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t. We dis
uss di�erent data representation formats used for
olle
tion and management of ele
tromyography (EMG) data. Data rep-resentation is des
ribed in the 
ontext of the proposed multifun
tionalplatform for EMG studies. The platform ar
hite
ture 
onsists of four lay-ers: data 
olle
tion, data analysis, learning and edu
ation. In this paper,we fo
us on the data 
olle
tion layer. We des
ribe di�erent formats rang-ing from an earlier ECCO format through the designed relational datamodel to the proposed XML ex
hange format. We also survey a set ofsoftware tools we have developed for 
olle
ting the EMG data (EMMA)and determining EMG normative data (NoDaM and NoDaC).1 Introdu
tionEle
tromyography (EMG) is a standard method for monitoring neuromus
ulara
tivity at the level of bioele
tri
al signals. The EMG diagnosis is based on asystemati
 a
quisition of numeri
 and symboli
 data. The domain of EMG isbroad, 
overing more than a hundred existing diagnoses, exploiting knowledgebelonging to various kinds of data, in
luding about four thousand tests of nerveor mus
le stru
tures [17℄.The relative 
omplexity of EMG examination raises possible problems forphysi
ians. Some novi
e pra
titioners propose ex
essive tests that are 
ostly,time 
onsuming and painful for patient just be
ause they fear they might omitsome relevant tests. Some physi
ians, on the other hand, tend to propose onlya very limited set of tests. It results into insuÆ
ient EMG data, whi
h may notallow for example to 
onsider 
ases of asso
iated pathologies. Thus experts in thearea of EMG 
all for some kind of standardisation of the examination pro
edures.Moreover, to foster a more obje
tive interpretation of test data, standardisationof values resulting from respe
tive tests attributed to healthy population, i.e.de�ning so 
alled normative data, is important, too. Yet another issue is moree�e
tive reuse of expert knowledge that is 
ru
ial in interpreting data 
olle
tedduring an examination and in formulating a diagnosis.? The work reported here was partially supported by proje
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Computer based information pro
essing supporting diagnosti
 pro
ess in neu-rophysiology may enhan
e the physi
ian's ability to make appropriate de
isionsand �nd a 
orre
t diagnosis. Several diagnosis systems were developed to date.Most of them are systems of produ
tion rules [8, 14, 15℄. Other approa
hes in-
lude a 
ausal fun
tional model [7℄, and bayesian probabilities model [3℄. Re-
ently, an obje
t oriented knowledge base MYOSYS spe
i�
ally used for plan-ning neuromus
ular tests was developed [16℄.Su
h singular systems, often built with 
onsiderable but still quite limitede�ort, operate with a relatively small amount of knowledge (mainly due to dif-�
ulties with a
quiring and representing knowledge). The knowledge has notbeen suÆ
ient to 
reate 
omprehensive models of 
on
epts and entities that aredealt with in the EMG domain. As a result, most of the systems are not beingupgraded and even not used any more [17℄.The systems and their knowledge bases should be updated regularly a

ord-ing to user demands, to re
e
t evolution of the �eld, to amend errors and mis-interpretations, et
. They should be updated also to 
ope with te
hnologi
aldevelopment and need to update hardware and software platforms et
. More-over, the systems were designed without taking into a

ount a mere existen
e ofsome other system, not to say possibility of 
ollaboration with it.The European proje
t EMG-net was laun
hed to join several e�orts in thearea of EMG studies. A multifun
tional platform for EMG studies has beenenvisaged as a goal that would assist pra
titioners in developing standard exam-ination pro
edures. This goal 
an be seen as a �rst step towards a virtual 
lini-
al ele
tromyography laboratory that will integrate available sour
es of domainknowledge and data with advan
ed information pro
essing te
hniques. In
orpo-rating world wide web into the platform's stru
ture has been essential from thispoint of view.The proje
t has been interdis
iplinary and international, with several teamsworking on parti
ular problems. In this paper, we shall not report on proje
t'sresults as a whole. Quite naturally, we shall restri
t ourselves to those thatfall within our team's dire
t responsibility. We shall devote our attention tothe problem of reengineering of lega
y data and knowledge while keeping theirprevious formats as an option at the same time.The outline of the rest of the paper is as follows. In Se
tion 2, we brie
ydes
ribe ar
hite
ture of the proposed multifun
tional platform for EMG studiesand summarise 
on
epts of the EMG data 
olle
tion. In Se
tion 3, EMG datarepresentation is des
ribed. Next, we present realisation of the data 
olle
tionlayer by a set of software tools. We 
on
lude the paper with our 
on
lusions andgive some proposals for the future work.2 Basi
 Con
epts of Computer Supported Colle
tion ofEMG dataWe have proposed a multifun
tional platform for EMG studies. The platform
onsists of four layers: data 
olle
tion layer, data analysis layer, learning layer



and edu
ational layer (see Figure 1). Individual layers operate on EMG dataand knowledge stored in the EMG 
ase base and the EMG knowledge base.Ar
hite
ture of the multifun
tional platform for EMG studies evolved from theproposal introdu
ed in [2℄.

Fig. 1. Multifun
tional EMG platform.Colle
tion of data related to EMG examination 
ases forms the �rst andbasi
 layer of the proposed ar
hite
ture. Colle
ted EMG data are stored in theEMG 
ase base. The EMG 
ase base 
ontains roughly three groups of data:{ general data (patient, examination),{ primitive measurement data (mainly numeri
al values for 
ondu
tion velo
-ities, amplitudes, et
.),{ symboli
 interpretations of these measurements at various levels of detail(symboli
 parameter values, pathophysiologi
al test 
on
lusions, pathophys-iologi
al stru
ture 
on
lusions, EMG diagnoses and 
lini
al diagnoses).EMG 
ase base is a
tively used by data analysis and learning layers. Theselayers 
onsist of a set of data analysis, data mining and ma
hine learning tools.The obje
tive of these tools is to analyse 
olle
ted EMG data for 
onsisten
y,
ompleteness, performing useful statisti
s and "mine" new EMG knowledge fromdata a
quired at the data 
olle
tion layer.EMG knowledge is stored in the EMG knowledge base, whi
h is realised as aweb server 
ontaining available 
onsensual knowledge on the EMG domain [17℄.The server, pra
ti
ally, re
e
ts the 
urrent state of expertise in the EMG domainand provides a possibility to a

ess this expertise via world wide web.Ea
h layer 
an use the EMG data and knowledge through information re-trieval and re
ommendation fa
ilities. This part of the ar
hite
ture is inevitable,



mainly due to extensiveness of the EMG domain. One promising approa
h issharing knowledge about quality of information resour
es using 
ombination of
ontent-based and 
ollaborative �ltering [13℄.Colle
ting the EMG data is 
arried on in distin
t regions. In our approa
h,we 
onsider the 
ommuni
ation at several levels: the lo
al level, the nationallevel, and the European level. The lo
al level is represented by a parti
ularEMG workpla
e. The national and the European levels are intended mainlyfor ex
hange of the EMG expertise a

umulated during years of pra
ti
e. Thiswould improve the quality of an early diagnosis and prevention of neuromus
ulardiseases in ea
h parti
ular 
ountry, or a whole region. The national level be
omesalso important when the aim of the EMG data 
olle
tion is development ofnormative EMG data.Figure 2 illustrates two sides of the EMG data 
olle
tion. Lo
al side (left part)
orresponds to the 
omputer support of lo
al EMG data 
olle
tion through a
ombination of an automated support of data a
quisition from the EMGma
hineand a manual input (or modi�
ation) of the EMG data by a physi
ian. Manualinput is inevitable at least in 
ase of inferred data (physi
ian's 
on
lusions).Proposing 
on
lusions at di�erent levels of diagnosis 
an be supported by ade
ision support tool (analysis or learning layer of the ar
hite
ture).

Fig. 2. Distributed EMG data 
olle
tion.The right part of the Figure 2 depi
ts a 
omputer support of the EMGdata distribution through global 
omputer network or Internet. EMG data arestored in a global database, whi
h should be syn
hronised with lo
al databases inorder to 
ontain 
orre
t data from all EMG laboratories. In fa
t, several globaldatabases 
an exist: global national databases and global regional databases.This hierar
hy allows the use of a software tool at all three mentioned levels:lo
al, national and European. Separating parti
ular levels enables use of the




olle
tion software tool in o�-line mode, i.e. physi
ian is allowed to enter datawithout the Internet 
onne
tion.The des
ribed hierar
hy is employed also for 
olle
ting measured EMG datasuitable for determination of normative EMG data. Normative data enable EMGpra
titioners to 
ompare 
lini
al data of patients to those of healthy persons. To�nd values that are as representative as possible (to be
ome a true standard),
ollaboration of several laboratories distributed throughout the territory is in-evitable. The measurements are 
oordinated by the EMG laboratory that shouldissue requests for EMG measurements to parti
ipating laboratories, a

umulate,store and monitor the measured EMG values provided by all partners. However,all parti
ipating laboratories should 
losely 
ollaborate on formulating the re-quests. Well-de�ned requests strongly in
uen
e results of a pro
ess of the EMGdata 
olle
ting, be
ause ea
h laboratory 
an have spe
i�
 possibilities a

ordingthe measured values (also in respe
t with healthy volunteers).The physi
ian in an EMG laboratory re
eives a request 
ontaining informa-tion about required EMG examinations, requirements on a subje
t being exam-ined (sex, age, temperature, et
.) together with additional information, whi
hallows standardisation of the examination pro
ess. The measured EMG values(response) are passed to the 
oordinating laboratory.3 EMG Data RepresentationDuring the previous EMG proje
t (ESTEEM - European Standardised Telemet-ri
 tool to Evaluate knowledge-based EMG systems and Methods), the softwaretool for EMG data 
olle
tion (
alled CASETOOL) was developed. For storageand ex
hange of EMG data, the binary ECCO format was designed. Severalexisting tools use the ECCO format (e.g., KANDID [8℄). Moreover, EMG labo-ratories, whi
h form the EMG-net 
onsortium, have 
olle
ted alltogether morethan 1 000 EMG examination 
ases in the last years, all stored in the ECCOformat. There exists also so 
alled golden EMG data 
olle
tion, whi
h storesmore than 200 examination 
ases resulted from the 
onsensus of partners fromabout a dozen laboratories (ea
h from di�erent 
ountry in Europe). The goldenpart of the EMG 
ase base is intended for data analysis and mining.Main diÆ
ulty with the ECCO format lies in its in
exibility with respe
tto extensions. The problem arose during the EMG data 
olle
tion and evalua-tion. Binary format is also not very suitable for ex
hange using the Internet forreliability reasons.In order to preserve 
ontinuity in the EMG-net proje
t as well as to supportfuture developments, we use several data representation formats, whi
h rangefrom binary format (ECCO version 3.2) through relational format (representedby a relational database) to text format (represented in the XML - eXtensibleMarkup Language).The data 
olle
tion layer of multifun
tional platform for EMG studies shouldsupport all three formats. ECCO is retained in the EMG examination 
ases 
ol-le
tion and management tool in the form of export/import 
apabilities. The re-



lational format is advantageous be
ause of its 
exibility, extensibility and porta-bility. It is used for storing EMG examination 
ases and serves as a base for datamining. It is re�ned on the higher layers a

ording to spe
i�
 requirements fordata analysis and knowledge dis
overy [9, 12℄.Textual XML format is suitable for distribution of EMG data between physi-
ians or 
ollaborating software tools. Ex
hange of EMG examination 
ases isimportant in the pro
ess of 
onsensus exer
ises, where a group of physi
ians dis-
usses parti
ular EMG examination 
ase in order to rea
h 
onsensus regardingan EMG diagnose as well as a 
lini
al diagnose. Distribution of requests and
olle
ting responses serves for 
olle
ting data suitable for normative EMG datadetermination.Detailed des
ription of the ECCO format 
an be found in [10℄. The followingse
tions provide more information about relational and textual formats of theEMG data.3.1 EMG Data Relational ModelDesigned relational data model is based on the analyti
al model of the ESTEEMCommuni
ation Proto
ol (ECCO version 3.2). The proposed model fully 
om-prises the attributes and their 
orresponding values from the ECCO format.Moreover, we proposed additions, whi
h are inevitable for eÆ
ient data man-agement and extensions proposed in the User-5 spe
i�
ation [11℄. Beside this,the relational data model is 
apable to store normative EMG data.The basi
 part of our model is the inter
onne
tion between the Examination,Stru
ture and Test entities. It is based on the 
urrent situation in the EMGexamination pro
ess, where a single EMG examination in
ludes examination ofseveral stru
tures and ea
h stru
ture 
an be tested by several tests.The 
entral entity of our model is the Examination entity. It 
ontains generalinformation a
quired from one examination. The Patient entity 
ontains onlythose attributes, whi
h are permanent for all examinations of a patient. At thepresent it 
ontains only attributes obtained from the ECCO format and two newattributes - Status and Consensus (both for marking purposes in developedsoftware tool). However, we assume some other attributes will emerge. We alsoexpe
t the EMG examiners would like to add some attributes for their internalpurposes (e.g., address, 
omment, phone number). The relation between thePatient and the Examination is 1:N.There exist several entities with the Type attribute, whi
h a�e
t 
ontentsand meaning of attributes in their 
orresponding entities. This approa
h is usedto simulate generalisation relationship between parti
ular entities.We identi�ed some parts of the data model, whi
h were designed with thelikely future 
hanges of requirements in mind. The identi�ed entities 
ontain theirsymboli
 values in separate tables. Ea
h of su
h tables 
ontains the CodeTableV erattribute, whi
h determines version of the given 
ode table (at the presentthe values are equivalent with the ECCO, v. 3.2 values). This allows possible
hanges and support of di�erent symboli
 value assignment versions by a 
ol-le
tion tool without a 
hange of the software. As an example we 
an mention




exible representation of 
lini
al diagnosis names and their numeri
 representa-tions; EMG 
on
lusion names and their numeri
 representations, or anatomi
alstru
tures and their 
odes. Des
ribed approa
h 
ompli
ates the data model,so we had to 
arefully de
ide between simpli
ity of the data model and its
exibility. A 
omplete report of the proposed relational model is available athttp://www.d
s.elf.stuba.sk/emg/.3.2 XML and EMG dataSin
e our aim has been to develop a set of software tools, whi
h 
ollaboratein 
olle
ting the EMG data at several levels (lo
al, national and European),availability of an appropriate ex
hange format was 
rui
al. For the purposesof ex
hange, we proposed the textual representation of the EMG data in theeXtensible Markup Language (XML). XML was 
hosen be
ause its fa
ility todes
ribe the 
ontent of (semi)stru
tured data 
exibly and a
ross multiple plat-forms. The readability of XML do
uments as well as the availability of softwaretools supporting XML manipulating was equally important.The proposed markup language for the EMG data ex
hange (named EMG-ML) is intended to 
reate XML data-
entri
 do
uments [6℄. EMG-ML re
e
ts
ontents of the EMG 
ase base. It de�nes markup for data about the patient's ex-aminations (EMG examination do
ument), together with data related to requestand response do
uments used in the pro
ess of normative EMG data determi-nation.The stru
ture of request and response do
uments is almost the same, theonly di�eren
e is that request does not 
ontain values of parti
ular parameters.These will be measured and thanks to our NoDaC software tool automati
allyin
luded in the response do
ument.The EMG examination do
ument 
onsists of data about a patient and datarelated to (possibly several) examinations for this patient. Bellow is depi
tedpart of the Do
ument Type De�nition for the EMG examination:<?xml version="1.0" en
oding="windows-1250"?><!DOCTYPE emd [<!ELEMENT EMD (PATIENT, EXAMINATION+)><!ELEMENT PATIENT ((NAME | PATIENTID), BIRTHDATE,RACE, SEX)>....<!ELEMENT EXAMINATION (HEAD, NONEMG, EMGDIAG?,FINALDIAG?, STRUCTURES, TESTS)>.... ℄>Using XML �les as the ex
hange format has several advantages: the 
on-tent of the do
ument is dynami
, depending on the a
tual anatomi
al stru
turesthat are examined and used examination te
hniques; the 
ontent of the do
-ument is self-des
ribing be
ause of the text-based nature of XML do
uments;the EMG data transmission is highly error-free be
ause its non-binary 
hara
terand the transmitted data are "open" for third party software pro
essing. Main



disadvantage of su
h data format is the length of the do
ument and ineÆ
ientmanipulation of the data. However, its 
ombination with a relational databasesolves these problems.It should be noted that data about some patient' examination are to betreated with an extreme 
are with respe
t to possible enfringement of individualpriva
y. All data sent in this format for the purpose of 
ollaboration on su
hthemes as 
onsensus exer
ises are stri
tly de-personalised.4 Realisation of Data Colle
tion LayerAt this moment the data 
olle
tion layer 
onsists of a set of software tools aimedat 
olle
ting data about EMG examination 
ases [5℄ and normative EMG datadetermination [4℄.Software tool for 
olle
tion of EMG examination 
ases is named EMMA. Itstores and enables manipulation of all the above mentioned data. Moreover, wealso in
orporated EMG normative data into the design, whi
h serve for a

u-rate examination interpretation. Input and modi�
ation of normative data inall the required formats (e.g., in table format, fun
tional format) together with
al
ulating symboli
 parameter values a

ording these data in an a
tual testare supported. The EMMA tool is designed in su
h way that a patient is 
on-sidered a 
entral entity in the system. A physi
ian 
an work with patient data(general and 
lini
al information) and 
reate several EMG examinations for thepatient. This approa
h enables observing 
hanges in subsequent examination ofa parti
ular patient (see Figure 3).Colle
tion of normative data is a 
omplex pro
ess, whi
h requires EMG ex-amination of many healthy persons. Based on the proposed data representation,we have developed two software tools: NoDaM (Normative Data Manager) andNoDaC (Normative Data Client).NoDaM is dire
ted for the 
oordinating EMG laboratory. Its primarily fun
-tions are to produ
e the 
orre
t XML request do
ument a

ording to physi
ian'srequirements, pro
ess the data from the XML response do
ument and transformthem into the EMG 
ase base.NoDaC software tool allows the examiner to re
ord the values of EMG pa-rameters. It lets him/her to review the requirements from the 
oordinating lab-oratory and sent measured data ba
k in the form of XML response do
ument.Our main goal was to keep this tool as simple as possible by providing the min-imal fun
tionality a
tually needed. We therefore designed NoDaC as a dynami
form 
on�gured by the XML request do
ument. Only those parameters spe
i-�ed in the obtained request do
ument are displayed in the form. The other ones,non-relevant or not required, have not to be 
onsidered.5 Con
lusionsPresented work is aimed towards EMG standardisation by development of mul-tifun
tional platform for EMG studies. We 
on
entrated in this paper on data



Fig. 3. Example of EMMA interfa
e.representation, whi
h is 
ru
ial task in su
h data intensive area as is the EMG ex-amination. Proposed data representation serves for all layers in the EMG studiesplatform. It allows di�erent EMG data management features:{ support of tests and te
hniques sele
tion during EMG examination;{ support of 
on
lusion statements determination (at all levels, i.e. stru
ture
on
lusion, EMG diagnose 
on
lusion and 
lini
al diagnose 
on
lusion);{ support of retrieving 
ases based on their similarity;{ support of monitoring patient's 
ourse of illness.We have proposed the 
ommuni
ation method between the EMG laboratoriesat di�erent levels (lo
al, national, or European). The 
ommuni
ation is basedon using the EMG-ML format, whi
h we have developed a

ording the XMLstandard.An unsolved problem in 
urrent state of data representation is a fairly largeamount of non-stru
tured information, whi
h is entered into the database asfree text. The stru
tured 
lini
al information from MYOSYS [16℄ 
an be usedto enhan
e possibility of data mining over 
reated databases.Developed software tools for 
olle
tion of EMG examination 
ases and forEMG normative data determination belong to the �rst layer of the proposedar
hite
ture of multifun
tional platform for EMG studies. The tools we have



developed ease not only 
olle
tion of EMG examination 
ases, but more impor-tantly reviewing the examination 
ases during 
onsensus exer
ises and makingde
isions about a diagnosis. We �nd our results to be the �rm basis for futureworks when several other tools may be built on the top of it.Referen
es1. Agre, G. and Zi�ebelin, D. (Eds.): Pro
eedings of Workshop on Appli
ation of Ad-van
ed Information Te
hnologies to Medi
ine. Varna, 2000.2. Agre, G.: A Multifun
tional Platform for EMG Studies. In: [1℄, 2000, pp. 117-124.3. Andreassen, S. et al.: MUNIN - an expert EMG assistant. In: Computer-Aided Ele
-tromyography and Expert Systems, Desmedt, J.E. (Ed.), Elsevier S
ien
es Publish-ers B.V. (Biomedi
al Division), 1989.4. Bielikov�a, M., Ku�
era, P., N�avrat, P., Smol�arov�a, M., Traubner, P. and Z�ahon, P.:Computer Support for Normative EMG Data Determination. In: [1℄, 2000, pp. 39-47.5. Bielikov�a, M., N�avrat, P., Smol�arov�a, M.: Colle
tion and Management of EMGExamination Cases. ERCIM News. No. 45, April 2001, 43-44.6. Bourret, R.: XML and Databases. Te
hni
al Report. Te
hni
al University of Darm-stadt, September 1999.7. Cruz, J. and Barahona, P.: A 
ausal fun
tional model for applied to EMG diagnosis.In: Pro
. of 6th Int. Conf. on Arti�
ial Intelligen
e in Medi
ine, Grenoble, Springer,LNCS 1211, Mar
h 1997, pp.249-260.8. Fuglsang-Frederiksen, A., Ronager, J. and Vingtoft, S.: PC-KANDID: an expertsystem for ele
tromyography. Arti�
ial Intelligen
e Medi
ine, 1989, 1: 117-124.9. Garbay, C.: Data Mining in EMG: An Agent-Centered Perspe
tive. In: [1℄, 2000,pp. 72-83.10. Jakobsen, L.S., Fog, B. and Talbot, A. ESTEEM 
ommuni
ation proto
ol, ver. 3.2.ESTEEM report Advan
ed Informati
s in Medi
ine (A2010), 1993,1-87.11. Johnsen, B. and Fuglsang-Frederiksen, A.: USER-5: EMG dataset spe
i�
ationversion 3. ESTEEM report Advan
ed Informati
s in Medi
ine (A2010), 1994, 1-44.12. Pilka, M. and Bielikov�a, M.: Mining the Gold EMG Case Base. Te
h. report, De-partment of Computer S
ien
e and Engineering, Slovak University of Te
hnology inBratislava, 2001.13. Pol�
i
ov�a, G., Slov�ak, R. and N�avrat, P.: Combining Content-Based and Collab-orative Filtering. In: Pro
. of ADBIS-DASFAA'2000 - Symposium on Advan
es inDatabases and Information Systems, Y. Masunaga, J. Pokorn�y, J. �Stuller and B.Thalheim (Eds.), MATFYZ press, Praha, Sept. 2000, pp.118-127.14. Rialle, V., Vila, A. and Besnard, Y.: Heterogeneous knowledge representation usinga �nite automation and �rst order logi
: a 
ase study in Ele
tromyography. Arti�
ialIntelligen
e in Medi
ine, Vol. 3, 1991.15. S
ho�eld, I.: HINT High Level Inferen
ing Tool: An Expert System for the In-terpretation of Neurophysiologi
 Studies. In: Pro
. of MIE'94, 12th Int. Congress,Lisbon, Portugal, May 1994.16. Zi�ebelin, D. and Vila, A.: Medi
al planning environment. In: Pro
. of 6th Int. Conf.on AI in Medi
ine, Grenoble, Springer, LNCS 1211, Mar
h 1997, pp. 343-348.17. Zi�ebelin, D. and Villa, A.: Building knowledge base in ele
tromyography throughthe WWW. In: [1℄, 2000, pp. 117-124.


