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Objectives: This pilot study was carried out with the purpose of suggesting a methodology on mapping and registering 
Korean medicinal material concepts at 2011AB of the UMLS.
Methods: 411 medicinal material concepts were mapped to biomedical terminology within the metathesaurus of the 
UMLS. Based on the forms of listing on the UMLS and thesauri information, the medicinal material concepts were 
classified into three groups and mapped.
Results: 76 concepts in Group 1 which English CUIs have Chinese AUIs were mapped considering scientific names 
and Chinese strings. 259 concepts in Group 2 that have CUIs in the form of ‘botanical name/Chinese pinyin’ were 
mapped with the information of Korean and Chinese Pharmacopoeias. Groups 3, 76 concepts of English names in 
the Korean Pharmacopoeia are matched considering their botanic names and used parts.
Conclusion: This study suggested a methodology to map Korean medicinal material concepts to international standard 
terminology, which will help ensure interoperability and compatibility between traditional medicine terminology and 
the UMLS.
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Introduction

A medical terminology system offers systematic 
organization of various concepts and codes corres- 
ponding to diagnoses, symptoms and medicinal sub- 
stances used in medical treatments. With the development 
of medical informatics, data are stored as electronic 
medical records (EMR), and as healthcare infrastructure 
is being established centering on electronic health 
record (EHR) and personal health records (PHR), 
there is a growing need for terminology uniform access 
consisting of machine-readable and standard biomedical 
information1-5).

In western medicine, a variety of biomedical ter- 

minologies were built for its own purposes, and 
representative terminologies include Gene Ontology 
(GO), a genomics database, and the International Clas- 
sification of Disease (ICD), and Systematic Nomenclature 
of Medicine (SNOMED), a pathology-centric terminology 
system, as well as the Medical Subject Headings 
(MeSH), a controlled vocabulary thesaurus used for 
indexing articles of Pubmed. The Unified Medical 
Language System (UMLS) of the National Library of 
Medicine (NLM) is a language system that integrates 
such varying databases and structured concepts based 
on a semantic network.  

The UMLS has incorporated over 160 sources and 
research efforts are being continuously made to unify 
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concepts in order to ensure interoperability1-6). One 
way to establish connection between disparate 
biomedical terminologies is to link closely related 
concepts such as mapping the Gene Ontology to the 
UMLS3,4) and mapping the SNOMED CT to MeSH6).  
Along with this, active research has been carried 
out7-23) on how accurately a standard terminology 
system can cover interface terms through linkage 
between external terminology and the terminologies 
within the UMLS. 

As for traditional medicine (TM), as the need to 
establish standard TM terminology for the purpose of 
information sharing and exchange in medical practice 
increases, studies have been carried out to develop 
such terminology and to interrelate it with various 
medical terminologies. X. Zhou et al.24-26) have reported 
various developments with a unified traditional Chinese 
medical language system (UTCMLS) that supports 
integrated semantic network of concepts and relation- 
ships in traditional Chinese medicine (TCM) domain. 
HC Jang et al.27) have constructed an ontology for 
medicinal materials that includes various herbal data 
and relates clinical concepts in traditional Korean 
medicine (TKM). Comparative studies28-30) were per- 
formed on WHO international standard terminologies 
on traditional medicine in the western pacific region 
(IST)31) and local terminologies, and efforts were 
made to analyze UMLS’ semantic network and meta- 
thesaurus for analysis in relation to local terminology 
or concepts from TM classics32,33).

In addition to such efforts, the Information 
Research Center under KIOM has been carrying out 
a five-year ‘Ontology-based Traditional Korean 
Medicine Knowledge Framework’ project since 2009, 
and studies to refine and standardize terminology for 
traditional medicine have been on-going as a specific 
task under this project. The task mainly involves 
collecting and refining a total of 30,000 representative 
conceptual terms for three years from 2009 to 2011, 
and establishing a concept-centric, UMLS-based man- 
agement system that can efficiently control and utilize 

such terms. Currently, KIOM is listing parts of already 
established terminologies on the UMLS step by step 
from 2010. This paper introduces the mapping 
research which is a pilot study for registering the 
second batch of medicinal terms following the 
first-batch listing of acupuncture points34) at 2010AB, 
and wishes to use it as a basic study to link ter- 
minologies of traditional medicine in various fields 
with the UMLS, in order to enhance interoperability 
with biomedical terminology. 

Materials and Methods

 1. Metathesaurus and semantic network in UMLS

The UMLS is a system developed by NLM to 
consolidate, search and manage various biomedical 
information, and it offers applications including a 
metathesaurus browser and a semantic network browser 
through UMLS Terminology Services (UTS)34).

Metathesaurus consists of biomedical concepts 
studied and developed from over 160 various vocab- 
ularies (based on 2011AA), as well as thesauri, 
classification schemas, code sets, and lists of controlled 
terms. Each concept within the metathesaurus has one 
semantic type (STY) or more within the UMLS semantic 
network. The semantic network is comprised of 135 
semantic types and 54 relationships, offering a con- 
sistent framework among different vocabularies forming 
the metathesaurus32).

2. Medicinal material concepts in UMLS

The concepts unique identifiers (CUIs) for 
medicinal names listed in the UMLS are divided 
largely into three types: first is the botanical name, 
second is when ‘botanical name/Chinese pinyin’ is 
written, and third is when botanical name and the 
used parts are written together32).

In the case of ginseng, for example, a total of five 
ginseng-related CUIs were found, including the three 
aforementioned types (Table 1). Ginseng has two 
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Concept Panax ginseng Panax Ginseng/ren shen/
xi yan she

KOREAN GINSENG
ROOT ginseng root

CUI code C0949314 C0086767 C0696787 C0874065 C0873046

Semantic 
Type

‐ Plant ‐ Plant ‐ Plant ‐ Organic Chemical ‐ Pharmacologic 
Substance

‐ Organic Chemical ‐ Pharmacologic 
Substance

Atoms
A‐code

vocabulary

‐ ginseng
A8256442
CRISP Thesaurus‐ ninjin
A8256849
CRISP Thesaurus‐ renshen
A8257056
CRISP Thesaurus‐ panax ginseng
A8257007
CRISP Thesaurus‐ Panax ginsengs
A17008128
MeSH‐ ginseng, Panax
A17010862
MeSH‐ Panax ginseng
A13058133
MeSH Czech‐ Panax‐ginseng
A8214966
MeSH Dutch‐ Panax ginseng
A13104422
MeSH Portuguese‐ Panax ginseng
A13393887
MeSH Spanish‐ Panax ginseng
A2038790
Metathesaurus Names‐ ginseng
A7102093
NCBI Taxonomy‐ ninjin
A7139479
NCBI Taxonomy‐ Korean ginseng
A7104153
NCBI Taxonomy‐Chinese ginseng
A7146330
NCBI Taxonomy‐ hong shen
A7139048
NCBI Taxonomy‐ insam
A7139062
NCBI Taxonomy

‐ shinseng
A8257070
CRISP Thesaurus‐jen shen 
A8256899
CRISP Thesaurus‐ Ginseng
A0063292
Library of Congress 
Subject Headings‐ Ninjin
A0092350
MeSH‐ Panax
A0097034
MeSH‐ Schinsengs
A17008127
MeSH‐ Shen, Jen
A17002629
MeSH‐ Renshen
A17010861
MeSH‐ radix ginseng
A13062272
MeSH Czech‐Panax japonicum
A15693583
MeSH Japanese‐ Ginsem
A9114594
MeSH Portuguese‐ ZHEN`SHEN`
A13489846
MeSH Russian‐ Ginseng
A9192821
MeSH Spanish‐ Panax
A0097035
Metathesaurus Names‐ Panax
A0097036
NCBI Taxonomy

‐ Ginseng/ 
ren shen/ 
xi yan she
A8586335
Alternative Billing 
Concepts‐ ginseng/
ren shen/
xi yan she
A8591270
Alternative Billing 
Concepts

‐ Korean Ginseng Root
A10099116
National Drug Data File‐ KOREAN GINSENG 
ROOT

A10380046
RXNORM

‐Ginseng Root
A10093747
National Drug Data 
File‐GINSENG ROOT
A10379884
RXNORM

Table 1. The Metathesaurus of Several Ginseng Concepts in the Unified Medical Language System

(763)
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plant names registered as CUIs, which are Panax 
(C0086767) and Panax ginseng (C0949314). Although 
they are registered as CUIs with different codes and 
concepts, they are still classified as ‘Plant’ as the 
same STY, and atoms under it are nearly the same.  

As for Panax ginseng (C0949314) and its atoms, 
it has various vocabularies including CRISP Thesaurus, 
MeSH, MeSH Czech, MeSH Dutch, MeSH Portuguese, 
MeSH Spanish and NIBI Taxonomy, and Korean 
reading sounds insam and Chinese sounds renshen, 
as well as Japanese reading sound ninjin and hong 
shen, which is steamed ginseng, are listed as lexical 
unique identifiers (LUIs). In concepts of Panax 
(C0086767), it has multiple vocabularies including 
CRISP Thesaurus, Library of Congress Subject 
Headings, MeSH, MeSH Japanese, MeSH Russian, 
MeSH Portuguese and MeSH Spanish, and the 
concepts for ginseng in several languages including 
the Latin name of radix ginseng as well as shinseng 
and jen shen are listed as the same concepts.  

Ginseng/ren shen/xi yan she (C0696787) that has 
the CUI form of ‘the botanical name/Chinese pinyin’ 
is sourced from a vocabulary called Alternative 
Billing Concepts (ABC), which is a compilation of 
medical concepts aiming to classify codes of traditional 
medicinal terminologies to secure compatibility of 
medical information systems between countries35). 
Within the ABC framework, the definition of Ginseng/ 
ren shen/xi yan she (C0696787) is listed as ‘ren shen/ 
xi yan she’ as Chinese pinyin, with ‘Plant’ being its 
STY. In ABC, there are a total of 306 medicinal 
material concepts that belong to the classification of 
oriental herbs and natural substances including Ginseng/ 
ren shen/xi yan she (C0696787).   

Lastly, ginseng root (C0873046) and KOREAN 
GINSENG ROOT (C0874065) are the CUIs that list 
ginseng’s plant name and used parts, and they have 
two STYs, ‘Pharmacologic Substance’ and ‘Organic 
Chemical’ at once.    

In this study, concepts corresponding to ‘Plant’, 
‘Pharmacologic Substance’ and ‘Organic Chemical’, 

which are STYs of medicinal material concepts were 
collected by using UMLS databases in order to use 
them in mapping to KIOM terms, and English 
preferred concepts, CUI codes, STYs, definitions, 
and atoms that are provided through thesauri were 
extracted.

3. Korean medicinal material concepts in KIOM 
terms

The KIOM terms whose refinement research was 
completed in 2011 are a collection of about 90,000 
terms in total, including 30,000 representative concepts. 
Among these, 685 medicinal material concepts include 
such information as representative concepts in Chinese- 
Korean, synonyms, herbs, used parts, definitions and 
sources. However, collection of information on the 
names of medicinal materials in English was additionally 
required in order to map to their corresponding 
concepts in the UMLS. Although oriental medicine- 
related concepts are written in English based on the 
International Standard Terminologies (IST), names of 
medicinal materials vary from one country’s pharm- 
acopoeia to another, and thus they were excluded 
from mapping due to the difficulty of standardization36). 
Therefore, as an alternative to IST, the Korean and 
Chinese pharmacopoeias37-38) were used instead in 
order to collect English names of medicinal materials.

For this study, among the KIOM terms, such 
information as representative concepts in Chinese 
and Korean, synonyms and herbs, and used parts was 
extracted from 685 terms whose STY is medicinal 
material, and English names and Chinese pinyins 
mapped to such Chinese concepts were extracted 
from the Korean and Chinese pharmacopoeias.  

4. Mapping of Korean Medicinal Material to UMLS

Medicinal material concepts of the UMLS collected 
for mapping were divided largely into three groups 
according to their information.   

Group 1 is where an English CUI has names of 
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Chinese AUI medicinal materials, and when a given 
KIOM term and Chinese string match, and when the 
English botanic or scientific name is identical, it was 
mapped as the same concept. For instance, 甘草 
(A15681634), an MSHJPN concept among AUIs, is 
listed for Glycyrrhiza uralensis (C0696940: plant: 
MSH/MH | A plant species of the family FABACEAE). 
Because its Chinese string matches the KIOM concept 
甘草 (감 ) and Glycyrrhiza uralensis is the same as 
scientific name of licorice root, it was mapped as 
the same concept.    

Group 2 involves medicinal material names of ABC 
that have a CUI in the form of ‘botanical name/ 
Chinese pinyin.’ By using the Chinese Pharmacopoeia 
which contains Chinese pinyins, information such as 
their Chinese letters, herb and used parts was collected 
and then mapped to the Chinese medicinal material 
names of matching KIOM terms. For example, for Aloe 
vera / lu hui (C0696654 : plant : ALT/PT | lu hui), 
plant: Aloe barbadensis Miller, Part used: juice, which 
is the Chinese pinyin of luhui38), was collected from 
the Chinese Pharmacopoeia, and because it matches 
the information of KIOM’s medicinal material name, 
노회 (蘆薈), it was mapped as the same concept.   

In Group 3, terms whose form of English preferred 
concept was noted as ‘herb name with used parts’ 
were found and then mapping was attempted for 
those that match the English names in the Korean 
Pharmacopoeia. For instance, while Schisandra Fruit 
(C1365523: Pharmacologic Substance) does not have 
AUIs like 五味子 or Wuweizi, its English name is 
listed as Schisandra Fruit in the Korean Pharmacopoeia, 
and thus it was considered as the same concept and 
mapped accordingly.  

Results

 Of 685 medicinal material concepts from KIOM 
terms, 76 concepts in Group 1, 259 cases in Group 2 
and 76 cases in Group 3 were mapped to UMLS 

concepts (Table 2).   
All Chinese AUIs in Group 1 are MSHJPN 

concepts, and they included hiragana and katagana in 
addition to Chinese characters. For Chinese characters, 
the traditional Chinese writing system adopted in 
Korea and Japan was used, and simplified Chinese 
of China was rarely used. Of 87 medicinal material 
concepts that match the Chinese concepts listed in 
the Korean Pharmacopoeia, 76 concepts with matching 
English herbs name were extracted. Semantic type 
was ‘plant,’ excluding Betel Nut (C0684282: Pharma- 
cologic Substance, Organic Chemmical), Psyllium 
(C0033979: Pharmacologic Substance, Organic Chemical, 
Biologically Active Substance) and Ipecac (C0022046: 
Pharmacologic Substance, Organic Chemical).   

Of 306 medicinal material concepts in ABC, 259 
concepts that are listed in KIOM and whose pinyins 
could be obtained from the Chinese Pharmacopoeia 
were mapped for Group 2. Of these, 252 concepts 
exclusive of Huang Qi (C0696679), Trichosanthis 
(C0696979), Chai Hu (C0696694), Ephedra sinica 
(C0696758), Dang Shen (C0696723), Salvia miltiorrhiza 
(C0696940), huzhang (C2314887) were all specified 
using the form of ‘name of herb/Chinese pinyin’ The 
semantic types were mostly ‘plant,’ and Chinese 
pinyins were quoted for definition. Moreover, when 
a concept has the same herb but different medicinal 
material names depending on the used parts, as in 
the case of Puerariae/ge gen/ge hua (C0696916: Plant: 
ALT/PT | ge gen/ge hua), Lycium chinense/di gu pi/ 
gou qi zi (C0696837 : Plant : ALT/PT | di gu pi/ gou 
qi zi), Mori albae/sang bai pi/sang shen/sang ye/ sang 
zhi (C0696859 : Plant : ALT/PT | sang bai pi/sang 
shen/sang ye/sang zhi), it was considered as the 
same concept within the UMLS. In this case, they 
were mapped to ‘갈근/갈화, 지골피/구기자, 상백피/
상심/상엽/상지’ which are the same forms of UMLS 
definitions.    

For Group 3, 76 concepts that match English 
names in the Korean Pharmacopoeia and note their 
herbs and used parts at the same time were collected. 
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Group Group 1 Group 2 Group 3
English

Preferred
concept

Glycyrrhiza 
uralensis

Sinomenium 
acutum

Aloe vera / 
lu hui

Clematidis / wei 
ling xiang Schisandra Fruit Sophora 

flavescens Root

CUI code C0936179 C1072870 C0696654 C0696722 C1365523 C2699491
Semantic Type plant plant plant plant Pharmacologic 

Substance
Pharmacologic 
Substance
Organic 
Chemmical

Definition MSH/MH | 
A plant species of 
the family 
FABACEAE.

ALT/PT | 
lu hui

ALT/PT | 
wei ling xiang

Atoms
A‐code

vocabulary

‐ 甘草 
A15681634
MSHJPN
‐ カンゾウ
A15672989
MSHJPN
‐ Chinese
Licorice
A2029814
MSH
‐cao, Gan
A17003236
MSH

‐ 防己
A15690760
MSHJPN
‐ ボウイ(生薬)
A15734863
MSHJPN
‐ acutum, 
Sinomenium
A17000728
MSH
‐ Feng Teng, Qing
A16995198
MSH

‐ aloe vera / lu hui
A8590035
ALT

‐ clematidis / wei 
ling xiang
A8590642
ALT

‐ Schisandra Fruit 
A10117769
NDDF

‐ Sophora Root
A16760751
NCI
‐Ku Shen Root
A16765294
NCI
‐ SOPHORA 
FLAVESCENS 
ROOT
A16765293
NCI
‐ Sophorae Radix
A16753995
NCI

Chinese pinyin 
in CP Gancao Fangji Luhui Weilingxiang Wuweizi Kushen

English names 
in KP Licorice Sinomenium Stem 

and Rhizome Aloe Clematidis 
Radix Schisandra Fruit Sophora Root

Scientific names 
in KP

‐ Glycyrrhiza 
uralensis 
Fischer
‐ Glycyrrhiza
glabra Linne
‐ Glycyrrhiza
inflata Batal.

‐ Sinomenium 
acutum Rehder et 
Wilson

‐ Aloe ferox Miller
‐ Aloe africona 
Miller
‐ Aloe spicata 
Baker

‐Clematis 
mandshurica 
Maximowicz 

‐ Schisandra 
chinensis 
Baillon

‐ Sophorae
flavescens 
Solander ex 
Aiton

Mapped
KIOM terms 감초 (甘草) 방기 (防己) 노회 (蘆薈) 위령선 (威靈仙) 오미자 (五味子) 고삼 (苦蔘)

Table 2. Examples of Group 1, 2 and 3

(766)

As for the semantic type, 37 cases were pharmacologic 
substances, 22 cases were organic chemical, and some 
other terms including plant, food and substance, were 
included. Moreover, 8 cases where the English names 
of AUI, rather than of CUI, matched those in the 
Korean Pharmacopoeia. For instance, Sophora Root, 
which is the English name of 고삼 (苦蔘) in the 
Korean Pharmacopoeia is registered in the UMLS as 
the AUI A16760751/NCI/SY/C71831 of Sophora lavescens 

Root (C2699491: Organic Chemical, Pharmacologic 
Substance). Thus, 고삼 (苦蔘) of KIOM and Sophora 
flavescens Root of CUI’s UMLS were linked. 

Discussion and Conclusions

 This study is meaningful in that it investigated 
how medicinal material-related concepts, among other 
traditional medicine concepts, are listed in the 
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UMLS while suggesting a methodology to map them 
to standard medicinal material-related concepts, thereby 
serving as a starting point of concept-mapping research, 
which will help ensure interoperability and compatibility 
between traditional medicine terminology and the 
UMLS.   

Of KIOM terminology, the study examined how 
685 medicinal material concepts were listed in UMLS, 
and then classified them into three cases-firstly, when 
a concept is a name of the herb of a given medicinal 
material, secondly, when a concept is described in 
the form of ‘the botanic name/Chinese pinyin,’ and 
thirdly, when a name of the herb and used parts are 
noted at the same time. The concepts that correspond 
to their STYs, ‘Plant’, ‘Pharmacologic Substance’ and 
‘Organic Chemical’, were collected by using UMLS 
databases, and the information provided by thesauri, 
such as English Preferred concept, CUI code, STY, 
definitions and atoms, were extracted to determine 
their concordance. The medicinal material concepts 
of the UMLS collected for mapping were divided 
into three groups largely based on their respective 
forms of CUIs and information. Group 1 is where an 
English CUI has names of Chinese AUI medicinal 
materials, and 76 medicinal material concepts were 
mapped to their KIOMs counterparts. Group 2 
involves medicinal material names of ABC that have 
a CUI in the form of ‘botanical name/Chinese pinyin’. 
Information on the Chinese pinyins, Chinese letters 
and herbs and used parts was collected by using the 
Chinese Pharmacopoeia and the concepts in this group 
were then mapped to the Chinese medicinal material 
names of 252 matching KIOM terms. In Group 3, 
concepts whose form of English preferred concept 
was noted as ‘herb name with used parts’ were 
found and then mapped 76 concepts that match the 
English names in the Korean Pharmacopoeia. 

Medicinal material concepts in Group 1 and Group 
2 are outcomes of mapping studied in Japan and 
China, respectively, and they were often defined and 
named as concepts originating from Traditional 

Chinese Medicine (TCM) or Kampo. The fact that 
medicinal material concepts using Chinese characters 
or using Chinese pinyins are listed in the UMLS, 
which represents international medical terminologies, 
can be attributable to China’s efforts and policies to 
establish international standards centering on TCM. 
This indicates the urgency of research to standardize 
Korea’s own traditional medicinal terminologies and 
to map them to the UMLS in order to address 
TCM’s offensive to make its own terminologies 
international standards in an effort to dominate 
traditional medicine through terminologies.

Moreover, when mapping the medicinal material 
concepts, there exist conceptual differences among 
the outcomes of Groups 1 and 2, and those of Group 
3. However, their distinction was quite vague when 
they are noted in Korean. As shown in the example 
of ginseng in Table 1 above, the UMLS has five 
CUIs with ginseng-related concepts, with ginseng in 
Groups 1 and 2 denoting a plant for medicinal 
purposes and the one in Group 3 referring to the 
root of a plant for medicinal purposes that has 
medicinal effect. Even the Korean Pharmacopoeia, 
which was used as a reference for this study as 
Korea’s national standard for medicinal material 
names, was found to contain mixed descriptions in 
English without consistent standards and format. For 
instance, some medicinal materials are noted in the 
form of ‘herb with used parts’, as in the case of 
Sophora Root and Schisandra Fruit, whereas some 
other medicinal materials have no notation of used 
parts, like in the case of licorice and ginseng. There- 
fore, a new set of standards is needed to denote 
medicinal materials in English that considers ‘herb 
with used parts’ based not only on the definitions in 
the Korean Pharmacopoeia but also information on 
herbs that are used in actual clinical settings.   

Studies on terminologies to explain basic concepts 
of traditional medicine are a foundation to advance it 
as an academic field as well as to globalize its 
practice. However, research on traditional medicine- 
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related concepts and ways to map them to interna- 
tional standard medical systems has not been actively 
carried out in the Korean traditional medicine community. 
For efficient management of information in the field 
of traditional medicine as well as for its globalization, 
continuous and systematic research is needed to estab- 
lish essential standard terminologies for traditional 
medicine and to link them to international standard 
terminologies.

Acknowledgements

 This research was supported by ‘Ontology-based 
Traditional Korean Medicine Knowledge Framework’ 
project and funded by the Korea Institute of Oriental 
Medicine (KIOM) grant K11090. 

References

 1. Sherertz DD, Tuttle MS, Olson NE, Erlbaum 
MS, Nelson SJ. Lexical mapping in the UMLS 
metathesaurus. Proceedings of the Annual Sym- 
posium on Computer Application in Medical 
Care. 1989:494-499.

2. Aronson AR. Metamap: mapping text to the umls 
metathesaurus. Bethesda MD NLM NIH DHHS. 
2006:1-26.

3. Jane L, Alexa TM. Mapping the gene ontology 
into the Unified Medical Language System, Com- 
parative and Functional Genomics. 2004; 5:354- 
361.

4. Cantor MN, Sarkar IN, Gelman R, Hartel F, 
Bodenreider O, Lussier YA. An evaluation of 
hybrid methods for matching biomedical termino- 
logies: mapping the gene ontology to the UMLS. 
Studies In Health Technology And Informatics. 
2003:62-67. 

5. Fung KW, Bodenreider O. Utilizing the UMLS 
for semantic mapping between terminologies. 
AMIA Annual Symposium proceedings'2005, 

2005:266-270.
6. Jacobs AK, Quinn TA, Nelson SJ. Mapping 

SNOMED-CT concepts to MeSH concepts. American 
Medical Informatics Association. 2006:965.

7. Wade G, Rosenbloom ST. Experiences mapping 
a legacy interface terminology to SNOMED CT. 
BMC Medical Informatics and Decision Making. 
2008; 8(1):8-15.

8. Taboada M, Lalín R, Martínez D. An automated 
approach to mapping external terminologies to 
the UMLS. IEEE Trans Biomed Eng. 2009; 56(6): 
1598-1605.

9. Merabti T, Joubert M, Lecroq T, Rath A, Darmoni 
SJ. Mapping biomedical terminologies using natural 
language processing tools and UMLS: Mapping 
the Orphanet thesaurus to the MeSH. Irbm. 2010; 
31(4):221-225.

10. Taboada M, Lalín R, Martínez D. An automated 
approach to map a French terminology to UMLS. 
IEEE Transactions on Biomedical Engineering. 
2009; 160(2):1040-1044.

11. Coonan KM. Utility of semantically constrained 
automated extraction and mapping of UMLS 
concepts from clinical narratives. American Medical 
Informatics Association. 2005:930.

12. Elkin PL, Brown SH. Automated enhancement 
of description logic-defined terminologies to fa- 
cilitate mapping to ICD9-CM. J. of Biomedical 
Informatics. 2002; 36(5):281-288.

13. Mottaz A, Yip YL, Ruch P, Veuthey AL. 
Mapping protein information to disease terminologies. 
J. of Integrative Bioinformatics. 2007;4(3):79. 

14. Wang Y, Patrick J, Miller G, Halloran JO. 
Linguistic mapping of terminologies to SNOMED 
CT. Proc of Semantic Mining Conference on 
SNOMED. 2006:345. 

15. Rosenbloom ST, Brown SH, Froehling D, Bauer 
BA, Wahner-Roedler DL, Gregg WM. Using 
SNOMED CT to represent two interface terminologies. 



Mapping Korean Medicinal Material Concepts to UMLS

93

(769)

J. of the American Medical Informatics Association. 
2009; 16(1):81-88.

16. Breene M, Jasmin R, Eisner J. Computer-based 
curriculum analysis: A customized approach using 
external standards and the UMLS. Proceedings 
of the Annual Symposium on Computer Application 
in Medical Care. 1993.

17. Kanter SL. Using the UMLS to represent medical 
curriculum content. Proceedings of the Annual 
Symposium on Computer Application in Medical 
Care. 1993.

18. Patrick J, Wang Y, Budd P. Automatic mapping 
clinical notes to medical terminologies, American 
Medical Informatics Association. 1998.

19. Kossman S, Jones J, Brennan PF. Tailoring 
online information retrieval to user's needs based 
on a logical semantic approach to natural language 
processing and UMLS mapping. AMIA Annual 
Symposium proceedings AMIA Symposium. 2007.

20. Joubert M, Abdoune H, Merabti T, Darmoni S, 
Fieschi M. Assisting the translation of SNOMED 
CT into French using UMLS and four representative 
French-language terminologies. AMIA Annual 
Symposium proceedings AMIA Symposium. 2009.

21. Slaughter L, Ruland C, Rotegård AK. Mapping 
cancer patients’ symptoms to UMLS metathesaurus. 
AMIA Annual Symposium proceedings AMIA 
Symposium. 2009.

22. Qamar R, Rector A. Semantic mapping of 
clinical model data to biomedical terminologies 
to facilitate data interoperability. HealthCare 
Computing Conference. 2007.

23. Onogi Y, Ohe K, Tanaka M, Nozoe A, Sasaki 
T, Sato M. Mapping Japanese medical terms to 
UMLS metathesaurus. Studies In Health Technology 
And Informatics. 2004; 107(1):408-410.

24. Zhou X, Wu Z, Yin A, Wu L, Fan W, Zhang 
R. Ontology development for unified traditional 
Chinese medical language system. Artificial 

intelligence in medicine. vol. 2004; 32(1):15-27.
25. Zhou X, Peng Y, Lui B. Text mining for traditional 

Chinese medical knowledge discovery: a survey. 
J. of Biomedical Informatics. 2010; 43(4) :650-660.

26. Zhou X, Chen S, Lui B, Zhang R, Wang Y, Li 
P, et al. Development of traditional Chinese med- 
icine clinical data warehouse for medical knowledge 
discovery and decision support. Artificial Intelligence 
in Medicine. 2010; 48(2):139-52.

27. Jang HC, Kim JH, Kim SK, Kim C, Bae SH, 
Kim AN, et al. Ontology for medicinal materials 
based on traditional Korean medicine. Bioinformat- 
ics. 2010; 26(18):2359-2360. 

28. Choi SH, Chang IM. A milestone in codifying 
the western of traditional oriental medicine; 
TCM, Kampo, TKM, TVM-WHO international 
standard terminologies on traditional medicine in 
the western pacific region. Evid Based Complement 
Alternat Med. 2010; 7(3):303-305.

29. Li ZG. Comparative study on WHO western 
pacific region and world federation of Chinese 
medicine societies international standard terminologies 
on traditional medicine : an analysis of the body 
constituents. Zhong Xi Yi Jie He Xue Bao. 2009; 
7(1):79-84.

30. Tsutani K, Takuma H. Regulatory sciences in 
herbal medicines and dietary supplements, Yak- 
ugaku Zasshi. 2008; 128(6):867-880.

31. World Health Organization. WHO International 
Standard Terminologies on Traditional Medicine 
in the Western Pacific Region, World Health 
Organization Western Pacific Region, Manila. 
2007.

32. Kim JH, Kim C, Jang HC, Jeon BU, Yea SJ, 
Kim SK, et al. The review on the traditional med- 
icine concepts in the UMLS. J. of Korean Medical 
Classics. 2010; 23(6):15-26.

33. Kim JH, Kim SK, Jang HC, Song MY. Inclusion 
of the Traditional Korean Medicial Terms into 



The Journal of Korean Oriental Medicine 2011;32(6)

94

(770)

the UMLS. Proc of KOCON’ 2011. 2011.
34. Traditional Korean Medical Terms Source Infor- 

mation. 2010; [3screens]. Available at:  
http://www.nlm.nih.gov/research/umls/sourcerel
easedocs/current/TKMT/metarepresentation.html. 
Accessed July 11, 2011.

35. ABC Coding Solutions. 2000;[3screens]. Available
at:http://www.abccodes.com/ali/abc_codes/code_ 
request.asp. Accessed June 26, 2011.

36. Shim BS. Report on the development of WHO 
international standard terminologies and interna- 

tional classification of traditional medicine/western 
pacific regional office. Korean J. of Oriental 
Physiology & Pathology. 2007; 21(3):776~780.

37. Korean Food & Drug Administration. The Korean 
Pharmacopoeia Ⅸ. Seoul:Korean Food & Drug 
Administration. 2007.

38. Chinese Pharmacopoeia Commission. The Phar- 
macopoeia of the people’s republic of China 
2010. Beijing:People’s Medical Publishing House. 
2010.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (ProPhoto RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


