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Abstract Capillaroscopy is a method with substantial
value for diagnosis and differentiation of primary and
secondary Raynaud’s phenomenon in rheumatic diseases.
The most specific finding is in systemic sclerosis—the socalled ‘‘scleroderma pattern.’’ which is characterized by the
presence of dilated capillaries, hemorrhages, avascular
areas, and neoangiogenesis. Similar changes are found in
patients with dermatomyositis, overlap syndromes, and
others and are termed ‘‘scleroderma-like pattern.’’ For the
development of these patterns, the most specific finding in
the early phase is appearance of dilated capillaries. Capillaroscopic changes in connective autoimmune diseases are
specific and differ significantly from those of that can be
found in other diseases. Diseases of social importance such
as diabetes mellitus and arterial hypertension often present
as comorbidity in patients with rheumatic diseases. In
diabetes mellitus, the capillaroscopic examination does not
show dilated capillaries until the advanced stages of the
disease. In the late stages of connective tissue disease, a
loss of capillaries is typical. In addition, in diabetes mellitus, the diabetic stiff-hand syndrome and sclerodactyly
are common complications, which have to be differentiated
from similar signs in rheumatic diseases, and capillaroscopic examination appears to be useful in these situations.
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In arterial hypertension, a reduced capillary density in
different body regions has been observed in patients with
established disease as well as in preclinical stages. Analogous phenomenon of reduction in the nail-fold area has
also been observed in a group of patients with essential
hypertension, none of whom previously received hypertensive drugs.
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Introduction
Nail-fold capillaroscopy is a noninvasive, inexpensive, and
easy-to-repeat imaging technique, which is of substantial
importance for the evaluation of microcirculation in vivo
[1, 2]. The main indication for performing capillaroscopy
in rheumatology is the presence of Raynaud’s phenomenon
(RP). RP is caused by reversible vasospasm of the small
arteries and arterioles of the fingers and toes provoked by
cold temperatures. RP is currently classified into primary
and secondary [1, 3]. Secondary RP is a common symptom
in a variety of rheumatic diseases. Here, the nail-fold
capillaroscopy plays a key role in differentiating primary
and secondary forms of RP, for early diagnosis of systemic
sclerosis (SSc), and for other connective tissue diseases
(CTD) [1, 4–12]. The current knowledge about this technique suggests also a potential application in a variety of
rheumatic diseases, as well as in nonrheumatic diseases
such as diabetes mellitus, cardiac syndrome X, arterial
hypertension (AH), acromegaly, hyperthyroidism, primary
biliary cirrhosis, Crohn’s disease, psoriasis, and familial
Mediterranean fever [13].
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Capillaroscopic pattern in primary and secondary
RP in rheumatic diseases
Primary RP
The diagnosis of primary RP is made in patients with no
underlying cause for the development of vasospasm.
Capillaroscopic examination in primary RP usually reveals
capillaries that are normal in number and size. In these
patients, the mean capillary diameter, capillary density, and
capillary morphology do not differ significantly from those
of healthy subjects. The capillary diameter can be slightly
enlarged, but it does not have a diagnostic value [4]. Nailfold capillaroscopy is of crucial importance for differentiating primary and secondary RP in rheumatic diseases.
Therefore, in presence of RP the follow-up by nail-fold
capillaroscopic analysis is recommended to be performed
every 6 months [4, 8, 10, 14].
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Systemic lupus erythematosus (SLE)
The prevalence of RP in systemic lupus erythematosus
(SLE) is reported to range from 10% to 45% and usually
has a benign course without tissue necrosis [14]. Capillaroscopic findings in SLE are less specific in comparison
with SSc and other above-mentioned diseases, in which a
scleroderma-like capillaroscopic pattern is present [4]. The
most frequently described specific changes in SLE are
tortuous, meandering capillaries; bizarrely formed loops
[21], increased length of capillaries [22, 23], increased
diameter [21], and a prominent subpapillary plexus [22,
23]. In some studies, these features have been termed
‘‘SLE-type’’ capillaroscopic pattern [19, 21, 22]. The
scleroderma-like pattern is a rare finding in SLE in contrast
to other CTD. Its frequency is low, ranging from 2% to
15% [19, 20, 23, 24].
Dermatomyositis and polymyositis (PM)

Secondary RP
Abnormal capillaroscopic findings are characteristic for
secondary RP in rheumatic diseases [1, 4, 5, 8, 10].
Systemic sclerosis
RP is one of the most frequent clinical symptoms in SSc:
the prevalence is about 90–95% and usually is an initial
symptom that precedes other features of the disease by
years. RP in SSc is severe and often presents with digital
ulcers [15].
The capillaroscopic pattern in SSc is specific and is
characterized by the presence of dilated and giant capillaries, hemorrhages, avascular areas, and neoangiogenesis.
It has been described for the first time by Maricq et al.
(1980) and has been termed ‘‘scleroderma type’’ capillaroscopic pattern [4–10, 16–18]. Maricq et al. found that
some of the features of this pattern can also be observed
in mixed connective tissue disease (MCTD), undifferentiated connective tissue disease (UCTD), overlap syndromes, and dermatomyositis (DM), and they classified
these findings as ‘‘scleroderma-like’’ capillaroscopic pattern [4, 5, 8, 10, 18, 19]. The specific capillaroscopic
pattern can be found in a large number of cases with
overt SSc: 83–93% [8, 16]. Bergman and co-workers
found this type of specific capillaroscopic change in
70.4% of examined patients (19/27) [18], and Nagy and
Czirjac [20] found it in 87.5% of patients with diffuse
SSc and in 61.6% of cases with limited form of the disease among 102 examined SSc patients.

The prevalence of RP in dermatomyositis (DM) and polymyositis (PM) is [20% [14]. Bergman et al. found a
scleroderma-like capillaroscopic pattern in 63.6% of the 11
examined DM patients [1, 19] and Nagy and Czirjac [20] in
26.9% of 26 DM/PM patients.
Mixed connective tissue disease
The frequency of RP in MCTD is about 85% and often
appears to be one of the initial symptoms [25]. The high
incidence of RP in MCTD supports the essential role of
capillaroscopic examination in these cases. In 50–65% of
MCTD patients, a scleroderma-like pattern could be found
[16, 19, 26].
Undifferentiated connective tissue disease
The term UCTD is used to describe a group of patients with
features of connective autoimmune disease but lacking the
required characteristics of a well-defined rheumatic disorder. Some of these patients (1/4 to 1/3) later develop particular rheumatic disease (the most frequent), SSc, SLE,
RA, and Sjögren’s syndrome (SS), but the majority of
patients remain in a stable clinical and laboratory condition
in the scope of the term UCTD. Nagy and Czirjac [20]
found scleroderma-like capillaroscopic pattern in 13.8% of
the 65 examined patients with UCTD. Capillaroscopy
should be performed in cases with UCTD, and it has been
suggested that the method is helpful in selecting the subgroup of patients who are prone to develop SSc or SLE.
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Other rheumatic diseases
RP is found in one-third of patients with primary SS [14,
27]. Capillaroscopy is useful for evaluating the microcirculation of SS patients, especially those with secondary
RP. In SS patients who present with secondary RP,
abnormal capillaroscopic changes have been found,
including pericapillary and confluent hemorrhages and a
decreased mean capillary density. In some of the cases, a
scleroderma-like capillaroscopic pattern has been observed
[28, 29]. The prevalence of RP in rheumatoid arthritis (RA)
is not well defined. Some authors have argued that such an
association is quite rare [14], whereas others include RA
among the rheumatic diseases associated with RP [13, 30].
In 31 patients with RA, Redisch [21] found the following
capillaroscopic changes: elongated capillary loops,
increased tortuousity, and prominent subpapillary plexus.
However, a scleroderma-like pattern has not been observed
in RA patients [20, 31–33].

Capillaroscopic changes in diseases of social
importance: arterial hypertension (AH)
and diabetes mellitus
Arterial hypertension
In essential AH patients, rarefaction of capillaries has been
found, as has a tendency to vasospasm. It has been reported
for different regions such as dorsum of the fingers and the
forearm. Similar changes could be observed in conjunctiva
vessels [2]. The changes are thought to be structural rather
than functional [2, 34–36]. A correlation between mean
capillary density in the dorsum of the fingers and values of
diastolic blood pressure could be found [34]. Capillary
rarefaction has been associated also with borderline
essential AH [37]. A reduced capillary count precedes the
development of AH and is found in healthy subjects with
predisposition to high blood pressure, who are the offspring
of AH patients. This suggests that microvascular abnormalities are primary and partly genetically determined [38,
39]. The phenomenon of reduction of capillary density in
the nail-fold area has also been observed in patients with
essential hypertension who had not previously received
hypertensive drugs [35]. It has been therefore hypothesized
that the reduced capillary count in hypertensive patients is
probably a result of defective angiogenesis. Barker et al.
have demonstrated that adults with higher blood pressure
are born with lower birth weight. However, hypertensive
patients are usually more obese than normotensive controls. The possible explanation of this phenomenon is a
faster rate of growth in later life in hypertensive subjects,
when more capillaries have to be formed to supply
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adequate perfusion, potentially leading to microvascular
changes and AH [39, 40].
Diabetes mellitus
Microangiopathy is a specific complication for diabetes
mellitus, both in the insulin-dependent and the insulinindependent forms. It primarily involves retinal and renal
vessels. Microvascular walls (of arterioles, venules, and
capillaries) are impaired by biochemical processes, which
are based on hyperglycemia: nonenzymatic glycosylation
of proteins, altered polyol–inositol metabolism, etc. Glycosylation products also accumulate in structural proteins
of the microvasculature. A specific macrophage receptor
recognizes proteins to which glycosylation products are
bound and stimulates their removal. Different pathologic
processes are then activated: increase of endothelial permeability; stimulation of growth factor synthesis by macrophage. As a result, the vessel wall thickens and loses its
elasticity. Later, the intensified glycosylation of hemoglobin leads to hypoxia, which is one of the prerequisites for
microangiopathy [4].
Additionally, in diabetes mellitus patients, a syndrome
of limited joint mobility (diabetic stiff-hand syndrome,
diabetic cheiroarthropathy, diabetic waxy skin) can be
observed. It is characterized by stiffness of the metacarpophalangeal, interphalangeal, and wrist joints; flexion
contractures in long-standing disease with the well known
‘‘prayer sign’’; as well as with skin thickening with loss of
the majority of fine wrinkles, resembling true sclerodactyly. In diabetic stiff-hand syndrome, the joint is not
directly involved, and the restricted mobility is due to
collagen thickening in periarticular tissue. A nonenzymatic
reaction between glucose and proteins is thought to result
in formation of advanced glycation end products, which
underlie this phenomenon of stiffening. This syndrome
could be found as a common complication of both type 1
and type 2 diabetes mellitus, with up to 50% of type 1
diabetic patients and 75% of type 2 being affected. The
correlation between development of diabetic stiff-hand
syndrome with blood glucose levels and duration of diabetes is not well defined. Autoantibodies and markers of
inflammation are not elevated in isolated diabetic stiff-hand
syndrome. Of note, an association between this syndrome
and the microvascular changes (retinopathy, nephropathy)
could be found [41–43]. The skin changes in diabetes
mellitus resemble skin changes in SSc and are termed
scleroderma-like skin changes. Their presentation consists
of thickening and induration, in some instances, waxy
appearance of the skin on the dorsum of the fingers
(sclerodactyly) and the proximal interphalangeal joints.
Skin changes may also involve the metacarpophalangeal
joint as well as forearm, arms, and back [41, 43–47].
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The scleroderma-like syndrome is described in 8–50% of
insulin-dependent diabetes mellitus patients and is the
earliest clinically apparent long-term complication of diabetes in children and adolescents. Its frequency appears to
be related to disease duration and patient age, whereas
the correlation with glycemic control or genetic factors
is less clear [48]. Therefore, rheumatologists have to be
acquainted with the nail-fold capillaroscopic findings in
diabetes mellitus in cases that present the abovementioned
complication, that resemble changes in rheumatic diseases,
as well as when it presents as concomitant pathology in
patients with defined rheumatologic disorder.
In diabetes mellitus type 2, mean capillary density does
not differ significantly from healthy individuals of similar
age, gender, and body mass index [2]. In diabetes mellitus
patients with long-standing disease, capillaroscopy demonstrates slightly dilated and coiled capillaries [4]. Meyer
et al. examined the density, diameters, and morphology of
nail-fold capillaries in 16 type 1 and 19 type 2 diabetic
patients. The capillary density and the arterial limb diameter were similar in diabetic patients compared with the
age- and sex-matched control group, whereas capillary
diameters of the apical part and the venous limb were
enlarged. Tortuous capillaries were more often observed in
patients with diabetes mellitus [49].
Similar results were presented by Tibirica et al. [50],
who found no difference in mean capillary density at the
area of nail fold between 59 patients with diabetes mellitus
type 1 and the age- and sex-matched controls. Chang et al.
found no significant difference in mean capillary density
between patients with diabetes mellitus with and without
retinopathy and healthy controls, but increased capillary
width and increased tortuosity were more frequently present in diabetic patients. This correlated with the degree of
retinopathy, being the most pronounced in cases with
proliferative retinopathy. It is known that hyperglycemia
induces intensified metabolism, increased oxygen consumption, causes relative tissue hypoxia, and as a result a
dilation of blood vessels. In addition, an abnormal interstitial diffusion of fluorescein of nail-fold vessels in diabetes mellitus has been found and is thought to develop
prior to capillary dilation [51, 52].

Conclusion
In patients with CTD, the most specific capillaroscopic
findings are scleroderma and scleroderma-like pattern. The
development of these patterns in the early stage of the disease
starts with the appearance of dilated capillaries. Even the
detection of a single loop with a diameter[50 lm should be
considered as a potential marker of microangiopathy and
indicator for future development of CTD disease [5, 8].
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These changes in the early phase of CTD are specific and
differ significantly from those of diseases of social importance, such as diabetes mellitus and AH. In diabetic patients,
the capillaroscopic examination does not show dilated capillaries until the advanced stages of the disease. Difference in
mean capillary density compared with healthy individuals
has not been found. In the late stages of CTD, loss of capillaries is typical. In AH, capillary rarefaction in different
regions of the body has been found in patients with established as well as preclinical stages of the disease in subjects
with predisposition to high blood pressure and in borderline
AH. This phenomenon has been registered in the nail-fold
area in patients with essential hypertension who have not
previously received hypertensive drugs. In addition, in
diabetes mellitus, diabetic stiff-hand syndrome and sclerodactyly are common complications, which have to be
differentiated from similar signs in different rheumatic diseases such as SSc and early arthritis. Here, capillaroscopy
can help facilitate the proper diagnosis of the underlying
disease. Future studies will disclose the potential of capillaroscopy for the differentiation of rheumatic disease and
diseases of social importance and will provide additional
information for the daily practitioner.
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