOM) [14]. The present study tar-

gets the semantic limitations of ISO/IEC 11179.  

Methods  

In our previous study, in an effort to strengthen the semantic 

relationship between data elements, we extended the ISO/IEC 

11179 model. Two classes were added, a self-association 

class, named data_element_relationship and a new class Da-

ta_Element_Relationship with two attributes, data_ele-

ment_relationship_type and data_element_relation-

ship_type_description. 

In the present study, we define a semantic relationship that 

can be applied to the data_element_relationship_type attribute 

in the Data_Element_Relationship class. Defining semantic 

relationship between concepts is a well-established topic in 

the development of controlled vocabularies. According to the 

definition of ANSI/NISO 239.19 ‘Guidelines for the construc-

tion, format, and management of monolingual controlled vo-

cabulary’, there are three types of semantic relationships; 

equivalency, hierarchy, and associative [15].  

The equivalency and hierarchy relationships are found in 

ISO/IEC 11179. Two data element that have the same data 

element concept would be in an equivalency relationship 

(synonymy). A derived data element seems to be in a hie-

rarchy relationship (generic or instance). We subdivide the 
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associative relationship into three different relationships: de-

pendent, composite, and variable. One data element can em-

ploy multiple relationships with different data elements. De-

tailed definitions of these associative relationships will be 

described in the results section.  

To evaluate the semantic relationships of metadata, we used a 

clinical contents standard - College of American Pathologists 

(CAP) cancer protocol (October 2009 version) [16]. We chose 

six among the 55 CAP cancer protocols. For the purpose of 

evaluation the six protocols were all part of the head and neck 

category. The evaluation process consisted of the following 

three steps. First, we manually extracted metadata from the six 

CAP cancer protocols. Then the extracted metadata was inte-

grated according to the ISO/IEC 11179. Finally, we applied 

the semantic relationships to the metadata and compared the 

number of metadata for each step for evaluation. 

Results  

Three types of semantic relationships  

According to the ISO/IEC 11179 standard, one data element is 

a logical combination of a data element concept and a value 

domain. This structure is limited. Concepts consisting of two 

or more values are not allowed, for instance, ‘blood pressure’ 

should be represented by two values; systolic pressure and 

diastolic pressure. To overcome this and other limitations, we 

defined three new types of semantic relationships between 

metadata.  

(1) Dependency relationship. Some clinical data elements 

are supposed to be activated or deactivated by the response 

(value) of a different data element. They are regarded as con-

ditionally dependent. This type of link should be called a de-

pendency relationship. Figure 1 shows an example of depen-

dency relationship. The data element “DE: Margin types of 

invasive carcinoma” is activated only when the response to 

the data element “DE: Margins of kidney carcinoma” is 

“Margin(s) involved by invasive carcinoma”.  

 

 

Figure 1 - Dependency relationship between data elements for 

DE: Margins of kidney carcinoma 

(2) Composite relationship. Composite data elements are a 

set of data elements linked by a composite relationship. Figure 

2 shows an example of a composite data element for the histo-

logical types of larynx carcinoma. The larynx consists of vari-

ous tissue types. Due to this, various types of tumor and tissue 

specific histology growth may occur in the larynx. Therefore 

the composite data element “DE: Histology types of Larynx 

carcinoma” consists of the three sub data elements, “DE: His-

tology type’s variants of Squamous Cell Carcinoma”, “DE: 

Histology types of Neuroendocrine carcinoma”, and “DE: 

Histology types of Minor Salivary Gland Carcinoma”.  

(3) Variable relationship. A variable data element is a data 

element that is linked to an appropriate value list for the cor-

responding variable. A variable data element represents any 

value data elements such as medications or laboratory tests. 

Figure 3 shows an example of variable data elements for me-

dications. According to the standard model, one has to define 

a data element for an adverse drug event for each medication. 

These ‘adverse drug event’ data elements have no semantic or 

syntactic difference except for the specific medication name. 

One variable-enabled data element referring to a dictionary of 

medications in the form of ‘DE: Adverse Drug Reaction of 

(drug) X’ can replace all the ‘adverse drug event’ data ele-

ments. For medications, we used the RxNorm (version UMLS 

2009AA) [17] standard.  

 

Figure 2 - Composite relationship between data elements for DE:Histologic types of Larynx carcinomas 
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Figure 3 – Variable relationship for drugs 

Evaluation  

To evaluate the semantic relationships, we applied the ex-

tended relationships on the metadata from the six head and 

neck CAP cancer protocols. The evaluation process consisted 

of the following three steps; metadata extraction, metadata 

integration, and semantic-relationship application. We 

counted the number of metadata generated during each step as 

a measure of structural efficiency.  The structural efficiency 

represents a MDRs ability to organize data elements. Table 1 

shows the evaluation results. The first row shows the total 

numbers of raw metadata extracted for each cancer protocol. 

The second row shows the numbers of metadata that are inte-

grated by the ISO/IEC 11179 manual. The numbers of inte-

grated metadata were reduced by 27% compared to the num-

bers of extracted metadata. The third row shows the numbers 

of metadata after the application of the semantic relationships. 

The numbers of metadata were reduced by 66% compared to 

the numbers of the original metadata extraction.  

Table 1 – Reducing the number of the data elements by intro-

ducing semantic relationships 
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traction 
79 85 59 81 89 91 484

Metadata inte-

gration 
67 73 50 71 75 57 357

Application of 

semantic rela-

tionships 

54 53 45 57 66 52 167

Discussion 

The ISO/IEC 11179 MDR standard has been recognized as 

one of the most powerful solutions for achieving semantic 

interoperability in biomedical domains. Several studies, how-

ever, have demonstrated the semantic and structural limita-

tions of the MDR standard. To solve the structural limitations, 

we previously proposed an object model, IMOM [14]. In this 

study, we addressed the semantic limitations of the MDR 

standard by defining extended semantic relationships.  

Traditional MDRs do not define or register any associative 

relationships between data elements. In this study, the seman-

tic relationships between data element can be maintained by 

extending the standard model (IMOM) by defining three asso-

ciative relationships. The evaluation results indicated that ap-

plying semantic relationships to metadata helps to reduce the 

overall number of metadata without semantic loss.  

Reduction of the number of data elements at the metadata 

integration and semantic-relationship application stages im-

plies different meanings in terms of efficiency and utility. The 

former means improved reusability of data elements and the 

latter demonstrates improved semantic representation of re-

lated data elements. Redundant data elements were efficiently 

eliminated during the integration step, resulting in an in-

creased chance for the reuse of already-defined data elements. 

Organizing data elements into more efficient and semantically 

richer structures during the semantic-relationship application 

step reduced the numbers of data elements to an even greater 

degree. Introducing these two steps to the organization of data 

elements may improve the efficiency and utility of MDRs. 

The eXtended MetaData Registry (XMDR) project was estab-

lished to propose extensions to the ISO/IEC 11179 family of 

metadata registry standards to promote more diverse types of 

metadata and enhanced capability for semantic specifications 

and queries [18]. The intension of the XMDR project, howev-

er, was not to solve the limitations of the standard model. 

Thus, the XMDR model has the same limitations as ISO/IEC 

1179. Davis et al. [13] provide a modified standard model to 

satisfy the specific requirements of electronic governance. 

The modified model was simplified from the standard model 

by eliminating two main components; Conceptual Domain 

and Data Element Concepts. This model may support the im-

plementation of electronic governance systems, but the model 

cannot interoperate with other standard-based MDRs.  

Conclusion 

In the present study, we directly addressed the intrinsic se-

mantic and structural limitations of ISO/IEC 11179. Previous-

ly we mitigated the structural limitations by introducing an 

integrated object model and exchange format. In this study, 

we attempted to overcome the semantic limitations by defin-

ing associative relationships for MDRs. To our best know-

ledge, there has been no previous research that has successful-

ly overcome the limitations of the standard model. Our 

present effort provides a foundation for a solution to the in-

consistency problems in a single or multiple MDRs. The 

present study, however, is limited in proper evaluation of the 

variable relationship due to the unavailability of drug informa-

tion in CAP cancer protocols. Future work should focus on 

comparisons of efficiency and expressiveness between con-

trolled vocabularies and metadata. Comparisons of the com-

plexity and usability between our extended model and the 

standard ISO/IEC 11179 model should also be addressed. 
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