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Abstract: This paper is aimed at assessing the potential of  interoperable knowledge organization systems to re-
spond to search strategies in order to retrieve information from databases in the areas of  health and biomedi-
cine. An analysis was done on the semantic consistency of  synonym grouping of  a term selected from the 
Metathesaurus, the Unified Medical Language System of  the National Library of  Medicine, based on the charac-
teristics of  equivalence proposed in ISO 25964: 2: 2011 and based on the following categories: semantic, mor-
phological, syntactic and typographical variations. This paper highlights the importance of  understanding the re-
sults of  automatic mapping as well as the need for characterization, evaluation and selection of  equivalences for 
preparation of  consistent search strategies and presentation of  search results in scientific work methodologies. 
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1.0 Introduction 
 
One of  the difficulties in carrying out bibliographical re-
search aimed at retrieving information to produce scien-
tific knowledge is mapping and selection of  appropriate 
terms and concepts to create search strategies. Within 

these activities, there is the complexity of  the language—
the raw material of  knowledge organization systems 
(KOSs) —which is represented in morphological varia-
tions (grammatical classes), semantics (limits of  meaning), 
syntax (position of  terms within the descriptor, use of  
punctuation), and typography (Andrade 2015). These 
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variations exist in terms that, aligned with the obstacles of  
retrieving information based on character matching result 
in disjoining of  documents of  the same semantic nature, 
might result an inconsistent sample of  documents re-
trieved from the scope of  a particular database. 

Considering this problem, this paper is aimed at assess-
ing the potential of  interoperable knowledge organization 
systems (KOSs), at responding to search strategies to re-
trieve information from databases specialized in the areas 
of  health and biomedicine. We selected the U.S. National 
Library of  Medicine (NLM) Metathesaurus, which con-
tains 151 KOSs, making it a concrete example of  mapping 
and promotion of  interoperability, the sort of  require-
ments needed for a semantic web to function. To perform 
the evaluation, we tested the search results of  the afore-
mentioned instrument based on an analysis of  a group of  
equivalencies for a selected term. 

KOSs, especially thesauri and lists of  subject headings, 
are usually used in two ways in databases: 
 

1. KOS not integrated into the database: 
Used in inputting into the system, when indexing the 
document, by entering select terms in a specific field, 
such as field 650 in the MARC21 (Machine Readable 
Cataloging) format; in output from the system when 
specialists and librarians use the KOS to consult terms 
considered appropriate for recovery of  documents 
and information on certain subjects. 

 
This form of  using the KOS creates two situations. First, 
there must be no errors in typing and registering a term 
with distinct typographical forms (e.g., uppercase, lower-
case), since each manner of  registration creates an input 
and, therefore, a mismatch in retrieving documents on the 
same subject. In this context, Lopes (2002, 61) cites a study 
by Bourne (1977) on the impact of  spelling errors in 
online searches, where the author states that “the number 
of  spelling errors, variant forms of  words and even spell-
ing errors for indexing terms considerably affect search re-
sults.” Second, all equivalent terms considered appropriate 
from the semantic, syntactic, morphologic and typographic 
standpoints must be used in building search strategies so 
that a consistent result can be obtained. 
 

2. In the case of  retrieval by hierarchies, some data-
bases allow for restriction on the retrieval of  the terms 
desired and not the terms subordinated to it (if  any), 
as is the case with PubMed (U.S. NLM 2013a) and 
Embase (Elsevier 2013). 

 
Nevertheless, even when the database offers the chance 
to do searches using KOSs, usually only the KOS in the 
database is used. For instance, the PubMed database al-

lows for searches to be done using Medical Subject Headings 
(MeSH), which currently contains 27,455 descriptors (U.S. 
NLM 2015) and Embase contains the Emtree thesaurus, 
which has around 60,000 terms (Elsevier 2013).  

In this sense, one of  the ways performance can be en-
hanced in the search and information retrieval processes 
is by developing and implementing interoperability and 
mapping among KOSs so that the sample of  terms to be 
used in search strategies can be expanded and substanti-
ated through simultaneous use of  KOSs that already exist 
and through both databases containing KOSs for the 
search and databases that only retrieve based on character 
matches. 
 
2.0  Interoperability and mapping between  

knowledge organization systems  
 
The main standards for building a KOS define interopera-
bility as the ability of  two or more systems to exchange 
and use information exchanged without a special effort by 
any of  the systems. The main standards referred to here 
are Association for Library Collections and Technical Ser-
vices 2000; National Information Standards Organization 
2005; BSI Group 2007; International Standards Organiza-
tion (ISO) 2011a. The ISO 25964-2:2011 standard high-
lights the objective of  interoperability in information re-
trieval as being the possibility of  using an expression for-
mulated in a KOS converted into a corresponding expres-
sion in one or more KOSs, while also underscoring the es-
tablishment of  equivalences for the success of  the opera-
tion. 

Mappings between the KOSs, such as the establishment 
of  relationships between them, are covered by the ISO 
25964-2:2011 standard. Among thesauri in particular, the 
standard identifies three main types of  mapping (ISO 
2011b): these are equivalence, hierarchical and associative, 
with equivalence being the most common and necessary 
type. It recommends that equivalences between thesauri 
should be established when the corresponding concepts 
are found in two or more different KOSs, with no differ-
ence in status between the concepts or between the terms 
preferred or notations that represent them. 

In order to contribute to identification of  concepts 
from the semantic standpoint, the ISO 25964-2:2011 stan-
dard organizes equivalences into types and levels. The 
types correspond to mapping of  simple and compound 
equivalences, with there being recommendations for com-
pound equivalence regarding establishment of  intersection 
for compound equivalences, cumulative compound equiva-
lence and compound equivalence involving target vocabu-
lary. Levels include mapping of  exact, inexact and partial 
equivalences. Exact equivalence occurs “when concepts 
can be used interchangeably through all the applications 
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that can be envisaged for the mapping;” inexact equiva-
lence is when two concepts corresponding in two or more 
vocabularies are not exactly the same; and partial equiva-
lence is related to generic or specific characteristics of  the 
meanings of  the terms. 
 
3.0  Unified Medical Language System-UMLS:  

Metathesaurus 
 
Unified Medical Language System (UMLS) is a product of  
the U.S. NLM that is made up of  a set of  files and soft-
ware that gather vocabulary in the areas of  health and 
biomedicine, as well as standards to allow for interopera-
bility between computer systems. Databases and associ-
ated software tools that are part of  the UMLS are aimed 
primarily at the developers in the process of  building or 
improving systems whose are: creation, processing, re-
trieval and integration of  information and data in the 
health area. Associated tools help developers to use and 
customize UMLS databases in private applications. Use of  
the UMLS requires that a license be requested from the 
NLM, which establishes all of  the ways to use this tool. 
Only American citizens can download the KOSs that are 
part of  the UMLS (U. S. NLM 2009, 2013bc, 2014), with 
citizens of  other countries being allowed to check the da-
tabases made available through a valid license granted for 
one year. 

The Metathesaurus is one of  the components of  the 
UMLS (Martínez Tamayo et al. 2011), a project developed 
by the U.S. NLM in 1986 and continually updated. It is 
characterized as a database that currently contains 151 
multilingual KOS, integrating concepts and information 
on them in the areas of  health and biomedicine. It pre-
sents a set of  files organized by concept or meaning that 
relates alternative names and visions for the same concept 
from different KOS sources. Designed to be used in creat-
ing applications related to automatic indexing, the 
Metathesaurus (U. S. NLM 2009) is built using various 
electronic versions of  thesauri, classifications, code sets 
and lists of  controlled terms used in patient care, health 
services billing, public health statistics, indexing and cata-
loguing of  biomedical literature, and basic health and 
clinical research services.  

In addition to the Metathesaurus, the system has two 
other components: the Semantic Network and the SPE-
CIALIST Lexicon with Lexical Tools. The Semantic Net-
work provides a categorization of  concepts and defines 
the set of  relationships between Metathesaurus semantic 
types. At least one semantic type is attributed to each con-
cept. The semantic types include anatomical structure, 
biologic and chemical functions, illness or syndrome, labs 
or exam results, medical devices and organisms. The 
SPECIALIST Lexicon provides lexical information for 

the Natural Language Processing System (NLP), whose 
function is to mediate between the language used by users 
and the language in the sources of  biomedical informa-
tion. Although it is a general language lexicon, it includes 
biomedical terms. The SPECIALIST Lexicon input for 
each word or term registers the syntactic, morphological 
and orthographical information needed by the SPECIAL-
IST NLP System. 

The SPECIALIST Lexicon operates along with the 
lexical tools, which are designed to address the high de-
gree of  variability in natural language words and terms 
(U. S. National Library of  Medicine 2009): 
 

The Lexical Tools are designed to address the high 
degree of  variability in natural language words and 
terms. Words often have several inflected forms 
which would properly be considered instances of  the 
same word. The verb “treat,” for example, has three 
inflectional variants: “treats” the third person singu-
lar present tense form, “treated” the past and past 
participle form, and “treating” the present participle 
form. Multi-word terms in the Metathesaurus and 
other controlled vocabularies may have word order 
variants in addition to their inflectional and alpha-
betic case variants. The Lexical Tools allow the user 
to abstract away from this sort of  variation. 

 
3.1 Types of  Metathesaurus search and retrieval 
 
Metathesaurus search can be done by term, by concept 
unique identifier (CUI) and by code corresponding to 
numbering related to atoms, which can be equivalences or 
related terms. It is also possible to select the version (re-
lease) and the KOS (source) of  the desired Metathesau-
rus. KOSs are represented by acronyms listed alphabeti-
cally. A term search can be done by word, by approximate 
match, by exact match, by normalized string, by normal-
ized word, by truncation right and by truncation left.  

The interface of  the results is organized into three 
categories: basic view, report view and raw view. The ba-
sic view and report view categories show common meta-
data in the search result, such as concept, semantic type 
and definition. The difference between the two is that in 
basic view there is a list of  synonyms and a list of  rela-
tions to the term selected for consultation; while in the 
report view, atoms are listed instead of  synonyms, in ad-
dition to two other lists, entitled contexts and contextual 
relationships. Note that the Metathesaurus considers a se-
ries of  occurrences that integrate semantic, syntactic, 
morphologic and typographic characteristics as syno-
nyms, which include alphabetical and typographic order-
ing (terms organized in the sequence of  upper case, up-
per and lower case and lower case), and not just semantic 
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aspects as described in the main standards for KOS con-
struction. These variations correspond to how the terms 
are registered in their respective KOS sources. 
 
3.2 Assessment of  Metathesaurus equivalences 
 
Assessment of  the Metathesaurus equivalences was pre-
ceded by an analysis of  the purposes and characteristics 
of  the instrument to be analyzed, in relation to the prod-
uct objectives, target public and structure of  the KOS 
that integrate it, as well as identification of  the search 
types and retrieval methods through execution of  open 
searches with specialty terms from orthopedics and 
traumatology, more specifically those regarding knee ar-
throplasty.  

Results of  open searches represented by the large 
numbers of  terms retrieved in the search types geared 
towards retrieval based on character match, the irrelevant 
results with and without KOS selection in relation to the 
objective, which was to exclude equivalences from lan-
guages other than English from the set of  retrieved 
synonyms of  the selected term, and the content of  the 
result interfaces (synonyms and atoms) were the founda-
tions for establishing the search and retrieval criteria, 
which were:  
 
– Criteria for KOS inclusion and exclusion, search types 

and result interfaces, as well as definition of  the terms 
used for the search;  

– Selection of  the search term knee arthroplasty and its 
respective equivalent terms from the Emtree thesaurus 
in the Embase Biomedical Database Elsevier (2013) 
thesaurus, because this thesaurus is not part of  the 
Metathesaurus. A choice was made to work with KOS 
terms that are not part of  the Metathesaurus in order 
to verify how much automatic mapping is able to inte-
grate possible equivalences; 

– Establishment of  criteria for analysis of  results; 
– Application of  search strategies along with records 

and systemization of  results; 
– Establishment of  a record-keeping model and sys-

temization of  search results; 
– Assessment of  search results based on use of  the ISO 

25964:2:2011 standard and on semantic, morphologic, 
syntactic and typographic aspects to identify and select 
equivalent terms resulting from mapping between the 
KOSs of  the products analyzed; 

– Re-elaboration of  systematization of  results when 
necessary; and, 

– Inclusion and exclusion of  terms. 
 
After carrying out the search test and identifying results, 
the “Knee Replacement Arthroplasty (Procedure)” term 

was chosen along with the respective 146 synonyms, 
which were classified as exact, inexact, partial and/or re-
lated terms. 

In the first stage, synonyms were analyzed in relation 
to their respective languages, which resulted in inclusion 
of  sixty-three terms and exclusion of  eighty-three terms. 
Based on these results, two tables were made: included 
synonyms and excluded synonyms. 

In the second stage, the included synonyms table was 
organized by using the sequential number of  synonyms 
for the term chosen for analysis. Next, a check was done 
for duplication by selecting and pasting the synonym 
term from the Metathesaurus search result interface and 
verifying the list registered in Word. This procedure was 
necessary because of  the presentation method used by 
the database which, when using typographic ordering, 
ends up creating duplication and some physical distance 
between terms that are the same but registered with dif-
ferent letter types. 

In the third stage, synonyms were organized into cate-
gories included and excluded. Those included were classi-
fied by levels of  equivalence: exact, inexact and partial 
according to the ISO 25964:2:2011 standard, as initially 
explained. An individual analysis of  each synonym al-
lowed terms to be identified that, although considered 
equivalent in the mapping, are actually related terms. 

After analysis and individual classification of  each 
synonym by level of  equivalence and/or related term, the 
terms were regrouped with the aim of  identifying the lev-
els of  equivalences by group of  similar or same syno-
nyms from the typographical, morphological or syntactic 
standpoint, for later inclusion or exclusion. Fourteen 
groups were created. Sequential numbering established in 
creation of  the table of  included terms was maintained 
when organizing the tables related to synonym groups in 
order to visualize duplications and record the physical 
distance between forms of  the same term, which could 
be greater if  using the numbering of  the general list of  
synonyms, which also contains excluded terms. This re-
organization allowed similarities and differences to be 
found in the synonym groups and the resulting exclusion 
of  related terms and duplications. Table 1 shows an ex-
ample of  a synonym group included and excluded from 
the “Knee Replacement Arthroplasty (Procedure)” term 
from the Metathesaurus (UMLS) corresponding to the 
term “Arthroplasty knee.” 

After reorganization of  the terms and systematization 
of  classifications, of  the total of  63 synonyms included, 
twelve terms were excluded: ten because they were dupli-
cations caused by typographical variation and two that 
were related terms. Therefore, of  the initial list of  one 
hundred forty-six synonyms, four were considered exact 
equivalences, forty-two partial equivalences in relation to  

https://doi.org/10.5771/0943-7444-2016-2-107 https://www.inlibra.com/de/agb - Open Access - 

https://doi.org/10.5771/0943-7444-2016-2-107
https://www.inlibra.com/de/agb
https://creativecommons.org/licenses/by/4.0/


Knowl. Org. 43(2016)No.2 

J. de Andrade and M. Lopes Ginez de Lara. Interoperability and Mapping Between Knowledge Organization Systems 

111

Synonyms of  Knee Re-
placement Arthroplasty 
(procedure) 

Criteria for Inclusion and 
Exclusion 

7. Arthroplasty knee 
8. Arthroplasty of  knee 
9. Arthroplasty of  knee 
(procedure) 

11. Arthroplasty of  the 
Knee 

15. KNEE ARTHRO-
PLASTY 

52. knee arthroplasty 
(treatment) 

Included 
– Exact equivalence in rela-

tion to Knee arthroplasty.  
– Partial equivalence for 

Knee Replacement Arthro-
plasty (procedure). 

– Semantic Variation: substi-
tution not emphasized. 

– Syntactic variation (position 
of  the words within the 
term) 

– Morphological variation 
(with and without preposi-
tion) 

10.Arthroplasty of  knee 
12.Arthroplasty of  the knee 

26.Knee arthroplasty 
49.arthroplasty of  knee 

50.arthroplasty of  the knee 
51.knee arthroplasty 

Excluded 
– Duplications 
 

 
Table 1. Synonyms of  “Knee Replacement Arthroplasty (Proce-
dure)” and criteria for inclusion and exclusion. 

 
the terms used in the “Knee Arthroplasty” search and 
“Knee Replacement Arthroplasty (Procedure)” retrieval 
and five inexact equivalences, totaling fifty-one terms 
considered equivalent for construction and application of  
sensitive search strategies in health databases that operate 
with the English language.  

Note that terms were included which, when analyzed 
in the context of  the group, could be considered the 
same from a semantic standpoint, but morphologically, 
syntactically and typographically different. Non-inclusion 
of  these terms in a search strategy creates differences in 
results, especially in databases that operate with automatic 
indexing and retrieval based on character match.  

In relation to verification of  equivalent terms from the 
Emtree thesaurus for “Knee Arthroplasty” in the 
Metathesaurus, findings showed that only four of  the set 
of  ten Emtree terms (see Table 2), including the pre-
ferred term “Knee Arthroplasty,” were contained in the 
set of  one hundred forty-six synonyms, with two (“Ar 

Emtree preferred 
term and equiva-
lents 

Is it listed as a synonym of  Knee 
Replacement Arthroplasty (Pro-
cedure) in the Metathesaurus? 

arthroplasty, re-
placement, knee  

knee arthroplasty  
knee replacement 
knee replacements 

Yes 

arthroplasty, knee 
knee arthroplasties  
knee joint replace-

ment 
knee joint replace-

ments 
knee reconstruction 
Reconstruction, knee 

No 

 
Table 2. Comparison between equivalent terms in Emtree and 
Metathesaurus. 

 
throplasty, Knee” and “Knee Arthroplasties”) which can 
be considered as exact equivalences from the semantic 
standpoint with morphological variation (number) and syn-
tactic variation (with comma) in relation to the terms used 
in search and retrieval. Put another way, even with the 
mapping of  synonyms, there are still terms left out that 
could be considered equivalent. This is due to the many 
possibilities of  syntactic and morphological variation of  a 
term, especially in the English language. The same occurs 
when analyzing the terms “Knee Joint Replacement” and 
“Knee Joint Replacements,” which could also be mapped 
as synonyms of  “Knee Replacement Arthroplasty (Proce-
dure),” since “Knee Joint Replacement” operation was 
mapped as a synonym. The term “Knee Joint Replace-
ment” was recovered in the Metathesaurus without defini-
tions, but the analysis of  relations in the Basic View re-
trieval interface allows for this conclusion. 

The terms “Knee Reconstruction” and “Reconstruc-
tion, Knee,” treated as equivalents of  “Knee Arthroplasty” 
in the Emtree, referred to concepts of  “Anterior and Pos-
terior Cruciate Ligament Reconstruction” in the Metathe-
saurus and not specifically to “Knee Arthroplasty” which, 
according to the definitions analyzed during this research, 
are focused on replacement and not on reconstruction, jus-
tifying the fact that they are not part of  the group of  term 
synonyms analyzed. 
 
4.0 Conclusions 
 
Note that even with multiple mappings done in an effort 
to group the possible semantic, syntactic, morphological 
and typographic variations of  the terms, there were still 
some equivalences that were not mapped. 

Organization of  the synonyms in alphabetical order 
followed by typographical order (upper case, upper and 
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lower case and lower case) creates a list with syntactic 
(punctuation and position of  words in the term) and 
morphologic (number and use of  prepositions) variations. 
One of  the commitments of  the Metathesaurus is to 
maintain the terms, whether they are preferred, equivalent 
or related, in the original form of  the KOS source, which 
causes the typographical variations found and, conse-
quently, duplications. 

Use of  interoperated and mapped KOSs to identify 
and select equivalent terms to create search strategies in 
health is considered relevant, from the point of  view of  
document retrieval as well as to present search results 
when composing methodology for scientific papers. A 
sample of  well-delimited terms certainly offers more qual-
ity to retrieval and presentation of  data. 

The conclusion was reached that the Metathesaurus 
fulfills the interoperability and mapping function among 
the KOSs by allowing for simultaneous search of  terms in 
various KOSs, categorizing and establishing hierarchical, 
equivalence and associative relationships among all terms 
from the KOS sources in the database, therefore justifying 
its name. Nevertheless, results of  automatic mapping, in-
formation retrieval methods based on character match 
and fixed organization of  metadata in the results interface 
require that the results be assessed, especially insofar as 
the terms and equivalences retrieved from the semantic, 
morphological, syntactic and typographical standpoints 
are concerned. 

Understanding of  the precepts of  the semantic web 
and of  interoperability, as well as analysis of  the second 
part of  the ISO 25964:2011 standard that supports estab-
lishment of  mappings between KOSs with different ob-
jectives and structures, has contributed to assessment of  
the use of  mappings in the search and retrieval of  infor-
mation in health area databases. This use of  the standard 
contributed to understanding the results of  mapping, with 
its advantages and limitations, as well as for characteriza-
tion, evaluation and selection of  equivalences to create 
consistent search strategies in the context of  a certain da-
tabase. 
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