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disease. However, it is estimated that [9_TD$IF]15%–20% of the lower limb chronic wounds are of

Accepted 6 September 2016

mixed etiology. Standard treatments such as pharmacotherapy, debridement or skin graft-
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ing may be supplemented with physical medicine modalities.
Aim: The aim of the paper was to indicate the utility and biological effects of the physical
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medicine modalities frequently applied in chronic wound treatment.

Chronic wounds

Discussion: The physical medicine modalities widely used in the lower limbs chronic

Physical medicine

wounds treatment are variable magnetic ﬁelds, low-level laser therapy and hyperbaric

Peripheral arterial disease

oxygen therapy. Those modalities are proved to stimulate various biological reactions which

Venous[10_TD$IF] leg ulcers

may promote chronic wound healing. Stimulation of angiogenesis and collagen proliferation

Diabetes mellitus

are factors that promote histological wound maturation and closure. Local circulation
improvement mediated by hypocoagulation and vasodilatation is a factor accelerating
wounds healing. Modalities-mediated pain reduction is a result of anti-inﬂammatory
activity as well as of endogenous endorphin secretion. Modalities-mediated bacteriostatic
and bactericidal effects are also observed. All those effects are mediated by activation of the
immune system. An anti-inﬂammatory effect is due to the inhibition of pro-inﬂammatory
cytokines secretion and the increase in interleukins activity.
Conclusions: Variable magnetic ﬁelds, low-level laser therapy and hyperbaric oxygen therapy
are modalities revealing various working mechanisms. The signiﬁcance of their administration in chronic wounds treatment can be attributed to a variety of their biological effects.
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[1_TD$IF]1.

Introduction

Chronic wounds are deﬁned as remaining unhealed for more
than three months. The most common reasons for chronic
wound development in the lower limb are long-lasting
diabetes mellitus, venous insufﬁciency and peripheral arterial
disease[1_TD$IF] (PAD).1–3[5_TD$IF]
[2_TD$IF]PAD[3_TD$IF] is a medical condition arising from defused artherosclerotic plaques leading to obstruction or occlusion of arteries
with secondary blood ﬂow impairment.4,5 Routinely this term
refers to the arteries of the human body located distally to the
aorta bifurcation, except for the coronary and cerebral vessels.
However, the diagnosis of PAD correlates with a higher risk of
myocardial infraction or stroke.5–8 PAD is estimated to affect
10%–15% of general population, and the frequency of occurrence rises with age. In Europe and the United States there are
about 27 million people diagnosed with PAD.6[12_TD$IF] Almost 50% of
the patients remain asymptomatic for a long time, which may
lead to the diagnosis and treatment delay. What is more, some
researchers point to inadequate general practitioners' awareness of PAD.4–6,8,9 Patients may present diverse symptoms
depending on the PAD stage, but the most common one is
intermittent claudication.6 PAD leads to different functional
impairments including physical effort and exercises intolerance, gait disturbances, or limitations in activities of daily
living. It may also increase the distress level and lower the
quality of life (QOL).3,10 The failure of standard and endovascular treatments may lead to amputation.9
Diabetes mellitus (DM) is a chronic metabolic disorder
characterized by an elevated glucose level in blood serum
resulting from impaired insulin secretion or/and insulin
resistance.2,11,12 The number of people with DM is presumed
to rise, particularly in developing countries. The World Health
Organization estimates that about 347 million people worldwide are diabetic, where 90% suffer from type 2 diabetes.2,13
DM may be complicated by cerebral, vascular, renal, ocular or
muscular insults; skin pathologies are equally threatening.14,15
Diabetic foot ulcers (DFUs) are the main reason for hospitalization in the diabetic population.16 Peripheral autonomic,
motor and sensory neuropathies are common factors predisposing to DFUs. Gait abnormalities in diabetic patients are
consequences of the lower extremity muscles hypotrophy,
range of motion limitations and foot deformations.2,17,18 PAD
correlates with DFUs. DM worsens the prognosis in patients
with PAD, and DFUs may be escalated by PAD.19 DFUs decrease
the QOL and increase costs associated with long-lasting
treatment. DFUs are the major cause of non-traumatic lower
limb amputations.18,20
Venous leg ulcers (VLUs) are skin lesions resulting from
venous insufﬁciency occurring mainly in the lower leg
region.21 They are found to be the most common chronic
wounds with recurrence tendency.21,22 It is estimated that
VLUs affect 1% of adults and 3% of the elderly. VLUs develop
more frequently in people with vascular and metabolic
diseases.21,23–27 Superﬁcial and perforator vein valve impairments result in venous hypertension and blood stasis. In VLUs
pathophysiology two theories have been considered: the ﬁbrin
cuff hypothesis and leukocyte trapping. Actually, the most
probable mechanism assumes chronic inﬂammation leading
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to tissue destruction.21,28,29 In patients with VLUs the decrease
in QOL is correlated with functional limitations. However, it is
important to indicate psychological consequences of VLUs,
which may include feelings of isolation and resentment, or
symptoms of depression.23,26,27,30[13_TD$IF]
About [9_TD$IF]15%–20% of lower extremity ulcers are of mixed
etiology (venoarterial). If the arterial component overweighs,
compression therapy may be contraindicated. However,
according to some researchers supervised compression with
reduced pressure may be helpful in arterial disorders.29,31–33
DFUs treatment requires multidisciplinary approach,
which may lead to reducing both the amputation rate and
expenditure, and to improving the QOL. The most important
aspect of DFUs therapy is glycaemia control, which should be
supported by the patients' education.18,34[13_TD$IF] Common local
therapeutic procedures include dressings, debridement, decompression, vascular or non-vascular surgeries or skin
grafting.18,20,34,35 DFUs infections may complicate the treatment. Physicians may deal with osteomyelitis, deep tissue
infections or even gangrene. Frequently DFUs infection
treatment requires combined drug therapy. Sometimes pharmacotherapy must be associated with surgical interventions.
Ultimately, amputations must be performed.35,36
VLUs treatment strategy is based on compression bandaging and this seems to be the most effective conservative
method.37,38 However, to increase the effectiveness of
compression bandaging pharmacotherapy is introduced.
Pentoxifylline, aspirin and antibiotics are frequently administered drugs.39 The aims of VLUs debridement are bacteria
and necrotic tissue removal and wound healing enhancement. Additionally, wound healing is promoted by dressings
pre-moistened in antiseptics, chlorhexidine or silver sulfadiazine.40
Circulation assessment is a crucial aspect of arterial lower
extremity ulcer therapy. Standard treatment is based on the
foot ofﬂoading, debridement or skin grafting. Multidrug
therapy is aimed at the local circulation improvement and
bacteriostatic effect if the wound is infected.41
Physical medicine is an integral branch of medicine
applying physical factors in prophylaxis and therapy. Frequently enumerated advantages of physical medicine modalities are minimal or absent side effects, low costs of treatment
and patients' acceptance. This militates for physical medicine
modalities application in chronic wound treatment.42–44

2.

Aim

The aim of the paper was to indicate the utility and biological
effects of physical medicine modalities frequently applied in
chronic wound treatment.

3.

Discussion

3.1.

Variable magnetic ﬁelds

Variable magnetic ﬁelds may be applied as magnetotherapy or
magnetostimulation, depending on the parameters used.
Magnetotherapy is characterized by high values of magnetic
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induction (above 100 mT) and low-frequency impulses (below
100 Hz). The impulses may have rectangular, triangular or
sinusoid shape. Magnetostimulation, on the contrary, is an
application using low values of magnetic induction (below
100 mT) with high-frequency impulses (above 3000 Hz).44–47
Variable magnetic ﬁelds are willingly applied in VLUs, DFUs
and arterial ulcers treatment.46,48
In chronic wound treatment various mechanisms of
variable magnetic ﬁelds action may be identiﬁed. Two of
them deal directly with blood vessels. Nitric oxide release
leads to extensive vasodilatation, which is followed by blood
ﬂow enhancement and oxygen utilization increase. Magnetic
ﬁelds stimulate angiogenesis, which is a crucial aspect of
chronic wound healing.46,48 The vascular endothelial growth
factor (VEGF) is an agent playing the key role in angiogenesis
regulation. However, according to available research, it may
not be the most important agent stimulating magnetic ﬁeldsmediated angiogenesis. Fibroblast growth factor 2 (FGF-2) is
suspected of being responsible for stimulating angiogenesis,
yet the role of other angiogenetic proteins and cytokines is also
claimed to be signiﬁcant.49
Application of magnetic ﬁelds is proved to cause hypocoagulation.46,48 Magnetostimulation also inﬂuences some blood
rheological properties, leading to plasma viscosity and
erythrocyte aggregation decrease. In animals, the thrombocyte
number and aggregation decrease has also been observed.46,50
A non-direct biological effect of magnetic ﬁelds action
concerning patients with DFUs and PAD is the cholesterol
and lipids level reduction, which may have impact on the
treatment course.51
Increased oxygen diffusion and binding to hemoglobin,
associated with parallel cytochromes activity, are factors
associated with oxygen utilization improvement and internal
breathing rate rise mediated by magnetic ﬁelds.48 This process
hastens adenosine triphosphate (ATP) synthesis and elevates
the metabolic rate. What is more, interleukins (ILs) synthesis,
particularly IL-1 and IL-6, promotes genes expression.47,51
Variable magnetic ﬁelds activate enzymes promoting the
conversion of ﬁbrocytes into ﬁbroblasts. Collagen synthesis
and deposition facilitate re-epithelialization and wound
closure. Chronic wounds are frequently infected with diverse
bacteria. Magnetic ﬁelds may be adjuvant to systemic therapy
and antiseptic dressings because of their bacteriostatic effect.
Orally administered antibiotics require a period of time to
reach therapeutic concentration whereas the magnetic ﬁeldsmediated bacteriostatic effect occurs immediately after the
application.34–36,40,41,48,52–54 A magnetic ﬁelds anti-inﬂammatory effect is a result of the inhibition of pro-inﬂammatory
cytokines release. Management of inﬂammation is associated
with pain relief and edema reduction.46,48,53,54 The abovementioned effects correlate with the QOL improvement
frequently observed in patients.55 In diabetic patients, peripheral neuropathy symptoms improvement is an effect of neural
tissue metabolism rise and reparative processes hastening.
Additionally, in DFU treatment magnetic ﬁelds provide a
hypoglycaemic effect.51,53
Constant technological development has resulted in a
possibility of simultaneously applying magnetostimulation
and low-energy light. A beam of light emitted by generators
may be coherent (magnet-laser-therapy) or non-coherent

(magnet-led-therapy). Magnet-laser-therapy and magnetled-therapy apply red (wave length: 630 nm) or infrared light
(wave length: 855 nm). What is more, magnet-led-therapy
allows for simultaneous application of red and infrared
light.44,51,53,55–57
Both modalities are aimed at the homeostasis regain due to
various working mechanisms. They are proved to improve
microcirculation and cause hypocoagulation. Vascular effects
of those modalities include vasodilatation and angiogenesis.
Magnet-laser-therapy and magnet-led-therapy promote oxygen utilization and ATP synthesis causing the cell cycle
progression and acceleration. Boosted collagen production
contributes to histological wound maturation. The immune
system activation is manifested by the rise of lymphocyte
proliferation. Both modalities provide an anti-inﬂammatory
effect with secondary edema and pain reduction. However, the
magnet-led-therapy analgesic effect is also associated with
activation of the endogenous antinociceptive system and beta
endorphin secretion.44,51,53,55–57

3.2.

Low-level laser therapy

Lasers are devices generating electromagnetic radiation by
stimulated emission. It ensures laser beam properties: coherence, parallelism and monochromaticity. A commonly applied
wavelength range is 600–1100 nm. It corresponds to the skin
optical window, which is deﬁned as the greatest skin
permeability for optic radiation. Light delivered to the skin
is transmitted to tissues but biological effects may be elicited
only by the absorbed light. Chromophores, located in
mitochondria, are photon absorbers. Cytochrome c oxidase
plays an important role in the respiratory chain, thus formerly
absorbed radiation may stimulate various reactions.58,59
During low-level laser therapy the tissue temperature rise
does not exceed 18C and thus is called non-thermal. This
shows that biological effects of low-level laser therapy (LLLT)
are a consequence of photochemical reactions.58,60
LLLT is proved to cause various biological effects, thus is
willingly applied in numerous medical conditions. The most
frequently listed effects include management of inﬂammation, edema reduction and analgesia.61 LLLT stimulates reepithelization due to increased collagen synthesis. New blood
vessels growth, microcirculation improvement and hypocoagulation are effects inﬂuencing chronic wound healing. A wide
range of beneﬁts militates for LLLT application in chronic
wound therapy.61–65
The LLLT anti-inﬂammatory effect is associated with
peripheral histamine and prostaglandins secretion. Prostaglandins, being precursors of the inﬂammatory process,
require the presence of cyclooxygenase 2 (COX-2). It particularly concerns prostaglandin E2 (PGE2), whose secretion
inhibits COX-2 feedback production with secondary inﬂammation resolution.61,66 What is more, bradykinin and interleukin activity inhibition also leads to inﬂammation reduction.
Bradykinin-dependent angiogenesis is associated with the
inﬂammatory process. However, LLLT-mediated new blood
vessels growth has a different working mechanism.61,67,68 It is
associated with the increased activity of VEGF and hypoxia
inducible factor (HIF-1a), and decreased activity of matrix
metalloproteinase (MMP-2).65,69 LLLT is proved to increase
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nitric oxide production, which promotes vasodilatation and
accelerates wound healing.70–73
The mechanism of LLLT analgesia is not fully understood.
However, three hypotheses may be indicated: endogenous
endorphin secretion increase, pain threshold rise, and
conduction velocity decrease or inhibition.70,72,74 Besides, local
circulation improvement increases pain reduction in irradiated areas.72
LLLT-mediated ﬁbroblasts proliferation is an important
aspect of chronic wound treatment.75 Intracellular calcium
increase (Ca2+) stimulates DNA and RNA synthesis, followed by
protein production.62 In irradiated ﬁbroblasts MMP-2 activity
rise and growth factor release are observed.76,77 These
mechanisms prove LLLT efﬁcacy. Additionally, keratinocytes
activity increase, collagen deposition, and soft tissue growth
promote epithelization and wound closure.78–80
An LLLT-mediated bacteriostatic effect depends on features of the light applied (wave length and intensity).81
Reactive oxygen species (ROS) activation leads to bacteria
killing. Such an effect has been observed in Staphylococcus
aureus and Escherichia coli colonies irradiated with 415 nm
wavelength.76,82 Commonly applied infrared light is reported
to stimulate S. aureus growth while red light inhibits S. aureus
MRSA proliferation.81,83 What is more, LLLT activates the
immune system. T lymphocyte activity rise is accompanied by
macrophage phagocytic activity increase.84,85

3.3.

95

reactions. Phagocytosis and leukocyte-killing activity increase
result in a bactericidal effect. A well-reported bacteriostatic
effect of HBOT was observed in S. aureus and Pseudomonas
aeruginosa. Free radicals inﬂuence anaerobic bacteria whereas
ROS inhibit aerobic ones.100 HBOT acts synergistically with
antibiotics, strengthening their bactericidal activity.97–99,101–103
Chronic wound treatment may be attributed to HBOTmediated ﬁbroblasts proliferation rise and collagen synthesis
acceleration.104,105 Chronic wounds may affect superﬁcial
or deep muscle groups. Available research reveals that
HBOT stimulates the expression of insulin-like growth factor
1 (IGF-1), regulating satellite cells proliferation and their
differentiation in muscles.106 Increased concentration of IGF1 promotes keratinocytes mitosis.107
HBOT provides pain relief.108 It stimulates endogenous
antinociceptive activity via opioids secretion. In neuropathic
pain HBOT-mediated analgesia is an effect of NOS expression.109

4.

Conclusions

Variable magnetic ﬁelds, low-level laser therapy and hyperbaric oxygen therapy are modalities presenting various
working mechanisms. The signiﬁcance of their administration
in chronic wound treatment can be attributed to a variety of
their biological effects.

Hyperbaric oxygen therapy

Hyperbaric oxygen therapy (HBOT) is a modality applying pure
oxygen at high pressure (above 1 atmosphere absolute) in
numerous medical conditions.86–88 HBOT properties can be
explained by Henry's law. Hyperbaric conditions increase the
concentration of oxygen dissolved in blood plasma and
oxygenation of hemoglobin.86,89 Chronic wounds are proved
to be hypoxic. HBOT-mediated blood hyperoxygenation
ensures tissue oxygenation despite blood vessels occlusion
or poor blood rheological properties.90 In chronic wound
treatment stimulation of new blood vessels growth is important. HBOT-dependent neovascularization may occur in two
ways. Synthesis of VEGF stimulates new blood vessels growth
and this process inﬂuences progenitor cells activity and blood
vessels formation de novo.86–89,91,92 What is more, HBOT
promotes synthesis of nitric oxide synthase (NOS), and nitric
oxide is essential for VEGF-stimulated angiogenesis.86,92–94
HBOT induces angiogenesis via increased activity of the basic
ﬁbroblast growth factor (bFGF).89,92,95
An HBOT-mediated anti-inﬂammatory effect is a consequence of a diminished level of pro-inﬂammatory cytokines.
Interleukins and tumor necrosis factor (TNF) levels
are noted to be decreased after HBOT application.87,96 Heme
oxygenase-1 and heat shock protein activity mediates the
anti-inﬂammatory effect via decreased cytokines production
by macrophages.91,92 Furthermore, HBOT stimulates the
synthesis of IL-10, a cytokine production inhibitor.97 Another
HBOT anti-inﬂammatory mechanism is supposed to be based
on leukocytes adhesion, rolling and activity decrease.89,98
Chronic wounds are frequently complicated by infections.
Hypoxic conditions lead to neutrophils and macrophages
activity impairment.99 HBOT stimulates immunological

Conﬂict of interest
None declared.

references

1. McDaniel JC, Browning KK. Smoking, chronic wound
healing, and implications for evidence-based practice.
J Wound Ostomy Cont Nurs. 2014;41(5):415–423.
2. Arya AK, Tripathi R, Kumar S, Tripathi K. Recent advances
on the association of apoptosis in chronic non healing
diabetic wound. World J Diabetes. 2014;5(6):756–762.
3. Rüttermann M, Maier-Hasselmann A, Nink-Grebe B,
Burckhardt M. Local treatment of chronic wounds: in
patients with peripheral vascular disease, chronic
venous insufﬁciency, and diabetes. Dtsch Arztebl Int.
2013;110(3):25–31.
4. Au TB, Golledge J, Walker PJ, Haigh K, Nelson M. Peripheral
arterial disease – diagnosis and management in general
practice. Aust Fam Physician. 2013;42(6):397–400.
5. Rac-Albu M, Iliuta L, Guberna SM, Sinescu C. The role of
ankle-brachial index for predicting peripheral arterial
disease. Maedica (Buchar). 2014;9(3):295–302.
6. Valdivielso P, Ramírez-Bollero J, Pérez-López C. Peripheral
arterial disease, type 2 diabetes and postprandial
lipidaemia: Is there a link? World J Diabetes.
2014;5(5):577–585.
7. Thukkani AK, Kinlay S. Endovascular intervention for
peripheral artery disease. Circ Res. 2015;116(9):1599–1613.
8. Whayne TF. A review of the role of anticoagulation in the
treatment of peripheral arterial disease. Int J Angiol. 2012;21
(4):187–194.

96

polish annals of medicine 24 (2017) 92–98

9. Swaminathan A, Vemulapalli S, Patel MR, Jones WS. Lower
extremity amputation in peripheral artery disease:
improving patient outcomes. Vasc Health Risk Manage.
2014;10:417–424.
10. Hiatt WR, Rogers RK, Brass EP. The treadmill is a better
functional test than the 6-minute walk test in therapeutic
trials of patients with peripheral artery disease. Circulation.
2014;130(1):69–78.
11. Kharroubi AT, Darwish HM. Diabetes mellitus: the
epidemic of the century. World J Diabetes. 2015;6(6):850–867.
12. Thiruvoipati T, Kielhorn CE, Armstrong EJ. Peripheral
artery disease in patients with diabetes: epidemiology,
mechanisms, and outcomes. World J Diabetes.
2015;6(7):961–969.
13. Surani S, Brito V, Surani A, Ghamande S. Effect of diabetes
mellitus on sleep quality. World J Diabetes. 2015;6(6):868–873.
14. Fujimaki S, Wakabayashi T, Takemasa T, Asashima M,
Kuwabara T. Diabetes and stem cell function. Biomed Res
Int. 2015;2015:592915.
15. Turan Y, Ertugrul BM, Lipsky BA, Bayraktar K. Does physical
therapy and rehabilitation improve outcomes for diabetic
foot ulcers? World J Exp Med. 2015;5(2):130–139.
16. Meloni M, Izzo V, Vainieri E, Giurato L, Ruotolo V, Uccioli L.
Management of negative pressure wound therapy in the
treatment of diabetic foot ulcers. World J Orthop. 2015;6
(4):387–393.
17. Tang UH, Zügner R, Lisovskaja V, Karlsson J, Hagberg K,
Tranberg R. Foot deformities, function in the lower
extremities, and plantar pressure in patients with diabetes
at high risk to develop foot ulcers. Diabet Foot Ankle.
2015;6:27593. http://dx.doi.org/10.3402/dfa.v6.27593.
18. Yazdanpanah L, Nasiri M, Adarvishi S. Literature review on
the management of diabetic foot ulcer. World J Diabetes.
2015;6(1):37–53.
19. Chiwanga FS, Njelekela MA. Diabetic foot: prevalence,
knowledge, and foot self-care practices among diabetic
patients in Dar es Salaam, Tanzania – a cross-sectional
study. J Foot Ankle Res. 2015;8:20. http://dx.doi.org/10.1186/
s13047-015-0080-y.
20. Suresh DH, Suryanarayan S, Sarvajnamurthy S, Puvvadi S.
Treatment of a non-healing diabetic foot ulcer with
platelet-rich plasma. J Cutan Aesthet Surg. 2014;7(4):229–231.
21. Vasudevan B. Venous leg ulcers: pathophysiology and
classiﬁcation. Indian Dermatol Online J. 2014;5(3):366–370.
22. Scotton MF, Miot HA, Abbade LP. Factors that inﬂuence
healing of chronic venous leg ulcers: a retrospective cohort.
An Bras Dermatol. 2014;89(3):414–422.
23. Wachholz PA, Masuda PY, Nascimento DC, Taira CM, Cleto
NG. Quality of life proﬁle and correlated factors in chronic
leg ulcer patients in the mid-west of São Paulo State, Brazil.
An Bras Dermatol. 2014;89(1):73–81.
24. Rai R, Mysore V. Venous leg ulcer. Indian Dermatol Online J.
2014;5(3):364–365.
25. Shenoy MM. Prevention of venous leg ulcer recurrence.
Indian Dermatol Online J. 2014;5(3):386–389.
26. Kirsner RS, Baquerizo Nole KL, Fox JD, Liu SN. Healing
refractory venous ulcers: new treatments offer hope. J
Invest Dermatol. 2015;135(1):19–23.
27. Honorato-Sampaio K, Guedes AC, Lima VL, Borges EL.
Bacterial bioﬁlm in chronic venous ulcer. Braz J Infect Dis.
2014;18(3):350–351.
28. Hussain SM. A comparison of the efﬁcacy and cost of
different venous leg ulcer dressings: a retrospective cohort
study. Int J Vasc Med. 2015;2015:187531. http://dx.doi.org/
10.1155/2015/187531.
29. Sussman G. Ulcer dressings and management. Aust Fam
Physician. 2014;43(9):588–592.
30. Vishwanath V. Quality of life: venous leg ulcers. Indian
Dermatol Online J. 2014;5(3):397–399.

31. Serra R, Gallelli L, Conti A, et al. The effects of sulodexide
on both clinical and molecular parameters in patients with
mixed arterial and venous ulcers of lower limbs. Drug Des
Dev Ther. 2014;8:519–527.
32. Humphreys ML, Stewart AH, Gohel MS, Taylor M, Whyman
MR, Poskitt KR. Management of mixed arterial and venous
leg ulcers. Br J Surg. 2007;94(9):1104–1107.
33. Mosti G, Iabichella ML, Partsch H. Compression therapy in
mixed ulcers increases venous output and arterial
perfusion. J Vasc Surg. 2012;55(1):122–128.
34. Zhang Z, Lv L, Guan S. Wound bed preparation for
ischemic diabetic foot ulcer. Int J Clin Exp Med.
2015;8(1):897–903.
35. Ismail I, Dhanapathy A, Gandhi A, Kannan S. Diabetic foot
complications in a secondary foot hospital: a clinical audit.
Australas Med J. 2015;8(4):106–112.
36. Hadadi A, Omdeh Ghiasi H, Hajiabdolbaghi M, Zandekarimi
M, Hamidian R. Diabetic foot: infections and outcomes in
Iranian admitted patients. Jundishapur J Microbiol. 2014;7(7):
e11680. http://dx.doi.org/10.5812/jjm.11680.
37. Weller C, Evans S. Venous leg ulcer management in general
practice – practice nurses and evidence based guidelines.
Aust Fam Physician. 2012;41(5):331–337.
38. Nair B. Compression therapy for venous leg ulcers. Indian
Dermatol Online J. 2014;5(3):378–382.
39. Nair B. Venous leg ulcer: systemic therapy. Indian Dermatol
Online J. 2014;5(3):374–377.
40. Dogra S, Rai R. Venous leg ulcer: topical treatment,
dressings and surgical debridement. Indian Dermatol Online
J. 2014;5(3):371–373.
41. Walker CM, Bunch FT, Cavros NG, Dippel EJ.
Multidisciplinary approach to the diagnosis and
management of patients with peripheral arterial disease.
Clin Interv Aging. 2015;10:1147–1153.
42. Zwolińska J. Physical therapy as part of physiotherapy. Prz
Med Uniw Rzesz Inst Leków. 2011;3:278–286 [in Polish].
43. Straburzyńska-Lupa A, Straburzyński G. History of
balneotherapy and physiotherapy in Wielkopolska. Acta
Balneol. 2014;56(4):228–233 [in Polish].
44. Pasek J, Mucha R, Sieroń A. Magnetoledotherapy in
treatment of pain rheumatoid arthritis of the knee. Acta
Bio-Opt Inf Med Biomed Eng. 2006;3(12):189–191 [in Polish].
45. Woldańska-Okońska M, Czernicki J. Effect of low frequency
magnetic ﬁelds used in magnetotherapy and
magnetostimulation on the rehabilitation results of
patients after ischemic stroke. Przegl Lek. 2007;64(2):74–77
[in Polish].
46. Cieślar G, Nowak M, Kawecki M, Glinka M, Sieroń A.
Application of variable magnetic ﬁelds in the treatment of
wounds. Leczenie Ran. 2005;2(4):99–106 [in Polish].
47. Mucha R, Mucha M, Budziosz J, Sieroń A. Clinical
applications of magnetic ﬁelds in synergy with low power
light. Now Lek. 2010;79(3):167–172 [in Polish].
48. Sieroń A, Glinka M. The inﬂuence of magnetic ﬁelds in
therapeutic parameters on the healing process of skin and
soft tissues. Chir Pol. 2002;4(4):153–158 [in Polish].
49. Tepper OM, Callaghan MJ, Chang EI, et al. Electromagnetic
ﬁelds increase in vitro and in vivo angiogenesis through
endothelial release of FGF-2. FASEB J. 2004;18(11):1231–1233.
50. Kowal P, Marcinkowska-Gapińska A. The inﬂuence of
alternating magnetic ﬁeld stimulation on the results of
thermographic examination. Neuroskop. 2005;7:135–138 [in
Polish].
51. Sieroń A, Cieślar G, eds. Magnetic Fields and Light in Medicine
and Physiotherapy. Bielsko-Biała: Alfa-Media Press; 2013 [in
Polish].
52. Weledji EP, Fokam P. Treatment of the diabetic foot – to
amputate or not? BMC Surg. 2014;14:83. http://dx.doi.org/
10.1186/1471-2482-14-83.

polish annals of medicine 24 (2017) 92–98

53. Sieroń A, Cieślar G, Biniszkiewicz T. Therapy with use of
ELF variable magnetic ﬁelds – a new possibility in a
treatment of diabetes? Diabetol Dośw Klin. 2003;3(4):299–306
[in Polish].
54. Ross CL, Harrison BS. The use of magnetic ﬁeld for the
reduction of inﬂammation: a review of the history and
therapeutic results. Altern Ther Health Med. 2013;19(2):47–54.
55. Pasek J, Mucha R, Sieroń A. Ulcera crurum: treatment with
low frequency magnetic ﬁeld stimulation with high energy
LEDs. Description of case. Acta Bio-Opt Inf Med Biomed Eng.
2006;1(12):15–17 [in Polish].
56. Wróbel M, Szymborska-Kajanek A, Karasek D, et al.
Inﬂuence of alternating low frequency – magnetic ﬁelds in
patients with diabetic polyneuropathy – pilot study.
Diabetol Dośw Klin. 2005;5(1):59–63 [in Polish].
57. Pasek J, Misiak A, Mucha R, Pasek T, Sieroń A. New
possibilities in physiotherapy – magnetolaserotherapy.
Fizjoter Pol. 2008;1(4):1–10 [in Polish].
58. Farivar S, Malekshahabi T, Shiari R. Biological effects of low
level laser therapy. J Lasers Med Sci. 2014;5(2):58–62.
59. Avci P, Gupta A, Sadasivam M, et al. Low-level laser (light)
therapy (LLLT) in skin: stimulating, healing, restoring.
Semin Cutan Med Surg. 2013;32(1):41–52.
60. Ebrahimi T, Moslemi N, Rokn A, Heidari M,
Nokhbatolfoghahaie H, Fekrazad R. The inﬂuence of lowintensity laser therapy on bone healing. J Dent (Tehran).
2012;9(4):238–248.
61. Fabre HS, Navarro RL, Oltramari-Navarro PV, et al. Antiinﬂammatory and analgesic effects of low-level laser
therapy on the postoperative healing process. J Phys Ther
Sci. 2015;27(6):1645–1648.
62. de Loura Santana C, Silva Dde F, Deana AM, et al. Tissue
responses to postoperative laser therapy in diabetic rats
submitted to excisional wounds. PLOS ONE. 2015;10(4):
e0122042. http://dx.doi.org/10.1371/journal.pone.0122042.
63. de Lima FJ, Barbosa FT, de Sousa-Rodrigues CF. Use alone or
in combination of red and infrared laser in skin wounds. J
Lasers Med Sci. 2014;5(2):51–57.
64. Góralczyk K, Szymańska J, Łukowicz M, et al. Effect of
LLLT on endothelial cells culture. Lasers Med Sci. 2015;30
(1):273–278.
65. Rola P, Doroszko A, Derkacz A. The use of low-level energy
laser radiation in basic and clinical research. Adv Clin Exp
Med. 2014;23(5):835–842.
66. Brune K, Patrignani P. New insights into the use of
currently available non-steroidal anti-inﬂammatory drugs.
J Pain Res. 2015;8:105–118.
67. Terzuoli E, Meini S, Cucchi P, et al. Antagonism of
bradykinin B2 receptor prevents inﬂammatory responses
in human endothelial cells by quenching the NF-kB
pathway activation. PLoS ONE. 2014;9(1):e84358. http://dx.
doi.org/10.1371/journal.pone.0084358.
68. Furquim RD, Pascotto RC, Rino Neto J, Cardoso JR, Ramos
AL. Low-level laser therapy effects on pain perception
related to the use of orthodontic elastomeric separators.
Dental Press J Orthod. 2015;20(3):37–42.
69. Park IS, Chung PS, Ahn JC. Enhancement of ischemic
wound healing by spheroid grafting of human adiposederived stem cells treated with low-level light irradiation.
PLOS ONE. 2015;10(6):e0122776. http://dx.doi.org/10.1371/
journal.pone.0122776.
70. Kingsley JD, Demchak T, Mathis R. Low-level laser therapy
as a treatment for chronic pain. Front Physiol. 2014;5:306.
http://dx.doi.org/10.3389/fphys.2014.00306.
71. Tomimura S, Silva BP, Sanches IC, et al. Hemodynamic
effect of laser therapy in spontaneously hypertensive rats.
Arq Bras Cardiol. 2014;103(2):161–164.
72. Morimoto Y, Saito A, Tokuhashi Y. Low level laser therapy
for sports injuries. Laser Ther. 2013;22(1):17–20.

97

73. Colombo F, Neto Ade A, Sousa AP, Marchionni AM,
Pinheiro AL, Reis SR. Effect of low-level laser therapy
(l 660 nm) on angiogenesis in wound healing: a
immunohistochemical study in a rodent model. Braz Dent
J. 2013;24(4):308–312.
74. Gross AR, Dziengo S, Boers O, et al. Low level laser therapy
(LLLT) for neck pain: a systematic review and metaregression. Open Orthop J. 2013;7:396–419.
75. Kilík R, Lakyová L, Sabo J, et al. Effect of equal daily doses
achieved by different power densities of low-level laser
therapy at 635 nm on open skin wound healing in normal
and diabetic rats. Biomed Res Int. 2014;2014:269253. http://
dx.doi.org/10.1155/2014/269253.
76. Beckmann KH, Meyer-Hamme G, Schröder S. Low level
laser therapy for the treatment of diabetic foot ulcers: a
critical survey. Evid Based Complement Alternat Med.
2014;2014:626127. http://dx.doi.org/10.1155/2014/626127.
77. Andrade Fdo S, Clark RM, Ferreira ML. Effects of low-level
laser therapy on wound healing. Rev Col Bras Cir. 2014;41
(2):129–133.
78. Calisto FC, Calisto SL, Souza AP, França CM, Ferreira AP,
Moreira MB. Use of low-power laser to assist the healing of
traumatic wounds in rats. Acta Cir Bras. 2015;30(3):204–208.
79. Hodjati H, Rakei S, Johari HG, Geramizedeh B, Sabet B,
Zeraatian S. Low-level laser therapy: an experimental
design for wound management: a case-controlled study in
rabbit model. J Cutan Aesthet Surg. 2014;7(1):14–17.
80. Melo VA, Anjos DC, Albuquerque Júnior R, Melo DB,
Carvalho FU. Effect of low level laser on sutured wound
healing in rats. Acta Cir Bras. 2011;26(2):129–134.
81. Nussbaum EL, Heras FL, Pritzker KP, Mazzulli T, Lilge L.
Effects of low intensity laser irradiation during healing of
infected skin wounds in the rat. Photonics Lasers Med. 2014;3
(1):23–36.
82. Lipovsky A, Nitzan Y, Gedanken A, Lubart R. Visible lightinduced killing of bacteria as a function of wavelength:
implication for wound healing. Lasers Surg Med. 2010;42
(6):467–472.
83. Silva DC, Plapler H, Costa MM, Silva SR, Sá Mda C, Silva BS.
Low level laser therapy (AlGaInP) applied at 5J/cm2 reduces
the proliferation of Staphylococcus aureus MRSA in infected
wounds and intact skin of rats. An Bras Dermatol. 2013;88
(1):50–55.
84. Chaves ME, Araújo AR, Piancastelli AC, Pinotti M. Effects of
low-power light therapy on wound healing: LASER  LED.
An Bras Dermatol. 2014;89(4):616–623.
85. Chung H, Dai T, Sharma SK, Huang YY, Carroll JD, Hamblin
MR. The nuts and bolts of low-level laser (light) therapy.
Ann Biomed Eng. 2012;40(2):516–533.
86. Tuk B, Tong M, Fijneman EM, van Neck JW. Hyperbaric
oxygen therapy to treat diabetes impaired wound healing
in rats. PLoS ONE. 2014;9(10):e108533. http://dx.doi.org/
10.1371/journal.pone.0108533.
87. Stoekenbroek RM, Santema TB, Legemate DA, Ubbink DT,
van den Brink A, Koelemay MJ. Hyperbaric oxygen for the
treatment of diabetic foot ulcers: a systematic review. Eur J
Vasc Endovasc Surg. 2014;47(6):647–655.
88. Shah J. Hyperbaric oxygen therapy. J Am Col Certif Wound
Spec. 2010;2(1):9–13.
89. Bhutani S, Vishwanath G. Hyperbaric oxygen and wound
healing. Indian J Plast Surg. 2012;45(2):316–324.
90. Kulikovsky M, Gil T, Mettanes I, Karmeli R, Har-Shai Y.
Hyperbaric oxygen therapy for non-healing wounds. Isr
Med Assoc J. 2009;11(8):480–485.
91. Thom SR. Hyperbaric oxygen: its mechanisms and efﬁcacy.
Plast Reconstr Surg. 2011;127(suppl 1):131S–141S.
92. Thom SR. Oxidative stress is fundamental to
hyperbaric oxygen therapy. J Appl Physiol (1985). 2009;106
(3):988–995.

98

polish annals of medicine 24 (2017) 92–98

93. Klein KC, Guha SC. Cutaneous wound healing: current
concepts and advances in wound care. Indian J Plast Surg.
2014;47(3):303–317.
94. Boykin Jr JV, Baylis C. Hyperbaric oxygen therapy mediates
increased nitric oxide production associated with wound
healing: a preliminary study. Adv Skin Wound Care. 2007;20
(7):382–388.
95. Jung S, Wermker K, Poetschik H, Ziebura T, Kleinheinz J.
The impact of hyperbaric oxygen therapy on serological
values of vascular endothelial growth factor (VEGF) and
basic ﬁbroblast growth factor (bFGF). Head Face Med.
2010;6:29. http://dx.doi.org/10.1186/1746-160X-6-29.
96. Yan L, Liang T, Cheng O. Hyperbaric oxygen therapy in
China. Med Gas Res. 2015;5:3. http://dx.doi.org/10.1186/
s13618-015-0024-4.
97. Kumar MA, Radhika B, Gollamudi N, Reddy SP, Yaga US.
Hyperbaric oxygen therapy – a novel treatment modality in
oral submucous ﬁbrosis: a review. J Clin Diagn Res. 2015;9(5):
ZE01–ZE4.
98. Melamed Y, Bitterman H. Non-healing wounds and
hyperbaric oxygen: a growing awareness. Isr Med Assoc J.
2009;11(8):498–500.
99. Inanmaz ME, Kose KC, Isik C, Atmaca H, Basar H. Can
hyperbaric oxygen be used to prevent deep infections in
neuro-muscular scoliosis surgery? BMC Surg. 2014;14:85.
http://dx.doi.org/10.1186/1471-2482-14-85.
100. Verghese G, Verma R, Bhutani S. Hyperbaric oxygen therapy
in the battleﬁeld. Med J Armed Forces India. 2013;69(1):94–96.
101. Aydın F, Kaya A, Savran A, İncesu M, Karakuzu C, Öztürk
AM. Diabetic hand infections and hyperbaric oxygen
therapy. Acta Orthop Traumatol Turc. 2014;48(6):649–654.

102. Bhattacharya S, Mishra RK. Pressure ulcers: current
understanding and newer modalities of treatment. Indian J
Plast Surg. 2015;48(1):4–16.
103. Millar IL, McGinnes RA, Williamson O, et al. Hyperbaric
Oxygen in Lower Limb Trauma (HOLLT); protocol for a
randomised controlled trial. BMJ Open. 2015;5(6):e008381.
http://dx.doi.org/10.1136/bmjopen-2015-008381.
104. Akcali G, Uzun G, Yapici AK, Yildiz Ş. Sequential use of
hyperbaric oxygen, synthetic skin substitute and skin
grafting in the treatment of a refractory vasculitic ulcer. J
Am Coll Clin Wound Spec. 2015;5(3):58–60.
105. Delasotta LA, Hanﬂik A, Bicking G, Mannella WJ. Hyperbaric
oxygen for osteomyelitis in a compromised host. Open
Orthop J. 2013;7:114–117.
106. Horie M, Enomoto M, Shimoda M, Okawa A, Miyakawa S,
Yagishita K. Enhancement of satellite cell differentiation
and functional recovery in injured skeletal muscle by
hyperbaric oxygen treatment. J Appl Physiol (1985). 2014;116
(2):149–155.
107. Aydin F, Kaya A, Karapinar L, et al. IGF-1 increases with
hyperbaric oxygen therapy and promotes wound healing in
diabetic foot ulcers. J Diabetes Res. 2013;2013:567834. http://
dx.doi.org/10.1155/2013/567834.
108. Ueno T, Omi T, Uchida E, Yokota H, Kawana S. Evaluation
of hyperbaric oxygen therapy for chronic wounds. J Nippon
Med Sch. 2014;81(1):4–11.
109. Han G, Li L, Meng LX. Effects of hyperbaric oxygen on painrelated behaviors and nitric oxide synthase in a rat model
of neuropathic pain. Pain Res Manage. 2013;18(3):137–141.

