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ABSTRACT
Objectives. To determine intra- and 
inter-observer reliability of widefield 
microscopy to measure nailfold capil-
lary density in patients with systemic 
sclerosis (SSc).
Methods. Five SSc patients were ex-
amined with a STEMV-8 Zeiss biomi-
croscope with 50x magnification. The 
nailfold of the second, third, fourth 
and fifth fingers of both hands of each 
patient were photographed twice by 
each of two observers, once in the 
morning and again in the afternoon 
(total of 32 pictures). Two raters re-
viewed the photographs to produce 
capillary density readings. Intra- and 
inter-rater reliability of the readings 
were computed using intra-class cor-
relations (ICC). Additional analyses 
were undertaken to determine the im-
pact of other sources of variability in 
the data, namely patient, finger, tech-
nician and time. 
Results. Intra-and inter-rater reliabil-
ity were substantial (ICC 0.72-0.84) 
when raters were reading the same 
photographs or photographs taken at 
the same time of day. Agreement was 
only fair between morning and after-
noon density readings (ICC 0.30-0.37). 
Patients, individual fingers and techni-
cian accounted for a large part of the 
variability in the data (combined vari-
ance component of 7.69 out of the total 
12.23). The coefficient of variation of 
widefield microscopy was 24%. 
Conclusion. Although intra- and inter-
rater reliability of nailfold capillary 
density measurements using widefield 
microscopy are good, proper standard-
isation of the conditions under which 
capillaroscopy is done and better im-
aging of nailfold capillary abnormali-
ties should be considered if nailfold 
capillary density is to be used as an 
outcome measure in multi-centre clini-
cal trials in SSc. 

Introduction
Systemic sclerosis (SSc) is a chronic 
inflammatory disease characterised by 
thickening and fibrosis of the skin and 
internal organs, most commonly the 
gastrointestinal tract, lungs, and heart. 
Vascular disease is ubiquitous in SSc 
and is manifested by Raynaud’s phe-
nomenon, digital ulcers, telangiecta-
sias, scleroderma renal crisis and pul-
monary hypertension. 
The current classification criteria for 
SSc are preliminary criteria developed 
by the American College of Rheuma-
tology in 1980 (1). They include skin 
thickening, sclerodactyly, digital pits 
or loss of substance of the distal finger 
pads, and/or pulmonary fibrosis. How-
ever, it is well-known that these criteria 
lack sensitivity especially for patients 
with limited disease (2). Updated crite-
ria including nailfold capillary abnor-
malities have been proposed (3) and 
shown to improve the sensitivity of the 
classification criteria (4, 5).
Several methods exist to examine nail-
fold capillaries in SSc, of which wide-
field microscopy is one of the most 
well-established techniques (6). The 
main abnormalities described in SSc in-
clude dilated and giant capillary loops, 
haemorrhages and loss of capillaries 
and/or avascular areas (7). Abnormali-
ties on widefield microscopy have been 
shown to be of considerable clinical 
importance, among other things for the 
diagnosis of SSc (7) and prognosis of 
patients with Raynaud’s phenomenon 
(8). To date, most of the studies using 
widefield microscopy have been quali-
tative, although some have been semi-
quantitative or included measurement 
of capillary dimensions and density 
(9-11). However, there is a paucity of 
information on the reliability of these 
assessments. 
Novel therapies, involving angiogen-
esis and vasculogenesis, are currently 
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being investigated to treat the vascu-
lopathy in SSc (12, 13). In those set-
tings, density, besides morphology, 
of nailfold capillaries may become a 
useful outcome measure. There are no 
studies that have assessed the reliabil-
ity of density measurements of nailfold 
capillary abnormalities in SSc using 
widefield microscopy.
Given that reproducible measures of 
nailfold capillaries are needed for fu-
ture therapeutic trials in SSc, we under-
took this study to determine the intra- 
and inter-observer reliability of wide-
field microscopy to measure nailfold 
capillary density in SSc patients. 

Methods 
Five SSc patients from the Canadian 
Scleroderma Research Group registry 
with records indicating that they had 
nailfold capillary abnormalities were 
identified and invited to participate in 
this study. Ethics approval for the study 
and informed written patient consents 
were obtained.
Two investigators (MH, AM) per-
formed the examinations, took the 
photographs and rated the mosaics. We 
used a STEMV-8 Zeiss biomicroscope 
with 50x magnification, calibrated to 
allow transforming pictures measured 
in pixels to micra and a microscope-
integrated digital camera with 10 meg-
apixels resolution. Immersion oil was 
applied to the nailfold to enhance the 
transparency of the skin. 
Subjects were asked to arrive at least 
15 minutes before their exam was 
scheduled and to wait in a room with 
a temperature of 20–22°C. The nailfold 
(distal row) of the second, third, fourth 
and fifth fingers of both hands of each 
patient (total of 8 fingers) were exam-
ined and photographed by two observ-
ers, once by each observer in the morn-
ing and again by each observer in the 
afternoon (total of 4 examinations). Pa-
tients were positioned for the morning 
and afternoon examinations and seen 
by each observer consecutively. Thus, 
there was no re-positioning between 
the two morning examinations and the 
two afternoon examinations. At each 
examination and for each finger, each 
observer took photos of three fields 
(approximately one linear millime-

tre each) in the middle of the nailfold 
and on either side (Fig. 1A). Pictures 
were assembled into mosaics using the 
software package from Photoshop CS 
2 (Fig. 1B). The order of patients and 
the 32 mosaics of each patient were 
randomly arranged (using computer 
generated random numbers) prior to 
sending the mosaics to the 2 raters for 
capillary density measurements. 
The 2 raters reviewed all the mosa-
ics to produce capillary density read-
ings. Capillary density was defined 
as the number of capillaries in the 
distal capillary row of the nailfold of 
each digit over a pre-defined distance. 
Specifically, a sentinel loop was identi-
fied (Fig. 1B). A vertical line measuring 
500 pixels from the top of the sentinel 
loop was drawn. Then, a horizontal line 
measuring 1350 pixels on both sides of 
the vertical line was drawn. The total 
length used for measurements was thus 
2700 pixels, equivalent to 2000micra 
or 2mm. All complete and partial cap-
illary loops that crossed the horizontal 
line were included in the count. 

Intra- and inter-rater reliability of the 
readings were computed using intra-
class correlations (ICC) and weighted 
Kappas. Agreement was interpreted us-
ing the following guidelines: 0=poor, 
0.01–0.20=slight, 0.21–0.40=fair, 0.41–
0.60=moderate, 0.61–0.80=substantial, 

and 0.81–1=almost perfect (14).
In addition to inter-rater variability, 
we identified 4 other possible sources 
of variability in measuring capillary 
density: the technician responsible for 
acquiring the photos (in this case, also 
raters 1 and 2), the timing of the exam 
(in this case the morning and after-
noon), the finger being photographed 
(in this study fingers 2–5 and excluding 
the thumb) and the patient. We therefore 
undertook additional analyses to deter-
mine the impact of these other sources 
of variability on the measurements. 
Exploratory analyses using fixed effect 
Analysis of Variance were conducted 
to examine the relationship between 
variables and address possible inter-
actions between patients, fingers and 
time. More formal analyses using linear 

Fig. 1. A. Cartoon of fingertip showing sites where pictures 
were taken, in the centre of the nailfold and left and right; 
B. Example of a mosaic used to read capillary density (show-
ing capillary density of 8 loops/1700 pixels).

A

B
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mixed models including both random 
effects terms and fixed effects terms 
were then used to evaluate the variance 
components of each variable and to ac-
count for nesting of the potential sourc-
es of variability. Mixed models are par-
ticularly useful for the kind of clustered 
or dependent data that we collected in 
our study. ICCs were re-calculated us-
ing the variance components from the 
mixed models to estimate the reliability 
of the raters based on the new classifi-
cation of the subjects. 
Like all quantitative tests in clinical 
medicine, widefield microscopy is not 
perfectly reproducible even when per-
formed in exact accordance with stand-
ard procedures every time. Precision is 
an attribute of a quantitative measure-
ment technique that refers to the ability 
to reproduce the same numerical result 
in the setting of no real biologic change 
when the test is repeatedly performed 
in an identical fashion. We evaluate 
precision by using the percent coeffi-
cient of variation (%CV), calculated by 
dividing the standard deviation by the 
mean (and multiplying by 100). Using 
the results of the regression analysis, 
we also computed the raw precision er-
ror of widefield microscopy.
The funding sources had no role in the 
design of the study, analysis of the data, 
preparation of the manuscript and deci-
sion to submit for publication.

Results
Characteristics of the cohort 
This study included 5 patients. Mean 
age (standard deviation) of the patients 
was 45 (±18) years; there were 2 wom-
en and 3 men; mean duration of disease 
measured from the time of onset of the 
first non-Raynaud’s manifestation of 
SSc was 4.3 (±2) years; all had limited 
scleroderma. Mean nailfold capillary 
density was 8.86 (±4.15), equivalent to 
4.43loops/mm.

Inter-rater reliability
Intra-rater reliability was assessed by 
having rater 1 measure the capillary 
density of the 32 mosaics from one 
study patient twice, 5 months apart. 
The ICC on the two sets of 32 readings 
was 0.79, indicating substantial intra-
rater agreement.

Figure 2 and Table I display the inter-
rater agreement statistics for the follow-
ing cases: 1) agreement between rater 
1 density readings and rater 2 density 
readings for all photos (for every finger 
at every time); 2) agreement between 
rater 1 density readings of rater 1 pho-
tos in the morning and rater 1 photos 
in the afternoon; 3) agreement between 
rater 2 density readings of rater 2 pho-
tos in the morning and rater 2 photos 
in the afternoon; 4) agreement between 
rater 1 density readings of all morning 
photos and rater 2 density readings of 
all morning photos; and, 5) agreement 
between rater 1 density readings of all 
afternoon photos and rater 2 density 
readings of all afternoon photos. The 
results show at least substantial agree-
ment between raters reading the same 
photographs or between photographs 
taken at the same time of day (ICC 
0.72–0.84). There was only fair agree-
ment between morning and afternoon 
density readings (ICC 0.30–0.37). As 
the inter-rater agreement on the actual 
photographs was high, this finding sug-
gests a true difference in nailfold densi-
ty depending on fluctuating physiologi-
cal and environmental factors.
The intra-class correlations between 

rater 1 and rater 2 density readings for 
all photos per finger were also calculat-
ed. The statistics show that agreement 
between raters, all be it substantial, 
was the lowest for finger 2 (index fin-
ger, ICC 0.66) and highest for finger 5 
(little finger, ICC 0.82). There was also 
substantial agreement for fingers 3 and 
4 (ICC 0.77 and 0.73, respectively). 

Sources of variability
In addition to inter-rater variability, 
we identified 4 other possible sources 
of variability in measuring capillary 
density: the technician responsible 
for acquiring the photos (in this case, 
also raters 1 and 2), the timing of the 
exam (in this case the morning and 
afternoon), the finger being photo-
graphed (in this study fingers 2–5 and 
excluding the thumb) and the patient. 
An exploratory analysis revealed a sig-
nificant interaction between patient and 
fingers, suggesting structuring the data 
with fingers as the subjects of analysis 
as opposed to the patients (Table II). It 
also revealed a significant interaction 
between time of study and patient, con-
sistent with the finding that inter-rater 
reliability was only fair at different 
time points. 

Fig. 2. Scenarios in which 
inter-rater reliability was 
assessed

Table I. Inter-rater reliability statistics between capillary density readings of two raters, 
from two sets of photos taken in the morning and afternoon.

Scenarios 1 2 3 4 5
 R1 vs R2 R1 am vs. R1 R2 am vs. R2 R1 am vs. R2 R1 pm vs. R2
 (all photos, pm (R1 photos) pm (R2 photos) am (am photos) pm (pm photos) 
 am & pm)      
      
ICC 0.74 0.30 0.34 0.74 0.73

Weighted Kappa 0.80 0.30 0.37 0.84 0.72

R1: Density readings by rater 1 (MH); R2: Density readings by rater 2 (AM); ICC: intra-class correla-
tion.
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Various mixed models were consid-
ered to try to explain the variability 
in the data, considering the possible 
sources of variability identified as 
well as the possible nestedness among 
the sources. The best fit model was a 
random effects model, where all vari-
ables were considered random effects 
(Table III). As could be expected, the 
patient-finger variable accounted for 
the largest amount of variability, with 
a variance component of 5.23 out of 
the total 12.23. The patient-finger-
time variable also accounted for an 
important additional portion of the 
variability with a variance component 
of 1.09. On the other hand, the rater, 
with the lowest variance component 
of 0.13, contributed very little to the 
total variability, consistent with our 
results indicating good inter-rater re-

liability. Although we initially found 
some variability between photos, we 
were able to isolate the source for this 
variability as being patient 2. Review 
of this patient’s mosaics revealed 
highly disorganised nailfold capillary 
architecture. Once this outlying pa-
tient was removed, photo variability 
was much lower (variance component 
0.52) and the residual variance com-
ponent decreased twofold. Despite 
the patient-finger variable accounting 
for a large amount of the variability in 
this model, the patient variable alone 
was included to adjust for possible 
heterogeneity of the overall mean 
density for the patients. The variance 
component for the patient provided 
some evidence that patients have dif-
ferences in overall density, but that 
was dwarfed by the variability within 

their own fingers (between subject 
variance of 0.73 vs. between finger 
variance of 5.23).
Of note, after accounting for the above 
sources of variability, the variance com-
ponent of the residual was still quite 
large (4.54). One way of interpreting 
this term is to look at its standard de-
viation and to compute the coefficient 
of variation, which represents the pre-
cision error in the technique used. The 
mean overall capillary density was 
8.86 and the standard deviation of the 
residual term was 2.13, resulting in a 
coefficient of variation of 24%. This 
suggests considerable precision error 
in the technique used. 
ICCs were re-calculated using the vari-
ance components of the mixed effects 
model to evaluate the overall inter-rater 
reliability of nailfold capillary micros-
copy (Table IV). The ICCs were lower 
than previous estimates that were cal-
culated using only subsets of the data 
and indicated moderate agreement be-
tween raters (range 0.51 to 0.57). This 
analysis more accurately reflects the 
agreement between raters for a particu-
lar subject’s finger, as it properly ac-
counts for all sources of variability that 
were not accounted for in the analysis 
of the previous section. 

Discussion
This study provides evidence of rea-
sonable intra- and inter-rater reliability 
for the measurements of nailfold cap-
illary densities of SSc patients using 
widefield miscroscopy. In addition, de-
tailed analysis allowed us to determine 
that most of the structured variability in 
capillary density measurements comes 
from patients themselves, with most 
of the variability being among a pa-
tient’s own fingers. The acquisition of 
the photos seemed to account for little 
of the variability. However, time did, 
with photos taken at different times of 
the day (i.e. morning and afternoon) 
having greater variability than photos 
taken at the same time of day. Finally, 
over and above all these sources of var-
iability, there was significant independ-
ent measurement error, in large part 
likely resulting from the technique of 
widefield microscopy used to acquire 
the images.

Table II. Analysis of Variance model used to explore how to structure the data for the 
regression analysis. The results suggest that patient finger rather than patient should be the 
units of analysis.

Source Degrees of Sums of  Mean F value p-value
 Freedom  Squares  Square 

Finger 7 577.76    82.54 16.57  < 2.2e-16 
Time 1 38.37    38.37 7.70  0.006 
Patient 3 292.92    97.64 19.60  4.313e-11 
Finger: Time 7 25.91     3.70 0.74  0.636    
Finger: Patient 21 763.24    36.34 7.29  2.277e-15 
Time: Patient 3 88.31    29.44 5.90  0.001 
Patient: Finger:Time 21 221.39    10.54   2.12 0.004
Residuals 187 931.67 4.98

Table III. Mixed regression model for identifying sources of variability in the data.

Random effects Variance component Standard Deviation

Patient-finger-time 1.088 1.043
Patient-finger 5.228 2.286
Patient 0.726 0.852
Photo 0.518 0.720
Rater 0.132 0.363
Residual 4.539 2.130

Table IV. Intraclass correlations (ICC) generated using the variance components of the 
mixed effects model.
 
 ICC

Reliability of density readings between raters on particular subject 0.51

Reliability of density readings between raters on particular subject’s photo 0.55

Reliability of density readings between raters on particular subject’s photo at particular 0.57 
   time of day 

Reliability between photos of particular subject with same rater at same time 0.54
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Previous studies have measured nail-
fold capillary density in SSc patients 
and have reported it to range from 4.7 
to 6 loops per millimetre (10, 11, 15). 
Although lower than those estimates, 
our finding of 4.4 loops per millimetre 
is nevertheless consistent with those 
previous reports. However, although 
widefield microscopy to measure nail-
fold capillaries in SSc has been in use 
for many decades, little data has been 
published on the intra- and inter-rater 
reliability of this technique to date. In 
addition, two studies have considered 
reliability of capillaroscopy but they 
used a different method of imaging, 
namely video-capillaroscopy, and reli-
ability was measured between raters 
reviewing one set of photographs (16, 
17). This is the first to study inter-rater 
reliability on different photographs ac-
quired by different technicians using 
widefield microscopy. We showed that 
different technicians account for only a 
small part of the variability in the over-
all data. 
Despite the importance and continued 
use of widefield microscopy in SSc re-
search (8, 18), the level of magnifica-
tion is low (in most cases less than 50x) 
and it requires oil to be applied on the 
distal nailfold. Hence, poor resolution 
at that level of magnification and light 
and oil artefact likely interfere with the 
precision of the technique. Not surpris-
ingly, we showed that the precision er-
ror in the technique itself was consider-
able. New imaging techniques allowing 
higher magnification (up to 300x) and 
better resolution of images have been 
described (15, 16). Use of this more so-
phisticated equipment will likely lead 
to less precision error and better inter-
rater reliability in the future.
A limitation of this study is that we did 
not assess the morphology of nailfold 
capillaries. Morphological abnormali-
ties such as ramified capillaries have 
been shown to be useful in the diagno-
sis and prognosis of SSc, and are cur-
rently being investigated in the setting 
of neoangiogenesis. Nevertheless, the 
question of interest in this study was to 
assess the reliability of widefield mi-
croscopy as an outcome measure to de-
termine capillary density. Moreover, to 
the extent that we found that the tech-

nique used lacked precision, further 
studies are now planned to determine 
the validity of measuring both density 
and morphology of nailfold capillaries 
using more sophisticated equipment 
with greater magnification and better 
resolution.
The results of this study are especially 
important in terms of validating nailfold 
capillaroscopy as an outcome measure 
in interventional studies of scleroder-
ma that may require repeated nailfold 
capillaroscopic examinations. The im-
portant points to draw from this analy-
sis are the following: first, inter-rater 
reliability of nailfold capillaroscopy is 
good but is reduced by the lack of pre-
cision of the imaging technique used; 
there is little structured variability aris-
ing from different technicians acquir-
ing photos of nailfold capillaries, thus 
supporting multi-centre studies using 
nailfold capillaroscopy as an endpoint; 
and, the fact that fingers and time con-
tributed significantly to the variability 
in the data highlights the importance 
of standardizing the conditions under 
which the images are acquired (e.g. 
position, time of day and examination 
setting for each patient). Failure to use 
reliable techniques may lead to results 
that are impossible to interpret (e.g. 
does nailfold capillary density change 
in response to an intervention or simply 
because of differences in examination 
technique). In studies where capillar-
oscopy may need to be repeated over 
time, one way of ensuring that the same 
areas are photographed may be to dis-
play previous images either as prints or 
as computer images to guide the tech-
nician to the same region as previously 
imaged (16). Others have also recently 
recognised the importance of nailfold 
capillaroscopy in SSc (19) and the need 
to standardise the technique (20). 
In conclusion, intra- and inter-rater 
reliability of nailfold capillary den-
sity measurements using widefield 
microscopy is good. However, proper 
standardization of the conditions un-
der which capillaroscopy is done and 
better imaging of nailfold capillary 
abnormalities should be considered if 
nailfold capillary density is to be used 
as an outcome measure in multi-centre 
clinical trials in SSc.
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