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ABSTRACT 

Nailfold capillaroscopy (NC) is a non-invasive imaging technique employed to 

assess the condition of blood capillaries in the nailfold. It is particularly useful for 

early detection of scleroderma spectrum disorders and evaluation of Raynaud's 

phenomenon. While diagnosis based on NC is typically performed by manual 

inspection, computerized nailfold capillaroscopy can help to reduce the inherent 

ambiguity present in human judgement while greatly reducing the time for 

diagnosis. In this project, we present a capillary skeletonisation algorithm based on 

image enhancement followed by binarisation and skeleton extraction using a 

thinning algorithm. The extracted vessel skeleton can subsequently be utilized for 

auto measurement of capillary density and other parameters. Results on a variety 

of NC images show that the best image quality and subsequent capillary definition 

is achieved through the application of bilateral filters.  

KEYWORDS: Nailfold capillaroscopy, scleroderma spectrum disorders, Raynaud's 

phenomenon, bilateral filters. 
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INTRODUCTION 

Nailfold capillaroscopy (NFC) is a 

simple, non-invasive method for the analysis 

of micro vascular abnormalities found in 

several systemic connective tissue diseases 

(SCTD), especially in systemic sclerosis 

(SSc) and Rheynaud‟s phenomenon. 

Nailfold Capillaroscopy is an imaging 

technique, which is used in medicine since 

1823. NC is an in-vivo method for observing 

micro blood vessel characteristics. Diseases 

which particularly involve the 

morphological alteration of capillaries, for 

example Raynaud‟s phenomenon [1], 

systemic sclerosis (SSc) [2], and other 

connective tissue diseases such as 

dermatomyositis and antiphospho- lipid 

syndrome [3] can be diagnosed using NC. 

This diagnosis is typically based on counting 

and identifying particular kinds of 

capillaries in the captured images [4].  

Capillaroscopy is of vital importance for the 

differentiation of primary and secondary RP 

in rheumatic diseases, and also in 

differentiation between different forms of 

connective tissue diseases as well as for 

their early diagnosis [6]. 

Raynaud‟s phenomenon is a disorder 

that affects the blood vessels in the finger, 

toes, nose, lips or ear lobes [7]. This 

disorder is characterized by episodic spasms, 

called vasospastic attacks, which cause the 

small blood vessels in the fingers and toes to 

constrict (tighten or close) in response to 

temperature extremes, certain occupational 

exposures, or excitement. In Raynaud‟s 

phenomenon, the skin on the affected areas 

becomes white or bluish and cold or numb. 

Raynaud‟s phenomenon can occur on its 

own (primary Raynaud‟s phenomenon), or it 

can be related to another medical condition 

(secondary Raynaud‟s phenomenon [8]. 

Primary Raynaud‟s phenomenon is 

the more common and the milder of the two 

types. A person who has primary Raynaud‟s 

has no other diseases or associated medical 

problems that may cause Raynaud‟s 

symptoms. About 75 percent of all cases of 

primary Raynaud‟s phenomenon are 

diagnosed in women between ages 15 and 

40. People with the primary form rarely 

develop the other diseases associated with 

Raynaud‟s such as lupus or scleroderma 

[10]. 
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Secondary Raynaud‟s phenomenon 

is a more serious disorder but it is less 

common than the primary form. Secondary 

Raynaud‟s is caused by an underlying 

disease or condition. It is especially 

common in people with connective tissue 

diseases. Some of these diseases reduce 

blood flow to the fingers and toes by causing 

the blood vessel walls to thicken and the 

vessels to constrict too easily. Raynaud‟s 

phenomenon occurs in about 85 to 95 

percent of patients with scleroderma and is 

present in about one-third of patients with 

systemic lupus erythematosus (lupus). 

Raynaud‟s also can occur in patients who 

have other connective tissue diseases, 

including Sjögren‟s syndrome, 

dermatomyositis and polymyositis [9]. 

LITERATURE SURVEY 

Evangelista Purkinje, a Czech 

anatomist and physiologist was the first to 

illustrate skin capillaries by observing 

thenail-bed with a magnifying glass [5].  

 In 1823, Maricq and Le Roy 

described the specific capillaroscopic pattern 

in systemic sclerosis [6]. 

One century later (1911), it was 

discovered that, using a drop of immersion 

oil, capillaries became visible for 

examination by microscope. 

In 2000, Schaefer, G.Merla and 

Doshi, N.P, Dept. of Comput. Sci., 

Loughborough Univ., Loughborough, UK, 

presented  a jounal ” A Enhancement of 

nailfoldcapillaroscopy images”. 

In 2011, Dr. Muna F. and Al-

Samaraie proposed a new enhancement 

approach for enhancing image of digital 

cameras by changing the contrast in the 

International Journal of Advanced Science 

and Technology Vol. 32. 

In 2012, S.Bhakuni and Vivek 

Vasudev et.al., proposed a framework for 

nailfold Capillaroscopy in their journal 

”Nailfold capillaroscopy by digital 

microscope in an Indian population with 

systemic sclerosis”. 

In 2012, Niraj P. Doshi & Gerald 

Schaefer proposed a paper “An Evaluation 

of Image Enhancement Techniques for 

Capillary Imaging” in IEEE International 

Conference on Biomedical and Health 

Informatics. 
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MATERIALS AND METHOD 

Capillaroscopy is a widely used 

technique for the examination of patients 

suffering from rheumatic and cardiovascular 

diseases, endocrine disorders, metabolic 

diseases, some diseases of respiratory 

organs, inflammatory processes and trophic 

disturbances and pathologies of the skin and 

of the hypoderm. Video capillaroscopy is 

also a reliable tool in the diagnosis of 

angiopathies in patients suffering from 

pancreatic diabetes.   

Nailfold video capillaroscopy finds 

application in the fields of: 

• Rheumatology (autoimmune 

diseases, Raynaud's disease, rheumatoid 

arthritis, sclerodermia related pathologies, 

systemic lupus erythematosus). 

• Dermatology (naevi, dermatitis, 

dermatosis, psoriasis, skin cancer and 

amartomes, non healing wounds). 

• Vascular Surgery (varicose veins of 

lower extremities, arterial spiders, cellulitis, 

obliterating endarteritis, skin ulces). 

• Angiology and Flebology (ischaemic 

heart disease, hypertension, pneumatic 

hammer disease, skin ulcers). 

Portable color microcirculation 

microscope (CAPILLAROSCOPY) is an 

advanced medical photoelectric apparatus, 

equipped with a special LED light source, 

used mainly on human nailfold capillary 

microcirculation of microscopic examination 

of dynamic perspective. USB Video Capture 

cards with the real-time dynamic clear 

indication of the microcirculation vascular 

morphology, flow pattern, loop week‟s 

images, which can be right microcirculation 

image capture, video, surveying microvessel 

diameter, pipe length, velocity and other 

indicators and may microcirculation 

indicators for expert analysis and medical 

points of printed copies of the report alone. 

 

After detailed clinical evaluation, 

NFC examination was carried out in all 

subjects with a digital micro- scope at 30• 

and 100• magnification. The images were 

stored in a computer for analysis at a later 

date. NFC was performed by the panoramic 

technique [10]. All fingers of both hands 

(except thumbs) were examined for each 

patient after gentle washing and application 

of immersion oil to improve visualization of 

the capillaries. Pathological findings were 

recorded from stored images on a 
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standardized data sheet. The parameters that 

were documented from stored images were: 

linear capillary density, capillary tortuosity, 

variability in capillary length and number of 

enlarged capillaries. The linear capillary 

density was obtained by counting the number 

of clearly visible end row capillaries seen on 

stored images of fourth and fifth fingers only. 

A millimeter ruler was photographed along 

with nailfold capillaries to calculate number 

of capillary loops in the distal capillary row 

of the fingers. Other qualitative changes in 

nailfold capillaries were analyzed from 

images of all fingers.  

 

The proportion of dilated loops 

compared with the total number of 

capillaries in the area was expressed as a 

percentage. The findings were further 

classified into „scleroderma pattern‟ (SP) and 

„non-specific pattern‟ (NSP). SP was 

characterized by vascular deletion score > 0, 

definitely enlarged or bushy capillaries and 

disorganized architecture. NSP pattern was 

characterized by tortuous, crossed or mildly 

enlarged capillaries with variability in 

length. [10] 

 

 

PROPOSED METHOD 

 

A. Image Enhancement: 

Image enhancement is the most vital 

step in image processing. In this paper, we 

evaluate the performance of six image 

enhancement /noise removal techniques for 

NC images, as a precursor to edge detection 

aimed at identifying capillaries. Results on a 

variety of NC images show that bilateral 

filters and enhancers provide the best image 

quality for subsequent capillary detection 

[11]. In many signal and image processing 

applications, it is necessary to smooth the 

noisy signals while at the same time 

preserving the edge information. Contrast of 

an image is determined by its dynamic range, 
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which is defined as the ratio between the 

brightest and the darkest pixel intensities. 

Contrast enhancement techniques have 

various application areas for enhancing 

visual quality of low contrast images [12]. 

B. Binarization: 

Image binarization is the process of 

separation of pixel values into two groups, 

white as background and black as 

foreground. The goal of document 

binarization is to convert the given input 

grayscale or color document into a bi-level 

representation. This representation is 

particularly convenient because most of the 

documents that occur in practice have one 

colour for text (e.g. black), and a different 

colour (e.g. white) for background [13]. 

C. Skeleton extraction: 

In shape analysis, skeleton of a shape 

is a thin version of that shape that is 

equidistant to its boundaries. The skeleton 

usually emphasizes geometrical and 

topological properties of the shape such as its 

connectivity, topology, length, direction, and 

width. In image processing, skeletonization 

is a frequently used technique, when line 

drawings are processed.  

D. Auto measurement: 

Comparison of automatic and manual 

measures for distance, width, tortuosity, and 

derangement had correlations. Capillary 

density and other parameters like micro 

hemorrhages, plexus morphology, 

morphologic anomalies. From that capillary 

density as decribed above means simply the 

numerical density of capillaries and as such 

may serve as a global indicator of capillary 

supply. Capillary lenght density,expressed as 

lenght per tissue cross-section (mm/mm2) or 

length per volume tissue (mm/mm3) ,is a 

more sophicated index derived along similar 

lines as numerical density. Finally,one may 

also estimate the volume density of coronary 

capillaries (mm3/mm3). This index however 

is very sensitive to the values of capillary 

diameters, with all the limitations of their 

measurement. 

E. Diagnosis: 

If a doctor suspects Raynaud‟s 

phenomenon, he or she will thoroughly 

evaluate the patient‟s medical history and 

perform a complete physical exam to rule 

out other medical problems.It is easy to 

diagnose Raynaud‟s, but more difficult to 

identify the form of the disorder. One 

diagnostic test useful in helping doctors 

determine the correct form of Raynaud‟s is 
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known as nailfold capillaroscopy, in which 

capillaries are studied under a microscope. 

For people with Primary Raynaud‟s 

Phenomenon, the results of this test will be 

normal. The results of this test will be 

abnormal for those who have the secondary 

form. 

During a nailfold capillaroscopy, the 

doctor places a drop of oil on the patient‟s 

nailfold. The doctor will then examine the 

nailfold under a microscope to look for 

abnormalities of the capillaries. If the 

capillaries are enlarged or abnormal, this 

may indicate that the patient has a connective 

tissue disease. If the patient has symptoms 

suggesting secondary Raynaud‟s 

phenomenon, the doctor may order a 

complete blood count (CBC), a urinalysis, 

and chemistry profile. Other tests a doctor 

may order to help distinguish between the 

two forms of Raynaud‟s are the antinuclear 

antibody test(ANA),the erythrocyte 

sedimentation rate (ESR) or tests for the 

rheumatoid factor and complement 

levels[10]. 

 

CONCLUSION 

 In this journal, various methods for 

the enhancement of nailfold Capillaroscopy 

images were reviewed. By comparing the 

edge maps we can observe that the noise 

removal ability of bilateral filter is much 

better than other filters. It is also clear that 

the bilateral enhancer improves the image 

quality. 
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