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Morphological changes in the 

si ze, density and form of nailfold 

capillaries are seen uniquely and 

al1.10st universally in patients with 

systemic sclerosis,l mixed connective 
2

tissue disease and dermatomyositis.

These capillary changes are observed 

early in these disease processes and 

hence their detection is of diagnostic 

value and may have prognostic im

plication~ These capillary changes are 

most easily observed in the nailfold 

bed which is simply accessed with the 

aid of a low magnification microscope~ 
There is considerable variation in nali

fold capillary morphology in health. 

Therefore, to detect pathological 

changes, it is important to have an 

objective technique free from observer 

bias. This report describes two meth

ods of quantitative nailfold capillary 

analysis. Both healthy subjects and 

patients with scleroderma have been 

studied. Capillary size and density 

have been assessed to detect any 

capillary dilatation and dropout, the 

SUMMARY Scleroderma is a systemic connective tissue disease in which the diag
nosis in supported by morphological changes in nailfold capillary size and density. These 
changes are open to observer bias. In this paper we describe 2 objective methods that 
allow quantitative definition of capillary changes, video image analysis (VIA) and 
photomicroscopy. VIA was used to assess 15 healthy control subjects and 22 patients 
with scleroderma. Scleroderma patients had a significantly larger capillary diameter (43 
j.lm versus 20 j.lm, p=0.0001) and capillary density was reduced by a mean factor of 0.5. 

Image stored on computer will facilitate serial assessments of nailfold capillary 
changes and possibly provide information on disease progression. 

hallmark of the microvascular process scleroderma (positive Scl-70 autoan

which characterizes scleroderma and tibody and ACR criteria) and seven

related disorders. teen with limited scleroderma (posi

tive anticentromere antibody [ACA] 

MATERIALS AND METHODS and ACR criteria). 

The control subjects were from Capillary diameter 
two sample populations, young and CapiUary diameter was measured 
elderly (over 65 years), the former using a Video Image Analysis tech-

being healthy medical students at nique with a Micro-Orient microscope 

Flinders Medical Centre (n=11) and linked to an NEC multi sync 3 FG 

the latter, patients (n=4) with cardio- computer via a Panasonic WV BL 600 

vascular or respiratory disease but camera. Cold light was provided by a 

without evidence of collagen vascular 

disease. The mean ages were 25 and From the Department of Clin ical Immu

79 years, respectively. nology. Flinders Medical Centre. Bedford 

The scleroderma group consis- Park. SA 5042 . 

ted of five patients with diffuse Correspondence: PJ . Roberts-Thomson 
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Eurome Fibre Optic light source. 

Video pro software allowed the 

nailfold image to be digitalized and 

sorted on disc (Photo 1). A drop of 

oil was placed on the nailbed to im

prove resolution. The measurements 

of capillary diameter were taken from 

the mid nailfold region of the second 

and fourth digits of both hands. The 

diameter measurements were cali

brated using the image of a biopsy 

ruler on screen and measured l in 0.5 

mm increments (Photo 2). Within each 

field two or more well defined adja

cent capillaries were chosen for mea

surement. Three capillary diameter 

measurement were made for each 

capillary. These measurements were 

performed at the region of the pre loop, 

the post loop and at the widest point of 

the loop. The mean diameter was then 

calculated and the resu lts averaged for 

each subject. Capi ll ary nailfold 

diameter was also measured in five 

healthy subjects at room temperature, 

after local heating of the hand to 45°C 

and local cooling to 17°C. A thermo

couple was attached to the back of the 

wrist and middle finger to measure skin 

temperature. The temperature change 

was produced by immersing both hands 

in water baths of 45°C and 17°C , 

respecti vely, for 5 minutes prior to 

assessment by VIA. Finally Nitrobid 

ointment (2% glycery l trinitrate and 

lactose in a lanolin and white petroleum 

base) was applied to the fingers of the 

dominant hand. After 20 minutes the 

capillary diameter was measurement 

using VIA. 

Capillary density 

Two methods were used to 

assess capillary density, viz photomi

croscopy and VIA. Photocapilla

roscopy was performed using a wide 

photomicroscope M400 with attach_d 

camera. Black and white Kodak TO 

135-136 film was used. A KL 1500 

electronic fibre optic light provided 

cold light and a number 40 blue-green 

filter was used to enhance the con

trast between capillaries and nail bed. 

When the capillary diameter in 

young control subjects was assessed 

at room temperature, 45' C, 17 
0 

C and 

with Nitrobid paste application, there 

were no statistically significant 

differences. However, there appeared 

to be a trend towards dilatation 

when the hand was warmed 

Oil was placed on the nailfold bed to 'Scleroderma 

improve resolution, The second and 

fourth digits in both dominant and 

nondominant hands were examined 

and photographed under 10 x 3.2 

magnification. Measurements of 

density were performed over a 2.00 x 

0.74 mm area (see Photo 3). Using 

the VIA method, the numbers of 

capillaries per field were also 

counted to assess density. 

Statistical analysis 

Unpaired two tailed tests were 

used on data obtained from photomi

croscopy and VIA. p values < 0.05 

were regarded as significant. 

RESULTS 

Healthy controls 

The eleven young controls were 

compared with each other to deter

mine if there were differences in 

capillary density between the domi 

nant and non-dominant hands and 

the second and fourth digits. No sta 

tistically significant difference in mean 

density was observed. 

Capillary density differences 

between the young (n= 11) and the 

elderly (n=4) were then assessed. 

There were nine males and six females 

in total. No statistically significant 
difference were seen. 

Capillary diameter. 

The capillaries of twenty-two 

patients with scleroderma and eight 

control subjects were assessed by VIA. 

The mean diameter in the control 

group was 20 pm with a standard 

deviation of ± 10 pm. In the sclero

derma group, the mean diameter was 

43 pm (SDt17). The range was 15

120 pm. Using the two tailed unpaired 

t test, the difference in diameter 

between these two groups was 

significant (p = 0.0001; Fig. 1). 

Capillary density 

Using photomicroscopy, the 

relationship of mean capillary density 

between fifteen controls and five 

scleroderma patients was calculated 

and the average determined. The mean 

capillary density in the control group 

was 36 capillaries per field (SD± 15) 

and for scleroderma patients the mean 

was 20 capillaries per field (SD± 

10) ; P = 0.0002. 

When capillary density was 

assessed by VIA, again, a statistically 

significant difference in density was 

seen between patients and control 

(Fig. 2; p<O .OOOI). Scleroderma 

patients were found to have half the 

capillary density of controls by both 

methods. 
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Patients 	 Controls 
(.tegory 

Fig. 1 	 Diameter of nail fold capillaries as measured by VIA in scleroderma 

patients (n=22) and controls(n=s). 
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Fig. 2 	 Capillary density as measured by VIA in scleroderma patients and 

controls. 

DISCUSSION vascular changes. However, most 

Capillary dilation and drop out previous studies have used subjective 

are well recognized morphological techniques which are open to obser

changes in patients with scleroderma~ ver bias. 

N ailfold capillary microscopy has In this study, using two objec

proven itself a useful noninvasive tive measurable techniques, we have 

procedure to observe these micro- shown that the capillary density in 

normal young patients does not vary 

between the dominant and non-domi

nant hand nor between the 2nd and 

4th digits. We chose to study these 

variable to assess if capillary density 

correlated with the extent of hand 

usage, assuming that the dominant 

hand is used more than the non-domi

nant. The 4th and 5th digits have been 

shown previously to have the longest 

capillaries and the most prominent sub 

papillary venous plexus: whereas the 

2nd digits has the shortest capillary 

loops and the least visible sub papil
7

lary venous plexus. We therefore chose 

to study one digit from each category. 

No differences were seen between the 

2nd and 4th digits in the health . 

Changes in diameter were also assessed 

in the controls, who were subjected to 

temperature change and Nitrobid paste. 

These changes of local heat, cold or use 

of a vasodilator did not substantially 

effect capillary diameter. 

The second part of this study 

looked at the extent of capillary 

density according to age and gender. 

This was performed in order to ex

clude the possibility that aging may 

lead to a reduced number of capillar

ies. We found, however, no signifi

cant differences in capillary density 

between the groups. Neither was there 

a significant effect of gender on 

capillary density. We recognize, how

ever, that a type two statistical error 

can not be ruled out since we only 

studied 4 elderly patients and 11 young 

individuals. 

A marked decrease in capillary 

density was demonstrated when 

scleroderma patients were compared 

to healthy controls, as has previously 
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Photo 1 Video image analysis set with microscope. camera lens. relay 

system and hardware. 

Photo 2 Close up of VIA image of nailfold capillaries in scleroderma (with 

diameter annotated at widest point of loop). 

8,9
been reported . . However, the main of 2-3 folds over normal. As the 

focus of this study was to provide a images of dilated capillaries are stored 

quantitative assessment of capillary in computer, this technique will 

dilatation. In scleroderma nailfold facilitate sequential follow up of 

capillaries become dilated by a factor patients so that progressive changes 

in capillary diameter can be quanti

tated. Changes in capillary morphol

ogy over time may provide insight 

into the yet unanswered question of 

the correlation between capillary 

abnormalities and extent of internal 

organ involvement. 

A grou p of patients without 

scleroderma or Raynauds phenomena, 

but with positive ACA was also 

assessed (unpublished). These patients 

had capillaries of normal diameter, 

suggesting that the centromere autoan

tibody itself is not pathogenic for the 

vascular injury, and that other mecha

nisms must be responsible. We have 

also observed a single patient with 

Scl-70 but without evidence of 

scleroderma who also had normal 

capillary findings. 

Further uses of the techniques 

described in this paper include the 

collection of a database on our 

scleroderma patients, divided into the 

subsets of diffuse disease, limited 

disease and an overlap group. It is 

possible to assess their naifold capil

laries at diagnosis, after treatment (for 

example with d Penicillamine) and 

changes over time, and correlate this 

with disease progression seen else

where in the body, e.g. lung or skin. 

This may provide definitive informa

tion regarding the prognostic value 

of changes in nailfold capillary 

morphology in patients with different 

subsets of scleroderma. 
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Photo 3 Photomicroscopy of nailfold capillaries in a healthy subject. 

Potter for typing the manuscript. This 

study forms part of the 4th year 

medical students research elective 

project for LS, G. Cheng and HY . 

We are thankful to Flinders 2000 

for their funding. 

REFERENCES 

I. 	 Littlejohn GO, Miller MH. Scleroderma: The 

curren t views. In:American Rheum ati sm 

Association.R heumatology Updat e. New 

York:Giba Geigy, 1993; 50-5. 

2. 	 Buchanas IS, Humpston OJ . Nailfold cap illaries 

in connec tive tissue disorders. Llllcet 1968; i: 

845-47. 

3. 	 Maricq HR, Spencer-Green G, LeRoy EC. Skin 

capillary abnormali ties as an indica tion of organ 

involvement in scleroderma (systemic ~c l e rosis, 

Raynauds syndrome and Dermatomyositi s. Am. 

J Med t975; 51: 852-70. 

4. 	 Wells R er al. The microcirculation in clinica l 

medicine. New York: Academi c Press, 1973. 

5. 	 Masi AT, Rodnan GP, Medsger TA Jr, er ;1/. 

Prelim ina ry criteria for the classification of 

systemic scierosis(sc lerodcrma). Arthritis 

Rheum 1980; 23 : 581 - 90 

6. 	 Kallenberg DGM. Early detection of connective 

ti ss ue disease in patients with Raynauds 

phenomenon . Rheum Di s Clin North Am 

1958;15: 11-27. 

7. 	 Maricq HR and Miaze JR. Nailfold capillary 

abnormalities. Clin Rheum Dis 1985;8:457- 788. 

8. 	 Lovy M, Mac Carter 0, Steige r wald Jc. 

Relat ionsh ip bet ween nail fold capillary 

abnormalities and organ involvement in 

syslemic sclerosis . Arthril is Rheum 1985;28 : 

496-501. 

9. 	 Carpenter PH. and Maricq HR. Microvasculature 

in systemic sclerosis. Rheum DIs Clin North Am 

1990; t6: 75-96. 



3RD ASIAN PACIFIC CONGRESS OF ALLERGOLOGY AND 


DATE 

VENUE 

LANGUAGE 

OFFICIAL 
HEADQUATER 
HOTEL 

PRELIMINARY 
TOPICS 

PRELIMINARY 
REGISTRATION 

CLINICAL IMMUNOLOGY 

GENERAL INFORMATION 

8-11 December 1998 

Philippine International Convention Center 
Manila, Philippines 

English 

Westin Philippine Plaza Hotel 

Respiratory allergies 
Atopic dermatitis, contact dermatitis, 

urticaria, skin allergies 
Occupational allergies 
Pediatric allergies 
Molecular biology, allergic inflammation 
Pharmacotherapy 
Autoimmune diseases, connective tissue 

disorders 
Immunotherapy 
Immunology of tropical disorders (malaria, 

dengue, TB, hepatitis, AIDS) 

3rd Asian Pacific Congress of Allergology 
and Clinical Immunology 
Unit 33, Facilities Center 
548 Shaw Boulevard 
City of Mandaluyong 1501 
Philippines 


