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Intermittent claudication is a symptom of atherosclerosis of the lower limbs (peripheral arterial disease (PAD)) and is char-
acterized by pain and cramps of lower limb muscles during exercise. Claudication leads to a reduction in physical activity of
patients. PAD is a systemic disease. Atherosclerotic lesions located in the arteries of the lower limbs not only pose the risk of the
ischemic limb loss, but above all, they are an important prognostic factor. Patients with claudication are at significant risk of
cardiovascular complications such as infarcts or strokes. Comprehensive rehabilitation of patients with intermittent claudication
based on the current TASC II (Inter-Society Consensus for the Management of Peripheral Arterial Disease) guidelines, ESC
(European Society of Cardiology) guidelines, and AHA (American Heart Association) guidelines includes supervised treadmill
training, training on a bicycle ergometer, Nordic Walking, resistance exercises of lower limb muscles, and exercises of upper limbs.

A trained, educated, and motivated patient has a chance to improve life quality as well as life expectancy.

1. Introduction

One of the most common causes of disease and death in the
Western world is atherosclerosis. The process is charac-
terized by the formation of atherosclerotic plaques that
narrow the lumen of the arteries, and its clinical symptoms
depend on the location of the lesions. PAD prevalence
varies widely between countries, increases sharply with age,
and has a relation to ethnicity [1]. Atherosclerosis is
considered a systemic disease. It may present as coronary
artery disease, cerebrovascular disease, and renal artery
stenosis or peripheral arterial disease. The latter disorder
(PAD) consists in narrowing and finally total occlusion of

the main vessels supplying the lower limbs [2]. This results
in pain and disturbances in the economics of walking,
which limits the ability to ambulate and decreases physical
activity of the patients. Hence, it forms a significant
problem for the physiotherapist. The rehabilitation is
complex. It must take into account not only the risk of
amputation of ischemic lower limbs and reduced quality of
life but above all the fact that limb ischemia is an important
prognostic factor of general cardiovascular complications
[3]. Therefore, kinesitherapy in patients with atheroscle-
rotic lower limb ischemia apart from rehabilitation of
locomotive disturbances must take into account the ele-
ments of cardiac rehabilitation [4].
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1.1. Intermittent Claudication. PAD often manifests as in-
termittent claudication. It is characterized by cramp and
pain of a given muscle group. Discomfort occurs only during
exercise and intensifies gradually as one continues to walk
until it forces complete stop. Effort-related lower limb
muscle pain is associated with transient ischemia (IIa and ITb
degrees of Fontaine classification). The patient with in-
termittent claudication does not feel any discomfort at rest
because the blood flow and oxygen supply in the limb are
then replenished. During exercise, narrowed or occluded
arteries supplying the muscles of the lower limbs limit the
necessary increase in blood flow, which results in dispro-
portions between metabolic demand and oxygen supply and
is associated with the occurrence of claudication [5]. As a
result of muscle ischemia, anaerobic metabolic products are
released. Anaerobic glycolysis resulting from limited oxygen
supply is accompanied by the increase in lactic acid con-
centration and depletion of adenosine triphosphate (ATP)
and phosphocreatine stocks, causing pain [6]. The symptom
of claudication, also called the symptom of “shop displays”
or “hungry muscle pain,” is so characteristic for PAD that
proper diagnosis of the disease can usually be made based
solely on properly collected anamnesis [7].

Intermittent claudication limits the locomotive abilities
and also makes it difficult for the patient to actively par-
ticipate in personal, social, and professional life and is one of
the causes of disability of middle-aged and elderly people [8].
Fontaine’s scale is used for staging of the atherosclerotic
disease of lower extremities. Absence of or minimal clinical
symptoms in the form of tingling, numbness, and cold
sensitivity define stage I. Stage Ila is intermittent claudi-
cation with the distance above 200 m, whereas stage IIb is
below 200 m. Stage III accounts for rest pain, and grade IV
comprises ulcers of gangrene and necrosis. Stages IIT and IV
are referred to as critical limb ischemia [9].

1.2. Evaluation of the Patient with PAD by the
Physiotherapist. The basic examination of patients with
PAD consists of palpation of the pulse in the typical sites on
the lower limb, i.e., in the inguinal and popliteal regions and
dorsal region of the foot and medial ankle. The lack of a
palpable pulse indicates a significant narrowing or occlusion
in the arterial system proximally to the examined area [10].

There are two determinants of the patient’s ability to
ambulate. The maximal claudication distance (MCD) is
defined as the distance after which the patient is forced to
stop because of severe pain and muscle cramps. Another
one, i.e., pain-free walking distance (PEWD), is the distance
traveled before any pain occurs. A correctly estimated
distance is an important element in the decision of a vascular
surgeon or angiologist regarding further medical or surgical
treatment. A distance of about 100 m and below prequalifies
the patient for invasive treatment [11].

The degree of impairment of blood supply to the limb is
assessed by measurement of the ABI (ankle-brachial index).
The ABI is expressed as the ratio of the systolic pressure
measured in the area of the ankle and the systolic pressure
measured in the arm. Under physiological conditions, the
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ABI in the supine position is close to 0.9-1.4. In patients with
PAD, ABI values fall below 0.9, and below 0.4, it correlates
with critical limb ischemia [12]. It should however be re-
membered that, in a subgroup of patients with diabetes or
renal insufficiency, false negatives can be expected. It is due
to the so-called “stiffness” of small artery walls and their
resistance to compression [13, 14]. From the general health’s
point of view, the reduced ABI also correlates with car-
diovascular events. Chronic lower limb ischemia is closely
related to myocardial ischemic disease and cerebral artery
disease. An ABI less than or equal to 0.9 is associated with a
3- to 6-fold increase in the risk of cardiovascular mortality.
This risk correlates with the ABI reduction rate—the lower
the ABI, the greater the risk [15].

The latest findings of the European Society for Vascular
Medicine in May 2019 contained in the Second European
Agreement prove that classic PAD classifications are not
complete and evidence-based. The need to define patients
with a high risk of amputation and to categorize the patients
whose prognosis improves owing to revascularization was
indicated. Measurement of systolic toe pressure (STP), with
a value below 30mmHg suggesting the need for re-
vascularization, appears to be an important factor. Patients
with STP above 30 mmHg and suspected PAD should be
treated conservatively in specialized centers, and the need
for revascularization should be considered individually [16].

In physical examination, attention should be paid to
changes in the color of the skin, especially to the paleness
which increases after lifting the limb up. Long-lasting
chronic ischemia is indicated by hair loss, especially in the
case of unilateral ischemia as opposed to the healthy limb.
Additional features include thickened, deformed, slow-
growing nails with a tendency to fungal infections. Chronic
ischemia of the lower limbs is also characterized by muscular
atrophies affecting the muscles of the feet and shins. The
Ratschow test is a useful adjunct to routine peripheral
vascular assessment and, if positive, suggests more severe
ischemia with distal limb artery involvement [17].

Location of the pain described by a patient may be useful
for determining the anatomical area of the lesion, which may
later facilitate diagnostic and therapeutic decisions. Clau-
dication affecting the buttocks and thighs, sometimes
combined with impotence, may be associated with stenosis
or occlusion within the bifurcation of the abdominal aorta
(Leriche’s syndrome). The most frequent localization of
PAD is the superficial femoral artery, and its narrowing is
manifested by claudication within the calf. Exercise pain in
the foot usually indicates impairment of the calf arter-
ies—tibial anterior, tibial posterior, or sagittal (at least 2 of 3).
Lesions may also occur in multiple sections of the arterial
system, and it usually follows more advanced stage of ath-
erosclerosis [18].

2. Conservative Treatment

Physiotherapists can start working with the patient with
lower extremity PAD only if physical therapy is indicated by
the angiologist or vascular surgeon after the patient has been
diagnosed with lower extremity PAD; the location of the
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stenosis causing lower extremity ischemia has been detected;
the stage of chronic ischemia, the initial and absolute
claudication distances, and the type of treatment (phar-
macological or surgical) are determined; and coexisting
diseases and contraindications to specific rehabilitation
methods are known. An individual personalized outpatient
rehabilitation program should be designed for each patient.

2.1. Supervised Walking Training on the Treadmill. The
current principles of atherosclerotic treatment of lower limb
ischemia are based on the 2007 TASC II (Inter-Society
Consensus for the Management of Peripheral Disease)
guidelines and the 2017 ESC (European Society of Cardi-
ology) guidelines, prepared in collaboration with the ESVS
(European Society for Vascular Surgery) [19, 20]. Treatment
of patients with intermittent claudication, especially with
distal occlusion, is mainly conservative therapy, the aim of
which is to improve the quality of life by relieving pain in the
limbs while walking, thereby increasing the distance of
claudication and reducing the risk of cardiovascular com-
plications. Intermittent claudication is by far a greater in-
dicator of cardiovascular risk than it is of the limb’s fate.
According to the literature, only 18% of patients with
claudication will require surgical intervention and 10% will
be amputated in a 10-year follow-up, while mortality from
infarcts and strokes at 5, 10, and 15 years will be 30%, 50%,
and 70%, respectively [21].

The walking training is a very important element in the
conservative treatment of PAD, apart from pharmacother-
apy and the modification of risk factors, which include
smoking, lipid disorders, hypertension, diabetes, obesity,
and stress. In accordance with the ESC and TASC II
guidelines, the supervised training on a treadmill should be a
primary procedure in all patients with intermittent clau-
dication [22]. Training sessions should last 30 to 60 minutes
and be run 3 times a week for a minimum of 3 months. The
proposed belt speed is 3.2 km/h with increasing inclination
of a treadmill. At the same time, it is emphasized that the
maximum pain of ischemic muscles during walking should
always be avoided [19, 20] (Figure 1). It remains a matter of
dispute whether during the march any muscle pain should
be allowed or not, considering the potentially unfavorable
aspects of the ischemia—reperfusion phenomenon, which
can lead to a generalized inflammatory reaction. The
Gardner meta-analysis in 1995 focuses only on the benefits
of increasing the distance of claudication, suggesting that
walking training should be based on efforts conducted until
maximum or close to the maximum severity of pain [23].
The current TASC II and the AHC (American Heart As-
sociation) and ESC guidelines suggest stopping the walking
session when the pain reaches the moderate intensity,
suggesting that if the patient stops at the onset of pain, the
response to the training will be inadequate [24]. At the same
time, TASC II strongly recommends avoiding the highest
level of pain. Supervised walking training on a treadmill is
the most effective form of rehabilitation of patients with
intermittent claudication and is a “gold standard.” More-
over, it is a safe method because it practically excludes the

FI1GURE 1: Treatment of claudication: treadmill training.

risk of injuries or complications. The mechanism underlying
the increasing walking distance in patients with intermittent
claudication following exercise therapy is not clear. This
effect is not based on one mechanism but results from a
combination of many factors. Authors of many publications
emphasize that treadmill walking causes beneficial rheo-
logical changes, causing increased deformability of eryth-
rocytes and decreased blood viscosity. It also leads to
morphological changes in muscle fibers, thanks to the im-
proved capillary flow. Finally, training changes the per-
ception of pain through increased supply of endorphins,
leads to so-called “walking economy” improvement, and
importantly causes pleiotropic changes in metabolism
[25-27].

Training on the treadmill can be gradually modified by
extending the duration from 30 to 60 minutes as well as the
speed from 3.2 to 4.8 km/h [28]. Atherosclerotic changes in
arteries in patients with intermittent claudication are usually
global; that is, they may also affect the cerebral and cardiac
circulation. Therefore, treadmill exercises must take into
account both beneficial (the extension of the claudication
distance) and potential harmful effects on the cardiovascular
system. The initial exercise test on the treadmill with mea-
surements of blood pressure (CTK), heart rate (CAS), and
ECG recording preceding long-term rehabilitation may allow
to rule out severe concomitant circulatory disorders and thus
avoid potential risk that a full, multiweek program of intense
treadmill exercise might pose to affected individuals [29, 30]
(Figure 2). Previously stated advanced unstable coronary
heart disease, ischemic neurological disorders, and some
muscular and joint disorders are also contraindications to
motor rehabilitation on the treadmill. The percentage of
patients disqualified from physical rehabilitation according to
different tests varies from 7 to 34% [31, 32].

It should be noted that atherosclerosis is a systemic
problem and cardiac rehabilitation is refunded by the
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FIGURE 2: Exercise test on the treadmill with blood pressure (CTK),
heart rate (CAS), and ECG monitoring.

national health services. At the same time, rehabilitation of
patients with PAD in many countries is not eligible for
refund.

2.2. Unattended Forms of Walking Exercises. Physical ac-
tivity in patients with intermittent claudication is an integral
part of general treatment. Since 69% of eligible PAD patients
refuse to participate in supervised exercises 3 times a week
because they are too burdensome for them, it is extremely
important both to convince them about the purpose of
walking exercises and to skillfully introduce training in their
everyday activities [33]. In the literature, one can find papers
discussing the principles of everyday activities of patients
with claudication. It is assumed that the patient should walk
about 3-5km a day or ride a bicycle 10 km, stopping at the
beginning of muscle pain, resting, and continuing training
until the next stop [34, 35]. In practice, however, the vast
majority of patients, instead of a detailed instruction on the
walking training, receive at most a general recommendation
“please do a lot of walking.” As the research shows, such a
vague recommendation from a vascular surgeon or family
physician, without explaining exactly what rules should be
followed in everyday walks, can also lead to patients walking
until maximum pain, which is inconsistent with the current
TASC II recommendations [22]. Going to the maximum
pain may precipitate adverse consequences and increases the
risk of cardiovascular complications. Therefore, among
patients with PAD, a safe “walk a lot, but not forcefully”
recommendation should be promoted instead of using the
wrong technique of “crying but walking” [36]. It should be
emphasized that if during the walk the patient feels severe
pain and muscle cramps, it causes highly adverse conse-
quences as a result of ischemia—reperfusion injury (IRI)
[37-39]. Restoration of the blood flow in severely ischemic
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muscles transfers active neutrophils to the general circula-
tion with the subsequent release of active forms of oxygen
and nitrogen (free radicals). These compounds cause, inter
alia, the conversion of cholesterol into oxycholesterol, which
is easily captured by the walls of the arteries through the
scavenger receptor. This phenomenon to a certain extent can
explain the rapid progression of atherosclerosis in patients
with claudication and their high mortality due to myocardial
infarction and stroke [8, 40].

On the contrary, it would also be a mistake to limit the
patient’s physical effort since the mere exchange of
10 minutes of a sedentary lifestyle for 10 minutes of low-
intensity physical activity reduces mortality by as much as
9% [41]. The total exertion should consist of repeating
marches, preferably until the beginning of lower extremity
muscle pain, followed by rest. Maximum dilatation of ar-
terial vessels occurs before ischemic pain. The advantage of
walking training at home arises from the ability to in-
dividualize the effort; however, it is also easier for less
disciplined patients to cease exercising without supervision.
At the same time, it is emphasized that training at home can
be as effective as outpatient treatment, provided that it is
periodically monitored, for example, by activity-monitoring
devices or by periodic checks every few days. Pain threshold
should be determined in hospitals/clinics, which should be
followed by discussion on activities that patient should
repeat at home [42, 43]. Patients over 60 years are recom-
mended to walk 60 steps per minute, whereas younger
patients can go up to 120 steps per minute. A rhythmic and
dynamic march is recommended. Slow walking is not rec-
ommended because part of the work is then used to stop, and
consequently, it is nonergonomic activity. The gait should be
smooth, and the tendency to save the affected limb (stalling)
should be avoided. It is good when the march takes place on
a moderately hard surface, preferably along a path in the
park. If, of necessity, training is carried out on hard pave-
ments, comfortable, airy footwear on a thick flexible sole is
recommended. Duration of marching training should not
exceed 20 minutes in the initial period, and later, it could be
extended to 45 minutes. Training should be repeated 2-3
times a day. Patients with a longer claudication distance can
be trained to climb stairs, which additionally involves crural
and sciatic muscles [44]. Walking training can also be
conducted in the form of Nordic Walking, where swinging
symmetrical movements of the upper limbs are performed in
a rhythmic walk with poles [45]. One of the recommended
special forms of exercises is Buerger’s training consisting in
alternating exercises in the position of (1) ischemia, (2)
congestion, and (3) relaxation of the muscles of the lower
limbs [46].

2.3. Training on a Bicycle Ergometer. In the rehabilitation of
patients with PAD, cycling and exercises on a bicycle er-
gometer (stationary bike) or a rehabilitation rotor, ie., a
device for exercising the lower limb muscles in a sitting
position, are also used. These activities are particularly useful
for patients who for some reason have limitations in con-
ducting walking training, for example, degenerative joint
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changes in the lower limbs, neurological disorders, or ex-
cessive body weight. Because exercises on a bicycle er-
gometer with a comparable load increase the activity of the
proximal muscle groups of the limb, while the march causes
the load on the distal muscles—mainly calves, it is important
that the patient places his forefoot, instead of the midfoot or
the heel, on the pedal, which will allow for greater crural
muscle involvement during exercise. If a patient is riding a
bicycle or pressing the rotor pedals, it is not meant to make
him or her breathless or evoke pain in the ischemic muscles
of the lower limbs. Safe training on painless distances or
until a small pain sensation interspersed with a few minutes
of rest is recommended instead. The patient will benefit the
most if the training is run every day and if the total distance
covered about 10 km. The appropriately chosen load should
be based on the result of an exercise test with CTK, CAS, and
ECG recording, prior to the rehabilitation [24, 47].

2.4. Exercises of Upper Limbs. Training of upper arms (arm
cranking) can be a highly beneficial procedure in patients
with lower limb claudication according to some papers. It is
suggested that improvement of cardiovascular endurance
may contribute to improving gait. It has been demonstrated
that exercises of upper limbs increase the antioxidant po-
tential and lead to the extension of painless and maximum
distance of claudication. Certainly, it can also be expected
that this form of training contributes to strengthening the
muscles of the upper limbs, possible blood pressure nor-
malization, and improvements in the circulatory system as a
whole [48-50]. The load should be chosen regarding optimal
conditions for cardiovascular training. It is described as the
physical fitness zone—defined as 50-75% of the maximum
heart rate (220 —age). This range is considered to be the
target heart rate during exercise. Exceeding this limit might
pose a risk to the myocardium [51-53]. Patients with PAD
who poorly tolerate walking or have a limited ability to
perform lower limb exercises would benefit most from this
form of activity.

2.5. Physical Medicine. Physical therapy is also used in the
treatment of patients with intermittent claudication. It is not
an isolated form of therapy but rather an accessory element
of therapeutic regimen with primarily hyperemic, vaso-
dilating, and analgesic and anti-inflammatory effects. This
applies particularly to patients’ concomitant conditions such
as degenerative changes of the joints of the lower limbs, in
which the ability of walking is deteriorated. These methods
can also provide the patients with a preparatory element for
muscle and joint kinesitherapy, as they result in tissue re-
laxation [54]. Previous studies are not conclusive as far as the
efficiency of physiotherapeutic methods for increasing the
distance of claudication or improving collateral circulation is
concerned. Nonetheless, physiotherapy as adjunctive and
complementary treatment in ITa/b limb ischemia in the
Fontaine classification seems to be beneficial. It is worth
noting, however, that because of the possible sensory dis-
orders accompanying ischemia, the use of currents or

thermal procedures should be carefully considered, so as not
to cause burns [55].

The vasodilatation is achieved through the use of mag-
netotherapy, galvanic current, iontophoresis, Bernard’s dia-
dynamic currents, TENS, Trdbert currents, and interference
currents. The effect can also be obtained using infrared ra-
diation, ultrasounds, and therapeutic baths, preferably carbon
acid, radium, sulfide and hydrogen-sulfide, or brine [56].

The beneficial effect of tissue overheating on patients
with obliterative atherosclerosis of the lower limb arteries is
associated with an increase in blood flow. It can be achieved
by means of infrared radiation of the Sollux lamp. These
treatments also lead to relaxation of contractured muscles,
joints, ligaments, and tendons.

In order to induce contraction of specific muscles,
electrostimulation with electric impulses or Wadit high-
frequency therapy is used for their stimulation. This type of
electrogymnastics can be used in the treatment of muscular
atrophy and muscular weakness, for example, in patients
with short claudication distance [57].

The effect of biostimulation of microcirculation leading
to restoration of the network of damaged blood vessels,
improvement of the rheological properties of blood, and
increased production of collagen by fibroblasts is observed
during polarized light therapy. This speaks for the potential
use of this physiotherapeutic method in the treatment of
patients with intermittent claudication [58].

Analgesic and anti-inflammatory effects on muscles,
joints, tendons, and nerves are obtained, thanks to the use of
electrotherapy, including galvanic current and iontopho-
resis, diadynamic currents, interference currents, TENS,
short-wave diathermy, and magnetotherapy. Light therapy
with analgesic effects includes laser therapy, piler polarized
light, and infrared radiation—Sollux lamp. Ultrasounds give
a similar therapeutic effect [59].

The Kneipp method is used to reduce the activity of the
vasomotor nerves resulting from regulation of the auto-
nomic nervous system centers. This particular form of
balneotherapeutic treatment in the case of atherosclerosis of
the lower limbs is based on the comprehensive use of hy-
drotherapy (mainly Hauffe showers and baths), therapeutic
use of physical activity, learning health-related lifestyle,
phytotherapy, and mental hygiene. Exercises in water, in
particular swimming, have a beneficial effect on the function
of the heart and peripheral vessels. Faster circulation of
blood contributes to better supply of tissues and organs with
oxygen and nutrients and increases the exercise tolerance of
the human body [60, 61].

3. Invasive Treatment

Endovascular or surgical invasive treatment is indicated only
in a subgroup of patients with atherosclerotic lower limb
ischemia, in whom motor rehabilitation and conservative
treatment did not bring the expected improvement and in
the subjects with critical limb ischemia due to the risk of
amputation and even death. Generally, it is assumed that
invasive treatment is undertaken when the distance of
claudication is 100 m and below, as well as in the patients
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FIGURE 3: Management of PAD.

with resting pain and necrotic changes (III and IV degrees of
Fontaine classification). The degree of impairment of the
patient’s mobility and quality of life, the anatomical location
of atherosclerotic lesions, the expected immediate and re-
mote benefits of treatment, and the risk of complications are
the most important factors in the choice of therapeutic
modality [62]. There are multiple scientific studies which
show that a rigorous program of supervised exercise can
be in the long term just as beneficial as angiosurgical
treatment and is more effective than angioplasty [63]
(Figure 3).

Percutaneous transluminal angioplasty (PTA) is an in-
travascular procedure and involves the widening of the
narrowed or even occluded artery lumen. Very often, the
stent implantation or the introduction of a specific “scaf-
folding” is an extension of balloon angioplasty. It is used to
prolong the patency of the vessel after angioplasty and
“hold” the atherosclerotic plaque or treat the dissection of
the artery following ballooning.

Respiratory and antithrombotic exercises of lower legs,
consisting in activation of the calf muscle pump, are a
routine element of prophylaxis for hospitalized patients
and constitute a valuable supplement to the rehabilitation
of patients after endovascular procedures. Initially, the
exercises involving the hip joint or the area of the puncture
site (usually the femoral artery) are avoided so that the

hematoma does not develop [64]. After the re-
vascularization procedure, the inflow of blood to the limb
improves significantly, resulting in limb warming, increase
in the ankle-arm index, elongation of painless and maximal
walking distance, reduction of rest pain, and quality of life
improvement. Endovascular procedures must be followed
with auxiliary measures, that is, intake of antiplatelet or
antiaggregating drugs and cholesterol-normalizing drugs
and normalization of blood pressure and blood glucose
levels [20]. Not only systematic pharmacotherapy but also
adequate physical activity and nicotine abstinence are
necessary to maintain long-term treatment results. Pro-
coagulative effects of smoking significantly increase the risk
of reocclusion of the treated artery, and loss of the limb may
follow. Physical activity recommendations after endovas-
cular surgery and hospital discharge are akin to these for
the patients with intermittent claudication and mainly
involve walking training 3-5km per day consisting of
several stages followed by rest when low-intensity pain
occurs [65]. A 6-minute test or a hall-walk test is the
simplest measure for the assessment of the claudication
distance (both PFWD and MCD) increase after arterial
repair and rehabilitation. It is believed that the exertion
during this examination is more representative of daily
activities compared to other forms of distance assessment,
e.g., a treadmill test [66, 67].
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4. Therapeutic Education

Proper education of patients with atherosclerosis of the lower
limbs should be a professional and individualized action and
cannot be based solely on spreading of the old Housley’s
principle “stop smoking and keep walking” [68].The patient’s
conscious participation in the therapeutic process increases the
effectiveness of treatment. The PAD patient should know that
correctly conducted, long-term training is an indispensable
element of therapy and that smoking is of great importance in
the development of atherosclerosis [69]. Nicotine stimulates the
adrenal medulla causing the secretion of catecholamines which
results in, among others, vasoconstriction, increase of peripheral
vascular resistance, and reduction of HDL (“good”) cholesterol.
Depending on the filter, cigarettes may vary as far as amounts of
nicotine and tar components are concerned, but still, the carbon
monoxide generated by tobacco combustion has the most
significant damaging effects on the vascular endothelium. Its
amount generated during smoking is always the same, re-
gardless of cigarettes being “light” or “strong.” The risk of
atherosclerosis increases with the amount of cigarettes smoked
and the time of smoking. The mere cessation of smoking may
result in an increase in the distance of claudication by as much
as 40% [70]. The introduction of a proper diet is an important
activity that should be carried out by patients with PAD. The
most important purpose of nutritional regimen is to reduce
cholesterol, especially LDL cholesterol. Limitation of the intake
of saturated fatty acids contained especially in milk and meat
products is one of the preventive measures for lowering the level
of LDL and triglycerides and increasing HDL. At the same time,
the consumption of vegetable oils rich in unsaturated fatty acids
is recommended. Rapeseed oil, omega-6 fatty acid-rich sun-
flower or soybean oil, and omega-3-abundant linseed and
walnut oil are the examples [6]. Another preventive measure is
the supplementation of nitric oxide. It can be achieved by the
intake of nitrate-rich products, which then undergo reduction
to nitric oxide in vivo. A popular product rich in nitrates is beet
juice. It can be assumed that the combination of beet juice
intake and walking training would bring the greatest benefit to
patients with PAD [71].

Diabetes is an important risk factor for the development
and progression of PAD. Among diabetic patients, intermittent
claudication occurs 4 times more frequently, whereas gangrene
and limb amputation as a consequence peripheral athero-
sclerosis occur 15 times more often than in nondiabetic
subjects [64, 72]. Therefore, in these patients, besides main-
taining blood glucose within the recommended limits and the
use of individually selected physical exercises, education is
necessary. It includes regular feet inspection and hygiene,
proper toenail cutting, wearing appropriate footwear, insoles
and socks, and avoiding mechanical and thermal injuries [73].

5. Conclusions

PAD is a systemic disease. Symptomatic PAD not only poses
the risk to ischemic extremity, but above all, it is an im-
portant prognostic factor of general cardiovascular com-
plications. Rehabilitation of patients with intermittent
claudication should be a comprehensive, long-term action,

initiated from the moment of diagnosis. It should be in-
dividually matched to the patient’s capability. A trained and
motivated patient has a chance to improve both the life
quality and expectancy, which is why education of patients
with PAD is extremely important. Effective education
should be conducted not only by angiologists or vascular
surgeons but also by physiotherapists and nurses.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

References

[1] D. M. Olinic, M. Spinu, M. Olinic et al., “Epidemiology of
peripheral disease in Europe—VAS educational paper,” In-
ternational Angiology, vol. 37, no. 4, pp. 327-334, 2018, https://
www.researchgate.net/publication/326540655_Epidemiology_
of_peripheral_artery_disease_in_Europe_VAS_Educational _
Paper.

[2] W. R. Hiatt and E. P. Brass, “Chromanie przestanko-
we—patofizjologia,” in Choroby Naczyn, M. A. Creager,
V. J. Dzau, and J. Loscalzo, Eds., pp. 276-292, Wydawnictwo
Czelej, Lublin, Poland, 1st edition, 2008.

[3] A.Berwecki, T. Ridan, M. Janusz, M. Berwecka, A. Spannbauer,

and J. Nowak, “Evaluation of the quality of life in outpatients

with atherosclerotic ischemia of lower limbs treated conser-
vatively,” in Fizjoterapia W Teorii I Praktyce, J. Jaworek and

B. Franczuk, Eds., pp. 11-28, Wydawnictwo Uniwersytetu

Jagiellonskiego, Krakow, Poland, 1st edition, 2012.

B. Kocik, A. Spannbauer, and P. Mika, “Rehabilitation procedure

in patients with stable angina pectoris after percutaneous

angioplasty of the coronary arteries,” Pielegniarstwo Chirurgiczne I

Angiologiczne, vol. 3, pp. 90-99, 2018, https://www.termedia.pl/

Rehabilitation-procedure-in-patients-with-stable-angina-pectoris-

after-percutaneous-angioplasty-of-the-coronary-arteries,50,34434,

0,1.html.

[5] P. Mika and A. Cencora, “Effects of treadmill training on

walking distance and lower limb blood flow in patients with

intermittent claudication,” Journal of Rehabilitation Medicine,

vol. 9, pp. 9-15, 2005.

T. Lyczakowski, T. Synowiec, P. Checinski, and M. Micker,

“Przewlekle niedokrwienie konczyn dolnych,” in Choroby

Naczyn, P. Checinski, Ed., pp. 15-34, Wydawnictwo Ter-

media, Poznan, Poland, 2nd edition, 2006.

[7] K. Zdrojowy, B. Sapian-Raczkowska, and R. Adamiec,
“Chronic lower limb ischemia—clinical symptom element of
atherosclerosis—actual guideline,” Polski Merkuriusz Lekar-
ski, vol. 28, no. 163, pp. 71-74, 2010, http://pml.medpress.com.
pl/B163.html.

[8] A. Cencora, “Chromanie przestankowe: objaw czy czynnik
ryzyka?,” Pol Przegl Chirurg, vol. 67, pp. 875-884, 1995.

[9] A. Spannbauer, J. Jaworek, P. Mika, M. Chwala, K. Zajac, and
J. Danek, “Measurement of ankle-brachial index and walking
distance in patients with peripheral arterial occlusive dis-
ease—should it be limited only to surgical nurses?,” Pielegniarstwo
Chirurgiczne I Angiologiczne, vol. 2, pp. 88-92, 2011, https://www.
termedia.pl/Measurement-of-ankle-brachial-index-and-walking-
distance-in-patients-with-peripheral-arterial-occlusive-disease-
should-it-be-limited-only-to-surgical-nurses-,50,16759,0,1.html.

[10] M. Szewczyk, A. Jawien, P. Moscicka, K. Cierzniakowska,

J. Cwajda-Bialasik, and L. Woda, “Physical examination and

[4

[6


https://www.researchgate.net/publication/326540655_Epidemiology_of_peripheral_artery_disease_in_Europe_VAS_Educational_Paper
https://www.researchgate.net/publication/326540655_Epidemiology_of_peripheral_artery_disease_in_Europe_VAS_Educational_Paper
https://www.researchgate.net/publication/326540655_Epidemiology_of_peripheral_artery_disease_in_Europe_VAS_Educational_Paper
https://www.researchgate.net/publication/326540655_Epidemiology_of_peripheral_artery_disease_in_Europe_VAS_Educational_Paper
https://www.termedia.pl/Rehabilitation-procedure-in-patients-with-stable-angina-pectoris-after-percutaneous-angioplasty-of-the-coronary-arteries,50,34434,0,1.html
https://www.termedia.pl/Rehabilitation-procedure-in-patients-with-stable-angina-pectoris-after-percutaneous-angioplasty-of-the-coronary-arteries,50,34434,0,1.html
https://www.termedia.pl/Rehabilitation-procedure-in-patients-with-stable-angina-pectoris-after-percutaneous-angioplasty-of-the-coronary-arteries,50,34434,0,1.html
https://www.termedia.pl/Rehabilitation-procedure-in-patients-with-stable-angina-pectoris-after-percutaneous-angioplasty-of-the-coronary-arteries,50,34434,0,1.html
http://pml.medpress.com.pl/B163.html
http://pml.medpress.com.pl/B163.html
https://www.termedia.pl/Measurement-of-ankle-brachial-index-and-walking-distance-in-patients-with-peripheral-arterial-occlusive-disease-should-it-be-limited-only-to-surgical-nurses-,50,16759,0,1.html
https://www.termedia.pl/Measurement-of-ankle-brachial-index-and-walking-distance-in-patients-with-peripheral-arterial-occlusive-disease-should-it-be-limited-only-to-surgical-nurses-,50,16759,0,1.html
https://www.termedia.pl/Measurement-of-ankle-brachial-index-and-walking-distance-in-patients-with-peripheral-arterial-occlusive-disease-should-it-be-limited-only-to-surgical-nurses-,50,16759,0,1.html
https://www.termedia.pl/Measurement-of-ankle-brachial-index-and-walking-distance-in-patients-with-peripheral-arterial-occlusive-disease-should-it-be-limited-only-to-surgical-nurses-,50,16759,0,1.html

nursing care in diseases of the vascular system limb lower,”
Pielegniarstwo Chirurgiczne I Angiologiczne, vol. 2, pp. 43-51,
2012, https://www.termedia.pl/Badanie-fizykalne-i-post
epowanie-pielegniarskie-w-schorzeniach-ukladu-naczyniowego-
konczyn-dolnych,50,18595,0,0.html.

[11] A. Spannbauer, J. Jaworek, M. Chwala, and P. Mika, “Does
real maximal claudication distance correspond with patients
estimation?,” Pielegniarstwo Chirurgiczne I Angiologiczne,
vol. 4, pp. 139-143, 2009, https://www.termedia.pl/Does-
real-maximal-claudication-distance-correspond-with-patie
nts-estimation-,50,14052,0,1.html.

[12] V. Aboyans, J.-B. Ricco, M.-L. E. L. Bartelink et al., “2017 ESC
guidelines on the diagnosis and treatment of peripheral ar-
terial diseases, in collaboration with the European Society for
Vascular Surgery (ESVS),” European Heart Journal, vol. 39,
no. 9, pp. 763-816, 2018.

[13] A. Migdalski and A. Jawien, “Clinical value of ankle brachial
pressure index,” Pielegniarstwo Chirurgiczne I Angiologiczne,
vol. 2, pp. 81-86, 2007, https://www.termedia.pl/Wartosc-
kliniczna-wskaznika-kostka-ramie,50,8645,0,0.html.

[14] K. Cierzniakowska, M. Szewczyk, E. Kozlowska et al, “Ankle-
brachial index—effective diagnosis of peripheral arterial disease,”
Pielegniarstwo Chirurgiczne I Angiologiczne, vol. 1, pp. 26-33, 2016,
https://www.termedia.pl/Ankle-brachial-index-effective-diagnosis
-of-peripheral-arterial-disease,50,27324,0,1.html.

[15] S. Rossa, M. Glowacka, M. Szewczyk, P. Moscicka, J. Cwajda-
Bialasik, and A. Karpinska, “Ankle-brachial index in vascular
diseases of the lower limbs,” Pielegniarstwo Chirurgiczne I
Angiologiczne, vol. 3, pp. 85-89, 2018, https://www.termedia.pl/
Wskaznik-kostka-ramie-w-chorobach-naczyn-konczyn-dolnych,5
0,34433,0,0.html.

[16] J. Constans, A. Bura-Riviére, A. Visona et al., “Urgent need to
clarify the definition of chronic critical limb ischemia—a
position paper from the European Society for Vascular
Medicine,” Vasa, vol. 48, no. 3, pp. 223-227, 2019.

[17] A. Neumann, R. Jahn, C. Diehm et al., “Presentation and
medical management of peripheral arterial disease in general
practice: rationale, aims, design and baseline results of the
PACE-PAD Study,” Journal of Public Health, vol. 17, no. 2,
pp. 127-135, 2009.

[18] P. Mika, A. Andrzejczak, A. Konik, M. Zajac, and
A. Spannbauer, “Clinical assessment of patients with in-
termittent claudication,” Journal of Rehabilitation Medicine,
vol. 1, pp. 1-11, 2011, https://rehmed.pl/resources/html/
article/details?id=136155.

[19] L. Norgren, W. R. Hiatt, J. A. Dormandy, M. R. Nehler,

K. A. Harris, and F. G. R. Fowkes, “Inter-society consensus for

the management of peripheral arterial disease (TASC II),”

Journal of Vascular Surgery, vol. 45, no. 1, pp. S5-S67, 2007.

V. Aboyans, J. B. Ricco, M. L. E. Bartelink et al., “Editor’s

choice—2017 ESC guidelines on the diagnosis and treatment

of peripheral arterial diseases, in collaboration with the Eu-
ropean Society for Vascular Surgery (ESVS),” European

Journal of Vascular and Endovascular Surgery, vol. 55, no. 3,

pp. 305-368, 2018.

[21] A. T. Hirsch, M. H. Criqui, D. Treat-Jacobson et al., “Pe-
ripheral arterial disease detection, awareness, and treatment
in primary care,” JAMA, vol. 286, no. 11, pp. 1317-1324, 2001.

[22] M. M. McDermott, “Exercise training for intermittent clau-
dication,” Journal of Vascular Surgery, vol. 66, no. 5,
pp. 1612-1620, 2017.

[23] A. W. Gardner, D. E. Parker, P. S. Montgomery, K. J. Scott,
and S. M. Blevins, “Efficacy of quantified home-based exercise

[20

BioMed Research International

and supervised exercise in patients with intermittent clau-
dication,” Circulation, vol. 123, no. 5, pp. 491-498, 2011.

[24] D. Treat-Jacobson, M. M. McDermott, U. G. Bronas et al.,
“Optimal exercise programs for patients with peripheral
artery disease: a scientific statement from the American
Heart Association,” Circulation, vol. 139, pp. el0-e33,
2019, https://www.portailvasculaire.fr/sites/default/files/
docs/2018_aha_aomi_reeducation_circulation.pdf.

[25] J. G. Regensteiner, J. F. Steiner, and W. R. Hiatt, “Exercise
training improves functional status in patients with peripheral
arterial disease,” Journal of Vascular Surgery, vol. 23, no. 1,
pp. 104-115, 1996.

[26] J. G. Regensteiner and W. R. Hiatt, “Treatment of peripheral
arterial disease,” Clinical Cornerstone, vol. 4, no. 5, pp. 26-37,
2002.

[27] A.Konik, S. Kuklewicz, E. Rostoniec et al., “Effects of 12-week
supervised treadmill training on spatio-temporal gait pa-
rameters in patients with claudication,” Disability and Re-
habilitation, vol. 38, no. 12, pp. 1157-1162, 2016.

[28] P. Mika, “Rehabilitacja w miazdzycy tetnic konczyn dolnych,”
in Kardiologia, A. Szczeklik and M. Tendera, Eds., pp. 862-
864, Medycyna Praktyczna, Krakow, Poland, 1st edition, 2010.

[29] M. D. Gerhard-Herman, H. L. Gornik, C. Barrett et al., “2016
AHA/ACC guideline on the management of patients with
lower extremity peripheral artery disease: executive summary:
a report of the American College of Cardiology/American
Heart Association Task Force on clinical practice guidelines,”
Journal of the American College of Cardiology, vol. 69, no. 11,
pp. 1465-1508, 2017.

[30] A. Spannbauer, M. Chwala, J. Jaworek et al., “Assessment of
tolerance of single treadmill exercise in patients with in-
termittent claudication as preparation for regular training,” in
Fizjoterapia W Teorii I Praktyce, J. Jaworek and B. Franczuk,
Eds., pp. 11-28, Wydawnictwo Uniwersytetu Jagiellonskiego,
Krakow, Poland, 1st edition, 2012.

[31] T. Brzostek, P. Mika, and J. Bromboszcz, “Peripheral arterial
occlusive disease—pathophysiology, clinic, therapy and re-
habilitation,” Journal of Rehabilitation Medicine, vol. 8,
pp. 38-50, 2004, https://rehmed.pl/resources/html/article/
details?id=136484.

[32] A. T. Hirsch, Z. J. Haskal, N. R. Hertzer et al., “ACC/AHA
2005 practice guidelines for the management of patients with
peripheral arterial disease (lower extremity, renal, mesenteric,
and abdominal aortic),” Circulation, vol. 113, no. 11,
pp. e463-e654, 2006.

[33] A.-E. Harwood, G. E. Smith, T. Cayton, E. Broadbent, and
I. C. Chetter, “A systematic review of the uptake and ad-
herence rates to supervised exercise programs in patients with
intermittent claudication,” Annals of Vascular Surgery, vol. 34,
pp. 280-289, 2016.

[34] A.C.Bulmerand].S. Coombes, “Optimising exercise training
in peripheral arterial disease,” Sports Medicine, vol. 34, no. 14,
pp. 983-1003, 2004

[35] M. Frolow and W. Bodzon, “Niedokrwienie konczyn dol-
nych,” in Choroby Wewnetrzne, A. Szczeklik, Ed., pp. 282-
284, Medycyna Praktyczna, Krakow, Poland, 1st edition, 2009.

[36] A. Cencora, “Perfidna choroba,” Puls Medycyny, vol. 9, p. 152,
2007, https://pulsmedycyny.pl/perfidna-choroba-niedokrwienie-
konczyn-dolnych-880547.

[37] H.S. Khaira, G. B. Nash, P. S. Bahra et al., “Thromboxane and
neutrophil changes following intermittent claudication sug-
gest ischaemia-reperfusion injury,” European Journal of
Vascular and Endovascular Surgery, vol. 10, no. 1, pp. 31-35,
1995.


https://www.termedia.pl/Badanie-fizykalne-i-postepowanie-pielegniarskie-w-schorzeniach-ukladu-naczyniowego-konczyn-dolnych,50,18595,0,0.html
https://www.termedia.pl/Badanie-fizykalne-i-postepowanie-pielegniarskie-w-schorzeniach-ukladu-naczyniowego-konczyn-dolnych,50,18595,0,0.html
https://www.termedia.pl/Badanie-fizykalne-i-postepowanie-pielegniarskie-w-schorzeniach-ukladu-naczyniowego-konczyn-dolnych,50,18595,0,0.html
https://www.termedia.pl/Does-real-maximal-claudication-distance-correspond-with-patients-estimation-,50,14052,0,1.html
https://www.termedia.pl/Does-real-maximal-claudication-distance-correspond-with-patients-estimation-,50,14052,0,1.html
https://www.termedia.pl/Does-real-maximal-claudication-distance-correspond-with-patients-estimation-,50,14052,0,1.html
https://www.termedia.pl/Wartosc-kliniczna-wskaznika-kostka-ramie,50,8645,0,0.html
https://www.termedia.pl/Wartosc-kliniczna-wskaznika-kostka-ramie,50,8645,0,0.html
https://www.termedia.pl/Ankle-brachial-index-effective-diagnosis-of-peripheral-arterial-disease,50,27324,0,1.html
https://www.termedia.pl/Ankle-brachial-index-effective-diagnosis-of-peripheral-arterial-disease,50,27324,0,1.html
https://www.termedia.pl/Wskaznik-kostka-ramie-w-chorobach-naczyn-konczyn-dolnych,50,34433,0,0.html
https://www.termedia.pl/Wskaznik-kostka-ramie-w-chorobach-naczyn-konczyn-dolnych,50,34433,0,0.html
https://www.termedia.pl/Wskaznik-kostka-ramie-w-chorobach-naczyn-konczyn-dolnych,50,34433,0,0.html
https://rehmed.pl/resources/html/article/details?id=136155
https://rehmed.pl/resources/html/article/details?id=136155
https://www.portailvasculaire.fr/sites/default/files/docs/2018_aha_aomi_reeducation_circulation.pdf
https://www.portailvasculaire.fr/sites/default/files/docs/2018_aha_aomi_reeducation_circulation.pdf
https://rehmed.pl/resources/html/article/details?id=136484
https://rehmed.pl/resources/html/article/details?id=136484
https://pulsmedycyny.pl/perfidna-choroba-niedokrwienie-konczyn-dolnych-880547
https://pulsmedycyny.pl/perfidna-choroba-niedokrwienie-konczyn-dolnych-880547

BioMed Research International

(38]

(39]

(40]

(41]

(42]

(43]

[44]

(45]

(46]

(47]

(48]

(49]

(50]

[51]

(52]

M. Matsushita, N. Nishikimi, T. Sakurai, T. Yano, and
Y. Nimura, “Urinary microalbumin as a marker for in-
termittent claudication,” European Journal of Vascular and
Endovascular Surgery, vol. 11, no. 4, pp. 421-424, 1996.

E. P. L. Turton, J. I. Spark, K. G. Mercer et al., “Exercise-
induced neutrophil activation in claudicants: a physiological
or pathological response to exhaustive exercise?,” European
Journal of Vascular and Endovascular Surgery, vol. 16, no. 3,
pp. 192-196, 1998.

P. Mika, K. Spodaryk, A. Cencora, V. B. Unnithan, and
A. Mika, “Experimental model of pain-free treadmill training
in patients with claudication,” American Journal of Physical
Medicine & Rehabilitation, vol. 84, no. 10, pp. 756-762, 2005.
J. Golledge, T. P. Singh, C. Alahakoon et al., “Meta-analysis of
clinical trials examining the benefit of structured home ex-
ercise in patients with peripheral artery disease,” British
Journal of Surgery, vol. 106, no. 4, pp. 319-331, 2019.

A. Le Faucheur, P. Abraham, V. Jaquinandi, P. Bouye,
J. L. Saumet, and B. Noury-Desvaux, “Measurement of
walking distance and speed in patients with peripheral arterial
disease,” Circulation, vol. 117, no. 7, pp. 897-904, 2008.

F. Manfredini, C. Mangolini, F. Mascoli et al, “An in-
cremental test to identify the pain threshold speed in patients
with intermittent claudication,” Circulation Journal, vol. 66,
no. 12, pp. 1124-1127, 2002.

M. Wozniewski and G. Dabrowska, “Rehabilitacja ruchowa
0s6b ze schorzeniami naczyn obwodowych konczyn dol-
nych,” Rehabilitacia W Praktyce, vol. 31, pp. 22-24, 2007.
L. E. H. Jivegard, “Nordic Poles immediately improve walking
distance in patients with intermittent claudication,” European
Journal of Vascular and Endovascular Surgery, vol. 36, no. 6,
pp. 695-696, 2008.

C.-F. Chang, C.-C. Chang, and M. Y. Chen, “Effect of
Buerger’s exercises on improving peripheral circulation: a
systematic review,” Open Journal of Nursing, vol. 5, no. 2,
pp. 120128, 2015.

E. F. Bakke, J. Hisdal, J. J. Jorgensen, A. Kroese, and
E. Stranden, “Blood pressure in patients with intermittent
claudication increases continuously during walking,”
European Journal of Vascular and Endovascular Surgery,
vol. 33, no. 1, pp. 20-25, 2007.

I. Zwierska, R. D. Walker, S. A. Choksy, J. S. Male,
A. G. Pockley, and J. M. Saxton, “Upper-vs lower-limb aerobic
exercise rehabilitation in patients with symptomatic periph-
eral arterial disease: a randomized controlled trial,” Journal of
Vascular Surgery, vol. 42, no. 6, pp. 1122-1130, 2005.

G. Tew, S. Nawaz, I. Zwierska, and J. M. Saxton, “Limb-
specific and cross-transfer effects of arm-crank exercise
training in patients with symptomatic peripheral arterial
disease,” Clinical Science, vol. 117, no. 12, pp. 405-413, 2009.
U. G. Bronas, D. Treat-Jacobson, and A. S. Leon, “Comparison
of the effect of upper body-ergometry aerobic training vs
treadmill training on central cardiorespiratory improvement
and walking distance in patients with claudication,” Journal of
Vascular Surgery, vol. 53, no. 6, pp. 1557-1564, 2011.

D. Colley, “Cwiczenia fizyczne i sprawnosc fizyczna,” in Twoje
Serce—Nowoczesny Poradnik Dla Pacjentow 1 Lekarzy,
D. Colley, Ed., pp. 31-38, Amber, Warszawa, Poland, Ist
edition, 2000.

Task Force Members, G. Montalescot, U. Sechtem et al., “2013
ESC guidelines on the management of stable coronary artery
disease: the task Force on the management of stable coronary
artery disease of the European Society of Cardiology,”
European Heart Journal, vol. 34, no. 38, pp. 2949-3003, 2013.

(53]

(54]

(55]

[56]

(57]

(58]

(59]

(60]

(61]

[62]

(63]

[64]

(65]

(66]

T. Brzostek, “Stosowanie cwiczen fizycznych w rehabilitacji
chorych z miazdzyca tetnic konczyn dolnych,” in Rehabil-
itacja Kardiologiczna, ]. Bromboszcz, Ed., pp. 241-257, Elipsa-
Jaim s.c., Krakow, Poland, 1st edition, 2005.

I. Demaszczak, “Rodzaje zabiegow fizjoterapeutycznych sto-
sowanych w chorobach ukladu sercowo-naczyniowego,” in
Fizjoterapia W Chorobach Ukladu Sercowo-Naczyniowego,
pp. 25-41, Gornicki Wydawnictwo Medyczne, Wroclaw,
Poland, 1st edition, 2006.

K. Spodaryk and J. Bromboszcz, “Physical modalities in
therapy—the need for scientific research,” Journal of Re-
habilitation Medicine, vol. 8, pp. 8-14, 2004, https://rehmed.
pl/resources/html/article/details?id=136492.

J. Pasek, G. Cieslar, A. Stanek, T. Pasek, and A. Sieron, “Health
resort treatment—a new chance for the treatment of vessel
diseases?,” Acta Angiologica, vol. 3, pp. 99-113, 2010, https://
journals.viamedica.pl/acta_angiologica/article/view/9783.

C. Ellul, C. Formosa, A. Gatt, A. A. Hamadani, and
D. G. Armstrong, “The effectiveness of calf muscle electro-
stimulation on vascular perfusion and walking capacity in
patients living with type 2 diabetes mellitus and peripheral
artery disease,” The International Journal of Lower Extremity
Wounds, vol. 16, no. 2, pp. 122-128, 2017.

A. Sieron, J. Pasek, and R. Mucha, “Swiatko niskoenerge-
tyczne w medycynie i rehabilitacji,” Rehabilitacja W Praktyce,
vol. 1, pp. 25-27, 2007.

A. Spannbauer, A. Berwecki, and P. I. Mika, “WSP. Wybrane
aspekty rehabilitacji u chorych lezacych,” in Leczenie Ran
Przewlektych, M. T. Szewczyk and A. Jawien, Eds., pp. 110-
130, PZWL, Warszawa, Poland, 1st edition, 2012.

M. Wozniewski, P. Szyber, and G. Dabrowska, “Rehabilitacja w
angiochirurgii,” in Rehabilitacja W Chirurgii, M. Wozniewski
and J. Kolodziej, Eds., pp. 133-153, PZWL, Warszawa, Poland,
Ist edition, 2006.

K. Bulinska, K. Kropielnicka, T. Jasinski, and G. Dabrowska, “The
comprehesive rehabilitation of patients with intermittent clau-
dication in chronic lower limb ischemia,” Fizjoterapia, vol. 4,
pp. 3-16, 2012, https://www.researchgate.net/publication/
305388173_Kompleksowa_rehabilitacja_pacjentow_z_chroma
niem_przestankowym_w_przewleklym_niedokrwieniu_konc
zyn_dolnych_The_Comprehensive_Rehabilitation_of_Patients_
with_Intermittent_Claudication_in_Chronic_Lower _.

A. Spannbauer, A. Berwecki, T. Ridan, P. Mika, and
M. Chwala, “Atherosclerotic ischaemia of the lower
limbs—what the physiotherapist and the nurse should know,”
Pielegniarstwo Chirurgiczne I Angiologiczne, vol. 11, no. 4,
pp. 117-127, 2017, https://www.termedia.pl/Atherosclerotic-
ischaemia-of-the-lower-limbs-what-the-physiotherapist-and-
the-nurse-should-know,50,31604,0,1.html.

T. P. Murphy, D. E. Cutlip, J. G. Regensteiner et al.,, “Su-
pervised exercise versus primary stenting for claudication
resulting from aortoiliac peripheral artery disease,” Circula-
tion, vol. 125, no. 1, pp- 130-139, 2012.

J. Kesek, “Podstawy diagnostyki,” in Jak Sobie Radzic Z
Chorobami Tetnic?, T. Zubilewicz and P. Terlecki, Eds.,
pp- 33-40, ViaMedica, Gdansk, Poland, Ist edition, 2009.
N. M. Hamburg and M. A. Creager, “Pathophysiology of
intermittent claudication in peripheral artery disease,” Cir-
culation Journal, vol. 81, no. 3, pp. 281-289, 2017.

P. S. Montgomery and A. W. Gardner, “The clinical utility of a
six-minute walk test in peripheral arterial occlusive disease
patients,” Journal of the American Geriatrics Society, vol. 46,
no. 6, pp. 706-711, 1998.


https://rehmed.pl/resources/html/article/details?id=136492
https://rehmed.pl/resources/html/article/details?id=136492
https://journals.viamedica.pl/acta_angiologica/article/view/9783
https://journals.viamedica.pl/acta_angiologica/article/view/9783
https://www.researchgate.net/publication/305388173_Kompleksowa_rehabilitacja_pacjentow_z_chromaniem_przestankowym_w_przewleklym_niedokrwieniu_konczyn_dolnych_The_Comprehensive_Rehabilitation_of_Patients_with_Intermittent_Claudication_in_Chronic_Lower_
https://www.researchgate.net/publication/305388173_Kompleksowa_rehabilitacja_pacjentow_z_chromaniem_przestankowym_w_przewleklym_niedokrwieniu_konczyn_dolnych_The_Comprehensive_Rehabilitation_of_Patients_with_Intermittent_Claudication_in_Chronic_Lower_
https://www.researchgate.net/publication/305388173_Kompleksowa_rehabilitacja_pacjentow_z_chromaniem_przestankowym_w_przewleklym_niedokrwieniu_konczyn_dolnych_The_Comprehensive_Rehabilitation_of_Patients_with_Intermittent_Claudication_in_Chronic_Lower_
https://www.researchgate.net/publication/305388173_Kompleksowa_rehabilitacja_pacjentow_z_chromaniem_przestankowym_w_przewleklym_niedokrwieniu_konczyn_dolnych_The_Comprehensive_Rehabilitation_of_Patients_with_Intermittent_Claudication_in_Chronic_Lower_
https://www.researchgate.net/publication/305388173_Kompleksowa_rehabilitacja_pacjentow_z_chromaniem_przestankowym_w_przewleklym_niedokrwieniu_konczyn_dolnych_The_Comprehensive_Rehabilitation_of_Patients_with_Intermittent_Claudication_in_Chronic_Lower_
https://www.termedia.pl/Atherosclerotic-ischaemia-of-the-lower-limbs-what-the-physiotherapist-and-the-nurse-should-know,50,31604,0,1.html
https://www.termedia.pl/Atherosclerotic-ischaemia-of-the-lower-limbs-what-the-physiotherapist-and-the-nurse-should-know,50,31604,0,1.html
https://www.termedia.pl/Atherosclerotic-ischaemia-of-the-lower-limbs-what-the-physiotherapist-and-the-nurse-should-know,50,31604,0,1.html

10 BioMed Research International

[67] A. Spannbauer, A. Berwecki, M. Chwala et al., “Maximal
walking distance in patients with PAD after aorto-bifemoral
(ABF) and rehabilitation treatment,” in Fizjoterapia W Pro-
filaktyce Chorob Cywilizacyjnych I Ich Leczeniu, ]. Jaworek and
T. Gazdzik, Eds., pp. 373-391, Wydawnictwo Uniwersytetu
Jagiellonskiego, Krakow, Poland, 1st edition, 2014.

R. Piotrkowska, M. Dobosz, G. Halena, and J. Ksiazek, “Ed-
ucation therapeutic for the treatment of patients with pe-
ripheral arterial disease,” Pielegniarstwo Chirurgiczne I
Angiologiczne, vol. 1, pp. 1317, 2011, https://www.termedia.pl/
Edukacja-terapeutyczna-w-leczeniu-chorych-na-miazdzyce-
tetnic-konczyn-dolnych,50,16693,0,0.html.

[69] A. E. Harwood, L. H. Hitchman, L. Ingle, P. Doherty, and
I. C. Chetter, “Preferred exercise modalities in patients with
intermittent claudication,” Journal of Vascular Nursing,
vol. 36, no. 2, pp. 81-84, 2018.

A. Spannbauer, M. Madejczyk, M. Chwala, and A. Berwecki,
“Lifestyle of patients with peripheral arterial occlusive disease
undergoing surgical revascularization procedures,” Pieleg-
niarstwo Chirurgiczne I Angiologiczne, vol. 1, pp. 28-35, 2015,
https://www.termedia.pl/Jaki-jest-styl-zycia-pacjentow-z-miazd
zycowym-niedokrwieniem-tetnic-konczyn-dolnych-kwalifiko
wanych-do-chirurgicznych-zabiegow-naprawczych-pomost
owania-tetnic-,50,24826,0,0.html.

[71] A. Kulik, A. Koszela, and E. Rosloniec, “Possible benefits of
drinking beetroot juice or chokeberry juice in patients with in-
termittent claudication,” Pielegniarstwo Chirurgiczne I Angiolo-
giczne, vol. 1, pp. 21-25, 2016, https://www.termedia.pl/Mozliwe-
korzysci-z-picia-soku-z-burakow-lub-soku-z-aronii-u-
chorych-z-chromaniem-przestankowym,50,27323,0,0.html.

E. B. Jude, S. O. Oyibo, N. Chalmers, and A. ]J. M. Boulton,
“Peripheral arterial disease in diabetic and nondiabetic pa-
tients: a comparison of severity and outcome,” Diabetes Care,
vol. 24, no. 8, pp. 1433-1437, 2001.

A. Karpinska, P. A. Lopatka, S. Rossa, ]. Cwajda-Biatasik, and
M. T. Szewczyk, “The importance of physiotherapy in the
prevention and treatment of type 2 diabetes, including diabetic
foot syndrome,” Pielegniarstwo Chirurgiczne I Angiologiczne,
vol. 2, pp. 39-43, 2018, https://www.termedia.pl/Znaczenie-
fizjoterapii-w-prewencji-i-leczeniu-cukrzycy-typu-2-z-uwzgled
nieniem-zespolu-stopy-cukrzycowej,50,32988,1,0.html.

(68

(70

(72

(73


https://www.termedia.pl/Edukacja-terapeutyczna-w-leczeniu-chorych-na-miazdzyce-tetnic-konczyn-dolnych,50,16693,0,0.html
https://www.termedia.pl/Edukacja-terapeutyczna-w-leczeniu-chorych-na-miazdzyce-tetnic-konczyn-dolnych,50,16693,0,0.html
https://www.termedia.pl/Edukacja-terapeutyczna-w-leczeniu-chorych-na-miazdzyce-tetnic-konczyn-dolnych,50,16693,0,0.html
https://www.termedia.pl/Jaki-jest-styl-zycia-pacjentow-z-miazdzycowym-niedokrwieniem-tetnic-konczyn-dolnych-kwalifikowanych-do-chirurgicznych-zabiegow-naprawczych-pomostowania-tetnic-,50,24826,0,0.html
https://www.termedia.pl/Jaki-jest-styl-zycia-pacjentow-z-miazdzycowym-niedokrwieniem-tetnic-konczyn-dolnych-kwalifikowanych-do-chirurgicznych-zabiegow-naprawczych-pomostowania-tetnic-,50,24826,0,0.html
https://www.termedia.pl/Jaki-jest-styl-zycia-pacjentow-z-miazdzycowym-niedokrwieniem-tetnic-konczyn-dolnych-kwalifikowanych-do-chirurgicznych-zabiegow-naprawczych-pomostowania-tetnic-,50,24826,0,0.html
https://www.termedia.pl/Jaki-jest-styl-zycia-pacjentow-z-miazdzycowym-niedokrwieniem-tetnic-konczyn-dolnych-kwalifikowanych-do-chirurgicznych-zabiegow-naprawczych-pomostowania-tetnic-,50,24826,0,0.html
https://www.termedia.pl/Mozliwe-korzysci-z-picia-soku-z-burakow-lub-soku-z-aronii-u-chorych-z-chromaniem-przestankowym,50,27323,0,0.html
https://www.termedia.pl/Mozliwe-korzysci-z-picia-soku-z-burakow-lub-soku-z-aronii-u-chorych-z-chromaniem-przestankowym,50,27323,0,0.html
https://www.termedia.pl/Mozliwe-korzysci-z-picia-soku-z-burakow-lub-soku-z-aronii-u-chorych-z-chromaniem-przestankowym,50,27323,0,0.html
https://www.termedia.pl/Znaczenie-fizjoterapii-w-prewencji-i-leczeniu-cukrzycy-typu-2-z-uwzglednieniem-zespolu-stopy-cukrzycowej,50,32988,1,0.html
https://www.termedia.pl/Znaczenie-fizjoterapii-w-prewencji-i-leczeniu-cukrzycy-typu-2-z-uwzglednieniem-zespolu-stopy-cukrzycowej,50,32988,1,0.html
https://www.termedia.pl/Znaczenie-fizjoterapii-w-prewencji-i-leczeniu-cukrzycy-typu-2-z-uwzglednieniem-zespolu-stopy-cukrzycowej,50,32988,1,0.html

MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl B Journal of .
World Journal Research and Practice Diabetes Researc Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based P
Stem Cells Complementary and N Journal of
International Alternative Medicine : Oncology

Journal of

Qphthalmology

Parkinson’s
Disease

Behavioural Al DS Oxidative Medicine and
NGUVO|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine



https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

