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Topic  №3. Phototherapy. Laser therapy, magnetic therapy, magneto laser therapy. The use of ultraviolet, visible and infrared light for therapeutic and prophylactic purposes. Mechanism of action, indications and contraindications, technique and methods of giving procedures.

I. Relevance of the topic:

Solar rays (heliotherapy) are applied with the medical purpose from time immemorial. Application of artificial light for treatment of patients has a little more than centenary history. Medical application of UV-rays first of all in therapy of skin tuberculosis (N.R.Finzon) and electrolight baths for thermotherapy started in the middle of the 80s of the 19th century. A little bit later there were widely known lamps "Sollux", "Minin’s", "Infrarouge", etc. The technology of lamps of UV-radiations also developed. At the end of the 60s of the 20th century laser therapy (in physiotherapy – low-intensity laser treatment) began to be applied. Since the 80s polarized light – piler-therapy has been used.

II. Learning Objectives:

Know:

· Peculiarities of light rays

· The mechanism of action of light rays on biological objects

· The mechanism of medical action of light rays

· The mechanism of action of low – intensity laser irradiation of tissue

· Indications and contraindications to phototherapy

To be able to:

· Methodological peculiarities of phototherapy

· Prescribe different methodic of phototherapy patients with various pathology internal organs 
III. Interdisciplinary integration:

	№ 
	Discipline
	Know:
	To be able to:

	1.
	Previous (providing) courses: -

History of medicine;

- Medical statistics

- Medical law 
	The historical path of development of physiotherapy

Methods for calculating statistical health indicators.

Legal basis for providing primary health care to the population of Ukraine.
	Identify major historical steps  of general physiotherapy.
A comparison between the main sources of funding for primary health care.
To carry out the calculation of key indicators used in medical statistics physician initial phase of care

	2.
	The following subjects (those that are provided): - management 
- Social medicine
	Basic principles of organization and management of institutions working in the field of medical reabilitation stages,  spa treatment.

Social aspects of primary care.
	Calculate the cost of medical services.

	3.
	Intersubject integration (between the themes of the discipline):
	Organization of physical therapy patients through the provision of the most common diseases of internal organs
	Knowing the mechanism of action of physical factors, independently of the procedure to appoint the methodology


Content topics classes:

Peculiarities of light rays

     Light is electromagnetic fluctuations of environment in the range from 1000 microns (1 mm) up to 2 nanometers *. They possess properties of particles (quanta, photons) and waves. Quantum is a part of radiation energy, inversely proportional to length of the wave. In light spectrum short ultra-violet rays possess the greatest number of quanta; the spectrum of light rays consists of three basic parts: 

- Infra-red (IR) rays occupy from 780 nm up to 1000 microns; 

- Visible rays - from 400 nm up to 780 nm; 

- Ultra-violet (UV) rays - from 2 nm up to 400 nm.

     In all three optical ranges there were created sources of artificial laser beams. Laser radiation is monochromal (rigidly fixed length of the wave), and coherent (an identical phase of radiation for all fluctuations); it is polarized (has fixed orientation of vectors of the electromagnetic field in space). All this provides small divergence and high orientation of a laser ray (LR). Physiotherapy basically applies low intensity lasers in infra-red and red ranges, in continuous and pulse modes. LR is used for point influence, intravenous irradiation of blood; and the defocused ray is used for influence on the skin areas and mucous membranes in the diameter up to 30 cm. Density of the stream of energy makes 5-10 mWt/cm2.

     "Piler - light" is artificial polarized, not coherent polychromatic light (length of the wave is of 400-2000 nm).

     Each part of a light spectrum is also divided into three parts: long-wave (A), middle wave (B) and short-wave (C), this division is essential for UV- therapy as clinical application of long ultraviolet rays (LUV) essentially differs from that of short  ones (SUV). Lengths of the waves in devices are as follows: LUV- 320 - 400 nm, SUV-280 - 320 nm, SUV- 180 - 280 nm.

     There are cold (luminescence) and hot luminescence. There are four main kinds of cold luminescence:

* Nanometre is one milliard part of a metre.

- chemoluminescence - luminescence arising due to chemical (biochemical reactions);

- triboluminescence - luminescence developing under the influence of mechanical influences (friction);

- photoluminescence - luminescence manifested under or after light influences;

- electroluminescence - luminescence of bodies (gases) in passing of an electric current through them. 

     In interaction of light with the skin of the person the part of optical radiation is reflected, the other part is absorbed. The coefficient of reflection of weakly pigmented skin reaches 50 - 55 % (for perpendicular rays). In increasing the angle of ray fall it can be elevated up to 90 %. The pigmented dark skin absorbs rays to a greater extent than the light one.

3.2. The mechanism of action of light rays on biological objects

     In absorption of light by living organisms the following basic reactions can develop in them:

- Photosynthesis – formation of complex organic molecules (an example - synthesis of vitamin D in the skin); 

- Photolysis - destruction of organic compounds and living cells (an example - processes in the skin under erythermal influence of UV-rays) with formation of biologically active substances;

- Photoreception - development of neuroreflex responses in various receptor systems: in the skin, mucous membranes and in the eye retina. A particular kind of photoreception is photoinformation coming almost exclusively through the eye;

- Photoheating - rise in temperature of the tissues under the influence of light beams;

- Photoelectrization - occurrence of weak electric currents in the tissues.

     IR - rays getting through the skin and mucous membranes at the depth up to 4 - 5 cm, exert mainly thermal influence (thermal rays). Visible rays exert weak thermal, information, photochemical influence and weak photo-electric (depth of penetration is 1.5-3 cm). UV - beams exert weak thermal, expressed photochemical (photosynthesis and photolysis) and photo-electric influence. It is UV-rays especially in a short range that can damage nuclear substance of cells and their genetic apparatus (depth of penetration into the tissues is 0.1 – 0.6 mm).

     In absorption of laser radiation by the tissues of an organism its coherence and polarization disappear at the depth of 0.2 – 0.3 mm though the rays reach the depth of 6 - 7 cm.

     Piler-light gets into the tissues at the depth of 1.5-2.5 cm, having weak thermal and photochemical effect. 

The mechanism of medical action of light rays

(Administration of therapeutic doses)

     IR rays exert mainly thermal influence on the tissue that causes:

- Intensification of the blood flow in the skin and internal organs (especially in corresponding splanchnotome) as a result of transfer of heat by blood and reflex responses;

- Increase of permeability of the tissues;

- Activation of metabolism;

- Dissolution of infiltrates, fresh cicatrices and adhesions; 

- Stimulation of regeneration; 

- Antispastic effect; 

- Anesthesia and sedative action (in oligothermal thermal doses); 

- Reduction of the increased arterial pressure;

- Drying up of the skin (wet ulcers, eczema);

- Sudorific effect with detoxication of an organism;

- Reduction of activity of thermolabile microorganisms. 

     Medical effect: vasoactive, trophotropic, drying up, analgesic, spasmolytic, immunocorrective. 

     Visible beams possess the following mechanisms of action:

- Action exciting the nervous system in bright illumination or by red (orange) light;

- Antidepressive (pink colour, increased illumination);

- Calming, sedative effect - green, blue rays;

- Depression - black light;

- Dark blue and blue beams destroy bilirubin of blood (they are applied in hyperbilirubinemia of newborns and hereditary hyperbilirubinemia);

- Rhythmic weak light flashes at frequencies of 5-12 Hz exert sedative influence, and at frequencies of 20-40 Hz - exciting;

- Thermal effects.

     Medical effect: psychoemotional (antidepressive), central and peripheral trophotropic, vasoactive, immunomodulating, photolytic (bilirubin), sedative.

     UV-rays in therapeutic dosage influence biochemical and physiological processes in the tissues:

- Photolysis and formation of biologically active substances;

- Photosynthesis (vitamin D and melanin);

- Activation of phagocytosis, developments of interferon, antibodies;

- Stimulation of blood circulation;

- Anesthesia;

- Activation of the blood flow;

- Increase of permeability of the tissues;

- Stimulation of metabolism and processes of regeneration of the tissues;

- Bactericidal effect;

- Normalization of blood circulation;

- Antitoxic action;

- Stimulation of development of the connecting tissue;

- Desensitizing effect (in the course application of UV-rays).

     Medical effect: anti-inflammatory, desensitizing, trophotropic, vitamin-forming, bactericidal, immunostimulating, analgesic.

The mechanism of action of low-intensity laser irradiation on the tissues

     The laser beam getting deep into the tissues influences atoms, selectively molecules, nervous receptors and cellular structures (the effect of photobioactivation).

     It results in improvement of microcirculation, permeability of the tissues increases, metabolic processes are activated, peroxide oxidation of lipids is suppressed, and all these processes can promote abatement of aseptic inflammatory process and dissolution of infiltrates. The laser irradiation reduces to some extent tactile and painful sensitivity in the area of influence. It stimulates mechanisms of local and general immune system of an organism. LR suppresses living functions of microorganisms. The influence on the superficial tissues develops reflex segmental and general responses that, in particular, are used in puncture laser reflexotherapy. 

     In laser irradiation of blood activation of the ferment erythrocyte systems occurs, resulting in increase in oxygen capacity of blood. The indurable procedures of blood irradiation (up to 30 minutes) result in reduction of thrombocyte aggregation velocity and contents of fibrinogen, increase of the level of free heparin and fibrinolytic activity of blood serum.

     Medical effect: metabolic, improving microcirculation, analgesic, immunomodulating, anticoagulating, desensitizing.

     The polarized rays of infra-red and visible range possess trophotropic, immunomodulating, analgesic, desensitizing, and antispastic effects.

Indications and contraindications to phototherapy.

Indication to application of UR and visible beams:

-Acute, subacute and chronic painful syndromes and inflammatory processes: neuralgia, neuropathies, radiculopathies, myalgias, myositis, rhinitis, etc.

- A trauma of the tissues (from the 2nd-3rd day);

- Arthrosis, arthritis, polyarthritis;

- Unhealing wounds and ulcers;

- Fresh cicatrices and adhesions;

- Peripheral ischemic syndromes, including obliterating diseases;

- Hyperbilirubinemia of newborns and hereditary-familial hyperbilirubinemia;

- Neurosis and neurosis-like conditions, depressions (treatment by bright light).

Indications to application of UV-rays:

- Preventive, general sanitary action in adults and children (anti-rickets);

- Preoperative preparation of patients (suberythermal and weakly erythermal doses);

- Diseases of the peripheral nervous system;

- Initial manifestations of cerebral atherosclerosis;

- Neurosis and neurosis-like conditions;

- Diseases of the loco-motor apparatus: osteochondrosis of the spine, osteoarthrosis, arthrosis, arthritis, polyarthritis, myositis, etc;

- Diseases of the respiratory organs: bronchitis, pneumonia, bronchial asthma, tracheitis;

- Skin diseases: pyoderma, psoriasis, neurodermatitis, scleroderma, vitiligo, seborrhea, mycosis, elopecia;

- ENT-diseases: rhinitis, tonsillitis, quinsy;

- Surgical diseases: physiognomy, badly healing wounds, ulcers, boils, burns and frostbites;

- Tuberculosis, its various forms, especially tuberculosis of the skin;

- Sepsis (UF- irradiation of blood).

Indications to laser therapy:

- Diseases and injuries of the loco- motor apparatus;

- Diseases and injuries of the peripheral nervous system;

- Diseases of the cardiovascular system: IHD, hypertension disease, vascular diseases of the extremities;

- Diseases of the digestive organs: ulcer of the stomach and duodenum 

- Diseases of the urinogenital system: adnexitis, erosion of the cervix, endometritis, prostatitis;

- Diseases and damages of the skin: wounds, burns, bed sores, frostbites, herpes, itching, dermatosis, red flat lichen;

- ENT - diseases: tonsillitis, pharyngitis, laryngitis, otitis;

- Thymus- dependent immunodeficiency conditions. 

Indications to piler-therapy

- Skin diseases: acne rash, neurodermatitis, eczema, allergic eruptions, skin itching, early withering of the skin, etc;

- Consequences of traumas of the tissues: bruises, strains, traumas of the joints, ribs, etc., arthrosis;

- Surgical diseases (badly healing wounds and ulcers); 

- ENT-diseases: acute and chronic antritis, frontitis, neuritis of the auditory nerve, tinnitus, laryngitis and pharyngitis; 

- Dental diseases: paradontitis, paradontosis, gingivitis; 

- Diseases of the peripheral nervous system.

Contraindications to phototherapy:

- Malignant neoplasms;

- Systemic diseases of blood (especially white);

- Feverish conditions;

- Local purulent processes;

- Acute infectious diseases (except ARI);

- Pemphigus;

- Cardiovascular insufficiency of III degree;

- Hypertensive disease of III degree;

- Photodermitis;

- Thyrotoxicosis;

- Cirrhosis of the liver and marked nephrosclerosis (for UV-rays). It is undesirable to carry out light-warm procedures in the areas of benign tumour location.

Methodological peculiarities of phototherapy

     All basic kinds of phototherapy can be given in the form of local, segmental- reflex and general procedures.

      Procedures of light-warm therapies are usually given in oligothermal and thermal modes, sometimes in hyperthermal (light baths). Their average duration is 10-20 min, 5-15 procedures for the course of treatment.

     UV-therapy is dosed by means of biodoses. One biodose is the least erythermal time of irradiation of the patient’s skin (usually it is lower abdomen) at the distance of 50cm. It is determined individually, but depends, in particular, on capacity of UV- lamps. Determination of a biodose on the integuments is made by a biodozimeter БД-2. It is a metal plate with 6 rectangular apertures that open during irradiation with an interval of 30 seconds. As a result the skin in the first aperture is being irradiated for 30 sec, in the last - for 180 sec. In 24 hours on the threshold of erythema the biodose is established equal to the time of irradiation of the skin in seconds above that aperture in which the skin has distinctly turned pink (for the shortest time of irradiation).

     There are small erythermal (1-2 biodoses), average (3), big (5 - 8) and hypererythermal doses (over 8 biodoses). Hypererythermal biodoses are basically indicated in some local irradiations of the skin.

     Sources of long-wave radiation (320 - 400 nm), integrated (280 - 380 nm), and short-wave (180 - 280 nm) are used for UV – therapy. Sources of LUV and IUV are applied for general influence. All three kinds of rays are used for local influence. Besides, IUV is used for treatment of diseases of the mucous membranes and for disinfection of the air in the closed premises and water. SUV is also applied for ultra-violet irradiation of blood in special devices. In general influence the anterior and posterior surfaces of the patient’s body are alternatively irradiated. Three schemes of general UV - irradiations are accepted: basic, accelerated and slowed down. Daily irradiations begin from 1/4, 1/2 or 1/8 biodoses accordingly and gradually bring them up to 3 - 4 biodoses. The course of treatment is 15 - 25 days.

     Within the limits of preoperative preparation of patients courses of the general suberythermal and weakly erythermal irradiations are given for 6- 8 days.

     Local procedures of UV irradiation are carried out on the skin and mucous membranes. Sensitivity of the mucous membranes to UV- radiation is determined by V.N.Tkachenko's method by means of the biodosimeter БУФ -1. It represents a plate with 4 apertures which is put on a tube of the radiator located compactly above the nipple where sensitivity of the skin comes nearer to sensitivity of the mucous membranes. The apertures of the plate are opened one by one with an interval of 30 seconds, and the biodose is determined in 12-24 hours.

     The irradiation of the mucous membranes begins with 1 – 1.5 biodoses and gradually increasing by 0.5 - 1 biodoses bringing them up to 3 biodoses, 5 - 6 procedures for the course.

     Local irradiation of the skin by UV-rays begins with 1.5 - 2 biodoses. The same area is irradiated 3-6 times with an interval of 1 - 3 days, increasing the dosage in each subsequent procedure by 0.25 - 1 biodose. It is possible to separate several areas of irradiation and then procedures are given daily, but on different areas. The method of photochemotherapy –PUVA- therapy is carried out with a preliminary sensitization of the skin to LUV by means of compounds of furocumarin (puvalen, psoralen, beroxan, psoberan, etc.). Photosensitizers are introduced into an organism perorally and parenterally for some hours or one day prior to irradiation. Then irradiation is carried out beginning with 1/8 of the biodose, bring it up to 3 - 4 biodoses in general irradiation, and up to 5 - biodoses in local; 10-12 procedures for the course. It is applied almost exclusively in skin diseases: psoriasis, vitiligo, fungal mycosis, etc.

     Optical radiation of red (632 nm) and infra-red (800 nm) ranges is more often used for laser therapy.

     Irradiation by the defocused beam is carried out by the distant technique; the backlash from a radiator to the skin makes 20 - 30 mm. 1-5 areas are irradiated during one procedure, with total area up to 400 cm2.

      Dosing of laser influences is carried out by density of the stream of energy of radiation by means of measuring capacity instruments ИМ-1 and ИМ-2.

      Duration of the procedures is from 20 seconds to 5 minutes on one area. In influence on some areas – it is totally to 20 minutes. Duration of the procedures of the direct influence on blood is 20-30 min (not more).

     Laser influence on one point is more often carried out in contact for 20 - 30 seconds; total duration of the procedures is up to 2 - 3 minutes. The procedures are carried out daily or in a day, 10 - 20 procedures for the course. The repeated course of laser therapy can be made in 2-3 months.

     In piler -therapy the lamps are installed at the distance of 30-60 cm from the skin, duration of the procedures is 4-8 min, 1-2 times a day, 10-12 procedures for the course.

V. Plan and organizational structure of classes.

	№ 
	The main stages of employment, their functions and content
	Educational aims at mastering levels
	Control methods study
	Materials methodological support (monitoring, presentation, briefing)
	Average time (in minutes)

	1
	2
	3
	4
	5
	6

	I
	Preparatory stage Arrangements
	
	
	
	2

	II
	Setting academic goals and motivation
	
	
	A. 2. "Learning Objectives" A.1. "Actuality of theme"
	3

	III
	Control the initial level of knowledge, skills and abilities:
	
	
	
	

	
	1. Test control of knowledge
	II
	Test control
	Test control IIр
	Current test control Step 1
	15

	
	2. Oral examination
	II
	Individual theoretical interview (survey)
	Question II
	Structural and logic, tables, models
	30

	IV
	The main stage Formation of skills and abilities:

1. Oral examination

2. Algorithms

3. Settlement of situational problems

4. Testing

5. Practical tasks
	III
	Method of skills: practical training of students interview
	Minutes assistance. Relevant instructions. Plaster. Equipment. Toolk it. Patients
	170

40

40

40

25

25

	VI
	The final stage Control and correction level of professional skills.

1.Oral examination Т 2. Testing 
	III
	Individual control of practical skills
	Individual oral examination. Tests case studies.
	25

10

10

	VII
	Summing up lessons
Homework (basic and additional literature on the subject)
	
	
	Reference room,  Academic journal

Approximate map for independent work with literature
	3

2


VI. Materials methodological support classes.

1. Materials Control for the preparatory phase of the exercise.

Theoretical questions.

1. Give physical determination of the notion ”light ”?

2. What rays are there in the light spectrum?

3. Indicated the wave ranges of ling wave UV, medium wave UV and short wave UV?

4. What is luminescence?
5. What is mechanism of therapeutic effect of infrared rays?

Tests:

1. Name of the signs of the ultraviolet erythema?

A. Spotty red colour of the skin

B. Develops in the process of exposure

C. Develops in 3 – 12 hrs after irradiation

D. Has no clear borders

E. Disappears without leaving a trace in 20 – 30 minutes after irradiation

2. What is maximum permissible area of irradiation of the skin in the erythema doses?

A. 300 – 400 cm2
B. 800 cm2
C. 600 cm2
D. 500 cm2
E. 200 cm2
3. What is the distance for biodosimetry of medium – wave UV irradiation?
A. 30 cm

B. 75 cm

C. 50 cm

D. 100 cm

E. 25 cm

4. Name indications for the therapeutic application of UV irradiation in the erythema doses?

A. Disturbances of metabolism

B. Secondary anemia

C. Disease of peripheral nervous system with the pronounced pain syndrome

D. D3-hypovitaminosis

E. Systematic lupus erythematosus

5. Laser emission causes?

A. Improvement in the regional blood circulation

B. Enhancement of the venous wall tone

C. Contraction of the muscles

D. Increase in blood coagulability

E. Spasmolytic effect

 The clinical problem

1. The child is 10 years of SARS. What methods of physiotherapy are shown with the onset of the disease.
Answer: UFO leather soles in erythema dose 2-3 times daily. Thermo-wet inhalation of mineral water, solutions of baking soda, honey, garlic. The electric field UHF in athermal dose of the nose, paranasal sinuses, larynx. UFO mucous membranes of the nasopharynx in erythema doses.
2.In a patient with acute right-sided pneumonia. Complaints: coughing, pain in the chest when coughing right, the mucous sputum. An objective examination: respiratory rate 24 in 1 min, wet finely wheezing on the right, the temperature is 37.5 ºC. The aim of physiotherapy? What methods of physiotherapy, you must assign?

Answer.  The goal of physical therapy: anti-inflammatory effect, increase nonspecific resistance of the organism. Function: UV-irradiation of the right half of the chest by a fractionated technique, 2 biodozy, daily, No. 6.

3. The patient with sciatica. Complaints: pain in the lumbosacral region. Objective data: tenderness to palpation of the paravertebral points in the lumbosacral spine. The aim of physiotherapy? What methods of physiotherapy, you must assign?

Answer. The goal of physical therapy: relief of pain. Designation: SF-irradiation in erythema doses of the lumbosacral spine, 4 biodozy + 2 biodozy, after 3 days, No. 3.

4. The patient deforming osteoarthritis of the right knee joint. Complaints: pain in the right knee, worse with exertion and at the end of the day. Objective data: patient fat, deformity of the knee, tenderness to palpation. The aim of physiotherapy? What methods of physiotherapy, you must assign?

Answer. The aim of physiotherapy: analgesic, anti-inflammatory effect, improve the metabolism in the connective tissue. Function: infrared laser therapy on articular gap of the right knee joint (apparatus "Pattern"). Pulse mode, 1500 counts • C1, length 256, daily, No. 10.
Sources of information:
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