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Abstract
Objective

To describe, by using video nailfold capillaroscopy (NFC), microvascular abnormalities in children with rheumatic
diseases and to evaluate the capillary changes over a follow up period. 

Methods
118 children suffering from rheumatic diseases: 55 juvenile idiopathic arthritis (JIA), 7 mixed connective tissue

disease (MCTD), 6 primary Raynaud’s phenomenon (PRP), 34 systemic lupus erythematosus (SLE), 8 juvenile sys-
temic sclerosis (JSSc) and 8 juvenile dermatomyositis (JDM) were included in the study. Patients with major capil-

laries abnormalities or scleroderma pattern were followed up for at least 12 months. 70 age- and sex-matched
healthy controls (HC) were also examined. 

Results
In HC there was a significant correlation between age and capillary length (p = 0.001). JIA patients showed 

capillary number, size, shape and arrangement similar to HC. Minor abnormalities were frequently observed. The
percentage of major abnormalities were significantly increased compared to HC in MCTD (p = 0.008), SLE (p =
0.0002) and JDM patients (p < 0.0001). 5/8 of JSSc had a scleroderma pattern from the onset of the disease. The
serial observations in connective tissue diseases also showed that the evolution of capillaroscopic pattern was not
unidirectional. In fact, in some nailfolds there was an increase in capillary loss and in avascular areas, whereas

sometimes it remained stable on repeated examination. 

Conclusion
NFC can be used as a simple, inexpensive, non-invasive method to evaluate the microvascular abnormalities in
childhood rheumatic conditions, and it may be useful in early recognition and monitoring scleroderma spectrum

disorders.
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Introduction
Video nailfold capillaroscopy (NFC)
can be considered an extension of the
widefield technique, which allows
more accurate data storing, analysis
and quantification of capillary abnor-
malities. Basically, the nailfold region
is easily accessible for the microscopic
examination of the capillary network
and in this area the loops are placed
horizontally, allowing them to be visu-
alized on their long axis, in children as
well as in adults. NFC is widely used
for the diagnosis of scleroderma spec-
trum disorders because of its remark-
able value in the differential diagnosis
of some connective tissue diseases
(CTDs) primarily in the adult popula-
tion; these disorders include systemic
sclerosis (SSc), mixed connective tis-
sue disease (MCTD) and dermato/
polymyositis (1-3). Furthermore, it is
well established that of all the rheumat-
ic diseases, CTDs frequently presented
characteristic nailfold capillary pat-
terns (2), and it has been demonstrated
that these capillaroscopic patterns cor-
relate blindly with the clinical diagno-
sis, disease severity and prognosis in
several adult CTDs (1, 4-7). 
Previous studies demonstrated that
CTDs cover a wide range of morpho-
logic capillary abnormalities and may
be useful in prospective evaluation of
rheumatic patients as these capillary
abnormalities may reflect an underly-
ing vascular involvement (8).  
Few studies exist about capillaroscopic
patterns in healthy children and in ped-
iatric rheumatic diseases, and these re-
ports suggest that NFC may be consid-
ered a reliable method of identifying
microcirculatory alterations that are
associated with pediatric CTDs (9, 8).
In fact, considering that the NFC tech-
nique is relatively simple, non-inva-
sive, inexpensive and allows direct ob-
servation of the capillary network in
living tissue, it may be a useful tool for
the early detection of young patients
who are potential candidates for devel-
oping scleroderma spectrum disorders
(10). Moreover, in previous studies,
age related differences in capillary
parameters have been noted in healthy
children (9,11,12). 
The first aim of this study was to inves-

tigate the microvascular aspects by
using NFC in a group of healthy con-
trols (HC) made up of children, adoles-
cents and adults. This was the starting-
point to establish if children suffering
from rheumatic diseases show peculiar
capillary abnormalities, as occur in
adults. The second purpose of our stu-
dy was to ascertain NFC discriminato-
ry value in differential diagnosis be-
tween capillary abnormalities in child-
hood juvenile idiopathic arthritis (JIA),
juvenile SSc (JSSc) and other CTDs,
such as systemic lupus erythematosus
(SLE), juvenile dermatomyositis (JDM),
MCTD and primary Raynaud's pheno-
menon (PRP). Finally, the present stu-
dy was undertaken to obtain some data
on the value of monitoring the capillary
changes over a follow up period in
childhood rheumatic diseases.

Materials and methods
Patients and controls
118 Italian children suffering from rheu-
matic diseases (90 girls and 28 boys)
who attended the Pediatric Unit of Rheu
matology Department at the Istituto
Ortopedico Gaetano Pini (Milan, Italy)
were included in the study. 
As shown in Table I, the patients were
divided into the following diagnostic
groups: JIA (n=55); MCTD (n=7); PRP
(n=6); SLE (n=34); JSSc (n=8); and
JDM (n=8).
JIA patients fulfilled the classification
criteria proposed by the International
League of Association for Rheumatol-
ogy (ILAR) (13) and they were group-
ed as follows: 28 oligoarthritis, 13 poly-
articular and 14 systemic. SLE patients
were classified according to the ACR
criteria (14), the JSSc patients fulfilled
the criteria proposed by the ACR (15)
and the new proposed classification
criteria (16), the JDM according to the
Bohan and Peter criteria (17) and the
MCTD group according to the Alar-
cón-Segovia criteria (18). None of the
patients was in acute phase of disease
nor took vasoactive drugs. Sequential
NFC examinations were carried out for
the CTDs and PRP patients with major
capillaries abnormalities or scleroder-
ma pattern. These patients were fol-
lowed up for at least 12 months (mean
52.3 ± 40.6; range 12–168 months).
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70 age- and sex-matched HC were also
examined (Table I). The subjects were
divided into the following two groups:
1) 50 children recruited from one local
primary and secondary school; 2) 20
adults from staff members from the De-
partment of Rheumatology, Istituto Or-
topedico Gaetano Pini, Milan. 
Appropriate informed consent was ob-
tained from each person or parent at the
time of examination. 

Nailfold capillaroscopy technique 
and image analysis
All observations were performed with
the subjects in a comfortable environ-
mental temperature (from 22°C to 25°
C). Briefly, to examine nailfold cap-
illaries the patient was placed in a sit-
ting position, either alone or on the par-
ent's lap as appropriate, with the hand
at heart level. The equipment was ex-

plained to the child and a drop of im-
mersion oil was applied to the nailfold
to maximize the translucency of the
keratin layer. Every finger of both
hands was examined, paying greater
attention to the ring finger of the non
dominant hand. NFC was performed
using a video-capillaroscopy provided
with an optic probe of 200x (Moritex
Video Microscope System Scopeman
Model MS-500). Images were subse-
quently captured, coded and stored
through a Videocap 8.14 software. In
order to minimize observer bias, the
images taken at the time of examina-
tion were coded and subsequently ana-
lysed both by the first observer (S.Z.)
and a second observer (F.I.). 
We captured all the areas of the nailfold
in which there was good capillary visi-
bility and the evaluation of capillaro-
scopic images was based on qualitative

and quantitative parameters. As can be
seen in Table II, the overall capillaro-
scopic patterns were defined as: normal
(6-8 capillaries/mm, capillaries length
between 200-500µ, hairpin-shaped loops
arranged in parallel rows, absence of
hemorrhages), minor abnormalities (6-
8 capillaries/mm, less than 10% of the
total loops can be longer than normal,
less than 50% can be tortuous loops, ar-
ranged in parallel rows, with the ab-
sence of hemorrhages), major abnor-
malities (normal or decreased capillary
density, more than 10% of the total
loops can be longer than normal, more
than 50% can be tortuous, enlarged,
meandering, branched loops, disar-
ranged, with the presence hemorrha-
ges), and scleroderma pattern (decreas-
ed number of capillaries, more than
10% of the total loops can be longer
than normal, tortuous, branched, bushy,
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Table I. Main demographic characteristics of the study population.

Groups Pt. no. Sex (M/F) Mean age ± SD (yrs.) Range (yrs.)

Adult HC 20 7/13 39.2 ± 9.53 24 - 57

Childhood HC 50 25/25 9 ± 3.27 2 - 16

JIA
Oligoarthritis 28 7/21 10.7 ± 4.75 3 - 16
Polyarticular (RF negative) 9 3/6 10.5 ± 2.06 7-13
Polyarticular (RF positive) 4 1/3 13.6 ± 2.08 10 - 16
Systemic 14 7/7 11.9 ± 3,95 4 -16

MCTD 7 1/6 15.8 ± 3.38 9 -18

PRP 6 1/5 15.1 ± 1.83 13 - 17

SLE 34 3/31 14.5 ± 3.08 5 - 17

JSSc 8 2/6 11.2 ± 2.06 9 -14

JDM 8 3/5 12.0 ± 4.06 7 - 18

HC: healthy controls; JIA: juvenile idiopatic arthritis; RF: rheumatoid factor; MCTD: mixed connective tissue disease; SLE: systemic lupus erythematosus;
JSSc: juvenile systemic sclerosis; JDM: juvenile dermatomyositis; PRP: primary Raynaud's phenomenon.

Table II. Nailfold capillaroscopic patterns.

Capillary parameters
Patterns Density Length Capillary Capillary Pathologic 

(capillaries/mm) (microns) shape arrangement hemorrhages

Normal 6-8/mm 200-500µ Hairpin Parallel rows –

Minor abnormalities 6-8/mm Elongated < 10% Tortuous < 50% Parallel rows –

Major abnormalities ≤ 6-8/mm Elongated >10% Tortuous >50%, enlarged, Disarrangement -/+
meandering, branched 

Scleroderma pattern < 6/mm Elongated >10% Tortuous, branched, Disarrangement, with or ++
enlarged, bushy, giant without avascular areas



enlarged, giant, disarranged, presence
of hemorrhages). 
To evaluate the reproducibility and the
repeatability of our classification of
capillaroscopic findings we measured
agreement between the two observers
(S.Z. and F.I.) using the Cohen's kappa
(k = 0.85). This result means that there
is good agreement between the two
observers in the overall evaluation of
capillaroscopic pattern. 

Classification of capillaroscopic 
findings
The following characteristics of the
nailfold capillaries were registered for
each child in this study: 1) capillary
density (number of loops in the termi-
nal capillary row per mm); 2) size of a
representative loop (width of loop,
measurement across the loop's widest
aspect, and its length was measured)
(Fig. 1); 3) capillary shape (presence of
tortuous, meandering, branched, enlarg-
ed, giant, or "bushy" capillary loops); 4)
capillary arrangement (parallel rows
with the transitional limb pointing
towards the distal end of the finger, dis-
arrangement when this parallel pattern
of nailfold loops is lost); 5) avascular
areas were considered present when
two or more capillaries were missing in
a certain area of the distal row com-
pared to the density of capillaries in the
remainder of the row (19, 20); and 6)
the presence of "pathologic" hemor-
rhages (over the top or around the
whole length of the capillary). 

Statistical analyses 
The statistical significance for the vari-
ous associations was calculated using
the χ2 analyses or Fisher's exact test,
whichever was appropriate.

Results
Capillaroscopic parameters in 
healthy population
NFC images of 70 HC (50 children and
20 adults) were examined in this study.
The mean capillary density was 6.1
loops/mm (range 5–8) in healthy chil-
dren, while in healthy adults it was 7.3
loops/mm (range 6–8). As shown in
Figure 2A, the number of capillaries
per millimetre increased progressively

in relation to age, but this trend did not
reach statistical significance (R =
0.226; p=0.15). Data were subsequent-
ly analysed comparing the length of
capillaries in children and adults HC.
As can be seen in Figure 2B, there was
a significant correlation between age
and capillary length (R = 0.485; p =
0.001). The mean capillary length was
341.04 µm (range 159–500) in healthy
children and 442.77 µm (range 359–
500) in adults. 
Microhemorrhages grouped within
limited areas were observed in 7/70
cases (10%). Capillary loops were ar-
ranged in parallel rows in all the indi-
viduals tested. Finally, normal NFC
pattern was observed in 28/70 (40%),
minor abnormalities were noted in
39/70 (55.7%) and major capillary
abnormalities were present in 3/70
(4.3%). None of these subjects had a
scleroderma pattern (Fig. 3). 

Capillaroscopic parameters in 
children suffering from JIA
NFC findings were examined in 55
children suffering from JIA. The capil-
lary number, size, shape and arrange-
ment were similar to HC. Minor abnor-
malities, characterized by an increased
tortuosity of loops and major abnor-
malities which consist of branched
loops were observed, however no spe-
cific pattern was observed.
Data were further analysed upon divid-
ing patients according to ILAR classifi-
cation criteria; similar prevalence of
capillaroscopic patterns was observed
in each group. As can be seen in Figure
3, normal capillaroscopic pattern was
observed in 14/28 (50.0%) of patients
with oligoarthritis, in 2/4 (50%) of pol-
yarthritis rheumatoid factor (RF) posi-
tive, in 5/9 (55.56%) of polyarthritis
RF negative and in 5/14 (35.7%) of sys-
temic disease. Minor abnormalities
were present in 12/28 (42.9%) of oligo-
arthritis, in 2/4 (50%) of polyarthritis
RF positive, in 3/9 (33.33%) of pol-
yarthritis RF negative and in 6/14
(42.9%) of systemic JIA. Major abnor-
malities were noted in 2/28 (7.1%) of
oligoarthritis, in 1/9 (11.11%) of pol-
yarthritis RF negative and in 3/14
(21.4%) of systemic onset. None of
these patients had scleroderma pattern. 
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Fig. 1. Measurement performed on nailfold cap-
illaries: loop width (A) and length (B).

Fig. 2. Linear capillary density and length in
healthy population. (A) Linear capillary density
(capillary number /mm) did not vary significant-
ly with age (r = 0.226; p = 0.15); (B) HC had sig-
nificantly increased capillary length with age (r
= 0.485; p = 0.001).

A

B



Capillaroscopic parameters and 
follow-up in children suffering from
CTDs and PRP
NFC images of 63 children suffering

from CTDs (7 MCTD, 34 SLE, 8 JSSc,
8 JDM) and 6 PRP were also analysed
(Fig. 3). 
No significant differences in the capil-

lary number and arrangement, between
MCTD patients and HC, were noted;
whereas the percentage of major abnor-
malities were significantly increased in
MCTD patients compared to HC (p =
0.008). These capillary abnormalities
were characterized by loop elongation,
dilatation of the venular branch, in-
creased tortuosity and branched. 
Six young patients with PRP were also
studied; one of them had a typical scle-
roderma pattern and in all the other
cases the capillary number, size, shape
and arrangement were similar to HC. 
We could not find any significant dif-
ference between SLE and HC regard-
ing capillary density, length and ar-
rangement. On the other hand, major
morphologic loop abnormalities, char-
acterized by elongated, tortuous loops,
were significantly increased in this
group (p = 0.0002). None of these pa-
tients had a scleroderma pattern. 
We also observed NFC images of 8
children suffering from JSSc, 5 of them
had a scleroderma pattern from the on-
set of the disease. Capillary density
was lower than HC, loops appeared
with irregular length, bushy or giant
enlarged shapes. There were pathologic
hemorrhages and avascular areas.
Minor abnormalities pattern was pre-
sent in 1/8 (12.5%), and major abnor-
malities were noted in 2/8 (25%). None
of these patients had a normal pattern.
NFC examination, in the group of chil-
dren suffering from JDM, demonstrat-
ed a significant increase of major capil-
lary abnormalities (p < 0.0001), such as
elonged, enlarged, giant and bushy
loops. 
In order to explore whether qualitative
and quantitative NFC findings were
changing over a follow up period, cap-
illaroscopic follow-up was carried out
on 26 children suffering from CTDs
(10 SLE, 6 JDM, 6 JSSc and 3 MCTD)
and one child with PRP who all showed
major capillary abnormalities or sclero-
derma pattern. During the follow up
period, 8/26 (30.8%) of patients with
major abnormalities pattern (1 PRP, 5
SLE and 2 JDM), did not show any
changes in their capillary findings (Fig.
4A-B). In 11/26 (42.3%) of children
with major abnormalities (5 SLE, 4 JDM
and 2 MCTD) and in 5/26 (19.23%) of
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Fig. 3. Distribution of nailfold capillaroscopic pattern in healthy controls and study groups at the time
of the first examination.
HC: healthy controls; JIA: juvenile idiopathic arthritis; RF: rheumatoid factor; MCTD: mixed connec-
tive tissue disease; SLE: systemic lupus erythematosus; JSSc: juvenile systemic sclerosis; JDM: juve-
nile dermatomyositis; PRP: primary Raynaud's phenomenon.

Fig. 4. Nailfold vascular pattern at the time of the first visit and after a year follow up. (magnification
x200). (A) SLE capillary pattern characterized by branched loops and prominent subpapillary venular
plexus (B) the same capillaroscopic pattern was present a year later; (C) JDM on the first examination
showed enlargement of isolated loop and meandering capillaries (D) the same nailfold a year later,
showed decreased number of meandering loops.



subjects with scleroderma pattern (5
JSSc) at the time of the first examina-
tion, NFC sequential examinations
showed the same overall pattern, but
with modification in the number of
morphologic abnormalities and pro-
gressive disorganization of the capil-
lary bed (Fig. 4C-D). Particularly, NFC
follow-up, in all patients with a sclero-
derma pattern, showed a progressive
disarrangement, decreased capillary
density and increased number of avas-
cular areas. Evidence of progression to-
wards a scleroderma pattern was noted
in 2/26 (7.7%) of patients (1 JSSc and 1
MCTD). None of the SLE patients
developed a scleroderma pattern in the
follow up period (Fig. 5). 

Discussion 
We investigated some capillaroscopic
parameters in children with either JIA
or CTDs to better define the microvas-
cular abnormalities underlying these
rheumatic conditions. In this report we
also analyse whether NFC findings
were changing over a follow up period. 
In this study we found that: 1) there
was a significant correlation between
age and capillary length and the overall
capillary patterns in healthy children
are similar to those of healthy adults; 2)
minor abnormalities, characterized by
an increased tortuosity of loops were
frequently noted in JIA, however no
specific pattern was observed; 3) CTD
capillary abnormalities are similar,

both in frequency and morphology, in
children and adults; 4) during the fol-
low-up period, NFC changes were
noted in the majority of young patients,
but other studies will be needed to as-
certain the importance of these obser-
vations within a clinical and therapeuti-
cal setting. 
Previous reports have confirmed that
there is a progressive increase of capil-
lary density and a significant increase
of length, but there was relatively high
variability between different authors on
capillaroscopic parameters in healthy
children, this may be due to physiolog-
ical differences of the nailfold vascula-
ture itself and different methods of
NFC analyses (9, 12, 21). Previous stu-
dies have focused on subpapillary ven-
ular plexus visibility (3, 12, 21), but it
probably does not depend on age, and it
is influenced by the integrity of the cu-
ticle. Furthermore, this parameter is
unreliable for the testing of children be-
cause of onicophagia and lesions while
playing. 
Our observations of aspecific overall
capillaroscopic patterns in JIA patients,
characterized by normal capillary num-
ber, size, shape and arrangement was in
agreement with similar studies in chil-
dren (8, 9). These data were further
confirmed after having divided patients
according to articular involvement, in
fact similar capillaroscopic patterns
were observed in each group.
Another objective of our study was to

investigate whether NFC had a diag-
nostic potential in childhood CTDs, as
occurs in adult CTDs (4-6, 22, 23). 
Our data on MCTD patients confirm
that patterns with major abnomarmali-
ties were present in 42,85% of these
children, but without specific capillary
abnormalities; this percentage was sim-
ilar to the one in adult MCTD (2, 4). 
A NFC test of juvenile SLE revealed a
variety of bizarre capillary abnormali-
ties, both specific and non-specific, as
described in adult SLE (2, 22, 23). In
fact, also in this group of patients we
could not find an overall characteristic
pattern. 
Although PRP NFC changes were mi-
nor and non-specific, we observed scle-
rodema pattern in a child (monitored
for more than a year) who did not dev-
elop scleroderma, but because of these
findings closer attention will be made
in the follow up of this patient. 
In children SSc is a very rare disease
(16), and scleroderma patterns were
noted in the majority of young patients
with SSc, as reported in adult SSc.
Scleroderma patients show very char-
acteristic abnormalities: giant loops,
avascular areas, pathologic haemor-
rhages, confirming that NFC examina-
tion may have predictive and diagnos-
tic value (24). 
The serial observations in CTDs pa-
tients also showed that the evolution of
capillaroscopic pattern was not unidi-
rectional. In fact, in some nailfolds
there was an increase in capillary loss
and in avascular areas, whereas some-
times it remained stable on repeated
examination. Interestingly, during the-
follow-up period, NFC changes (loss of
capillaries, increased number of avas-
cular areas and haemorrhages) were
noted in child and adult patients with
scleroderma spectrum disorders (4).  
Moreover, our findings in JDM con-
firmed reported data indicating that
these capillary abnormalities are the
most striking of all CTDs (17, 25). As
described in previous studies, in these
patients loop abnormalities were found
to correlate with a more severe clinical
course and outcome, calcinosis and ul-
cerative complications (26-28), and
these characteristic morphologic ab-
normalities have been correlated with
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Fig. 5. Nailfold capillaroscopy follow up in 26 patients who showed major capillary abnormalities or
scleroderma pattern at the time of the first examination. 
NFC: nailfold capillaroscopy; JDM: Juvenile dermatomyositis; SLE: Systemic Lupus Erythematosus;
JSSc: Juvenile Systemic Sclerosis; MCTD: Mixed Connective Tissue Disease; PRP: primary Ray-
naud's phenomenon.
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the microangiopathy present in muscle
biopsy (29). 
In conclusion, video NFC is an exten-
sion of the widefield technique exami-
nation, has advantages and disadvan-
tages as we have seen. This method has
limitations such as taken good results
depend on skin trasparency and integri-
ty of the nail cuticule. The interpreta-
tion of results correlate with the ob-
server experience and thus subjective.
On the whole, the advantages of NFC
far outweigh the disadvantages. For
example, it allows individual capillar-
ies to be measured and therefore abnor-
malities to be quantified. In addition,
images can be stored for later analysis
or reanalysis. It is a simple, non-inva-
sive, reproducible and inexpensive
diagnostic method that allows in vivo
study of the capillary network in child-
hood rheumatic diseases. 
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