1. INTRODUCTION

Creation of optical quantum generators - lasers- is concerned to the most important scientific-and-technical achievements of the XXth century.

Laser irradiation is electromagnetic irradiation belonging to optic spectrum (light), which is coherent, monochromatic, polarized and with a definite direction of irradiation flow, all these allow to provide strictly determined power of irradiation targeted on the surface of irradiated object. That is why laser therapy — an impact on biological object by low intensive laser irradiation with therapeutic purposes — may be considered a part of physiotherapy, in particular, light therapy (phototherapy).

Phototherapy has sufficient historical background. Since Hippocrates’ times “red rooms” (where windows, walls, floor and ceiling were covered with red textile) were used for treatment of black variola. Oriental medical schools widely used red dressing for managing wounds and ulcers. Indian medicine recommended to use water kept under sun light in bottles made of red glass to treat tooth-ache. Chinese medicine uses light of smoldering wormwood cigar.

Thus, laser reflexo- and physiotherapy is a method to realize medical experience of many centuries on the basis of modern technical achievements.

Laser therapy has the following advantages over the other physiotherapeutic methods regarding its action on a human organism:

·  according to its energetic parameters it provides neither harmful, nor disturbing impact on biosystem, but at the same time this energy is sufficient to activate living processes within an organism;

·  in contrary to many other therapeutic physical factors, laser therapy allows precise regulation of irradiation parameters and provides correct dosage during every session;

·  laser therapy is indicated and is very effective for a large list of pathologies;

·  laser therapy is well combined with other known methods of therapy and increases their efficacy;

·  simplicity and safety of procedures, small dimensios of used laser apparatuses and specially designed fiber optic instruments allow to apply laser therapy at ordinary dentist’s office incorporating the new method in the arsenal of traditionally used therapeutic methods. 

        At present low-intensive laser irradiation (LLI) is used more than in 30 

medicals pecialties for diagnostic and therapeutic purposes, one third of 

world laser production   belongs to medical devices and apparatuses.

In the given manual basic questions are taken up concerned to a mechanism of biological and treatment-and-stimulating low-intensive laser irradiation (LLI) influence on a human organism; a review of laser apparatus used and its features are given; calculating formulae and tables for necessary irradiation parameters determination are listed, basic approaches to optimal LLI dosage selection; safety precautions, general rules of procedure prescription are stated. In the chapter "PARTICULAR TECHNIQUES OF LASER THERAPY" the references on practical use of LLI in  traumatology are listed. 

The offered manual is a result of analysis and compilation of literature data big amount. The authors do not pretend their work to have any scientific novelty but rather to summarize in one edition various studies of different researches and offer to traumatologists an effective and simple method for practical application.

The authors hope that the manual may help traumatologists to master the methods of laser therapy and to increase the efficacy of their work. 

2. THE MECHANISM OF BIOLOGICAL AND TREATMENT-AND-STIMULATING LOW-INTENSIVE LASER IRRADIATION (LLI) INFLUENCE

 By its nature, laser irradiation like a light relates to electrical magnetic oscillations of optical range, between ultraviolet and infrared.

A laser is a technical device, emitting a coherent polarized monochromatic electromagnetic irradiation as a directed beam of light in a very narrow spectrum range.

One of the most important laser irradiation features is its spectral characteristics or wavelength, measured in nanometers or micrometers (1 mcm=1000 nm). By their nature photobiological processes are different and specific enough. All of them are based on laser induced photophysical and photochemical reactions occurring in an organism during an interaction with laser irradiation. The photophysical reactions are primary related to heating of irradiation object and heat distribution in biotissues. The photochemical reactions related to electrons shift within different orbits in atoms of absorbing light substance can be realized in substance photoionization, its photooxidation or photoreduction, photodissociation of molecules, their transformation - photoisomerization, or in direct destruction of substance - photolysis.

In the different ranges of spectrum light provides a specific influence upon a biological object. The light in the visible range of spectrum is primary absorbed by chromatophore groups in the protein molecules, partly by oxygen. The most important role here is belonged to hemoglobin, melanin and enzyme series. In the nearest infrared (IR) range the light is primary absorbed in an organism by protein and oxygen molecules. Lasers of red (wavelength is 632 nm) and near infrared (wavelength is 760-1200 nm) ranges of spectrum have demonstrated the widest application in laser therapy.

The mechanism of biological LLI influence and its treatment-and-stimulating effect were studied by series of authors with electrophysiologic, histological and biological tools of investigation.

So, in experiments of N. Mikhaylov et al. (1985) on LLI influence upon an organism it was demonstrated the universal character of resonance interaction between weak irritants and skin zones, on which sympathetic and trophic nervous formations are projected. All experiments showed the uniformity of processes regarding their physiological significance, prominence and velocity. When absorbed by tissues LLI leads to destruction of connective tissue structures with free energy release, in muscle and nervous tissues opposite reaction takes place. Energy saturated cells within irradiated zone obtain semiconductor's properties. Absorption of red laser light by cells is conditioned by its resonance accordance with cells membranes, and, first of all, mitochondrial membranes of neurons, as their activation threshold is located in red and near infra-red part of light spectrum.

The analysis of changes in intracellular biochemical processes occurring as a result of LLI, shows the stimulation of glucose oxidation phosphorylation and ATP generation increase induced by this impact. That is related to activation of mitochondrial enzymes (cytochromes) and subsequent acceleration of electron migration down respiratory chain that raises the energy potential of a cell.

A. Urazaev et al. (1978) demonstrated that blood had the most expressed ability to absorb LLI energy. There is an opinion that blood is liquid-and-crystalline media, in which light induces various energy processes (V.Usoltzeva, 1981). Monochromatic red light provides direct and indirect impact on blood and organs of hemopoesis. In the first case red light, absorbed by porphyries may cause decomposition of old erythrocytes. The indirect action upon hemopoesis occurs due to activation of endocrine glands, first of all hypophysis and thyroid gland, which have direct influence on regulation of hemopoetic function (V. M. Inyushin, 1975).

There is a definite influence of LLI on the peripheral blood circulation. In particular B. Salishgereev (1983) proved in his experiments a stimulating effect of LLI on the collateral circulation development. That results in increase of tissue oxygen saturation up to appropriate level and satisfaction of tissue demand stimulated by LLI. 

Rise of oxygen’s metabolism activity facilitates the acceleration of energy and plastic processes in a cell.

Thrombolytic action of low intensive laser irradiation should be also mentioned once microthrombosis is an important pathogenic factor of inflammation. A. Prokhonchukov (1986) finds it to be related both with blood flow improvement and thrombotic mass washing away and with anticoagulant system activation.

V. Inyushin (1970) confirmed in his study the increase of adrenal gland mass and reduction of lipoid contents in their cortex under influence of LLI.

Based on the described earlier biological mechanism of LLI influence upon cells and tissues of an organism, the treatment-and-stimulating effect of laser therapy is represented by the following:

· anti-inflammatory action of LLI is provided through the activation of endocrine system which is known to modulate inflammatory reactions together with regulation of local blood circulation, fibrinilysis amplification, and microcirculation and tissues perfusion amelioration;

· trophy stimulating and antidegeneration influence of LLI are associated with increase of oxygen related metabolism and increased ATP contents in a cell;

· analgesic action of LLI, although not so expressed, as of many other physical factors, is explained by reduction of sensitivity of nervous endings, i.e. pain receptors as a result of tissue edema resolution, and due to increase of endorphin and encephalon production in structures of peripheral nervous system (A.V. Maksimov, et al., 1993);

· reduced microbial contamination of infected wounds under LLI is explained by several factors: improvement of regional perfusion within pathological focus, increased leukocyte chemotaxis to inflammatory zone and activation of proteolytic enzymes which destroy microbes (N.I. Gubacheck, 1984).

Besides the stated effects LLI stimulates natural non-specific immunity of  an organism (phagocytosis,    lysosome activity etc.),  and     

provides   desensitizing action (A.A. Imanbaev, 1991).

        All treatment and stimulating effects develop gradually and may manifest only after 5-15 performed procedures due to the dose accumulation phenomenon.

3. THE LASER APPARATUS

Modern laser technique has an enormous arsenal of various devices. The construction of therapeutic apparatus applied for laser physical and reflex therapy usually incorporate gas He-Ne and diode lasers based on gallium arsenide. He-Ne lasers emit red light (wavelength is 632 nm) that is most effectively absorbed by blood cells, mucous membranes and skin. Diode lasers generate IR-irradiation (wavelength is 760-1200 nm), having less, compared to red light, absorption coefficient, it has larger penetration depth into tissues - up to 7 cm. The additional advantage of diode lasers is their diminutiveness, low price and low power supply, these allow to design portable, convenient in operation and available in price models of therapeutic apparatuses.

The apparatus "SOFT-LASER SL-202" is permitted for practical application by Ministry of Health Care of the Russian, have modern design, they are easy and comfortable in use. The construction of laser irradiators provides two types of tissue irradiation: contact and non-contact mode and allow to use easy attachable fiber optic instruments.

Table 1 represents list of instrument working tips, their scheme and indicatrices of laser irradiation.

TABLE 1
	TIP

TYPE
	IRRADIATION INDICATRICE
	IRRADIATED SQUARE*, CM2
	APPLICATION

	K1
	conical
	0.0013
	therapy

	K30
	conical
	0.03
	therapy, surgery

	K80
	conical
	0.08
	therapy

	K140
	conical
	0.14
	therapy

	K300
	conical
	0.30
	therapy

	C 1400
	cylindrical
	1.4
	surgery

	T390
	toroidal
	0.39
	surgery

	T1570
	toroidal
	1.57
	therapy


* - when applied in contact mode
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                                                                                             SCHEME 1.
ANTI-INFLAMMATORY ACTION
Both fiber optic instruments and tips become contaminated during use. To clean instruments the following solution should be made: 17 ml of 4 - 6% hydrogenium peroxide, 5 - 10 g of a detergent (like "Profress", "Aina", "Astra", "Lotos" etc.) and 978 ml of water. Solution temperature should be 40(45(C. After cleaning instrument should be rinsed in running water and dried at room temperature. Then instruments are sterilized by cool method by plunging their working parts in 70(-alcohol solution of chlorgexidine with exposure not less than 30 minutes. Before each procedure instrument should be wiped with a gauze soaked in 70( alcohol. Contamination of fiber optic tips (built-in into emitter AL-010 or a fiber optic tip) may lead to decreased output power of the whole complex. To remove dirt it is advisable to wipe them with soft cloth soaked in 70( alcohol. It is strictly prohibited to use sharp instruments for cleaning. Laser apparatuses should be treated carefully to avoid their damage.

4. DETERMINATION OF LASER IRRADIATION

POWER AND DOSAGE CALCULATION

Most of the up-to-date medical lasers have built-in powermeters, which permits to measure output power of laser irradiation with the sufficient significance ((10%).

Power density (intensity of irradiation) W is calculated as a ratio of power P and the square of irradiated surface S:

W=P/S, W/cm2
In case of distant mode of irradiation (emitter and fiber optic instrument do not contact with irradiated surface):

S= (D2/4,

where (  = 3.14, and D is the diameter of visible irradiation spot on a skin surface in cm; for infrared lasers emitting invisible irradiation the spot diameter is more difficult to evaluate. One should know characteristics of scattering indicatrix for a laser or have the special device to display laser irradiation. The problem is simplified greatly if you have tips of K1 type (irradiation is emitted through the end of monofiber). In this case spot diameter is equal to L/2, where L is the distance from irradiating tip to skin surface.

Density of energy (energy density, dose) on the skin surface is calculated as ratio of energy E delivered to irradiated object during a session and the square of irradiated surface, S (D=E/S) or by multiplication power density W and exposure time (duration of irradiation) T.

D=E/S=WT, J/cm2
Contact mode is one of the most frequently used method of irradiation in stomatology when fiber optic instrument has a full contact with a pathologic focus (see. Fig. 7.2.). In this case the area of irradiated surface S is completely determined by tip shape, that significantly simplifies dose calculation. It is necessary to take into consideration that application of any fiber optic instrument leads to inevitable up to 50% of output power loss of energy due to introduction of irradiation into a fiber, internal absorption and reflection of irradiation in the tips. 

Usually practical recommendations contain parameters of irradiation intensity W expressed in mW/cm2 and of specific irradiation dosage D expressed  J/cm2. If one  knows  square irradiated  by a tip  Sn   (cm2) it would be very easy to calculate necessary laser power P (mW) and exposure time per a field Tn (sec)

P=KlossWSn=2WSn,

where Kloss=2 - instrument induced loss coefficient.

Tn=1000 D/W

Square of pathologic focus S0 usually exceeds the square irradiated by a tip Sn. That is why a session should be carried whether by sequential irradiation of each field with exposure Tn for a field or in contact liable mode (see Fig. 7.2.).

In any case the total time of irradiation T0 may be calculated as following:

T0=TnS0/Sn
Calculation may be significantly simplified if to use Tables 3, 4 and 5.

TABLE 2
TABLE FOR CALCULATION

power density of laser irradiation W (mW/cm2) in distant mode depending upon laser out put power P (mW) and diameter of light spot on irradiated surface D (cm), or fiber optic tip to target distance L (cm); tip loss coefficient K loss=2 has been taken into account

	Power density of laser irradiation W, mW/cm2

	L
	D
	Power of laser irradiation P, mW

	cm
	cm
	5
	10
	15
	20
	30
	40
	50
	60
	100

	0.4
	0.2*
	80
	160
	240
	320
	480
	640
	800
	960
	1600

	1
	0.5
	12.5
	25
	37.5
	50
	75
	100
	125
	150
	250

	2
	1.0
	3.2
	6.4
	9.5
	12.7
	19
	25.4
	31.7
	38.1
	63.5

	3
	1.5
	1.5
	2.9
	4.4
	5.8
	8.7
	11.6
	14.5
	17.4
	29

	4
	2.0
	0.8
	1.6
	2.4
	3.2
	4.8
	6.4
	8
	9.6
	16

	6
	3.0
	0.7
	1.4
	2.1
	2.8
	4.2
	5.6
	7
	8.4
	14

	8
	4.0
	0.2
	0.4
	0.6
	0.8
	1.2
	1.6
	2.0
	2.4
	4.0

	10
	5.0
	0.1
	0.3
	0.4
	0.5
	0.8
	1.0
	1.3
	1.6
	2.5


· - when collimating tip is used spot diameter is 0.2 cm despite the distance to      

irradiated surface
TABLE 3
TABLE FOR CALCULATION

power density of laser irradiation W (mW/cm2) in contact mode depending upon laser output power P (mW) and light tip type (tip loss coefficient Kloss=2 has been taken into account)

	Power density of  laser  irradiation W, mW/cm2

	Tip type
	Square Sn, cm2
	Power of laser irradiation P, mW

	cm
	cm
	5
	10
	15
	20
	30
	40
	50
	60
	100

	K1
	0.0013
	2000
	4000
	6000
	8000
	12000
	16000
	20000
	24000
	40000

	K30
	0.03
	83
	166
	249
	332
	498
	664
	830
	996
	1660

	K80
	0.08
	31
	62
	93
	124
	186
	248
	310
	372
	620

	K140
	0.14
	14
	28
	42
	56
	84
	112
	140
	168
	280

	K300
	0.30
	8
	16
	25
	33
	50
	66
	83
	100
	166

	T390
	0.39
	6
	13
	19
	26
	39
	52
	64
	78
	128

	T1570
	1.57
	1.6
	3.2
	4.8
	6.4
	9.6
	12.8
	16
	19
	32

	C1400
	1.4
	1.8
	3.6
	5.4
	7.2
	10.8
	14.4
	18
	21.6
	36


TABLE 4
TABLE FOR CALCULATION

exposure time per a field Tn, sec depending upon power density W, mW/cm2 and specific dosage of irradiation D, J/cm2

	Exposure time per a field Tn, sec

	Dosage D,
	Power density of laser irradiation W, mW/cm2

	J/cm2
	5
	10
	30
	50
	75
	100
	150
	200
	250

	0.05
	10
	5
	1.5
	1
	-
	-
	-
	-
	-

	0.1
	20
	10
	3
	2
	1.5
	1
	-
	-
	-

	0.5
	100
	50
	16
	10
	7.5
	5
	3.5
	2.5
	2

	1
	200
	100
	33
	20
	14
	10
	7
	5
	4

	5
	-
	-
	165
	100
	70
	50
	35
	25
	20

	10
	-
	-
	330
	200
	140
	100
	70
	50
	40

	15
	-
	-
	-
	300
	210
	150
	105
	75
	60

	20
	-
	-
	-
	-
	280
	200
	140
	100
	80

	25
	-
	-
	-
	-
	-
	250
	175
	1125
	100


5. SAFETY PRECAUTIONS DURING OPERATION

WITH LASER IRRADIATION

             The  laser  apparatus used for  therapy belongs  to  the  third  class  of hygienic  laser  classification  (medical  lasers).  Use  of the  laser apparatuses is regulated by "SQ and R" 2392-81.

The following kinds of danger may occur during operation with laser devices:

· electrical danger;

· laser irradiation.


Sources of danger:

· alternative current 220 V within electric circuits of control block supply and of apparatus' power source ;

· laser irradiation (direct, mirror reflection, diffuse reflection).

The "Soft-laser" devices  advantageously differ from He-Ne lasers because their irradiation in near IR-diapason does not cause damage to retina. That is explained by small energy of irradiation quantum insufficient to cause reaction of retinale cis-trans-isomerization and light perception (within the range of LPL equal to 5(10-8  W/cm2). As to electrical safety measures regulations these lasers should be treated as home electrical devices which do not demand special organizational conformation and undertakings except routine instructing on safety measures and control provided by safety measures engineer.

Taking into consideration that IR-irradiation is invisible it's necessary for a doctor to work out an automatic habit not to switch on the button "START" until the emitter is directed to an irradiated zone. The main requirement of safety precautions is not to aim direct laser irradiation (or fiber optic tip) toward an eye during a session.

The following operation mode seems to be physiologically correct when applying low-intensive lasers: 45-50 minutes of laser session are interrupted with 30-40 minutes for a break (activity that does not deal with laser irradiation, e.g. filling a chart in). 

6. APPROACHES TO THE SELECTION OF OPTIMAL DOSES

In the past years considerable information has been accumulated on attempts to determine the optimal dose of LLI to achieve desirable biological effects when managing various pathologies (V.I. Kozlov et al, 1993; I.S. Panko et al, 1987; N.V. Mikhailov, 1985; V.I.
Inyushin, P.R. Chekurov, 1975 etc.). One of the key moments of understanding of laser irradiation impact on an organism is reaction of microcirculation network on laser irradiation of different power density. Table 4 represents the scale illustrating these reactions.

TABLE 5
	Irradiati-on power density, mW/cm2
	1-100


	100-200
	50-300
	>250


	>300
	>500



	Reaction of micro-circulati-on system
	Stimulation of new vessels development
	Antihypo-xial action
	Capillary blood flow activation
	Increase of endo-thelial adhesi-vity
	Microvessels Atonia and throm-bosis
	Photodes-truction, thrombo-sis of mic-rovessels


The majority of researchers believe that biostimulating levels of irradiation belong to the range of 10 ( 100 mW/cm2, and microcirculation improving, anti-inflammatory and analgesic parameters belong to the range of 100 ( 200 mW/cm2 (I.M. Arefjev et al, 1977; R.I. Mikhaylova et al, 1985).

Together with power density the value of energy density (dose) is of great importance. Table 5 demonstrates the specific character of organism reactions on different doses of laser irradiation (V.I. Kozlov et al, 1993).

TABLE 6
Specific character of organism reactions on

 different  doses of laser irradiation, J/cm2
	Power density
	Exposure time

	mW/cm2
	1 sec
	10 sec
	1 min
	3 min
	5 min
	10 min

	1
	0.001
	0.01
	0.06
	0.2
	0.3
	0.6

	5
	0.005
	0.05
	0.3
	0.9
	1.5
	3.0

	10
	0.01
	0.1
	0.6
	1.8
	3.0
	6.0

	20
	0.02
	0.2
	1.2
	3.6
	6.0
	12.0

	50
	0.05
	0.5
	3.0
	9.0
	15.0
	30.0

	100
	0.1
	1.0
	6.0
	18.0
	30.0
	60.0

	
	I
	II
	III


COMMENTS:

I     - 
doses of laser irradiation stimulating cell proliferation activity, and used for stimulation of reflex reactions;

II    -
doses of laser irradiation providing therapeutic action on tissues and organs;

III  -
doses of laser irradiation causing dysfunctional and destructive changes in tissues and organs.

Taking into account data listed in Tables 4 and 5 a thoughtful specialist can use laser therapy for managing the overwhelming majority of the most common diseases by varying irradiation parameters depending on desirable therapeutic effect. The big "therapeutic range" - a variety of irradiation parameters producing similar therapeutic influence - allows the rational use of laser devices with different output power and, at the same time, simplifies the performing of the procedure permitting significant deviations of real irradiation parameters from calculated ones without any influence on therapeutic effect.


7. GENERAL RULES OF LASER THERAPY PROCEDURE PRESCRIPTION

7.1. Indications and contra-indications

Low-intensity laser therapy is indicated for treatment of various diseases, accompanied by inflammatory and degenerative-and-dystrophy processes in different tissues, by pain syndrome, by compromising of local circular-and-metabolic and immune-and-resistant organism functions, as well as for stimulation of regeneration and reparation of tissues damaged.

The contra-indications to laser therapy are oncologic diseases, benign tumors, inclined to progressing, and blood diseases.

7.2. Contact and non-contact techniques

Laser irradiation can be transmitted on an object both distantly, when a beam passes in an open space between the emitter/ radiator and the object, and by contact method - when emitter/ radiator or fiber is closely adjacent to skin surface.

The distant (non-contact) technique is used for irradiation of skin, mucous membranes, ulcers, wounds, extensive reflexogenic zones, that is in that cases, when a large irradiation penetration depth isn't required.

In spite of this one can distinguish a stable technique (square of the surface irradiated is not big and a irradiation spot entirely covers it over), an applicative technique (square of the surface irradiated exceeds a spot size and irradiation is performed by successive laser "applications") and a scanning technique (irradiation of large squares by scanning shifts/ movements of the beam over the surface).

The contact technique is used for laser acupuncture carrying out, and in those cases, when it is necessary to get depth influence on internal organs, since in spite of this an intensity of laser light passing through tissues decreases by 20 times for He-Ne laser irradiation and by 3 times for IR-laser irradiation (I.N. Danilova et al, 1985; T. Ohshiro, G. Calderhead, 1988). Thus, with close contact the laser irradiation achieves all dermal, sub-dermal, nervous and vascular plexuses, as well as muscle layers and internal organs.

8. PARTICULAR METHODS  OF LASER THERAPY
Lasers have enjoyed only limited use in the field of traumatology. This section will concentrate on a review of the patients groups we have dealt with personally. The relatively limited clinical experience is largely due to the fact that most of this patient group is treated in the emergency room and most emergency rooms are not yet equipped with low level laser equipment. 

We believe, however, that the laser will become part of the treatment services offered and will gradually become routine procedure in the treatment of most types of traumatic injury. Naturally, laser therapy alone is not sufficient, but supplements traditional treatments. For example, we can mention laser treatment of bone fractures in the operating room. At the time of this writing, laser treatments are administered just after suturing in operations on animals. Laser treatments are also given during oral operations on humans, too. Considering the effects of laser light, the advantages are readily apparent.
When the human organism is subjected to a traumatic occurrence, an inflammatory tissue reaction takes place. This inflammatory reaction marks the start of the healing process. The exact mechanisms, which initiate and control the healing process, are not yet fully understood. Clinically, one has found that factors which reduce local edema, promote healing. Reducing edema is closely related to local lymph circulation. Our clinical practice has shown us that the length of the healing process can be reduced by 50% using the laser. This can be measured directly in terms of wound size, or by examination of movement ability, stability, pain, etc. 

In our opinion, the most important reason for using the low-level laser in the treatment of traumatic injuries is not the short-term effects but the long-term benefits.

We have found that it is possible to avoid the formation of scar tissue if laser treatment is initiated early in the healing process.

This section will review the different injury groups and their treatment.

8.1. Strained and traumated muscles, tendons and tendinous vaginas.
These injuries can either be distension ruptures caused by stress or compression ruptures resulting from direct trauma. Usually, these are partial ruptures.

Bleeding occurs in connection with lesions. Most injuries occur in the calves and thighs.

Laser treatment should commence as soon as possible after the injury has taken place.

Treatment is administered to areas which exhibit palpable tenderness so that each treated point covers an area roughly 2 cm in diameter.

Superficial muscle lesions are treated with 2 J per point. Profound points are treated with 4 J per point. The total dosage will vary from 20 to 40 J depending on the severity of the injury. Treatments can be administered daily. An important benefit of laser treatment is that the formation of scar tissue is affected so that permanent muscle pain is avoided. Optimum muscle strength will also be attained. Laser treatment optimizes normalization. 

Treatment of these injuries produces exceptionally good results.

Projection of a pathogenic organ on body surface is exposed to irradiation. The technique of irradiation is a contact one, per several projection zone points uniformly over its surface. Distance between points is not less 2 sm. With acute form of a disease the irradiation dosage is 1.5-2 J/point, that corresponds to action of amplitude-modulated radiation (frequency is 90 Hz) of power 15-20 mW  with exposure 3 min per point. Total time of the procedure is 10-15 min. When acute symptoms of inflammation are subsiding, the dosage of irradiation is 3-5 J/point, that corresponds to action of continuous radiation of power 20-30 mW and exposure 2.5-3 min per point. Total time the procedure is 10-15 minutes.

It is preferred to use IR-lasers in complete set with universal fiber-optical instrument.

Procedures are carried out daily.

The course of treatment is 7-10 procedures.
Patient example:
A 25 year old football player comes in the day after having sprained his thigh during a match. There is constant pain which increases when is put on the leg.

There is no visible hemotoma, but there is pronounced palpation tenderness along the rectus femoris.

The  leg is treated with a total dosage of  40J distributed to points of 4J.

Immediately following treatment, there is considerably less pain when walking. After 3 treatments over the course of a week, the patient is able to train without problems.

8.2. Diseases and traumas of bones (periostitis, ostitis, osteomyelitis, fractures)
Fractures must be mentioned briefly because we expect major developments to take place in this field. This opinion is based on the animal studies, which have been conducted as well as the clinical experience of veterinarians acquired during operations on animals. These animal experiments have been designed to examine the effect of laser light on the healing of fractures. 

Some fracture patients experience complications in the form of pseudo-osteo-arthritis. Pseudo-osteo-arthritis can be treated effectively with the low-level laser.

Treatment is administered over the point of fracture with total dosage of 24 J delivered at three points, 8 J per point.

A pathologenic section, diagnosed palpably by pain reaction of a patient, is exposed to irradiation. With fractures irradiation is prescripted right away after reposition of osteal debris.

The method of irradiation is a distant, scanning one. In a case of irradiation through fixing bandage (splint) it is a contact one, in several points, uniformly located over a surface of pathologenic section. With the distant technique irradiation is carried out with the intensity 100-150 mW/sm2 and the dosage 2.5 - 5 J/sm2, that corresponds to action by continuous radiation (CW mode) of power 20-30 mW (the distance from the emitter to skin surface is 1 sm) with exposure 7-15 min, procedure time is 10-15 min. When selecting irradiation parameters, it is necessary on dressing material depth into account.

The course of treatment is 10-15 procedures. Procedures are carried out daily.
8.3. Traumaes of joints.

Joint injuries are well suited to laser treatment. These injuries include sprains, as well as ligament and capsular injuries.

As far as the actual treatment procedure is concerned, the type of injury to be dealt with is of little matter. On the other hand, the patient’s overall prognosis is greatly dependent on it. For example, a torn ligament will not heal on the basis of laser therapy alone. Adequate surgical treatment is a necessary prerequisite. However, the inflammatory symptoms such as swelling, reduced movement, and pain can be treated with the laser.

All traumatized patients should be examined by an experienced orthopedic surgeon in order to determine the need for surgery, etc. If laser treatments are to be administered, these should commence as soon as possible after the injury has occurred.

Usually, traumatic joint injuries heal without any problems. However, in the case of knee injuries, for example, pain may persist when maximum stress is placed on the knee for quite some time following the injury. These types of injury respond extremely well to laser therapy.

Usually, traumatic joint injuries heal without any problems. However, in the case of knee injuries, for example, pain may persist when maximum stress is placed on the knee for quite some time following the injury. These types of injury respond extremely well to laser therapy.

The joint in question is carefully palpated along the medial line of the joint. Palpation will almost always reveal tender spots. These should each be treated with 4 J each.

The effects of the treatment usually become apparent within a few minutes. Treatment are repeated every few days until the condition is fully normalized.

Surface of a joint traumated is exposed to irradiation. The method of irradiation is a contact one, at several joint's points. A distance between points is not less than 2 sm. Output opening of the emitter as exactly as possible is directed on the projection of joint's fissure. The dosage of irradiation is 3 J/point, that corresponds to action by continuous radiation (CW mode) of power 20 mW with exposure 2.5 min. Total time of the procedure is 10-15 minutes.

The course of treatment is 10-15 procedures. The treatment is carried out daily. When  treating degenerative-and- dystrophic joint diseases a repeated laser therapy course is prescripted after two-weeks break interval.

Patient example:
A 21 year old football player comes to the clinic complaining of pain across the top of the left foot, a month-old condition. The injury occurred during a football match when the player was kicked by an opposing player.

There is no pain when the foot is at rest, but there is pronounced pain while playing football, including kicking with a stretched foot.

There is swelling across the lateral malleolus and the back of the foot. There is no palpation pain although there is pain upon inward rotation, flexion, and extension. Treatment is administered with 4 J per point just below the lateral malleolus as well as along the frontal ligament. The total dosage is 28 J.

After 3 treatments, the patient resumes football training, although care is taken when making full kicks. After 5 treatments, the patient has no remaining symptoms and has no trouble performing at full stress levels. The course of therapy has taken two weeks.

Follow-up 5 months after completion of therapy: No problems. The player is as active as he was before the injury occurred.

8.4. Traumatic and postoperative aseptic wounds (N. Mikaelyan, A. Savoiskiy, 1985)
As mentioned earlier, it is not necessary to differentiate between the various types of joint injuries. The affected joint is treated with 2 J per point across the swelled and painful area.

The following total dosages are recommended:

	
	Total dose per treatment

	Shoulder
	30 J

	First joint of thumb
	20 J

	Knee
	20-30 J

	Ankle
	30 J


These types of injury will typically heal by themselves during the course of a few weeks.

Laser treatment with these recommended dosages will increase movement within the pain limit from 10-20% before treatment to 50-70% immediately following the first treatment. 

Subsequent treatments can take place on a daily basis or every second day.

During dressings wound surface is exposed to irradiation. Before starting the procedure one carry out mechanical cleaning and surgical treatment of a wound.

The technique of irradiation is a distant, labile or scanning one, depending upon sizes and shape of the wound. Irradiation is carried out with intensity 0.8-1.5 mW/sm2 and dosage 0.18-0.25 J/sm2, that corresponds to action by continuous radiation (CW mode) of power 5-10 mW (light spot diameter on the wound surface is 3-4 cm, a distance from IR-emitter to the wound surface is 6-8 cm) with exposure 3-10 min. If the wound square exceeds 12 cm, the time can be increased. It is expediently to combine laser therapy of wounds with traditional methods of treatment (ointments, emulsions and etc.).

The course of treatment is 5-10 procedures. Procedures are carried out daily or every other day.

Patient example:

A 26 year old handball player comes to the clinic with a sprained thumb on the right hand. The sprain occurred the previous day during a game of handball.

The thumb can move only slightly in any direction. There is pronounced swelling and pain in the thenar and around the joint.

The entire area is treated at points with 2 J, a total dosage of 20 J. Immediately after treatment the patient can rotate the thumb to the base of the fourth finger.

Two subsequent treatments at one-day intervals are performed. The patient plays handball the week after the strain occurred without any noticeable problems.

An important benefit of laser treatment of traumatic joint injuries is that the healing process is considerably faster. Normal stability/strength is attained in just about half the time normally required.

8.5. Infected, long time unclosed up wounds and their complications (abscesses, phlegmons, ulcers)
Surface and borders of a pathologenic foci are exposed to irradiation. Before starting a procedure one carry out mechanical cleaning and surgical treatment of a wound. The technique of irradiation is a distant, stabile or scanning one, depending on sizes and shapes of the wound. The irradiation is carried out with intensity 50-100 mW/sm2 and dosage 2-3 J/sm2, that corresponds to action of continuous radiation (CW mmmode) of power 10-20 mW (spot diameter on the wound surface is 0.5 sm, a distance from IR-emitter to the wound surface is 1 sm) with exposure 5-10 min.

If the wound square exceeds 6 sm2, the time of irradiation can be increased. It is expediently to combine laser therapy with application of antibacterial tools (ointments, emulsions, compound powders and so on). 

The course of treatment is 10-15 procedures. The treatment is carried out daily.

8.6. Nerve lesion.
When treating nerve lesions, it is important to differentiate between continuity damage and non-continuity damage. In the case of untreated continuity damage, the effects of laser treatment are unknown. If the nerve has been sutured, one can expect that benefits are to be gained along the lines of those seen in other post-operative uses of low level laser. However, no clinical studies have been made in this area.

Nerve lesions without continuity damage are well-suited for laser treatment. Treatment should commence as quickly as possible.

Treatments are administered daily at the site of the lesion with 2, 4 or 8 J per point, depending on the depth of the lesion (i.e. <2cm, <4cm, <6cm).

Normally, treatment at 3-4 points within a circular area approximately 3 cm in diameter will be sufficient.

Patient example:
A 38 year old woman comes in complaining of paresis and paraesthesia in the right foot.

The patient has trouble walking and has received plaster cast treatment due to a fractured lower leg. The foot functioned properly before the plaster cast was applied. The plaster cast was removed two weeks ago.

There is reduced dorsiflexion plus eversion of the foot. Moreover, there is palpation tenderness in the peroneal group near the top of the fibula.

4 points are treated with 4 J each. That same day, the patient walks better and reports an absence of paraesthesia. There is more strength in the dorsiflexion of the foot, measured two days later just prior to the second treatment. The patient is also instructed to perform foot exercises. Three more treatments are made during the course of the next 10 days. Even strength and normal walking ability is hereby restored.

8.7. Laser therapy of endogenic intoxications with plural burns and syndrome of long-term squeeze.
Blood of a patient is exposed to irradiation: intravenously, intarvenously in combination with injection of medicamentous solutions, extracorporealy or transcutanously.

Transcutaneous irradiation of blood is applied to rise general organism resistance in a case of mild and medium-serious endogenic intoxication. The blood is irradiated non-invasive through skin in sites, where magisterial vessels approach to skin surface. The method of irradiation is a contact one, at 2-3 points, with dosage 9-12 J/point, that corresponds to action of radiation with a power 15-20 mW and exposure 10 min per point.

Intravenous blood irradiation is more effective. The method of procedure performance is the following. Couple a fiber-optical instrument for intravenous blood irradiation to the emitter of the laser apparatus.

Using power measurer, set and control output power of radiation at the working end of the fiber-optical instrument (3-5 mW). Disinfect the tip of fiber optical instrument. Disinfect skin in a section of fiber-optical instrument insertion into a vein. Insert into the vein a sterile syringe needle with fiber-optical instrument inside. The instrument is inserted through internal canal gap the needle. Shift it off from the needle on a distance 1-2 sm. Carefully put the syringe needle out and fix the tip of fiber-optical instrument on the patient's body by an adhesive plaster. Switch on the radiation. The irradiation is carried out for 15-20 min., then the laser is switched off, and fiber-optical instrument is put off from the vein. To stop blood flow in the site of vein perforation dress a compressing bandage.

In a case of a serious disease proceeding, when intravenous infusions of medicamentous and physiologic solutions are prescriped, it is expediently to combine these procedures with intravenous blood irradiation, since that permits to get the best therapeutic effect. The method of procedure carrying out is the following. By ordinary mean insert into a vein a needle of disposable infusion system ( the needle of infusion system has to be selected with as large gap as possible of the internal canal to provide free passing of liquid after fiebr-optical instrument insertion). Prepayment of the laser apparatus is described earlier. After pouring out injection of 5-10 ml solution through connector of infusion system, intended for additional medicaments injection and located in immediate proximity to infusion needle, insert the syringe needle-conductor. Through its canal insert the tip of fiber-optical instrument into the system, directing it into the infusion needle by the needle-conductor. Then along the infusion needle shift fiber-optical instrument forward into the vein, shifting it out of the needle on a distance 1-2 sm along the vessel's length. Carefully put the needle-conductor out, fix the tip of fiber-optical instrument by adhesive plaster to a tube of disposable system and switch on radiation. The irradiation is carried out for 15-20 min, then radiation is switched off and fiber-optical instrument is put off. The infusion procedure proceeds in usual order.

Extracorporeal blood irradiation is prescripted with complexe efferent therapy of endogenic intoxication (plasmapheresis, hemosorbtion, etc.)

In this case put a loop of disposable blood transfusion system tube into a box of reactor camera for extracorporeal blood irradiation (they are included in set of fiber-optical instrument IST), which is connected to the laser emitter. Then cover the box (the cover is with conical mirror) and switch on irradiation of power 60-80 mW. Blood circulation inside of the transfusion system is realized in modes, determined by techniques of combined plasmapheresis, hemosorbtion procedure. Total time of irradiation is 20-30 min.

The course of treatment consists of 4-5 procedures of blood irradiation. Procedures are carried out every other day.

REFERENCES

1. Illarionov V.E. Technique and methods of laser therapy procedures (Manual).-Moscow: Laser market, 1994, P.178 (in Russian).

2. Kozlov V.I., Minenkov A.A., Builin V.A., Stupin I.V. Practical recommendations on laser therapy.-St. Petersburg, SIC “Galax”, 1995 (in Russian).

3. Kruk A.S., Mostovnikov V.A., Khohlov I.V., Serduchenko N.S. Therapeutic efficacy of low intense laser irradiation.- Minsk, Science and technique, 1986, P.227 (in Russian).

4. Makhmudova G.Kh. Laser activation in medicine. Alma-Ata: Kasakhstanian State University, 1992, P.226 (in Russian).

5. Soloviev A.A. Practical recommendations on lasers applications in science and tecnique.-Omsk, 1988 (in Russian).

6. Gamaleya N.F. Lasers in experiment and clinic.- M.: Meditzina, 1972 (in Russian).

7. Inushin V.M. Laser light and alive organism.- Alma-Ata, 1970 (in Russian).

8. Kozlov V.I., Builin V.A.  Laser therapy. Moscow-Vladivostok: “Astr” Center — “Vladivostokmedtekhnika servis”, 1992 (in Russian).

9. Laser and magnetic therapy: Survey information // Medicine and Health Care. Series: Review of most important medical problems.- M., 1985.- ¹ 3 (in Russian).

10. Lasers in clinical medicine / Ed. S.N. Fedorov.- M., 1990 (in Russian).

11. Low intense lasers in experiment and clinic / Ed. Maslova M.G., Tchertok V.M. - Vladivostok: Publishers of Far East University, 1991 (in Russian).

12. Vladimirov Yu.A., Potapenko A.Ya. Physical and chemical backgrounds of photobiological processes: Textbook for specialized medical and biological high schools.- M.: Visshaya Shkola, 1989 (in Russian).

13. Complex treatment of extremities' fractures with complications using laser beams and osteal alloplasty / Ministry of Health Care, Belorussia; compl. by S.I. Boltroukevich et al, - Minsk: B.i., 1991.-p. 19.

14. M.A. Berglezov, V.V. Vyalko, V.I. Ugnivenko. Perspective of laser radiation aplliance in complex treatment of orthopedic-and-traumatological patients under ambulant conditions // Thesis of 5-th S. Union traumatologists-orthopedicians delegation Report. - Yaroslavl, 1990. - Part 2. - P. 9 - 10.

15. Laser- and SWF-therapy in profylaxis of purulent complications in traumatological-and-orhtopedic patients / J.F. Kamenev, A.G. Sarkisyan, L.L.Lyalin, E.V. Cherkasskaya // Prophylaxis and treatment of injury infection in traumatological-and-orthopedic patients. - M., 1991. - P. 102 - 111.

16. A.I. Anisimov, A.J. Kanykin, T.M. Ivantzova. Social-and-economical aspects of low-intensive laser radiation usage with treatment of flaccid granulating wounds and trophic ulcers under ambulent conditions // Kazakhstan Health Care. - 1992. - # 3. - P. 5-6.

17. A.V. Geinitz, N.U. Usmanov, I.N.Khvan. Laser radiation action on some immunologic factors with burn wounds' healing // Thesis of 1-st Republic immunologists and allergists delegation Report. - Dushanbe, 1991. - P. 89-91.


MEDICAL ACADEMY OF POSTDIPLOMA EDUCATION

SCIENTIFIC AND PRODUCTION ALGEMATION “PETROLASER”

════════════════════════════════════════

LASER THERAPY IN TRAUMATOLOGY

(Method references)

St. – Petersburg

2004



- 3 -








- 4 -








- 5 -








- 6 -








- 7 -








- 8 -








- 9 -








- 10 -








- 12 -








- 11 -








- 14 -








- 13 -








- 16 -








- 15 -








- 18 -








- 17 -








- 20 -








- 19 -








- 22 -








- 21 -








- 24 -








- 23 -








- 25 -








- 26 -





CONTENTS


page


1. INTRODUCTION.........................................................................�
.......3�
�
2. THE MECHANISM OF BIOLOGICAL AND TREATMENT-AND STIMULATING LOW-INTENSIVE LASER IRRADIATION (LLI) INFLUENCE....................................................................................�






.......4�
�
3. THE LASER APPARATUS........................................................�
.......7�
�
4. DETERMINATION OF LASER IRRADIATION POWER AND DOSAGE CALCULATION..............................................................�



.....9�
�
5. SAFETY PRECAUTIONS DURING OPERATION WITH LASER IRRADIATION....................................................................�



.....12�
�
6. APPROACHES TO THE SELECTION OF OPTIMAL DOSES..�
.....13�
�
7. GENERAL RULES OF LASER THERAPY PROCEDURE PRESCRIPTION..............................................................................�



.....15�
�
7.1. Indications and contraindications................................�
.....15�
�
7.2. Contact and non-contact techniques...........................�
.....15�
�
8. PARTICULAR METHODS OF LASER THERAPY....................�
.....16�
�
8.1. Strained and traumated muscles, tendons and tendinous vaginas ……………………………………………………      �



.....16�
�
8.2. Diseases and traumas of bones (periostitis, ostitis, osteomyelitis, fractures)..............................................................�



.....18�
�
8.3. Traumaes of joints  ........................................................�
.....18�
�
        8.4  Traymatic and postoperative aseptic wounds (N. Mikaelyan,  A. Savoiskiy, 1985) ...................................................�
.


....20�
�
        8.5. Infected, long time unclosed up wounds and their complications (abscesses, phlegmons,  ulcers) …...................�



.....21�
�
        8.6. Nerve lesion ………………………………………………..�
… 22�
�
        8.7. Laser therapy of endogenic intoxications with plural burns and syndrome of long-term squeeze ……………………..�



….22�
�
REFERENCES................................................................................�
.....25�
�















