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Short review

The investigation of skin blood flowmotion: a new approach
to study the microcirculatory impairment in vascular diseases?
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Abstract
Skin blood flow oscillation, the so called flowmotion, is a consequence of the arteriolar diameter oscillations, i.e. vasomotion, and it is
thought to play a critical role in favoring the optimal distribution of blood flow in the skin microvascular bed. Investigation of skin blood
flowmotion, using spectral analysis of the skin laser Doppler flowmetry (LDF) signal, showed different flowmotion waves of endothelial, sympathetic or myogenic mediated vasomotion origin. Using this method in peripheral arterial obstructive disease (PAOD) patients an impairment of
all the three flowmotion waves was found at level of the diseased leg following ischemia in the II stage of the disease and basally in critical limb
ischemia. In patients with essential arterial hypertension (EHT) forearm skin blood flowmotion showed a post-ischemic impairment of myogenic
and sympathetic components in newly diagnosed patients, and of endothelial and sympathetic components in long standing patients. In diabetic
patients there was a selective impairment of skin flowmotion wave mediated by sympathetic activity in basal conditions. Investigation of skin
blood flowmotion in response to different vasoactive substances demonstrated an important role of nitric oxide (NO) in controlling the endothelial component of vasomotion and an insulin action on smooth muscle cells of skin microvessels. All these data suggest that the study of skin
blood flowmotion can become a method to early and easily detect skin microvascular impairment in vascular diseases and to investigate the
mechanisms of substances active on skin microvascular bed.
© 2006 Elsevier SAS. All rights reserved.
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1. Introduction
Human skin microcirculation can be easily studied in clinical setting by means of laser Doppler flowmetry (LDF), a
technique which allows continuous, noninvasive, real-time
assessment of skin perfusion in a hemispheral illuminated tissue volume of 1 to 1.5 ml under a measuring probe [22]. It has
been suggested that skin microcirculation state mirrors the
microcirculation state of other vascular beds [26,38], in this
case its study could provide useful clinical data in evaluating
the general microcirculatory impairment in different pathological conditions. Recently, the study of skin microcirculation has
been implemented by the investigation of skin blood oscillation, the so called flowmotion, which has been demonstrated
by Colantuoni et al. [9] to be dependent on arteriolar diameter
oscillations, i.e. vasomotion. Some findings suggest a critical
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role of vasomotion, and the consequent skin blood flowmotion,
in favoring the optimal distribution of blood flow in the skin
microvascular bed [4,5,23,40]. Therefore, the study of skin
blood flowmotion, made possible by the spectral analysis of
skin LDF signal, can represent an additional element in the
evaluation of the skin microcirculation in clinical setting.
The purposes of this review were to illustrate the role of
vasomotion and the consequent blood flowmotion in skin
microcirculation, to describe the spectral analysis of LDF signal used for the investigation of skin blood flowmotion, to present and discuss the results obtained using this method in some
vascular diseases, as well as in response to vasoactive drugs.
2. Physiology of cutaneous microcirculation:
role of vasomotion and flowmotion
The three main functions of skin microcirculation, namely
skin tissue nutrition, heat exchange for thermoregulation and
blood flow redistribution during stress, are guaranteed by a
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fine control of cutaneous vascular resistance and blood flow
distribution [13]. This allows that skin blood flow can span
throughout an extremely wide range (in non-acral skin, from
1.0 ml/min per 100 g tissue, needed to meet the relatively
low intrinsic tissue metabolic demand, to 8.0 ml/min per
100 g, and in acral regions from 0.2 to 50 ml/min per
100 g,), accounting for up to 50% of total cardiac output during
extreme thermal stress [13]. The regulation of skin microcirculation is obtained through the dynamic interaction of sympathetic vasoconstriction, pressure-dependent vasoconstriction,
flow-dependent endothelium-mediated vasodilation, metabolic
vasodilation, and spontaneous myogenic activity [13].
A further mechanism which makes possible the high skin
microcirculatory reserve is the functional recruitment of previously inactive microvascular units, a phenomena suggested
to be dependent on vasomotion and the consequent skin
blood flowmotion [4,5,23,40]. Theoretical analysis of complex
oscillations in multibranched microvascular networks suggested that stimulated vasomotion can increase of 40–60%
the mean blood flow, compared with that under steady-state
condition [40]. Moreover, as shown by Parthimos et al. [23],
vasomotion may modify local blood flow distribution. In particular, it can reduce resistance in microvascular network and
ensure an intermittent but adequate flow to the tissue in presence of a decreased blood flow supply [4]. This was confirmed by the results of studies in which skin blood flowmotion was investigated during the recovery following skin
ischemia in healthy subjects. Ischemia elicited an amplification
of skin blood flowmotion besides an increment of skin perfusion [2,27,28,42]. An amplification of skin blood flowmotion
was also observed in response to acute exercise in healthy subjects [16,30]. This physiological response can favor a further
reduction of resistance in skin microvascular bed during exercise, with increased capacity to transport and eliminate heat
[16,30].
Vasomotion, which varies in frequency according to the
vessel diameter [8], does not appear to be dependent on systemic factors, since it is readily observed in isolated vessels
[10]. An important factor causing vasomotion is the myogenic
response in terminal arterioles [20,39,40]. A further mechanism
of vasomotion depends on endothelial activity, as suggested by
the role of endothelium in the regulation of vascular tone [19].
Experimental findings obtained in hamster cutaneous muscle
microcirculation confirm this hypothesis [41]. In this animal
model the endothelium-dependent vasodilator acethylcholine
(ACh) increased vasomotion amplitude and arteriolar effective
diameter, whereas NG-monomethyl-L-arginine (L-NMMA), an
inhibitor of nitric oxide (NO) synthase from endothelium,
caused a slight increase in vasomotion frequency and decrease
in arteriolar effective diameter [41].
3. Spectral analysis of the LDF signal in the study of skin
blood flowmotion
LDF signal, being generated by the movement of blood
cells in both subpapillary thermoregulatory bed and nutritive

capillaries, provides information about nutritional and non
nutritional skin blood perfusion [22]. The continuous registration of the LDF signal by an interfaced computer equipped
with an acquisition dedicated software allows the investigation
of skin blood flowmotion in clinical setting.
Skin blood flowmotion waves with a frequency of 60–100
cycles per min can be directly observed on the cutaneous LDF
signal. The amplitude of these flowmotion waves can be measured in conventional perfusion units (PU; 1 PU = 10 mV). Its
frequency can also be easily measurable.
More recently, spectral analysis of skin laser Doppler signal
was used in the study of skin blood flowmotion [27,33,36,37].
Two methods were used: the classical method of spectral analysis based on Fast Fourier Transform (FFT) algorithm or the
generalized wavelet analysis. The first method measures the
power spectral density of flowmotion waves in PU2/Hz, using
a short-time Fourier transform with a different window length
for each frequency interval considered [33,27]. Generalized
wavelet analysis, introduced by Stefanovska et al. [36,37], is a
scale-independent method, with adjustable time and frequency
resolution. This method breaks down the steady fluctuating
time series into its frequency elements and computes the
power of signal components in predetermined frequency
bands, allowing to measure the amplitude of different flowmotion waves in PU/Hz [36,37].
Both methods used for the spectral analysis of skin laser
Doppler tracing allowed to identify different skin blood flowmotion waves in the total spectrum of 0.009–1.6 Hz considered
[27,33,37]. Two flowmotion components are the frequency
interval of 0.6–1.6 Hz and of 0.2–0.6 Hz, due to the transmission to the skin microcirculation of the hemodynamic modifications synchronous with heart activity and respiration, respectively [7,36,37].
The findings that ACh iontophoresis increased amplitude of
the oscillation around 0.009–0.02 Hz to a greater extent than
sodium nitroprusside iontophoresis [15,17,37] or than ischemia
[27] suggested a role of the endothelium in the control of this
flowmotion component. This role was confirmed by the observation that L-NMMA abolished this difference [15].
Other findings suggested that the flowmotion waves around
0.02–0.06 Hz and 0.06–0.2 Hz are referred to local sympathetic activity [14,34,35], and to myogenic activity of the
microvessel wall [37], respectively.
Using spectral analysis of skin LDF signal, skin blood flowmotion can be investigated in basal condition and in response
to different stimulus such as ischemia (Fig. 1). Different
mechanisms are involved in the skin microcirculatory response
to ischemia. Accumulation of vasodilator metabolite adenosine
in the ischemic skin [25], and the vascular smooth muscle
relaxation due to the reduced transmural pressure in the resistance vessels, distal to the site of circulatory arrest [24], are
considered the main mechanisms responsible for postischemic skin hyperemia. Recent findings also showed that
post-ischemic skin hyperemia is partly mediated by vasodilator
prostaglandins produced by endothelial cells in response to
shear-stress [6]. However, the quantitative measurement of
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Fig. 1. A typical leg skin LDF tracing during baseline and post-ischemic hyperemia from an healthy subject. The power spectra of skin blood flowmotion obtained by
the wavelet analysis with the averaged spectra (the right panel) in the two conditions are shown. PU = laser Doppler perfusion unit.

post-ischemic skin hyperemia does not inform either about the
mechanisms by which it occurs or, above all, about its efficiency in favoring the optimal blood flow distribution in the
skin microvascular bed. Differently, the study of the different
components of the skin blood flowmotion following ischemia
can give information about the mechanisms involved in postischemic skin hyperemia and about its efficiency in ensuring an
adequate blood flow supply to the tissue [2,27,28].
4. The study of skin blood flowmotion in vascular diseases
Considering that the spectral intensity of the skin blood
flowmotion components related to the endothelial, myogenic
and sympathetic activity reflects the efficiency of each of
these different mechanisms in the control of skin vasomotion
[3,16,37], the investigation of skin blood flowmotion by means
of LDF signal spectral analysis was performed in different vascular pathological conditions with the aim of obtaining information about the microcirculatory mechanisms implicated.
Interesting findings have been recently obtained from the
study of skin blood flowmotion in peripheral arterial obstructive disease (PAOD), in essential arterial hypertension (EHT)
and in diabetes. Table 1 summarizes the principal findings.
4.1. PAOD
Initial studies of skin blood flowmotion in PAOD patients
did not use spectral analysis of the skin LDF signal. These

studies found two distinct frequency ranges of the skin flowmotion waves in the diseased leg of stage II PAOD patients:
the so-called alpha, or fast waves, with a frequency of 10–20
cycles per min, and the so-called beta, or slow waves, with a
frequency band of 1–3 cycles per min [12,32]. The same studies showed that the fast flowmotion waves increased according with the severity of PAOD and that leg skin flowmotion
was abolished in the leg skin with more severe ischemia [12,
32].
More recently, skin blood flowmotion was studied in PAOD
patients by means of spectral analysis of LDF signal [28]. In
basal conditions, the leg skin blood flowmotion waves related
to the endothelial, sympathetic and myogenic activity, showed
an increased amplitude in stage II PAOD patients, compared to
control healthy subjects [28], while, contrarily to control subjects, they did not increase at all following ischemia in the
PAOD patients (Fig. 2) [28]. A normal basal leg skin perfusion
and a delayed leg skin post-ischemic hyperemia were also
observed in PAOD patients [28]. These findings suggested
that in II stage PAOD patients leg skin blood perfusion was
not basally impaired because of a compensatory mechanism
due to increased endothelial, myogenic and sympathetic vasomotion activities. The same findings were consistent with the
exhaustion of these compensatory mechanisms in the diseased
leg skin of PAOD patients during the recovery from ischemia,
in accordance with a delayed leg skin post-ischemic reactive
hyperemia observed in these patients.

Table 1
Principal skin blood flowmotion abnormalities in different vascular diseases
Vascular disease
Main SBF abnormality
Recent onset EHT
Myogenic and sympathetic components impaired
Long standing EHT
Endothelial and sympathetic components impaired
II stage PAOD
All components impaired
Critical Limb ischemia
All components impaired
Diabetes
Sympathetic component impaired
EHT = essential arterial hypertension; SBF = skin blood flowmotion.

Place of finding
Forearm
Forearm
Leg
Leg
Leg

Study condition
Following ischemia
Following ischemia
Following ischemia
Basal
Basal
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Fig. 2. A typical leg skin LDF tracing during baseline and post-ischemic reactive hyperemia from a patient affected by II stage PAOD. The power spectra of skin
blood flowmotion obtained by the spectral analysis and the averaged spectra (the right panel) in the two conditions are shown. PU = laser Doppler perfusion unit.

A severely altered pattern of toe skin blood flowmotion was
found in basal conditions in PAOD patients with critical limb
ischemia [1]. This pattern consisted in a decreased amplitude of
flowmotion spectrum of 0.016–0.6 Hz [1], which includes
sympathetic and myogenic flowmotion components, as well
as part of the endothelial flowmotion component. This finding
suggested that exhaustion of the skin vasomotion mechanisms
occurred in basal conditions during critical limb ischemia.
4.2. EHT
Forearm skin blood flowmotion during baseline and following ischemia was recently investigated in newly diagnosed and
long standing well treated EHT patients, using spectral analysis
of forearm skin LDF signal [31]. In basal condition, a normal
amplitude of different skin blood flowmotion components was
observed both in newly diagnosed and long standing EHT
patients. Both groups of EHT patients did not differ from normotensive control subjects as to post-ischemic forearm skin
reactive hyperemia. However, an abnormal different skin
blood flowmotion response following ischemia was observed
in the two groups of EHT patients [31]. Newly diagnosed
EHT patient showed a normal increase in amplitude of
endothelial mediated flowmotion component as well an absent
increase in amplitude of myogenic and sympathetic mediated
flowmotion components. Long standing EHT patient showed a
preserved increase in amplitude of myogenic component, as
well an absent increase in amplitude of endothelial and sympathetic flowmotion components. These findings suggested that
an impairment of the endothelial mechanism involved in skin
blood flowmotion occurs by the time in the course of human
EHT [31], and that an impairment of the myogenic and sympathetic mechanisms of skin blood flowmotion occurs early in
the course of this disease. Moreover, the normal postischemic increase in amplitude of myogenic skin flowmotion
component observed only in long standing EHT patients was
interpreted by the hypothesis that an adequate antihypertensive
treatment can favor the recovery of myogenic flowmotion

mechanism. The same study showed also that the study of
skin blood flowmotion is more sensitive than the quantitative
measurement of skin reactive hyperemia in evaluating the skin
microcirculatory impairment in human EHT.
4.3. Diabetic vascular disease
Study of skin blood flowmotion in diabetic patients has
been focused on the investigation of the sympathetically
mediated flowmotion component, with the aim of elucidating
the role of the sympathetic nervous system in the development
of diabetes-associated microcirculatory alterations. Bernardi et
al. [3] firstly demonstrated that diabetic patients showed a
selective decrease in spectral intensity of skin blood flowmotion component, related to the sympathetic activity. This
abnormality was significantly more frequent and precocious
than abnormalities in parasympathetic autonomic tests. Since
sympathetic denervation has been proposed as the main cause
of the increased skin capillary blood flow in the lower limbs of
diabetic patients when standing, this may explain the intractable ankle edema which might occur in diabetics.
More recently, Lefrandt et al. [18] demonstrated that a
selective decrease in amplitude of sympathetically mediated
skin flowmotion component in diabetic patients with peripheral
neuropaty was associated with an increased capillary leakage.
In the same study, multiple regression analysis disclosed that
the abnormality of sympathetically mediated skin flowmotion
component independently contributed for 30% to the variance
in capillary leakage. These findings suggested that loss of sympathetic tone, apart from sensory-motor nerve dysfunction,
seemed to be a major determinant of an increased capillary
permeability in diabetic patients with neuropathy.
5. The study of skin blood flowmotion in response
to vasoactive drugs
The mechanisms of a given skin vasoactive substance has
been evaluated by measuring the variation in spectral intensity
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of the different skin blood flowmotion components induced by
the substance [15,17,29].
Kvandal et al. [15] demonstrated that the normalized spectral amplitude of the skin endothelial mediated flowmotion
component with a frequency around 0.01 Hz, was increased
to a greater extent by ACh than by sodium nitroprusside.
Moreover in the same study, L-NMMA abolished this difference, whereas it reappeared after infusion of L-arginine.
Aspirin did not affect this difference [15]. These findings suggested that endothelial mediated skin vasomotion is mainly
dependent on NO and not on endogenous prostaglandins produced by the endothelium.
Skin blood flowmotion response to insulin iontophoresis
has been recently investigated in order to explore the microvascular mechanisms involved in the vasodilatory activity of this
hormone [29]. The use of iontophoresis [11] for delivering
insulin to the skin in this study was preferred because this
method allowed to study insulin cutaneous vasoactive effect
without confounding influences related to the systemic effect
of this hormone [21,27]. Using this method, the absolute and
the normalized spectral amplitude of the skin blood flowmotion component with a frequency around 0.1 Hz, due to the
myogenic vasomotion mechanism, was increased to a greater
extent by insulin iontophoresis than by saline iontophoresis,
used as control procedure [29]. This finding suggested that
the cutaneous vasodilatory activity of insulin is, almost in
part, due to an important action of this hormone on skin microvascular smooth muscle cells.
6. Conclusions
A number of studies demonstrated that spectral analysis of
LDF signal is useful and accurate for the evaluation of skin
blood flowmotion, a critical factor in favoring the optimal
blood flow distribution in skin microvascular bed. Important
abnormalities of skin blood flowmotion have been observed
in PAOD, EHT and diabetic patients. In PAOD patients all
flowmotion components were impaired in the diseased leg
skin both in II stage of the disease and in stage of critical
limb ischemia. Different skin flowmotion patterns were
observed according to the time course of EHT. Myogenic and
sympathetic flowmotion components were impaired in EHT of
recent onset, while endothelial and sympathetic flowmotion
components were impaired in long standing EHT. In diabetic
patients there was a selective impairment of skin flowmotion
component mediated by sympathetic activity. The ischemic stimulus was essential in detecting the above mentioned skin
flowmotion abnormalities in II stage PAOD patients and in
long standing EHT patients. In diabetic patients and in PAOD
patient with critical limb ischemia the above mentioned skin
flowmotion abnormalities were detected in basal conditions.
Investigation of skin blood flowmotion in response to different
vasoactive substances demonstrated an important role of NO in
controlling endothelial component of vasomotion and the insulin action on smooth muscle cells of skin microvessels. All
these data suggest that the study of skin blood flowmotion

441

can be used to early and easily detect skin microvascular
impairment in vascular pathological conditions as well as to
investigate the mechanisms of vasoactive substances on skin
microvascular bed.
References
[1] Anvar MD, Khiabani HZ, Kroese AJ, Stranden E. Patterns of skin flowmotion in the lower limbs of patients with chronic critical limb ischaemia
(CLI) and oedema. Eur J Vasc Endovasc Surg 2000;20:536–44.
[2] Bari F, Toth-Szuki V, Domoki F, Kalman J. Flow motion pattern differences in the forehead and forearm skin: age-dependent alterations are not
specific for Alzheimer’s disease. Microvas Res 2005;70:121–8.
[3] Bernardi L, Rossi M, Leuzzi S, Mevio E, Fornasari G, Calciati A, et al.
Reduction of 0.1 Hz microcirculatory fluctuations as evidence of sympathetic dysfunction in insulin-dependent diabetes. Cardiovasc Res 1997;
34:185–91.
[4] Bertuglia S, Colantuoni A, Coppini G, Intaglietta M. Hypoxia- or
hyperoxia-induced changes in arteriolar vasomotion in skeletal muscle
microcirculation. Am J Physiol 1991;260:H362–H372.
[5] Bertuglia S, Colantuoni A, Intaglietta M. Effects of L-NMMA and indomethacin on arterial vasomotion in skeletal muscle microcirculation of
conscious and anestetized animals. Microvas Res 1994;48:68–84.
[6] Binggeli C, Spieker LE, Corti R, Sudano I, Stojanovic V, Hayoz D, et al.
Statins enhance postischemic hyperemia in the skin circulation of
hypercholesterolemic patients. E monitoring test of endothelial dysfunction for clinical practise. J Am Coll Cardiol 2003;42:71–7.
[7] Bollinger A, Yanar A, Hoffman U, Franzeck UK. Is high frequency fluxmotion due to respiration or to vasomotion activity? In: Messmer K, editor. Progress in applied microcirculation. Karger Basel; 1993. p. 52–5.
[8] Colantuoni A, Bertuglia S, Intaglietta M. In: Quantitation of rhythmic
diameter changes in arterial microcirculation. 1984. p. H508–H517.
[9] Colantuoni A, Bertuglia S, Intaglietta M. Microvascular vasomotion: origin of laser Doppler fluxmotion. Int J Microcirc Clin Exp 1994;14:151–
8.
[10] Gustafsson H, Bulow A, Nilsson H. Rhytmic contractions of isolated,
pressurized small arteries from rat. Acta Physiol Scand 1994;152:145–52.
[11] Harris R. Iontophoresis. In: Licht E, editor. Physical medicine library,
vol. 4. USA: Elizabeth Licht, Connecticut; 1967. p. 156–78.
[12] Hoffmann U, Schneider E, Bollinger A. Flow motion waves with high
and low frequency in severe ischemia before and after percutaneous
transluminal angioplast. Cardiovasc Res 1990;24:711–8.
[13] Holtz J. Hemodynamics in regional circulatory beds and local vascular
reactivity. In: Greger R, Windhorst U, editors. Comprehensive human
physiology, vol. 2. Berlin, Germany: Springer-Verlag; 1996. p. 1917–39.
[14] Kastrup J, Buhlow J, Lassen NA. Vasomotion in humans skin before and
after local heating recorded with laser Doppler flowmetry. A method for
induction of vasomotion. Int J Microcirc Clin Exp 1989;8:205–15.
[15] Kvandal P, Stefanovska A, Veber M, Kvermmo HD, Kirkeboen KA.
Regulation of human cutaneous circulation evaluated by laser Doppler
flowmetry, iontophoresis, and spectral analysis: importance of nitric
oxide and prostaglandines. Microvasc Res 2003;65:160–71.
[16] Kvernmo HD, Stefanovska A, Bracic M, Kirkeboen KA, Kvernebo K.
Spectral analysis of laser Doppler Perfusion Signal in human skin before
and after exercise. Microvasc Res 1998;56:173–82.
[17] Kvernmo HD, Stefanovska A, Kirkeboen KA, Kvernebo K. Oscillations
in the human cutaneous blood perfusion signal modified by endotheliumdependent and endothelium-independent vasodilators. Microvasc Res
1999;57:298–309.
[18] Lefrandt JD, Bosma E, Oomen PH, Hoeven JH, Roon AM, Smit AJ,
et al. Sympathetic mediated vasomotion and skin capillary permeability
in diabetic patients with peripheral neuropathy. Diabetologia 2003;46:
40–7.
[19] Luscher TF, Vanhoutte PM. In: The endothelium: modulator of cardiovascular function. Boca Taton, FL: CRC Press; 1990. p. 1–215.

442

M. Rossi et al. / Biomedicine & Pharmacotherapy 60 (2006) 437–442

[20] Meyer JU, Borgstrom P, Lindbom L, Intaglietta M. Vasomotion patterns
in skeletal muscle arterioles during changes in arterial pressure. Microvasc Res 1988;35:193–203.
[21] Morris SJ, Shore AC, Tooke JE. Responses of the skin microcirculation
to acetylcholine and sodium nitroprusside in patients with NIDDM. Diabetologia 1995;38:1337–44.
[22] Nilsson GE, Tenland T, Oeberg PA. Evaluation of laser Doppler flowmeter for measurements of tissue blood flow. IEEE Trans Biomed Eng
1980;27:597–604.
[23] Parthimos D, Edwards DH, Griffith TM. Comparison of chaotic and
sinusoidal vasomotion in the regulation of microvascular flow. Cardiovasc Res 1996;31:388–99.
[24] Patterson GC. The role of intravascular pressure in the causation of reactive hyperaemia in the human forearm. Clin Sci 1956;15:17–25.
[25] Roddie IC. Circulation to skin and adipose tissue. In: Geiger SR, editor.
The cardiovascular system. Bethesda, Maryland; 1983. p. 285–317.
[26] Rossi M, Taddei S, Fabbri A, Tintori G, Credidio L, Virdis A, et al.
Cutaneous vasodilation to acetylcholine in patients with essential hypertension. J Cardiovasc Pharmacol 1997;29:406–11.
[27] Rossi M, Ricco R, Carpi A. Spectral analysis of skin laser Doppler blood
perfusion signal during cutaneous hyperemia in response to acetylcholine
iontophoresis and ischemia in normal subjects. Clin Hemorheol Microcirc 2004;31:303–10.
[28] Rossi M, Bertuglia S, Varanini M, Giusti A, Santoro G, Carpi A. Generalised wavelet analysis of cutaneous flowmotion during post-occlusive
reactive hyperemia in patients with peripheral arterial obstructive disease.
Biomed Pharmacother 2005;59:233–9.
[29] Rossi M, Maurizio S, Carpi A. Skin blood flowmotion response to insulin iontophoresis in normal subjects. Microvasc Res 2005;70:17–22.
[30] Rossi M, Santoro G, Maurizio S, Carpi A. Spectral analysis of skin blood
flowmotion before and after exercise in healthy trained and in sedentary
subjects 2006;27:540–5.
[31] Rossi M, Carpi A, Di Maria C, Galetta F, Santoro G. Spectral analysis of
laser Doppler skin blood flow oscillations in human essential arterial
hypertension 2006;72:34–41.

[32] Seifert H, Jager K, Bollinger A. Analysis of flowmotion by the LD technique in patients with PAOD. Int J Microcirc Clin Exp 1988;3:7223–36.
[33] Serné EH, Ijezerman RG, Gans RO, Nijveldt R, De Vries G, Evertz R,
et al. Direct evidence for insulin-induced capillary recruitment in skin of
healthy subjects during physiological hyperinsulinemia. Diabetes 2002;
51:1515–22.
[34] Soderstrom T, Stefanovska A, Veber M, Svensson H. Involvement of
sympathetic nerve activity in skin blood flow oscillation in humans. Am
J Physiol Heart Circ Physiol 2003;284:H1638–H1646.
[35] Stauss HM, Anderson EA, Haynes WG, Kregel KC. Frequency response
characteristics of sympathetically mediated vasomotor waves in humans.
Am J Physiol 1998;274:H1277–H1283.
[36] Stefanovska A, Kroselj P. Correlation integral and frequency analysis of
cardiovascular functions. Open Syst Inf Dyn 1997;4:457–78.
[37] Stefanovska A, Bracic M, Kvernmo K. Wavelet analysis of oscillations
in the peripheral blood circulation measured by laser Doppler technique.
IEEE Trans Biomed Eng 1999;46:1230–9.
[38] Stewart J, Kohen A, Brouder D, Rahim F, Adler S, Garrick R, et al. Noninvasive interrogation of microvasculature for signs of endothelial dysfunction in patients with chronic renal failure. Am J Heart Circ Physiol
2004;287:H2687–H2696.
[39] Ursino M, Fabbri G. Role of the myogenic mechanism in the genesis of
microvascolar oscillation (vasomotion): analysis with a mathematical
model. Microvasc Res 1992;43:156–77.
[40] Ursino M, Cavalcanti S, Bertuglia S, Colantuoni A. Theoretical Analysis
of Complex Oscillations in Multibranched Microvascular Networks.
Microvasc Res 1996;23:229–49.
[41] Ursino M, Colantuoni A, Bertuglia S. Vasomotion and Blood Flow Regulation in Hamster Skeletal Muscle Microcirculation: a Theoretical and
Experimental Study. Microvasc Res 1998;56:233–52.
[42] Wilkin JK. Periodic cutaneous blood flow during postocclusive reactive
hyperemia. Am J Physiol 1986;250:H765–H768.

