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Abstract. Capillaroscopy is a non-invasive method of leading importance for the early diagnosis of progressive
systemic sclerosis and other systemic rheumatic diseases with manifestations of Raynaud’s phenomenon.
Capillaroscopic changes in patients with occupational diseases are still scarce and poorly defined. Of
interest is vibration disease, in which small blood vessels are affected with the appearance of “occupationally
induced Raynaud’s phenomenon”. Most studies reported dystonias with observation of spastic capillaries,
dilated capillaries, aneurysmal dilations, pericapillary edema, hemorrhages, avascular areas. An important
consideration for rheumatology practice is that scleroderma is not observed in these patients — a similar type
of microangiopathy characteristic of rheumatic diseases, which in the early stages is defined by the presence
of giant capillaries with a diameter of a capillary arm over 50 um. At present, there is no standardization for
the changes in microcirculation that develop as a result of the risk factors of the work environment, which is
probably related to the variability of the findings given the different duration and intensity of exposure, as well

as to the possible impact of a combination of occupational risk factors.

Key words: capillaroscopy, Raynaud’s phenomenon, vibration disease, occupational diseases

INTRODUCTION

Raynaud’s phenomenon

Raynaud’s phenomenon is a common pathologi-
cal condition characterized by reversible disturbanc-
es in peripheral circulation [1-7]. It is divided into pri-
mary (idiopathic, affects mostly young women and
has a favorable prognosis) and secondary (when
associated with another disease, e.g. scleroderma,
mixed connective tissue disease, dermatomyositis,
vibration disease) [1-8]. In the clinical picture, tri-
phasic changes in the color of the fingers (whiten-
ing, cyanosis and hyperemia) are observed, due to
vasospasm and subsequent reperfusion [2, 3, 6, 8].
Tingling, numbness, clumsiness, burning pain, ede-
ma, etc., occur from the reduced blood supply and
the subsequent restoration of blood flow [5].

Capillaroscopy as a non-invasive diagnostic
method

Capillaroscopy of the nail fold is a non-invasive
instrumental method with diagnostic and prognostic
value for the analysis of the structure of the capillar-
ies and the overall evaluation of the skin microcircu-
lation, and is of leading importance in rheumatology
for differentiating primary from secondary Raynaud’s
phenomenon [1-4, 8-15]. The most well-defined are
the so-called “scleroderma” and “scleroderma-like”

type of capillaroscopic findings in rheumatology in
patients with progressive systemic sclerosis and oth-
er rheumatic diseases. In the “scleroderma-like” type
of microangiopathy, the presence of giant capillaries,
devascularization, disorganization, neoangiogene-
sis is established [1-9, 11, 13-21].

Vibration disease

Vibration disease (VD) is a specific occupational
disease that is caused by a number of unfavorable
production factors — general and local vibrations,
backlash of the tool, excessive noise levels, unfa-
vorable microclimate, cold exposure, forced working
posture, monotonous movements, heavy physical
work, static load, psycho-emotional tension, toxic
noxes [16, 22]. Microcirculatory vascular disturbanc-
es include Raynaud’s phenomenon (ischemic cuta-
neous attacks of the fingers with a sharp demarca-
tion, with patients reporting stiffness, tingling at the
end of the attack, superficial hypesthesia) and cuta-
neous dystrophic ulcers of the fingers [22]. Between
40-60% of workers with vibrating tools develop Ray-
naud’s phenomenon (“vibration white finger”) [8].

Capillaroscopy in patients with vibration
disease

Capillaroscopic changes in patients with occu-
pationally induced microangiopathy are scarce and
poorly defined.
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Spastic, atonic, dilated and crossed capillaries,
aneurysmal dilations, pericapillary edema, hemor-
rhages, avascular areas, or reduced total number
of capillaries have been predominantly reported in
vibration disease. Most authors define the finding as
“non-specific changes” [12, 16, 23-28].

A study by Littleford et al. (from 1997) aimed
to determine the microvascular disorders in 10 pa-
tients with vibration white finger. The average age
of the patients was 29-70 years with an average
duration of the disease of 11.8 years. Capillaros-
copy was performed under standard conditions
(acclimatization for 20 min and examination of
eight fingers). All healthy controls and two patients
had normal capillaroscopy findings. In the remain-
ing patients, mild to moderate-severe damage
was observed: loss of capillaries (7/10 cases or
70%), disorganization (5/10 or 50%) of the capil-
lary network, tortuosity (2/10, 20%) and elongated
capillaries (3/10, 30%), visible subpapillary plexus
(4/10, 40%) [23].

Dilated capillaries are not found in patients with
vibration disease, which distinguishes the finding
from that in progressive systemic sclerosis.

Capillaroscopic morphological changes were
studied in workers in the forestry, mining, con-
struction industry, concrete plant, etc., exposed
to vibration, with complaints of whiteness of the
fingers (Raynaud’s phenomenon), numbness and
pain (Hiroshi et al.) [24]. Of 294 workers, only 124
underwent videocapillaroscopic examination, cold
provocation test, and 57 subjects were further ex-
amined by arteriography. Patients were divided
into two groups — 98 with VD and 26 without VD.
The majority of the subjects were men aged 24-68
years with a vibration exposure of 20.1 + 8.4 years.
Raynaud’s phenomenon was found in 90.8% of pa-
tients with VD and in 19.2% of controls. Capillaros-
copy was performed after acclimatization, but only
on the middle (or ring) finger. Findings were classi-
fied based on the Fagrell & Lundberg criteria. In 40
patients, a dot or comma-shaped appearance with
good tonicity, with less tonicity and/or marked dila-
tation and sometimes capillary micropools was ob-
served. Obscure capillaries (eg, edema, sclerosis)

and/or capillary hemorrhages was observed seen
in 42 patients. Only a few or no visible capillaries
was observed in 16 patients [24]. The study proves
the diagnostic value of capillaroscopy (a non-inva-
sive method that provides information on functional
and morphological changes in the microcircula-
tion), compared to other invasive and non-invasive
tests (arteriography and cold provocation test) in
patients with VD.

Sakaguchi et al. propose a morphological clas-
sification of capillaroscopic changes in workers ex-
posed to hand-arm vibration. Capillaroscopy of the
middle finger of the dominant hand, a cold provo-
cation test and nail-pressure test were performed
on 39 patients out of a total of 44. Patients were
divided into two groups according to the Kusumo-
to’s classifi cation (Table 1). Five patients were ex-
cluded from the study due to taking antihyperten-
sive medications and 7 patients had symptoms of
VD. The mean age of the patients was 51.5 £ 15.5
years and the mean vibration exposure was 18.7 +
14.3 years [25].

Patients in the IIl/IV group, who had relatively
longer work experience and exposure to vibration
and a higher body mass index, had a significantly
slower mean blood flow velocity (83.5%) compared
to patients in I/l group (67%) [25]. The results sug-
gest that the morphological changes are related to
capillary wall damage caused by long-term vibra-
tional stimulation [25]. Despite the small number
of studied patients, the study re-emphasizes the
importance of capillaroscopy in addition to other
functional methods to assess the microcirculation
in patients with VD.

A South Korean study from 2012 evaluated capillary
abnormalities in 18 workers exposed to hand-arm vibra-
tion with complaints of white fingers, numbness, and
tingling, and 44 employees (“white-collar’) not exposed
to vibration. The average age of the exposed was 57.1
+ 4.9 years, and that of the controls was 44.5 + 11.0
years. Those exposed to vibration had a long working
experience (25.6 £ 6.7 years), and 72.2% of them had
no concomitant diseases. There was no statistically sig-
nificant difference between the groups regarding smok-
ing and alcohol consumption [26]. In the exposed group,

Table 1. Morphological classification of capillaroscopic changes in patients with VB according to Kusumoto’s

classification [25]

Type | Type ll Type lll

Type IV Type V (excluded from the study)

crossings

Capillaries without crossings | Capillaries with one crossing | Capillaries with more than two

Y-shaped capillaries indistinct arteriolar and venous arm

5 persons (7,8%) 15 persons (38,5%)

8 persons (20,5%)

5 persons (12,8%) 6 persons (15,4%)
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a greater number of crossed and enlarged capillaries,
more avascular zones, smaller venous arm size, small-
er overall width and longer capillary length were ob-
served compared to controls. Curved, bushy, tortuous,
and branched capillaries were of higher frequency in
the control group [26]. Abnormal capillary findings were
confirmed in both exposed and control groups, which
requires further studies in this direction.

A study by Chen et al. from 2016 aimed to inves-
tigate morphological capillaroscopic characteristics in
113 men working in gold mining. They were divided
into 3 groups — 35 chronically exposed to vibrations,
who developed vibration-induced white finger (Hand
Arm Vibration Syndrome group); 39 workers exposed
to vibration without clinical manifestations of the dis-
ease (Vibration Exposed Controls group) and 39 work-
ers without exposure to vibration (Non Vibration Ex-
posed Control group) [16]. All participants in the study
were men, with at least 1 year of exposure to vibration,
without concomitant diseases (hypertension, diabetes,
hepatitis, nephritis, immunological diseases or trau-
ma), did not consume alcohol and cigarettes in the last
24 hours. The subjects were 40-43 years old. Video-
capillaroscopy (on the second, third and fourth fingers
of both hands) and a cold provocation test were per-
formed. A higher percentage of avascular areas, hem-
orrhages, and dilated capillaries was observed in the
HAVS group (74.3%, 65.7%, and 60%, respectively)
compared to the other two groups, and capillaroscopy
findings positively correlated with the clinical picture of
the disease (vibration-induced white finger). The ap-
pearance of dilated capillaries and hemorrhages trig-
gers vascular degeneration, which leads to the forma-
tion of avascular zones. The study authors recommend
that certain parameters (capillary number, afferent and
efferent arm width, apical width) be taken into account
in the capillaroscopic analysis of patients with VD, and
that hemorrhages and dilated capillaries be included
as reference features in such patients [16].

An ltalian team (Maria Maddalena Sirufo et al.)
reported an interesting clinical case of a 16-year-old
girl professional archer who trained 3 hours a day
three times a week and once a week participated in a
competition lasting an hour and a half [27]. The bow
weighs 21 kg, and about 100-200 arrows are fired
at each training. The patient's complaints are pain
and edema in the right (dominant) hand that wors-
ens after training or competition. The patient denies
concomitant diseases (autoimmune, cardiovascular,
neurological, metabolic — thyroid gland or diabetes,
rheumatological, pulmonary, carpal tunnel syndrome,
primary Raynaud’s phenomenon), smoking, alcohol
and medication intake. Magnetic resonance imaging

and Doppler sonography of the hands and upper
limbs were performed, but no pathological changes
were found in both studies [27]. Capillaroscopy was
performed under standard conditions, with patholog-
ical findings only on the dominant hand: pericapil-
lary edema of the second, third and fourth fingers,
morphological changes and malposition of capillar-
ies, efferent arm ectasia, efferent: afferent arm ratio
> 2:1, branched capillaries, “sludge” phenomenon,
homogeneously dilated capillary loops, microhemor-
rhages. The team’s conclusion was a “non-specific
abnormal capillaroscopic pattern.” [27]. The patient
was advised to change the shooting position, to do
exercises to relax the hands, not to take vasoactive
substances, to avoid cold provocation, to watch for
the appearance of new symptoms and once a year
is subject to a videocapillaroscopic control. Accord-
ing to the authors, the changes in microcirculation
are due to the muscle effort, repetitive monotonous
movements and local vibrations of archery [27].

Two studies by Stoineva (from 2014 and from
2017) [12, 28]. aim to investigate peripheral vascular
and microcirculatory disorders in the upper limbs in
patients with vibration disease from local vibration
impact (LVD).

In the period 2015-2017, Stoineva et al. studied
125 men aged 51.3 £ 13.1 years with vibration disease
from local vibration impact (LVD) and with a length of
work experience of 11.8 + 6.3 years. The patients were
examined by distal Doppler sonography, laser Doppler
flowmetry and videocapillaroscopy. Patients in stage
I-Il (total 58 men, 46%) and stage Il of vibration dis-
ease (total 51, 41%) prevailed. Only 16 patients (i.e.
13%) were categorized in II-1ll stage of VD. Functional
capillaroscopic changes were found in the majority (98
patients) of the examined — 30% dystonic capillaries
(38 patients), 45% spastic capillaries (56 patients), 3%
atonic capillary loops (4 patients). Structurally altered
capillaries with aneurysms, missing capillary loops and
hemorrhages in the eponychium were observed in 22%
(27 patients) of the examined. Peripheral vascular and
microcirculatory disorders are positively correlated with
the stage of the disease. Predominantly angiospastic
changes were found in the distal peripheral vessels
and skin nutritional and thermoregulatory microvessels
of the fingers in patients with vibration disease from lo-
cal vibration impact [28].

A previous study by Prof. Stoineva in a smaller
number of patients showed similar results

Capillaroscopy, infrared thermography and laser
Doppler flowmetry were performed on 30 patients with
vibration disease caused by local vibration (LVD) and
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30 healthy persons (controls) [12]. The results
show that spastic capillaries or capillary dila-
tation and entanglement with aneurysms and
pericapillary edema predominate in patients
with VD. The initial skin perfusion and surface
temperature of the fingers of the patients were
also lower compared to the healthy controls.
The veno-arteriolar indicators are significantly
abnormal in the patients, with 36.7% of the pa-
tients lacking a veno-arteriolar reflex response.
The structural and functional capillaroscopic
changes correspond to the hypothermia of the
fingers and hands established by infrared te-
mography [12].

The three examinations in combination
(capillaroscopy, laser Doppler flowmetry and
infrared thermography) provide complete in-
formation on the skin microcirculation and
vasomotor function in patients with VD, which
significantly contributes to the diagnosis, prog-
nosis and treatment of patients.

Some studies have reported only a reduced
number of capillaries and/or abnormal vasospasm
(of the digital artery) in response to cold (capillary
disappearance, disappearance of reactive hyper-
emia, and appearance of pericapillary edema) in
lumberjacks using chain saws [29-31].

Table 2 summarizes the capillaroscopic
changes in patients with VD from local vibra-
tions (LVD) reported by different authors.

CONCLUSION

Dystonias with observation of spastic
capillaries, dilated capillaries, aneurysmal dil-
atations, pericapillary edema, hemorrhages,
avascular areas have been reported in most
studies in patients with vibration disease. An
important consideration for rheumatology
practice is that scleroderma is not observed
in these patients — a similar type of microan-
giopathy characteristic of rheumatic diseas-
es, which in the early stages is defined by the
presence of giant capillaries with a diameter of
a capillary arm over 50 um. At present, there
is no standardization for the changes in mi-
crocirculation that develop as a result of the
risk factors of the work environment, which is
probably related to the variability of the find-
ings given the different duration and intensity
of exposure, as well as to the possible impact
of a combination of occupational risk factors.

Table 2. Capillaroscopic changes in patients with LVD
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