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Abstract — This paper presents role of domain ontology in
construction process and architecture of medical data ware-
house and decision support system based on provided ontolo-
gy. Domain described is in part of musculo-skeletal system of
the lower limbs. In this paper we preset a way how to combine
generics data mining method with data warehouse model and
domain ontology in order to build intelligent system for gait
analysis. This paper describes specific domain ontology of
lower limbs and a ways how this ontology is mapped to
data warehouse models and steps in decision support system
creation.
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I.  INTRODUCTION

In a number of decision support systems knowledge re-
presentation and result interpretation based on the queries
over large data warchouse is important problem. Medical
domain is characterized by the abundance of existing ex-
pert knowledge and practically each of its specializations
has a constantly growing and interacting number of
relevant guidelines. A long-term goal is knowledge repre-
sentation in a form that can be used by systems supporting
medical decision making. One of these domains is gait
analysis or in our case musculo-skeletal system of the low-
er limbs. We have explored methods and tools available
together with generic data mining method as basis method
to follow during construction process. So far there were
only few researches regarding systematic development of
data warehouse models based on ontologies and only one
regarding ontology design for musculo-skeletal system of
the lower limbs. These researches however didn’t give full
description of data warehouse and data mining construction
process for specific domain of human gait. One of the
questions which stayed unanswered is the role of the ontol-
ogy in method and model. Since the idea behind the ontol-
ogy is re-usage, we have selected existing ontology as
reference for our project. This paper shows integration of
the domain ontology with generic data mining method and
data warehouse. Our approach includes demographic data
(categorical, numerical data) and time sequence data

(human gait variables, trial specific variables, etc) of indi-
vidual classes (joints, muscles [1, 2, 3].

II. ONTOLOGY BACKGROUND

Ontology is an explicit and structured specification of a
concepts and semantic, intelligent relation in a field, where
conceptualization is also the abstract model of real pheno-
mena. Today usage of ontologies in medicine is mainly fo-
cused on the representation and organization of medical
terminologies. Physicians developed their own specialized
languages and lexicons to help them store and communicate
general medical knowledge and patient-related information.
Such terminologies, optimized for human processing, are
characterized by a significant amount of implicit know-
ledge. Medical information systems, on the other hand, need
to be able to communicate complex and detailed medical
concepts unambiguously [1,4]. This difficult task can be
achieved by constructing medical domain ontology for
representing medical terminology such as GALEN [4,5].
This large ontology of medical terms, anatomy and drugs is
translated into OWL (Ontology Web Language) and it has
about 20 MB in size. OWL is most used standard ontology
languages today, and it is based on XML format. From an
Al (Artificial Intelligence) perspective therefore, ontology
is not only a discipline, but also the outcome of the activity
of ontological analysis and modeling. This is why we can
speak of "ontology of lower limbs". This ontology is exam-
ple of the so-called "domain ontology", whereas "founda-
tional ontology" represent domain-independent concepts
like objects, events, processes. Some benefits of using on-
tologies are: interoperability, re-usage, data and knowledge
integration and sharing. There is skepticism about the
impact that ontologies may have on the design and mainten-
ance of real-world systems. Considering the size and com-
plexity of medical ontologies we see issues regarding design
and maintaince of the large ontologies. That is why we
focus on domain driven ontology. We examined OSMMI
(Ontologie du Systeme Musculo-squelettique des Membres
Inferieurs) as ontology for our project in Laboratory of
Biomechanics in favor of GALEN and other more complex
ontologies [1].
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III. PROPOSED ARCHITECTURAL APPROACH

Decision support system construction has multiple ap-
proaches. Since our goal is data mining system for gait
analysis, we started with generic data mining method which
comprises seven steps [6]:

e  Defining the issue in a precise statement.

e  Defining the data model and the data requirements.

e  Sourcing data from all available repositories and pre-
paring the data.

e  Evaluating the data quality

e  Choosing the mining function and defining the mining
run

e Interpreting the results and detecting new information.

e  Deploying the results and the new knowledge.

Following the method we have defined issues regarding
gait disorder based on knee injuries. This step is more
oriented to specific issue and in data warehouse we want to
cover more broad data which is in domain of musculo-
skeletal system of the lower limbs. In second step we have
examined existing conceptual data models based on medical
domain ontologies. Regarding our domain and interest in gait
analysis we have found muscular, skeletal and nervous data
facts of the proposed model most interesting. Conceptual data
model of skeletal system with fact table and related dimen-
sion is shown in Fig 1. In gait analysis this is not optimal
solution because additional effort is needed to integrate mul-
tiple fact tables and querying becomes more difficult since
there exists multiple fact tables for each system. Proposed
model from Fig 1 also has denormalized, coarse grained fact
table, not suitable for storage of large time series data.
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Fig. 1 Skeletal System Multidimensional Ontology (Data warehouse) [2].
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In our case, average reading included 10 different para-
meters sampled at 10 ms for 20 seconds period of movement
that produced around 20000 samples for one movement pat-
tern including five steps, without additional temporal and
demographic dimensions needed in analysis. Data ware-
house is temporal model where measures are organized,
collected, and represented as facts which are hold in fact
tables. This structural approach enables interpretation of
measures in a given context [7]. Facts become more
meaningful when enriched using different dimensions, for
example time, demographic and anthropometric parameters,
vocabulary, etc. Since chorons used in gait analysis are
placed on milliseconds scale proposed skeletal fact table
becomes candidate for slow-vary dimension table. Ontology
is useful input to data modeling and it gives possibility to
share the common comprehension of the structure of infor-
mation and it allows reuse of the implicit knowledge. Pre-
sented model although based on one of the ontologies does
not satisfy gait analysis requirements since it is too generic.
In construction process we used some ideas from it but we
based our model on other ontology — OSMMI. OSMMI
classes with relationships between them are illustrated with
UML (Unified Modeling Language) stereotypes in Fig 2 [1].
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Fig. 2 General overview of the OSMMI.
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OSMMI includes 14 parts (classes). These include:
Nervous system, Ligament, Muscle, Tendon, Cartilage,
Bone, Limb, Posture, Support of load, Diarthrosis Joint,
Movement, Articular contact, Contact of environment and
Gait. Semantic of OSMMI is described by relations summa-
rized in table 1 [1].

Table 1 OSMMI relations.

Name Description
. the ligaments inform the nervous system about active
inform .
signals
command the nervous system command the muscles
the muscles are attached to the bones through the ten-
attach dons; the cartilages and the ligaments are attached to the
bones
limb is composed by the different bones which corres-
compose

pond to a particular function in gait

the muscles, the support of load, the movement, and the
act ligaments act on the diarthrosis joint; cartilage act the
articular contact

influence limbs form the correspondent posture

support posture is supported by the support of load;

create support of load is created by the contact of environment
characterize  the articular contact characterize the diarthrosis

Classes are divided into subclasses for finer insights and
classification of individual classes for gait analysis. Seman-
tic is based on different relations that make it suitable for
implementation in the traditional relational databases, but
not for analytical databases. Typical data units held in fact
table include measurement of several variables from trial
including muscles, bones, ground reaction forces, etc. In our
approach we initially include all variables which are part of
the typical trial in one large fact table. Justification of this
approach is that data in its nature is time series based and
additional information is stored in slow vary dimension like
trial since it can hold descriptive information (after opera-
tion it can be artificial hip as well). Ontology classes are all
candidates for dimension tables. Initially this approach
creates star like structure, but we need to keep in mind that
ontology is formed from the classes and some of these
classes have subclasses like posterior ligament (which have
two subclasses: arched poplity, oblique poplity), patellar
aileron (which again have two subclasses: patellar external
aileron, patellar internal aileron) and these classes form
snowflake schema. All these data can be derived and con-
ceptualized into ontologically derived data dimensions,
based on these categories, functions and activities of human
body systems. Simulation models can be deduced based on
metadata and data warehousing approaches. An important
aspect of human gait is learning the relationship between
body structures and their location as interpreted through
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palpation of relevant landmarks. This examination eases the
task of relating knowledge, observation and palpation to
make or confirm diagnoses. The conceptualization of data
and information has a definite role in the logical and intelli-
gent design of databases and data warehouses in which in-
formation is described as an inventory [8] and an asset to
the system. Two types of systems are interpreted: machine
based (ontology perspective) and natural systems such
as human anatomy. Integrated human anatomy [9] is a natu-
ral built-in system with well connected entities or dimen-
sions. Dimensions analogous to entities can be described,
conceptualizing the relationships. Several associated data
dimensions are conceptualized using ontology and stored as
metadata. Volume of dimensions from real world situations
can be interpreted through ontology stored in meta-data as
shown with Fig 3 [6].
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Fig. 3 Metadata in system context.

Data sourcing and preprocessing comprises the stages of
identifying, collecting, filtering and aggregating (raw) data
into a format required by the data models. Evaluation of the
data model requires validation of chosen variables, handling
of outliers and missing values and removal of redundant
variables. Ontology based ETL (Extract Transform and
Load) is a tool which handles both of these steps. There
are several papers that recommend ontology as a tool for
selecting appropriate data mining which is part of choosing
the mining function step. The results from performing any
type of data mining can provide a wealth of information
that can sometimes be difficult to interpret and this interpre-
tation is done by business metadata where ontology is
stored. In most cases data mining creates mathematical
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representations of the data that we call models. These mod-
els are very important, because they not only provide a dee-
per insight of patients but can themselves be deployed in, or
(re) used by other systems.

IV. DISCUSSION AND CONCLUSION

Although there are numerous obvious benefits of using
ontologies in process of decision support system construc-
tion such as standardization of terms, knowledge sharing
and re-usage, data warehouse model validation and support
the indispensable integration of knowledge and data, practi-
tioners should still be focus on specific domain. We were
able to build data warehouse model based on OSMMI in a
week avoiding numerous questions regarding data require-
ments and model. Our model has 3 fact tables, 18 dimension
tables (based on the ontology classes, 4 which are slowly-
vary dimensions) and additional meta-data tables. We
re-used ontology in ETL, data refinement and in result in-
terpretation. OWL is interesting XML based language that
combined with XSLT (Extensible Stylesheet Language
Transformations) enables automatic generation of dimen-
sion tables, metadata and skeleton of fact tables. Meta-data
and dimension tables can be as well, automatically popu-
lated with terms and relationships implicitly stored in OWL
for purpose of result interpretation. However we have found
that the biggest advantage of ontology is in ETL and in re-
sult interpretation.
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