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Summary

The role of microcirculation in skeletal muscle is to
provide the supply of oxygen and various nutrients
and to remove waste products of muscle metabolism.
As skeletal muscles are composed of different fibre
types, this review tries to elucidate the question of
capillary supply and flow with respect to these. It re-
views the current knowledge of structure of micro-
circulation and its nervous, hormonal, and local (myo-
genic, metabolic and endothelial) control. It also dis-
cuss factors involved in the increase in blood flow
and changes in microcirculation occurring during
muscle contractions, exercise training, muscle hy-
pertrophy and atrophy, hypoxia, ageing, hypertension,
diabetes and limited blood supply. 
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Structure of microcirculation 

Most initial studies on microcirculation were performed on
thin muscles which could be transilluminated such as spin-
otrapezius or cremaster where the microvessels form ar-
cades. It is now known that the arrangement is similar in
other transilluminated thin muscles where muscle fibres
and capillaries run in parallel (hamster retractor, rat gra-
cilis or rabbit or cat tenuissimus), or in thicker muscles such
as extensor digitorum longus in rats or gluteus in mice us-
ing epi-illumination. Microcirculation in most muscles
branches from one or more feed arteries into a system or
arterioles (classified according diameters and authors from
the largest (arteriole A1) to smallest (A 4 , 5 or more) with
the terminal arteriole supplying usually up to 20 capillar-
ies. Blood returns to collecting venules which merge to form
larger venules ,arranged in a similar manner to arterioles
and veins (Fig. 1) (1). Smooth muscle cells are present in

several layers in larger arterioles and in one layer in the
terminal arterioles but not in venules. All microvessels are
lined with endothelial cells which are connected with smooth
muscle cells by gap and myoendothelial junctions. Capil-
laries have about 30% of their surface covered by pericytes,
cells which may regulate endothelial proliferation and are
important as precursors of smooth muscle cells in trans-
formation of capillaries into arterioles (arteriolarization) dur-
ing growth and remodeling of the microcirculation (2). 
Capillary flow in skeletal muscles is heterogeneous and
this led to a concept of nutritive and non-nutritive flow. Cap-
illary flow in other organs is regulated by precapillary sphinc-
ters but there is no morphological evidence for their pres-
ence in skeletal muscle. The non-nutritive flow supplies con-
nective tissue and tendons rather than muscle fibres al-
though there are some experiments indicating a possibil-
ity of different pathways of capillary flow (3). The most like-
ly explanation of non uniformity of capillary flow is in the
variability of capillary lengths, velocity of red blood cells
(0.018-0.324 mm.sec -1) and capillary haematocrit with
some capillaries with almost stationary flow. This results
in different transit times of red blood cells (RBC) which is
important for delivery of oxygen to muscle fibres (2).
Most muscles have fibres with different contractile and meta-
bolic properties. The division is important, from the point of
view of microcirculation, only into glycolytic (fast) and oxidative
(fast and slow) fibres. Motor units are composed of fibres
of similar type which are located randomly in most muscles.
Thus for a long time it was difficult to explain the regulation
of flow in microvascular units which are not parallel to the
arrangements of motor units. Few muscles have either pre-
dominantly oxidative (soleus in several mammalian species)
or predominantly glycolytic (e.g. surface of rat tibialis ante-
rior) fibres. Capillaries in these muscle differ not only ac-
cording to their density but also according to their shape (Fig.
2) Observation of microcirculation in these muscles revealed
that capillaries in tibialis anterior have faster velocity of red
blood cell (Vrbc) with shorter red cells transit time than in
soleus. Vrbc in these capillaries increases more during con-
tractions (4) to carry away the metabolites such as lactic acid
produced in glycolytic fibres during muscle contractions (5). 

Control of microcirculation 

Microcirculation in skeletal muscle is controlled by general
mechanisms activated during whole body response (hor-
monal or nervous) and by local mechanisms related to
changes in individual muscles (myogenic, metabolic and
endothelial). 

Nervous control 

All arterial branches of microcirculation are supplied by
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adrenergic sympathetic nerve fibres with α and β recep-
tors while venous microvessels are not innervated (6). Basal
sympathetic constrictor tone in skeletal muscle is relatively
high at rest which is demonstrated by increase in flow af-

ter pharmacological adrenergic blockade or interruption of
sympathetic innervation. Vessels supplying slow oxidative
muscles are less responsive to sympathetic activation or
to catecholamines than those in fast muscles and this en-
ables to maintain blood flow in these postural muscles dur-
ing fight or flight situations. Activation of sympathetic nerves
enables the diversion of blood from skeletal muscles to oth-
er organs in life threatening situations such as haemorrhage
or shock. Constriction of large arterioles helps to maintain
the blood pressure while dilatation in distal arterioles (due
to release of metabolites) promotes improved oxygen de-
livery (7). Vessels in some species have cholinergic sym-
pathetic innervation which was supposed to produce di-
latation in muscles in preparation for fight or flight. There
are reports on peptidergic (neuropeptide Y) and puriner-
gic innervation, although their function has yet to be spec-
ified (see 2).

Hormonal control 

Catecholamines, mainly adrenaline, which are released
from the adrenal medulla in response to exercise, fight or
flight situation, hypotension or hypoglycaemia, are most
important. 
Adrenaline acts on β receptors in muscle vessels and caus-
es dilatation while noradrenalin (released only in smaller
amounts systemically) acts on α receptors and is much
more important locally (see above). High levels of circu-
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Figure 1 - a) scheme of microcirculation in the hamster retractor muscle (modified from 1) b) arterioles 1-3 , capillaries 3, venules 4-
6, collecting vein 7 c) picture of red blood cells in capillaries entering a venule (top); arrows indicate flow. 

Figure 2 - Capillary bed in rat fast extensor digitorum longus
(A,B) and slow soleus muscle (C,D). A and C are cross sections
with capillaries stained for alkaline phospatase shown as black
dots, B and D are vascular casts. 
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lating angiotensin II, in response to activation of the renin-
angiotensin system by e.g. haemorrhage or cardiac fail-
ure cause vasoconstriction. Arginine vasopressin (AVP) can
dilate microvessels in muscles via V2 receptors, but dur-
ing high stress states such as hemorrhagic hypotension
or congestive heart failure, may have a predominantly vaso-
constrictor effect via V1 receptors to support arterial pres-
sure. By contrast, atrial natriuretic peptide (ANP) can an-
tagonise α1-mediated vasoconstriction in large arterioles.
Skeletal muscle microcirculation is significantly affected by
insulin. Systemic administration of insulin caused arteri-
olar dilation in rat spinotrapezius and increased velocity
of red blood cells both in arterioles and capillaries in rat
cremaster. Thyroxine increases both muscle blood flow and
metabolism (see 2). 

Local control

Myogenic 
Myogenic response of vascular smooth muscle in the skele-
tal muscle microcirculation, i.e. vessel constriction in re-
sponse to increased pressure and dilation in response to
decreased pressure, is relatively strong. Increased pres-
sure leads to membrane depolarization, increased intra-
cellular Ca2+ concentration in smooth muscle cells and their
contraction (reviewed in 8). Myogenic response also ex-
plains Vasomotion i.e. regular contraction or dilatation of
terminal arterioles which contributes to temporal inho-
mogeneity of capillary flow. Myogenic responses in mi-
crovessels can be attenuated by accumulation of metabo-
lites during light exercise. 

Metabolic 
Metabolic control of muscle blood flow is related to the meta-
bolic rate of the muscle. In spite of hundreds of papers re-
porting various substances as responsible for the increase
in muscle blood flow during muscle contractions (decreased
pH, increased PCO2, increased osmolality, increased
adenosine and / or adenosine nucleotides, potassium, phos-
phates, kinins, prostaglandins or nitric oxide (NO), none
alone can account for increased blood either in response
to muscle contraction (functional hyperaemia) or after tem-
porary limitation of blood flow (reactive hyperaemia).
Joyner & Proctor (9) have recently reiterated the limitations
of attempting to ‘isolate’ a potential vasodilator metabolite.
Thomas & Segal (10) suggest that K+ which is released from
contracting muscle fibres causes hyperpolarization of vas-
cular smooth muscle with subsequent inhibition of Ca++ in-
flux. Armstrong et al. (11) showed indeed that stimulation
of only very few muscle fibres causes dilatation of the sup-
plying arterioles which was absent when different K+ chan-
nels were inhibited. The metabolites are presumed to act
on all segments of the microvascular network within the
muscle with the largest dilation in response to stimulation-
evoked contractions in pre-terminal and terminal arterioles
[7-13 µm diameter] (12), but dilatation includes also the feed
arteries (13). 

Endothelial 
Endothelial cells are the first cells sensing changes oc-
curring inside (changes in flow velocity and conse-
quently shear stress, i.e. friction between the red blood
cells and endothelial lining) ) as well outside ( metabol-
ic changes occurring in muscle fibres and/or changes in

capillary wall tension due to length/diameter changes of
surrounding muscle fibres) the vessels. They release re-
laxing [such as nitric oxide (NO), prostaglandins (PGs),
endothelial-derived hyperpolarizing factor (EDHF)] as well
as constricting factors [such as endothelin (ET)] in re-
sponse to chemical and physical signals. Inhibition of NO
synthesis by competitive inhibitors increases vascular re-
sistance more in larger than smaller (< 25 µm) vessels and
decreases blood flow in muscles at rest. Similarly, cy-
clooxygenase inhibitors of prostaglandin synthesis such
as indomethacin cause vasoconstriction of arterioles in
resting muscle (see 2). Endothelial NO and PG release
may also be agonist-induced, by catecholamines, acetyl-
choline (ACh), histamine or bradykinin (14). Dilatation in-
duced by these agonists cannot be eliminated either ni-
tric oxidase synthase or cyclooxygenase blockers. It is abol-
ished by several calcium dependent potassium channel
(KCa) blockers (15). Potocnik et al. (15) also demonstrat-
ed the presence of myoendothelial cell junctions which ex-
plain the transmission of signal from the endothelium to
smooth muscle cells. Endothelin, a potent endothelial-
derived vasoconstrictor, may antagonize dilator mecha-
nisms in skeletal muscle (16). 
The endothelium is important in the transmission of sig-
nals between different segments of the microvascular net-
work. If an agonist such as acetylcholine or noradrenalin
is applied locally to an arteriole, the vasoactive response
is not confined to the site of stimulation but is propagat-
ed along the vessel for a distance of several millimetres
independently of innervation or flow. 
This mechanism, termed ‘conducted’ dilation or constric-
tion, appears to depend on direct coupling between en-
dothelia-endothelial and endothelial-vascular smooth
muscle cells via gap junctions formed by connexins and
electrotonic spread of changes in membrane potential (re-
viewed in 17). It is very important in the explanation of in-
creased blood flow during muscle contractions (see later)
Spreading vasodilatation can be limited by activation of al-
pha receptors (18).

Microcirculation during functional hyperaemia
About 90% of capillaries are perfused at rest, but contain
a different number of red blood cells with different veloc-
ity of flow. Capillary perfusion increases with only few con-
tractions. This is due partly due to increase concentration
of interstitial K+ and possibly other substances which are
released from contracting muscle fibres (see above) and
partly due to increased shear stress and release of NO from
capillary endothelium (Fig. 3), as Vrbc increases already
with the first contraction (18). The signals are spreading
via gap junctions and KATP channels to arterioles and even
feed arteries (19) thus enabling increase in blood flow to
larger regions. 
The microvascular units (arteriole-capillaries-venule)
do not supply distinct motor units The spreading va-
sodilatation can explain the long-lasting puzzle about the
different anatomical arrangement of microvascular units
with length in the order of several hundreds mm with the
activation of muscle fibres long several cm within one mo-
tor unit. When the motor unit is activated, the signals from
capillaries supplying the contracting muscle fibres
spread towards the nearest arteriolar network. With many
such networks activated at the same time the dilatation
spreads towards the supplying arteries and blood flow in-
creases.

Skeletal muscle microcirculaion 
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LONG-TERM CHANGES IN MICROCIRCULATION UN-
DER PHYSIOLOGICAL CONDITIONS 

Training and muscle stimulation

Long term increase in muscle activity over several weeks
induced either by training or by chronic electrical stimulation
results in growth of capillaries and arterioles (2). Capillary
growth in endurance trained muscles is related to the in-
tensity of muscle activity and is usually but not always pre-
ceded by an increase in oxidative enzymes. The increase
occurs predominantly around oxidative fibres (20) as these
are preferentially recruited and receive increased blood flow
during voluntary activity (21). Endurance training in humans
leads to increased capillary supply in particular muscles
involved in the training protocol, e.g. deltoid muscle in row-
ers and swimmers, vastus lateralis in cyclists (22). Fast gly-
colytic fibers are only activated during supramaximal con-
tractions of short duration and capillary growth was ob-
served in the glycolytic parts of gastrocnemius muscle in
rats trained by sprint training (23) possibly linked with in-
creased blood flow to this region (Fig. 4). Training also stim-
ulates growth of arterioles: both the number and diame-
ter of terminal arterioles (24), diameter and flow in arte-
rioles < 25 µm (25) and diameter of feed artery (26) are
higher in trained rats. Capillary growth induced by train-
ing is not due to proliferation of endothelial cells (27) but
to elongation of existing capillaries and probably capillary
splitting(28).
With endurance training growth of vessels usually appears
after many weeks, but training by running to exhaustion
accelerated this process (29). Increasing muscle activity

in selected muscle groups (hind-limb ankle flexors in rats
or rabbits) by chronic electrical stimulation induced cap-
illary growth within only 4 days and doubled C: F ratio with-
in a month (31). Capillaries formed a very complex network
with multiple intercapillary connections and sprouts (Fig.
5) (32). Growth of vessels induced by increased activity
can be initiated by growth factors secreted from muscle,
or by mechanical factors such as shear stress and/or wall
tension. Vascular endothelial growth factor (VEGF) is in-
volved (33) but other factors, such as metalloproteinases
or NO are also engaged (34) and there is obviously an in-
terplay of different growth factors as well as anti-angiogenic
factors necessary to initiate and maintain capillary growth
(35). Capillary growth in muscles whose activity was in-
creased by chronic electrical stimulation was very prob-
ably initiated by shear stress with subsequent activation
of endothelial nitric oxide synthase (eNOS), generation of
NO and increased protein of Vascular Endothelial Growth
Factor Receptor 2 (VEGFR2). As stimulation continued,
shear stress and generation of NO by activation of eNOS
became less important, but it is possible that NO was gen-
erated by nNOS activation (36) as nonspecific inhibitor of
NOS LNNA inhibited capillary growth in the absence of el-
evated shear stress (37).
Capillaries can grow by sprouting or longitudinal splitting.
While shear stress results in capillary growth by splitting
and stretch by sprouting, repeated muscle contractions
combine both factor (38).Capillary growth in stimulated mus-
cles is accompanied by growth of arterioles and the size
of the whole vascular bed estimated by corrosion casts is
therefore enlarged (39). Transforming growth factor-β1 (TGF
β1) and platelet derived growth factor (PDF) are probably
involved in this growth (2).
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Figure 3 - Interaction between capillary shear stress, metabolites released from muscle fibres, endothelial cells and smooth muscle
cells. Increased shear stress due to the increased velocity of flow causes release of NO from endothelial cells which contribute to the
relaxation of smooth muscle cells. On a long-term basis shear stress and NO also contribute to the upregulation of VEGFR2 (vascu-
lar endothelial growth factor receptor 2) and VEGF and thus stimulate capillary growth. 



Muscle hypertrophy

Heavy resistance training leads to muscle hypertrophy
which is not accompanied by increased number of capil-
laries (40). In contrast, muscles hypertrophied as a result
of muscle overload due to extirpation of synergistic mus-
cles show capillary and arteriolar growth (41) due to me-
chanical forces acting on the capillary wall (stretch and pos-
sibly increased capillary wall tension), but not due to shear
stress as blood flow in these muscles is not increased. Cap-
illaries are tethered to muscle fibres and when these are

stretched the basement membrane is disturbed and ac-
tivity of metallo proteinases (mainly MMP 2) is increased
with resulting capillary sprouting (42). The expression of
VEGF is increased, but NO is not involved (33).

Ageing

Numerous data on capillary supply and arrangement of mi-
crovasculature do not show any substantial changes with
increasing age (reviewed in 43). However, both vasodila-
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Figure 4 - The effect of training on blood flow (a.c) and capillary supply (b,d) in different skeletal muscle after high intensity sprint train-
ing (top panels) and endurance training (bottom panels). White columns predominantly glycolytic fibres, black columns predominant-
ly oxidative muscles. The first two columns in each panels represent control values, the second two columns values after training. The
difference after training is denoted by*. Note that sprint training alters values in glycolytic and endurance in oxidative muscles.

Figure 5 - Cast of the microvasculature from control (a) and chronically stimulated (8 h/day,7 days) muscle. Arrow indicates capilary
sprouts (40).



tor and vasoconstrictor responses decrease with advancing
age due to endothelial dysfunction in arterioles – decreased
production of NO and prostacyclin (44) Spreading va-
sodilatation so important in the mediation of functional hy-
peraemia, is impaired and consequently post contraction
vasodilatation of arterioles in attenuated (45). These
changes affect more vessels supplying highly oxidative mus-
cles and their lower blood flow can explain the difficulties
to maintain posture in old age which is dependent to a great
deal on good function of the anti gravitational muscles.
There shift of blood flow from oxidative towards glycolyt-
ic muscles is particularly evident during exercise (19). 

Hypoxia 

Acute systemic hypoxia leads to increased diameter of ar-
terioles and venules which is due to the action of adeno-
sine and mediated by NO (46). Muscles in chronically hy-
poxic rats had larger diameter of capillaries, higher red cell
flux and higher capillary density (47) all of which togeth-
er with growth of new arterioles (48) help maintain oxygen
supply to muscle fibres in spite of low values of oxygen in
arterial blood .Growth of new vessels is due to enhanced
expression of VEGF which is activated by hypoxia-inducible
factor-1alpha (HIF-1alpha) although other mechanisms may
be involved (49).

MICROCIRCULATION IN PATHOLOGICAL STATES 

Muscle atrophy 

The most common causes of muscle atrophy are either pro-
longed inactivity , denervation or degenerative muscle dis-
eases. Immobilization by plaster casts had relatively
small effect on capillary supply. On the other hand, mus-
cles exposed to prolonged inactivity in animals suspend-
ed in a position which prevented anti gravitational muscles
to support body weight had lower C:F ratio (50). In addi-
tion smaller capillary diameter and their lower tortuosity
result in lower capillary volume. These changes are
linked with apoptosis of capillary endothelial cell (51).
Muscles undergoing atrophy after denervation or tenoto-
my could be expected to have higher density of capillar-
ies due to decreased fiber size. This has indeed been de-
scribed not only in denervated muscles but also in mus-
cles where atrophy was due to tenotomy (reviewed in 23).
However, blood flow referred to muscle weight was high-
er during the first two months after denervation or teno-
tomy (possibly due to dilatation of arterioles in response
to metabolites released from atrophying muscle fibres) with
better capillary perfusion (reviewed in 52). With long last-
ing denervation (2-18 months) capillaries degenerated and
many disappeared, such that some parts of the affected
muscles became avascular (53). One reason for capillary
regression in long-term denervated muscles might be the
decreased expression of mRNA for VEGF and its recep-
tors and also decreased expression of angiopoetin (54).
Degeneration and loss of capillaries in the later stages may
also be due to lack of perfusion and / or lack of mechan-
ical stretch as the muscles are not capable of contractions.
Limited perfusion might be explained by degeneration of
vascular smooth muscle in arterioles (55) which would ren-
der the vessels less responsive to vasodilator stimuli. 

Although changes in microcirculation have been consid-
ered as an important factor in the pathogenesis of
Duchenne muscular dystrophy, there no evidence for
changes in capillary supply, muscle blood flow (2) or re-
activity of arterioles (56). However, ultrastructural studies
showed swelling of endothelial cells and thickening of the
basement membrane (57) which could cause impairment
of oxygen and solute diffusion. 

Muscle ischaemia 

Deindl & Schaper (58) reviewed compensatory changes
including development of collateral circulation and re-
modeling of arteriolar and capillary vascular bed in chron-
ic ischemia. Collateral vessels usually develop by en-
largement of preexisting vessels due to shear stress and
some growth of arterioles (59). This is possibly due to up-
regulation of VEGF mRNA expression and expression of
mRNA for fibroblast growth factor-1 receptors (FGFR-1)
which may mediate signal transduction in proliferating
smooth muscle cells and thus contribute to arteriolar growth.
However, neither FGF-1 nor FGF-2-mRNA were changed
in either muscles or arteries, so that their role in vascular
remodeling in chronic ischemia is questionable. Diameters
of arterioles and venules in muscles remote from the site
of iliac artery ligation were unaffected.
Diameters of capillaries were smaller due to capillary en-
dothelial swelling; this would increase the barrier thickness
for diffusive exchange of oxygen and metabolites and con-
tribute to the impaired muscle function. However, since cap-
illary Vrbc was slightly higher, capillary shear stress was un-
changed and this could help to maintain endothelial func-
tion and the integrity of the capillary bed. Whether chronic
ischemia leads to capillary growth in the more remote mus-
cles or not is still unresolved. In spite of numerous papers,
the reports on the capillary supply are controversial. Perfusion
of the capillary bed in ischemic muscles at rest is no different
from normal muscles for up to 5 weeks after ligation of the
iliac artery. However, total muscle blood flow, capillary Vrbc
and red cell flux do not increase during contractions and ar-
terioles do not dilate. The latter is likely due to endothelial
dysfunction: arteriolar dilation to an endothelium-indepen-
dent agonist is more or less preserved while responses to
endothelium-dependent dilators are either absent or severely
attenuated. Microcirculation in chronically ischemic muscles
can be improved by exercise or by chronic electrical stim-
ulation which increased capillary supply and furthermore re-
stored the ability of arterioles to dilate and improved total
muscle blood flow and performance (2,60). 

Diabetes and obesity 

Patients with type I (insulin dependent) diabetes have high-
er muscle blood flow at rest as well as during exercise, nor-
mal capillary density and higher capillary diffusion capacity
in spite of thicker capillary basement membrane. In con-
trast, capillary density was lower in patients with type II (in-
sulin independent) diabetes. Data on microcirculation in
animals with streptozotocin-induced diabetes showed a de-
crease in C:F ratio with longer time after inducement. Cap-
illaries branch less and are straighter and narrower with
decreased proportion of continuously flowing capillaries
compared to control animals. Capillary Vrbc, red cell flux and
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proportion of continuously flowing capillaries were all low-
er (reviewed in 2).The percentage of capillaries perfused
with erythrocytes was lower also in an animal model of type
II diabetes (61). Decreased branching was observed al-
ready in the early stages after the onset of diabetes (62).
Attenuated dilalatation in response to endothelium de-
pendent agonist (acetylcholine) indicates endothelium dys-
fuction (63).All these findings contribute to the explanation
of muscle fatigue in diabetes. 
Microvessels studied in animal models of obesity (which
often precedes diabetes in humans) have smaller lumen,
thinner wall and reduced distensibility (64). This, togeth-
er with attenuated response to endothelium dependent ag-
onists explain impaired perfusion in response to in-
creased metabolic demand. 

Hypertension 

Numerous studies of different models of hypertension in
animals ( mostly rats) showed rarefaction (decreased num-
bers) of arterioles and venules, but not capillaries. Together
with increased arterial media / lumen ratio (due to both hy-
perplasia and hypertrophy of the smooth muscle cells), re-
duced vasodilator capacity (due to impaired endothelial NO
production) and increased vasoconstriction of arterioles
in response to noradrenalin and endothelin is the basis of
higher peripheral resistance and leads to limited capillary
perfusion (2). Treadmill training increased capillary density
and normalized arteriolar wall/lumen ratio, changes which
were initiated by increased level of VEGF (65) and obvi-
ously improved capillary perfusion.

Heart failure 

Endothelial cells dysfunction in large and small vessels in
cases of chronic heart failure (CHF) result in perfusion
deficit, alterations in microcirculation and increased skele-
tal muscle fatigue (66). Arterioles are narrower than in con-
trols, dilate less in response to endothelial dependent (Ach)
agonist and constrict more in response to noradrenalin. Al-
though muscle C:F ratio is not changed (67) their perfu-
sion is impaired: the percentage of capillaries with inter-
mittent flow is higher and capillary Vrbc and red cell flux
lower (68). C:F ratio was significantly lower in patients with
established CHF and their basement membrane thicker
(68). All these changes impair oxygen delivery and may
explain muscle fatigue and metabolic changes observed
in skeletal muscles following heart failure. Endothelial dys-
function in CHF may be alleviated by interventions such
as L-arginine treatment or training (69). Chronic electrical
muscle stimulation prevented the narrowing of arterioles
and resulted in increased C:F ratio in rats with myocardial
infarction (70). Physical training in patients with CHF can
reverse reduced microvascular density, although the
mechanism is not known. Training does not change the ex-
pression of VEGF or endothelial NO synthase (71) may af-
fect mechanical factors in microcirculation ( eg shear stress)
due to training induced improvement of muscle blood flow. 

Conclusions 

Microcirculation in skeletal muscles is adapted to muscle

metabolism: capillary supply is better and capillary perfusion
in postural muscles under resting conditions is more ho-
mogeneous with longer transit times for RBC to ensure
good supply of oxygen than in fast contracting muscles.
However, during muscle contraction, velocity of flow is faster
in fast muscles to ensure the clearance of metabolites. Ves-
sels in postural muscles are less sensitive to noradrena-
lin and/or sympathetic stimulation. This helps to maintain
their circulation even when flow is diverted from muscu-
lature to other organs under life threatening conditions. En-
dothelial cells in capillaries and arterioles play an impor-
tant part in the regulation of microcirculation in health (they
sense and conduct the initial impulse for dilatation during
muscle contraction and thus enable adjustment of capil-
lary perfusion with activation of different motor units) but
also in diseased states, e.g. impairment of muscle mi-
crocirculation in heart failure. Microvascular bed (capillaries
and arterioles) can grow in muscles exposed to in-
creased activity and regress during long-lasting inactivi-
ty. Mechanical factors (such as shear stress, wall tension
or stretch of vessels) as well as growth factors, mainly Vas-
cular endothelial growth factor (VEGF) play an important
part in these processes. 
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