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ABSTRACT

Nailfold capillaroscopy is a simple, non-invasive clinical aid used for the diagnosis of vascular
dysfunction.ThemethodproposedemphasizesontheUSBDigitalMicroscopewhichisacheaper
anduseful alternative to commercially available expensivevideocapillaroscopeswhichproduces
highqualityimages.Astheprocessofidentifyinganomaliesinnailfoldcapillariesisatediousand
time-consumingprocessthisarticleproposesacompletelyautomatedsystemtodiagnoseanomalies.
Thenailfoldcapillaryimagesarepre-processedtohighlighttheimportantfeaturesandremovenoise
intheimages.Theprocessedimagesarethenusedtotrainmachinelearningmodels.Thisarticle
thenassaysandcomparestheperformanceofLogisticRegressionclassifier,fullyconnectedneural
network,ConvolutionalNeuralNetwork(CNN)andRandomForestclassifiersbyevaluatingtheir
classificationaccuracy,sensitivityandspecificity.TheresultsproveLogisticRegressiontobemost
accuratewithalowclassificationerrorrateof10.64%.while,asubstantialclassificationaccuracy
of72%wasobtainedwithasmalldatasetbyusingbottleneckfeaturesofadeepCNN.

KEywoRDS
Convolutional Neural Networks, Logistic Regression, Nailfold Capillary Image, Neural Networks, Random 
Forest Classifier, USB Digital Microscope

INTRoDUCTIoN

Capillariesarethesitesinthecirculatorysystemwheretheactualexchangeofnutrientsandwastes
alongwithgasesO2&CO2takeplace.Theyareultra-thinbloodvesselsandcanbeimagedconveniently
atthenailbedregionoffingerssincetheyappearparalleltotheskinatthenailfold.Theyappearas
abunchofinverted-Ushapedanduniformlyspacedbloodvesselsinhealthyindividuals.Indiseased
subjects,thecapillaroscopicpatterncouldconsistoflossofcapillariesandotherphysicalanomalies.
Specificcapillaroscopicpatternsareidentifiedinvariousdiseases.Hypertensivesubjectsseemto
havelowcapillarydensityandpresenceofelongatedcapillarieswhileinDiabetesthereisrampant
occurrenceofcapillarydisorganizationssuchasgiantcapillaries,bushycapillariesandavascular



International Journal of Biomedical and Clinical Engineering
Volume 7 • Issue 1 • January-June 2018

26

regions.InScleroderma,threestagesofseveritynamely‘Early’,‘Active’,and‘Late’areidentified
byCutoloetal(Cutolo,2013).

Nailfoldcapillaroscopyisasimple,non-invasive,inexpensiveandrepeatableclinicaltest.
Ithasimmensepotentialasaclinicaltoolfordiagnosis,prognosis,researchandtherapeutic
useinvariedspectrumofdiseases(Eduardo,2015).Thenailfoldcapillary(NFC)imagesare
acquiredusingthemicroscopewithamagnificationof20xonwards,butthecapillariesare
visiblebetterwhenthemagnificationis200x.Multipletypesofequipmentareusedforthis
purpose.ReuvenBergmanetal(2003)haveusedtheunmodifiedhand-helddermatoscopeas
acapillaroscopicinstrumenttodetectascleroderma-dermatomyositispattern.Theyfound
that thecapillaroscopic resultsobtainedwith thedermatoscopecanhelp thedermatologist
intheclinicaldiagnosisofconnectivetissuedisorders.Stereomicroscopehasbeenusedasa
methodofnailfoldcapillaroscopy(NFC)whichisapplicabletoawideagerangeofpaediatric
patients. H J Anders et al (2001) have conducted a prospective study comparing nailfold
capillaroscopy using an ophthalmoscope and stereomicroscope for differentiating between
primaryandsecondaryRaynaud’sphenomenon.Nailfoldvideocapillaroscopy(NVC),isthe
currentgoldstandardfordetectionofcapillaryabnormalitieswhichproducesuperiorquality
images.NVCisexpensiveandhenceindevelopingcountrieslikeIndiaaninexpensive,yet
reliableequipmentisinneed.Thisisespeciallyrelevantgiventheinclusionofcapillaroscopic
abnormalitywithinthe2013classificationcriteriaforSSc(VanDen,2013).VivekVasdevet
al(2011)haveproposedtheuseofUSBDigitalMicroscopeforacquiringNFCimageswith
highreliability.

Thenoveltyofourworkliesintwoaspects:one,intheuseofnailfoldcapillaryimagesrather
thanthevideosequenceasinnailfoldvideocapillaroscopeandtwo,intheautomationmethodology
employed for classifying these images based on the health condition. We propose an efficient
computerautomateddiagnosingsystemusingtheimagesobtainedfromtheUSBdigitalmicroscope
asdepictedinFigure1.

Figure 1. Classification system
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