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ABSTRACT

TheproposedresearchworkisfortheearlydiagnosisoftheinflammatorydiseasenamedOsgood-
Schlatterdiseaseofthekneejoint.Asthesystemdealswithfuzzyvalues,aMATLAB(R2013a)fuzzy
logiccontrollerisusedfortheimplementation.Theknowledgeengineeringphaseisdonewiththe
helpofanorthopedicexpert.Foursymptomsareusedfordiagnosingtheseverityofdisease.Also,this
diagnosisprovidesthetreatmentfortherespectivelevelofdisease.Datacollectioniscompletedby
thesurveymethodandvariousdefuzzificationmethodsareusedtochecktheaccuracy.Theproposed
systemwastestedon25patients.
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INTRODUCTION

Inrecentyears,manysoftcomputingmethodsareevolvedtoimprovethequalityinmedicalfield.
AsMedicalfieldisverycomplex.Nowadays,artificialintelligence(AI)istheoneofmostemerging
fieldsinallthedomains.ExpertsystemwhichcomesunderAI,isahumancodedprogramhaving
reasoningcapabilitylikehumanbeings(Sethi,2016).Expertsystemusestheconceptofforward
chainingwhichisabottomupapproach.Expertsystemisaprogramthatperformsthedecision-making
capabilitiesbyusingdomainexpertiseknowledgeinformofrulesandfacts.Alltherulesprovided
bydomainexpertistreatedastheknowledgebaseoftheexpertsystem(Khamparia,2018).From
theseallcollectedrules,inferenceenginewhichisprocessingunitofexpertsystem,matchesthe
factwhichisstoredinworkingmemory.Iftherulematcheswiththefact,thenagendawillfirethat
activerule.Thefiredruleisbasicallytheconsequentpartoftheruleastheantecedentpartismatched
withthefact.ExpertsystemprovidesaidstodoctorsanduserswithouthavingknowledgeofAI.The
proposedsystemisdevelopedtodiagnosetheorthopaedicdiseasenamedOsgood-Schlatterdiseases
ofthemainhingejoint,whichiskneejoint.Orthopaedicdiseasesdealswithdeformities,injuries.
Allthejointdiseasescomeunderthebroadcategoryoforthopaedic.Thekneejointiscomprisedof
threebones:thefemur,tibia,andpatella(Pandey,2009).
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Osgood-Schlatterdiseaseisaninflammationdiseasewhichoccursmostlyinadolescents.Figure1
showstheaffectedpartsofkneebyOsgood-Schlatterdisease.Thisisverycommoninsportsasathletes
dovigoroussportsactivities.Thisdiseaseisusuallymorecommoninboysthangirls(Domingues,
2013).Itoccursinboysattheage8-14andingirlsattheageof10-13.Atthatage,childrenaredoing
manyexercisesbyplaying,running,jumping.Itcausespaininthelowerfrontpartofkneewhichis
tibialtubercleorpatellartendonregion.Asshowninfigure1theboneshininflames.

Asaresult,theneedisforsafeandhealthytreatments.Inartificialintelligence,anexpertsystem
isthemostemergingfieldwhichusesdomainexpertknowledgetodiagnosethediseaseaccurately.
Inthe1970swhenthereisbeginningoffuzzylogic,thefirstMESwasdevelopedtodiagnosethe
infectiousblooddiseaseMYCIN.ItwasdesignedusingtheLISPlanguageandbyusing500rules
withvariousvagueandincompleteinputvalues.Itdealswithcertaindegreesofthebeliefusing
combiningfunctions(Sethi,2016).WiththeadvancementinAI,manymedicalexpertsystemsare
evolvedlikeDENDRAL,cancer,PROSPECTOR,cardiacdisease,ENT,malaria,asthma,dengue,
gynecology,andtumors.

In2002,usingfuzzyrelationaltheoryauthordesignedthehierarchicalfuzzyinferencesystemto
diagnosethearthritisdiseaseinvariousjoints.Itwastwolevelprocess,wherefirstleveldiagnoses
reducedthescopeofdiagnoseinsecondlevelbytakingdifferentparameters(Lim,2002).In2016,new
intelligentsystemwasdevelopedtodiagnosetheInflammatorydiseasenamed,Rheumatoidarthritis
(RA)ofthekneeintwostages.Infirst,imageprocessingtechniqueasRGBofx-rayswasusedand
extractedfeaturesweretreatedasinputforneuralnetwork(Helwan,2016).In2017,authorproposed
afuzzyframeworkin thefieldofmedical imagingtodiagnose theOsteoporosisdisease,abone
humiliatingdisease.Thesilentdiseaseaffectedregardlessofageandgender.Thisdiseasewashighly
foundonpeopleovertheageof60.Tocalculatethebonedensity,conventionalx-rayimageprocessing
techniquewasused.Toanalyzetrabecularbonetexture,resolutionenhancementandedgedetection
algorithmwasused.Thefuzzylogiccontrollertook8inputparameterswhichwereconsideredasrisk
factors.Testingwasconductedon20patientswhichresultsthattheproposedalgorithmreplacesthe
existingone(Reshmalakshmi,2016).TheproposedworkisdesignedtodiagnosetheOSDdisease
atearlystagebyusingvaguevalues.Arulebasedexpertsystemisdesignedtodiagnose.

FUZZy SET THEORy

FuzzysettheorygivenbyZadehmakesuseoftheVaguevalues(linguisticvariables)anddegreesof
partitiontosurmounttheimprecise,incompleteanduncertainhumanreasoningindecisionmaking
processes. A fuzzy set can be defined as a collection of elements together with their degree of
membership.Thisdegreeofmembershipindicatesthedegreeoftruththroughwhichafuzzyelement
ispresentinafuzzyset8.ConsiderasetAofelementsxasdefinedinEquation(1):

Figure 1. Knee part affected by Osgood Schlatter disease
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A x x n= >{ }��|  (1)

ApartitionfunctioncanbedefinedasgivenbyfollowingEquation(2):

µ
K
x X( ) → 


: ,0 1  (2)

Therefore, in set A fuzzy set with elements x membership (partition) value µ
K
x( )  can be

representedbyEquation(3):

K x x x A
K

= ( ) ∈{ }�,�� ��µ |  (3)

In1974,AfterZadeh’theory,Mamdaniproposedafuzzyinferenceprocesswhichmakeuseof
linguisticcontrolrules.ThemainpartsofMamdaniFISsystemareshowninFigure2.

PROPOSED METHODOLOGy

TheproposedexpertsystemisdesignedusingMATLAB(R2013a)fuzzytoolbox.Fuzzysetwhich
doesnothavecrispset.Crispsetmeanshavingvalueinyesorno,trueorfalseandgoodorbadform.
Itisusedwherethereisconfusioneithertoacceptthenumberortorejectthenumberwhichmeans
thenumberisonboundary.Thatnumberwhichisontheboundaryline,itcreatesconfusionwhether
toacceptthatortoreject.Forthesetypesofinputparametersfuzzysetisused.Mamdaniinference
engineisusedfortheimplementation.Figure2.showsthemethodologyofproposedexpertsystem
whichisdesignedtodiagnoseOsgoodSchlatterdiseasesofkneejoint.

Knowledge Acquisition
The data is collected in this phase with the help of expert. It is very important the knowledge
engineeringhasaccuratesymptomsandtypesofdiseases,sothatbyusingthisknowledgeexpertcan
makeaccuraterules.Orthopaedicexpertshelptogivetheadequateinformationaboutdisease.The
expertdefinestheprimarysymptoms,rangeandlevelofdisease(Sethi,2016).Figure3showsknee

Figure 2. Proposed methodology
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categoryunderwhichthatdiseaselies,andcorrespondingoutputofthediseaseisshown.Table1.
showstheprimarysymptomscollectedduringknowledgeacquisitionphase.

Fuzzification of Inputs and Outputs
Fuzzificationissecondstep,wherethecrispinputischangedtofuzzifiedvalueusingpartitionfunction
underdegreeofbelongingness.Tohandlethevaluevalues,therearemanymembershipfunctions
availableinMatlabtoolboxsuchastriangular,trapezoidal,gaussian,z-shapeandsigmoidal.Inthis
proposedsystem,triangularandtrapezoidalmembershipfunctionsareusedtosetrangeforinputand
outputmembershipfunctions.Fortheinputparameterpain,threemembershipfunctionsareusedas
showninFigure4.FortheoutputvariabletwomembershipfunctionsareusedasdescribesinFigure5.

AtrapezoidalmembershipfunctioncanbedefinedasEquation(1)(Kaur,2016):

µ x i j k l
x i
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l k
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ThetriangularmembershipfunctioncanbedefinedasEquation(2)(Kaur,2016):
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Foralltheinputandoutputparametersrangeisset.Thisrangedefinethattheseparametersare
vaguevaluesorlinguisticvariables.Table2showsfuzzifiedinputsymptomsandoutputlevelfor
OsgoodSchlatterdiseaseofthekneejoint.

FortheFigure4,followingEquation(6)showsvaluesforfirstmembershipfunction,Equation
(8)forsecondfunctionandEquation(7)forthirdmembershipfunction:

Figure 3. Knee category and disease

Table 1. Refinement of symptoms

Disease Symptoms

Osgood-Schlatter

•KneePain
•Tenderness
•Swelling
•MuscleContraction
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Figure 4. Membership function for input parameter

Figure 5. Membership function for output parameter

Table 2. Fuzzified input symptoms and output for Osgood Schlatter Disease

Inputs Output

Pain Tenderness Swelling Muscle Contraction Osgood Schlatter

Low
(0-0.4)

Low
(0-0.4)

Low
(0-0.4)

Low
(0-0.4)

STAGE1
(1-3)

Medium
(0.3-0.7)

Medium
(0.3-0.7)

Medium
(0.3-0.7)

Medium
(0.3-0.7) STAGE2

(2.5-7)High
(0.6-1)

High
(0.6-1)

High
(0.6-1)

High
(0.6-1)
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Fuzzy Rule Base Model
Afterfuzzification,nextstepismakingKnowledgebase.Itisformedfromthefuzzyrules(Walia,2015).
Expert systemmakes thedecisionsor reasoningbasedon these fuzzy rules.Fuzzy rules for the
proposedmedical expert systemareconstructedbyconsulting theOrthopaedicexpert.With the
combinationofallinputparameters,total81rulesaremadetodiagnosethestageofdisease.Some
samplerulesareshownbelow:

• If(Painishigh)AND(Tendernessishigh)AND(SwellingisLow)AND(MuscleContraction
isMedium)THEN(OsgoodSchlatterisSTAGE2);

• If(Painishigh)AND(Tendernessishigh)AND(SwellingisLow)AND(MuscleContraction
isLow)THEN(OsgoodSchlatterisSTAGE1);

• If(PainisMedium)AND(TendernessisLow)AND(Swellingishigh)AND(MuscleContraction
isLow)THEN(OsgoodSchlatterisSTAGE1).

Figure6showsthefuzzyrules,Figure7showstheruleviewerandFigure8showssurfaceviewer
ofproposedexpertsystem.

Figure 6. Fuzzy rules
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Fuzzy Inference
MamdaniFuzzyInferencesystemisusedforthefuzzyMethodologyasitdealswithfuzzylogicor
linguisticvariables,whichisrepresentedbyfollowingEquation(9)(Kaur,2016):

� , ,� ,f z
max

k
min f input i f input j k

C A B( ) = ( )( ) ( )( )










= 1 2,, .3…… n  (9)

Infuzzyinferenceprocess,basicallytwomethodsareused:ImplicationMethodandAggregation
Method.Thefuzzyrulesmakeusinglinguisticvariablesarecombinedwithfuzzyoperators(AND,
OR)[9].Intheimplicationmethod,ifANDoperatorisused,itwillreturntheMinimumvaluefor
thatvariableandforORoperatormaximumvalueisobtained.Asaresult,ifmorethanoneruleis
matchedthesingleoutputisgenerated.TheprocessofprioritizetherulesaredonebyAgenda.Itcould
bedonebasedonthevaluethatissetforeachrule.Therulehavinghigherprioritywillbechosenas
output.Theimplicationprocessisevaluatedforeachruletogenerateoutputmembershipfunction.
Aftertheimplication,nextstepisaggregation,whichreceiveallthetruncatedoutputproducedby
implicationmethodandoutputasafuzzyset.Figure9showsthefuzzyinferenceforproposedsystem
whichtakes4inputsandoneoutputvariable.

Figure 7. Rule viewer

Figure 8. Surface viewer
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Defuzzification
The last step is defuzzification, which is used to get the crisp output from the fuzzified value
(Madaan,2016).Itisnecessarystepbecausetheusercanunderstandcrispvalue.Matlabprovides
fivedefuzzificationmethodsasdefinedbelow:

• Center of area (COA):Centroidmethodalso called ‘centerofgravity’ as it calculates the
centroidforthatareawhichisunderaggregationoutputmembershipfunction:

Z
z zdz

z zdzCOA

A

A

=
∫ ( )
∫ ( )
µ

µ
 (10)

• Bisector of area (BOA):Equalpartofwholeregionaremade,sometimesthecenterofareaand
bisectorofarealiesononelinebutnotalways:

a

BOA

A

BOA

A
dz z dz∫ ∫= ( )µ µ

β

 (11)

• Largest of Maximum (LOM): Largest value is return. This method doesn’t require
anycalculations;

• Smallest of Maximum (SOM):Thismethodofdefuzzificationdoesn’trequireanycalculation
aslikelargestofmaximummethodsandreturnsthesmallestvalue;

• Mean of Maximum (MOM):Thisfunctionreturnsthevaluebycalculatingallmaximumvalues,
arithmeticmeanoftheaggregatedmembershipfunctions:

Z
zdz

dzmom
=
∫
∫

 (12)

Table3showsDefuzzifiedvaluesforOsgoodSchlatterdiseasebycomparingwithallthefive
defuzzificationmethodswhicharediscussed.

Figure 9. Fuzzy inference system
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INTERFACE

TheinteractionbetweenuserandexpertsystemisprovidedbythehelpofGraphicaluserinterface
(GUI)whichreferstoseriesofforms(Amiri,2017).Itshouldbeverysimpletointeractfortheusers.
GUIisawaythroughwhichtheusercanentertheinputcorrespondingtoallinputvariableswhichare
symptomsandtheexpertsystemwillevaluateandgeneratetheoutputofthedisease.Thetreatment
planisalsoshowntotheuserasshowninFigure11.

TESTING

Inthemedicalfield,thereshouldbeaccurateresultsasitdealswithhuman’slife.So,theproposed
systemistestedwiththeexpert’soutput.TheaccuracyisshownasFalsepositiveandFalsenegative
inTable4.Table5showsthesampleresultsforfuzzyinferencesystemandTable6showspatient
dataforfuzzyinferencesystem:

SENSITIVITY=TruePositive/(TruePositive+FalseNegative)=19/(19+1)=0.95
SPECIFICITY=TrueNegative/(TrueNegative+FalsePositive)=4/(4+1)=0.8

Table 3. Defuzzified values for Osgood Schlatter Disease

Inputs Symptoms Defuzzified Values According to Different Defuzzification 
Methods

Pain Tenderness Swelling Muscle 
Contraction

SOM 
Rank

LOM 
Rank

MOM 
Rank

Centroid 
Rank

Bisector 
Rank

0.5 0.5 0.5 0.5 3.04 1 7 1 5.02 1 4.89 1 4.9 1

0.2 0.4 0.5 0.1 1 3 2.74 3 1.87 3 1.92 3 1.9 3

0.8 0.75 0.4 0.8 2.8 2 7 1 4.9 2 4.83 2 4.84 2

0.4 0.6 0.5 0.9 2.8 2 7 1 4.9 2 4.83 2 4.84 2

0.7 0.3 0.5 0.2 1 3 2.5 2 1.75 4 1.87 4 1.84 4

Figure 10. Graphical user interface for Osgood Schlatter Disease
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Figure 11. Treatment plan for Osgood Schlatter Disease

Table 4. Sample test results

Test Disease Present Disease Absent

TestPositive TruePositives(19) FalseNegatives(1)

TestNegative FalsePositives(1) TrueNegatives(4)

Total 20 5

Table 5. Sample test results for Fuzzy inference system

Inputs Symptoms Output

Pain Tenderness Swelling Muscle 
Contraction

Output by 
System

Output by 
Expert Result

0.5 0.2 0.7 0.9 4.88 Stage2 TRUE

0.2 0.4 0.5 0.1 1.92 Stage1 TRUE

0.6 0.5 0.4 0.85 4.82 Stage2 TRUE

0.2 0.7 0.8 0.9 4 Stage2 TRUE

0.7 0.1 0.2 0.5 1.86 Stage1 TRUE

Table 6. Patient data for Fuzzy inference system

Inputs Symptoms Output

Pain Tenderness Swelling Muscle 
Contraction

Output by 
System

Output by 
Expert Result

High High High Medium Stage2 Stage2 TRUE

High Low Low Low Stage1 Stage1 TRUE

Low Low Medium Low Stage1 Stage1 TRUE

Low High Medium Medium Stage1 Stage2 TRUE

Medium Medium Low Low Stage1 Stage1 TRUE
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DISCUSSION AND CONCLUSION

Theproposedexpertsystemisdesignedtodiagnosetheorthopaedicdiseaseofthekneejointwhich
comesunderinflammatorycategorynamedasOsgoodSchlatterdisease.Itiscommoninchildren
usuallyinboysasboysplaysmoresportsthangirls.Fuzzyrulebaseapproachisusedasitgives
accurateresultsbycalculatingsensitivityandspecificity.Also,itiseasytoimplement.Thesystem
describesthestageofdiseasebasedontheknowledgegivenbyexpert.

Theproposedsystemisdevelopedtofacilitatetheorthopaedicexpertstodeterminethestageof
OSDdiseasebyenteringthesymptomsoninterface.Therefore,thisproposedsystemcouldbeused
asatoolwhichcanassistorthopaedicdoctorsaswellasalearningandeducativesystemformedical
students.Also,alaymancanusethesystemtodiagnosethediseaseanditstreatmentwithouthaving
anyknowledgeofartificialintelligence.

The proposed can be further extended by taking more input parameters which are used for
evaluatingthedisease.Thesystemcanalsobeimplementedbyneurofuzzytechniqueandcanbe
testedonagreaternumberofpatientstogetmoreaccurateresults.

ACKNOwLEDGMENT

IwouldliketoexpressmydeepsenseofgratitudetowardsDr.SurinderSinghDardhi,Orthopaedic
MedicalOfficer,atSantSarwanDassCharitableHospital,Kathar,Hoshiarpur,Punjab,Indiawho
willbeprovidingtheirexpertisethroughouttheresearchprocess.



International Journal of Healthcare Information Systems and Informatics
Volume 15 • Issue 2 • April-June 2020

49

REFERENCES

Amiri,F.M.,&Khadivar,A.(2017).Afuzzyexpertsystemfordiagnosisandtreatmentofmusculoskeletal
disordersinwrist/Fuzzyekspertnisustavzadijagnozuilijecenjemisicnoskeletnihporemecajaurucnomzglobu.
Tehnicki Vjesnik-Technical Gazette,24(S1),A147-A147.https://www.braceability.com/knee-injuries-problems/
osgood-schlatter-disease

Domingues,M.(2013).OsgoodSchlatter’sdisease-Aburstinyoungfootballplayers.Journal of Sports Science 
& Medicine,2(1),23–27.

Helwan,A.,&Tantua,D.P.(2016).IKRAI:Intelligentkneerheumatoidarthritisidentification.International 
Journal of Intelligent Systems and Applications,8(1),18.

Kaur,R.,Madaan,V.,&Agrawal,P.(2016).Fuzzyexpertsystemtocalculatethestrength/immunityofahuman
body.Indian Journal of Science and Technology,9(44).doi:10.17485/ijst/2016/v9i44/105145

Khamparia,A.,&Pandey,B.(2017).Effectsofvisualmappingplacedgame-basedlearningonstudentslearning
performance in defence-based courses. Int. J. Technology Enhanced Learning, 9(1), 37–50. doi:10.1504/
IJTEL.2017.084083

Khamparia,A.,&Pandey,B.(2018).SVMandPCABasedLearningFeatureClassificationApproachesfor
E-LearningSystem.International Journal of Web-Based Learning and Teaching Technologies,13(2),32–45.
doi:10.4018/IJWLTT.2018040103

Lim,C.K.,Yew,K.M.,Ng,K.H.,&Abdullah,B.J.J.(2002).Aproposedhierarchicalfuzzyinferencesystem
forthediagnosisofarthriticdiseases.Australasian Physical & Engineering Sciences in Medicine,25(3),144–150.
doi:10.1007/BF03178776PMID:12416592

Pandey,S.,&Pandey,A.(2009).Clinical orthopaedic diagnosis.NewDelhi:JaypeeBrothersMedicalPublishers.
doi:10.5005/jp/books/11786

Ranjit,K.,Vishu,M.,Prateek,A.,SanjayKumar,S.,&Amandeep,K.(2016).FuzzyExpertSystemforIdentifying
thePhysicalConstituentsofaHumanBody.Indian Journal of Science and Technology,9(28).doi:10.17485/
ijst/2016/v9i28/98390

Reshmalakshmi,C.,&Sasikumar,M.(2016).Fuzzyinferencesystemforosteoporosisdetection.InProceedings 
of GHTC 2016 - IEEE Glob.Humanit. Technol. Conf. Technol. Benefit Humanit. Conf. Proc.(pp.675–681).

Sethi,D.,Agrawal,P.,&Madaan,V.(2016).X-Tumour.Fuzzy Rule Based Medical Expert System To Detect 
Tumours In,9(11),5073–5084.

Sethi,D.,Agrawal,P.,Madaan,V.,&KumarSingh,S.(2016).X-Gyno:FuzzyMethodbasedMedicalExpert
SystemforGynaecology.Indian Journal of Science and Technology,9(28).doi:10.17485/ijst/2016/v9i28/98387

Singh,A.,&Pandey,B.(2014).Intelligenttechniquesandapplicationsinliverdisorders:Asurvey.International 
Journal of Biomedical Engineering and Technology,16(1),27–70.doi:10.1504/IJBET.2014.065638

Takkar,S.,Singh,A.,&Pandey,B. (2017).Applicationofmachine learning algorithms to awell defined
clinicalproblem:Liverdisease.International Journal of E-Health and Medical Communications,8(4),38–60.
doi:10.4018/IJEHMC.2017100103

Walia,N.,Tiwari,S.K.,&Malhotra,R.(2015).DesignandIdentificationofTuberculosisusingFuzzyBased
DecisionSupportSystem.Adv. Comput. Sci. Inf. Technol.,2(8),57–62.

https://www.braceability.com/knee-injuries-problems/osgood-schlatter-disease
https://www.braceability.com/knee-injuries-problems/osgood-schlatter-disease
http://dx.doi.org/10.17485/ijst/2016/v9i44/105145
http://dx.doi.org/10.1504/IJTEL.2017.084083
http://dx.doi.org/10.1504/IJTEL.2017.084083
http://dx.doi.org/10.4018/IJWLTT.2018040103
http://dx.doi.org/10.1007/BF03178776
http://www.ncbi.nlm.nih.gov/pubmed/12416592
http://dx.doi.org/10.5005/jp/books/11786
http://dx.doi.org/10.17485/ijst/2016/v9i28/98390
http://dx.doi.org/10.17485/ijst/2016/v9i28/98390
http://dx.doi.org/10.17485/ijst/2016/v9i28/98387
http://dx.doi.org/10.1504/IJBET.2014.065638
http://dx.doi.org/10.4018/IJEHMC.2017100103

