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ABSTRACT

The authors discuss the results, obtained so far during three years' clinical examination, of laser therapy in the
treatment of patients suffering from multiple sclerosis. They regard both the results of former laboratory experiments
and so far discovered mechanisms ofbiological influence oflaser light as an objective explanation ofhigh effectiveness
of laser therapy in the case of this so far incurable disease. They discuss wide range of biological mechanisms of laser
therapy, examined so far on different levels (cell, tissue, organ), allowing the explanation ofbeneficial influence of laser
light in pathogenetically different morbidities.
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1. INTRODUCHON

1.1. Multiple sclerosis
Among numerous diseases of nervous system, multiple sclerosis is the one which arouses the greatest interest among
neurologists and researchers, as indicated by the fact that at European neurological congresses, for many years, most
papers are dedicated to this issue. The reason for this is the fact that pathogeny of this disease is not known, as well as
the factor causing it and the ways it spreads, while its incidence all over the world continually increases at an alarming
rate[3,lO.l1].

The main question is how to prevent and what methods of treatment to choose. The therapy applied so far does not
result in a complete recovery, but only alleviates the effects of the relapse in the remitting form ( as remitting form is
most common) and sometimes slows down progression of the disease in its two forms: primarily and secondarily
advancing [1 1].

Multiple sclerosis is a chronic disease of central nervous system, characterized by dispersed foci of demyelination, and
clinically — multifocality of symptoms, with a tendency to abating and relapsing, but which, in the end, always leads to
disability[3,1O,1 1].

The cause of the disease is not known. Immunological mechanisms causing autoagression towards myelin sheaths in
central nervous system are considered to be responsible for it [3,10,11]. It is now the second most common, after
angiodystrophic diseases, disorder of the nervous system, and at the same time the most common neurological disease
causing disability of young, adult people before 40 years of age. In Poland, it is also the second most common disorder
of the nervous system, with incidence rate of 60/100 000 [3].

In total population of northern Europe, according to data reported by the International Team of Experts, the sick rate
fluctuates between 25 and224 cases per 100 000 people [11].

In 60% of cases, multiple sclerosis takes course of abatements and relapses, nevertheless, itis always of progressing,
though hardly ever of instantaneous (sudden) nature.
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Immunosuppressive and immunostimulating treatment supplied so far does not produce the desired results.
Symptomatic treatment basically consists in muscular tone reduction, ataxia or sphincters disorders [3,10,1 1].

In the USA and some European countries, treatment with the use of B-interferon or copolymer has been being applied
for a few years, which does not bring the desired effect, either. Relatively high cost of such treatment in Poland limits
its application further still [3,1 1]. Effective treatment ofSM has not been found yet.

1.2. Reasons for the application oflaser therapy in the treatment of multiple sclerosis.
The decision to apply laser biostimulation in the treatment of SM patients, made by the CDTL PL in November 1999,
was arrived at on the basis ofthe following information:

1. In the light ofCDTL PL's six years' experience in laser biostimulation applied in numerous diseases of various
kind, the effectiveness ofsuch treatment is estimated to be 80% [12].

2. Laboratory experiments results, first ofwhich were published over ten years ago, prove beneficial influence of
biostimulating lasers' light on acceleration of the nerve regeneration by stimulation of Schwann cells growth
[2,4,8,15,16,17,18].

These two premises provided a basis for the attempt, made by our Centre in the cooperation with a team of neurologists
from the Nicolaus Copernicus Specialist Hospital in L6d, to subject the SM patients to laser therapy with the use of
biostimulating heliumneon laser.

1.3. Laser therapy procedures in the case of multiple sclerosis
Laser biostimulation is applied to patients in different stages ofa disease, mostly the ones with motor insufficiency over
5,5 points on Kurtzki scale(EDSS). The patients are subjected to several series of biostimulating laser irradiations,
following the pattern elaborated for other diseases, earlier treated symptomatically with laser therapy with the use of
helium-neon laser of 10 mW, i.e.21 daily contact sessions, lasting 10 mm. each [13,20].

Anamnesis is taken from all SM patients. Besides, before and after the irradiation treatment all patients undergo
neurological examination. Anamnesis is also taken halfway through each series of irradiation.

SM patients, treated with laser therapy, stress general recovery, general (especially motor) fitness improvement, muscle
strength improvement, and mental comfort improvement.

Sometimes, temporary deterioration of mental comfort accompanied by intensified pain is observed during the
irradiation,, most often between the sixth and the eighth session.

Such symptoms are reported by almost all patients subjected to biostimulating lasers irradiation, regardless their
diagnosis; in nearly all cases they are connected with high effectiveness ofbiostimulation applied.

2. THE fiRST CLINIC TEST OF APPLICATION OF LASER BIOSTIMULATION TO SM
PATIENTS

The initial results of the application of laser therapy in SM treatment, obtained during the first year of clinical
experiments, suggested that it is going to be a new, effective method oftreatment ofthis so far incurable disease.

The first group of SM patients, who were the first group subjected to laser biostimulation, consisted of 22 patients. This
group was selected for the first test of clinical effectiveness of the application of laser biostimulation to SM patients,
made by our Centre after 12 months' observation.

2.1 Materials and methods
22 patients with a diagnosis of a primarily or secondarily progressing form of multiple sclerosis were selected for laser
therapy. These were patients suffering from this disease for many years, with a significant degree of disability. Each
patient's disability was assessed on EDSS Kurtzki scale, and the minimum result necessary for entering the therapy was
5,5 points. Each patient's diagnosis was verified with magnetic resonance test (NMR), which identified foci of
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demyelination. The analyzed group consisted of 19 females and 3 males, 35 - 60 years of age, the average age was
47,13 years, duration ofthe disease varied from 2 to 25years, the average duration was 13,77 years.

The patients were irradiated with the use of helium — neon laser (632 nm) of 10 mW at the outlet of the light guide.
Multipoint contact irradiation was applied. Each series of irradiation consisted of 21 daily (except Sundays) sessions,
lasting 10 minutes each time. 12 patients out of this group were subjected to one series of irradiation, the rest of the
group — two or three series, whereas in the case of the latter, the interval between each series of irradiation lasted two
months.

After completion ofeach series, patients were subjected to neurological tests under supervision ofthe same doctor, who
selected them for the therapy.

2.2 Results
After the completion oflaser therapy the results obtained fell into three categories:
I-st — patients did not report any subjective tactile sensation improvement. Neurological tests did not identify any
changes, either.
Il-nd — patients reported subjective improvement, such as better appetite, numbness reduction, urination imperative
reduction, while neurological tests did not identify any changes.
IH-rd — patient reported subjective improvement, confirmed by neurological tests which also identified reduction of
disability by at least I point on EDSS Kurtzki scale ( which proves that the improvement could not have been reported
as a result of a mere subjected sensation).

Thus, 7 (31,8%) patients were classed for the I- st group, 7 (31,8%) for the II- nd group, and 8 (36,4%) for the III- rd
group.

Apart from their neurological condition, patients assessing the results oflaser therapy they had undergone, stressed such
changes as: muscular strength improvement, motor drive improvement, vitality, mental comfort improvement, lower
ataxiae, better walking skill, muscular tone reduction, less frequent urinating during the day as well as during the night,
balance improvement.

2.3 Discussion
Many ofthe above mentioned sensations are impossible to measure, but at the same time it is hard to assume that their
only source were subjective premises. Objective improvement was reported by 1/3 patients, which is a good result, as it
was reported by patients with far advanced disability, who had problems with basic everyday activities and with
walking. Any improvement of neurological condition of these patients means significant facilitation in the above
mentioned area for them.
The results presented are just the initial ones. Nevertheless, they are encouraging, as they were obtained from the SM
patients with a stabilized, whether slight or serious, disability. These results prove high effectiveness of laser therapy.
However, whether this effectiveness is the result of the mere advantageous psychogenic changes or of molecular
structural changes, is not known. As well as whether these results are permanent or only temporary, and why the
irradiation brings about such improvement. Such therapy has not been applied so far.

2.4 Conclusions
1. Initial results of laser therapy proved advantageous for 1/3 of the SM patients with the advanced disease and

disability.
2. The results obtained make it advisable to continue our research.

3. LATER OBSERVATIONS AND RESULTS

Number of SM patients subjected to laser biostimulation is continually growing. Every year there are new patients, and
although some of them give up laser therapy, their number gradually increases. At present, in CDTL PL, during the
third year of the realization of the application of laser therapy in SM treatment programme, 100 SM patients are
subjected to laser light, among whom there is a group of 50 patients irradiated continuously for three years.
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Our presently conducted, much later than the first ones, observations show that in the case of application of
biostimulating lasers in SM treatment, as well as in the treatment of other diseases, when laser biostimulation is
routinely applied, definite improvement, or complaints abatement are usually reported after 3 —4 weeks after a
completed series of irradiation. However, in the case ofthe application oflaser biostimulation in SM treatment, too long
intervals between the series of irradiation destroy the effect of an achieved improvement, both subjective -reported by
the patients, and objective — identified by neurologists. In the case of SM patients, in which laser biostimulation causes
symptoms regression, their renewed progression to the initial state, after quitting biostimulating irradiation, takes place
after different periods of time. These observations prove that laser biostimulation is a highly effective method of SM
patients rehabilitation, as it significantly improves SM patients' ability, even at a far advanced stage of the disease,
without eliminating the cause ofthe disease.

4. EFICTWENESS OF THE APPLICATION OF LASER BIOSTIMULATION IN MULTIPLE
SCLEROSIS TREATMENT IN RESPECT OF BIOLOGICAL EFFECT OF LASER LIGHT ON

THE ANIMATE MATTER

Mechanisms responsible for the interaction between the effect of laser light on the animate matter are significantly
different from mechanisms responsible for the effect of laser light with unanimate physical objects[5,6,9], as they are
not dependent only on the parameters of a laser light beam, like: power, wavelength, pulse duration, or exposure time
and incident beam section area, but they also depend, to a great extent, on the parameters characterizing biological
object subjected to irradiation, such as absorption coefficient and scattering coefficient dependent on the wavelength of
laser light used, medium density, its specific heat, and thermal conductivity. Besides, a very important role in a living
organism is played by blood and lymph flow, thanks to which the radiant heat is carried away from the area of tissue
subjected to laser light [1,4,13,19,20].

For example, in the process ofthe interaction between laser light and the tissue in the infrared radiation range, radiation
energy is changed into rotational and vibrational molecular energy; in the visible radiation range peripheral (outer)
electrons excitation is observed, and in the ultraviolet radiation range —inner electrons excitation. Thus, the results of
the interaction between laser light and the animate matter are the resultant of numerous fictors, a lot of which (much
more than it is in the case ofphysical objects) is dependent on the parameters ofthe biological object [20].

The result most awaited by the doctors and desired by the patients is therapeutic effect. It is achieved through physical
— chemical effect of laser light on biochemical structures of cells, which results in the change of their properties, and
consistently — their activity. These changes, at first only qualitative, as laser radiation intensity and power increases,
may cause destruction, at first reversible, then irreversible. Each type of these changes may, in particular
circumstances, be a therapeutic effect [13,20].

The interaction between laser light and tissues fall into three categories: 1 — photo thermal 2 — radiation ionization
(photo ionization) interaction, 3 —photobiochemical.

4.1 Photo thermal effects
Photo thermal effects are achieved at a power density of more than 1 W/cm2 and exposure time longer than
nanoseconds. With these radiation parameters such effects may be achieved as: denaturation, coagulation, bleeding
stoppage, incision and junction of tissues, ablation, etc. The quicker the energy is delivered to the tissue the less it
affects the adjoining tissues. A precise incision requires high power density and short exposure time [4,20].

At a lower level of laser radiation intensity and power, thermal effect is also observed, as it always results from the
extra amount of energy delivered by laser light. When this amount of energy is small and delivered gradual1y enough,
than thermal effect does not excess compensation abilities of a cell. As the amount of the delivered energy grows,
thermal effect may dominate biochemical effect in the cell, but it can be compensated at tissular level. As the amount
of the energy still grows, thermal destruction goes beyond compensation abilities of tissue may lead to its destruction,
or it still can be compensated at the level of organs [4,13,20].
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Increase of molecular kinetic energy resulting from thermal effect may lead to the changes in the permeability of cell
membranes, including cytoplasmic membranes, surrounding cellular organelles, and in the effect to the changes in
enzymatic activity and in intercellular and intracellular transport [4,20].

4.2 Photo ionization effects
With the same power density and irradiation time of the order of nanoseconds and shorter we can observe photo
ionization effects, including photo cleavage ofbonds [4,20].

Most often, photo ionization leads to the change ofthe electric charge of molecules of organic compounds (proteins and
enzymes), which may, in turn, cause changes in their activity, and consequently — changes in cellular metabolism.
Changes ofthe electric charge within cell membranes result in the changes oftheir permeability and conduction, e.g. in
nerve cells. Whereas photo cleavage of bonds may result in the formation ofnew chemical compounds, which means it
can cause significant changes in cellular metabolism [4,20].

4.3 Photobiochemical effects
They are observed at power density ofup to IW/cm2, and relatively long exposure time, of the order of microseconds
or longer. These are irradiation parameters used in biostimulation. According to the present state of knowledge two
different mechanisms can be distinguished in photo biochemical interaction. These are: photochemical effect and
biochemical resonance effect.

4.4 Photochemical effect
Consists in selective and specific reaction of natural pigments present in tissues at particular wavelengths of
electromagnetic light. These pigments are called photosensitizers, which is not a very precise term. They are, for
example: hemoglobin and melanin. From the evolutionary perspective, the basic photosensitizer is chlorophyll, whose
biological action is activated by an irradiation wave in the range of ultraviolet. Another example of photochemical
effect of light is the mechanism of vision activated by the visible radiation in the range of only 300 nm (from 400 to
700) causing decomposition of proteins in pigmentary cuticle of retina. Enzymatic systems such as cytochromes also
belong to photosensitizers. Besides, various products ofmetabolism (eg. Precursors and derivatives ofhemoglobin) can
become photosensitizers as well. It is also possible that in the case of an illness some blood proteins take on
photosensitizers' properties. This may provide an explanation for empirically confirmed completely different reaction
ofa healthy and an ill organism to the same wavelength oflaser light [4,13,20].

There is also a group ofphotosensitizers obtained synthetically which when introduced into an organism can, depending
on the place of their accumulation in tissues, cause completely different effects of exposure to laser light than the ones
obtained without it [13,20].

4.5 Biochemical resonance effect
Consists in "forced" spatial molecular reorientation of organic compounds (e.g. enzymes) by homogenous vibration of
laser light, which in turn causes significant increase of their biological activity. A good example illustrating this
resonance is construction of a bridge. It endures the highest pedestrian and vehicular traffic volume on condition that
each of the objects moving across it generates its own individual rhythm of vibrations of varying frequency and
intensity. They counterbalance and deaden one another, and extensive vibrations are absorbed and eliminated by the
inert construction ofthe bridge.

Whereas a small squad marching across the same bridge at a uniform pace generates increasing vibrations of the same
construction forced by the rhythmic, coherent and homogenous vibrations of this "outer object". This leads to an
inevitable collapse ofthe bridge ifthe resonance ofthese vibrations is long enough. Thus, biochemical effects formed in
the cellular structures as a result of the impact of the laser light consist also in the change of special orientation of
organic molecules when exposed to the specific frequency of laser light vibration. This may lead to an increase of
activity of individual enzymes, or the whole enzymatic systems in these cellular organelles which constitute natural
resonator of light waves of specified lengths (frequency of their vibrations).

Then we can observe activation of e.g. breathing enzymes in mitochondria or digestive enzymes in lysosomes [13].
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Mechanisms of the impact of laser light on the living tissue depend on the one hand on its physical properties
[4,5,6,9,19] and on the other hand — on the kind oftissue, degree of diversification of the cells forming a given tissue,
and on physiological condition ofcellular organelle in individual cells [1,4,13,19,20].

Thus, the effect of the impact oflaser light on an organism is a resultant of physical properties of a laser and physical
chemical properties of a cell exposed to the light.

Interference oflaser light in a living organisms starts at a molecular level. Changes observed at this level alter the action
ofparticular structures ofa cell (e.g. cellular organelle), which in turn brings about significant changes in the activity of
cells, which means a change of their properties, and consequently a change of the properties of a tissue. This leads to
changes in a given organ and finally to the changes in the whole organism [4,13].

Exposure ofbiologically differentiated tissues to laser light of various kinds and various physical properties may result
in various composition of these changes, which may give completely different effect of the reaction of an irradiated
tissue in each case [13].

Numerous experiments ofvarious kinds conducted on laboratory animals and tissular cultures with the use oflaser light
produced various biological effects [1,4,13,14,15,16,20]. Variety ofthese effects is enormous.

At the present state of knowledge, therapeutic effect of lasers is in many cases beneficial as it allows an effective
rehabilitation of chronically ill patients, replacement of operative procedures requiring hospitalization with an
ambulatory, conservative treatment (which significantly shortens the treatment time as well as reduces its costs), and
also makes it possible to treat so far incurable illnesses [13,20].

5. CONCLUSIONS

Objective clinical results obtained from patients suffering from multiple sclerosis as well as subjective improvement of
their mental comfort and motive power suggest that laser biostimulation is not only an alternative method oftherapy of
SM patients but also an effective method of rehabilitation in this so far incurable disease. In the future it may prove to
be an even more effective method of therapeutic rthabilitation in multiple sclerosis than it is presently assumed, and
undoubtedly much cheaper than therapeutic procedures used so fltr (interferon). The annual cost oflaser therapy for one
patient is several hundred times lower than it is in the case ofinterferon, whose effectiveness in the therapy of multiple
sclerosis is questioned by many neurologists.

All this points to the need to continue our clinical experiment and research aimed at explaining pathomechanisms and
clinically beneficial influence oflaser light in the case ofmultiple sclerosis.

REFERENCES

1. Belkin M, Schwartz M.: New biological phenomena associated with laser radiation. Health Phys. 1989, May; 56
(5): 687690.

2. Van Breugel RB., Bar P.R.: He-Ne laser irradiation affects proliferationof cultured at Schwann cells in a dose-
dependent manner. I Neurocytol. 1993 Mar: 22 (3): 185-190.

3. Cendrowski W.: Sclerosis multiplex. Wydawnictwo Lekarskie PZWL, Warszawa 1993
4. Fiodor P., Kçcik T. (editors): Digest of clinical applications of lasers. Dom Wydawniczy ,,ANKAR", Warszawa

1995.
5. Kaczmarek F.: Introduction to laser physics. PWN Warszawa 1978: 18.
6. Kaczmarek F.: Quarter century of laser discovery. UAM, Seria Fizyka, nr 55. Poznañ 1987.
7. Lavie V Ct all.: Growth of injured rabbit optic axons within their degenerating optic nerve. J.Comp. Neurol. 1990

Aug 15; 298 (3) : 293 - 314
8. Mester A.: Photochemical effects of low-intensity laser irradiation on regeneration. In: Amer. Soc. for Laser

Medicine and Surgery, LI-th Annual Meeting Abstracts, Lasers Surg. Med. 1991. Suppi., 1-142.
9. Mikolajczyk H.: Lasers and optical radiation. PZWL Warszawa, 1990:26.

102     Proc. of SPIE Vol. 5229



.1 j-j: j '8661 dUZZXO/O,dWSOX 
wCjain.iit •(diq isij cioduiuo jo suotpunoJ jiojoiq pu I!s'qd : sAwJQ-ps1,iXzs ''i jjo 

661 3IMO4t 
'tiSj!S J !SA!Ufl I1o!pF\I 'cdiuq:joisij 1caIu3 MOj UE :js pumpy ' mjo! 'y ioii 

E-Ii* 
L86t papv .Jng 81a8v7 spn.s :iosj NH o AJU jiqdid jo suods.j : 'S p"ii°i 8i 

L-€t'S : () o unc 
L861 (JaJflSOJtWN SU3J JO SAJU !W!3S PJfl11J! '° '°I SOP MOj N-0HJ0 3JJ IcJo1jnuJs : jjI3 'S P'PIP°I L1 

'ZXi'LJ :() 6 686J PJW "S ''7 p1113 'spuno snun 'tuisi(s SflOAJU jB11U3 pu puqd!iod uo O!W!PU! ios13 JMod-Moj jo spjjo us's : jp 's pupjpo' 9j 
•1 j-:Q)jj :mj 'Z661 ''�1 7OJfl3N (spms 113!U!P pilE poujoJd '3UpS siq) tuiss 

S11OAJU j1JU33 pui j2JtjdUd uo pjjo istq Jiwod-Moj :oupsoinu ui puoi MON :j ouunij 's uitioi 'ci 
Z661 UBV 'ItIS PA 

Z6 1 :"j utuiqo' '.y stioj "HD I'i!IuM :u sipiosp pui !m1u! ipn pim pio jtuids OJOAS 

Jo uuI2tJi JoJ "°!i'!P'! JSII iMod oj :uo!ijqiqai puti A.iinsoinu u puii MN :jj "s 'i ILI-i'9I 'IOOZ OJM 'p}4 'M)j "1 IOOZ' j-J I 'S&IJi 'J'S pçvj j 'swjqod (iins ito!rnID :idBjioioqd iosijjo suopunoj jojo :'j !SWdoS ' sMaIcJ-pjsyAzs 'i '6661 p9'I 'SAJSJq 
sjnsi icdtuqoosicqd JOSj JO SjE!fl :k4 [10)I "V PISM0)1I "D SMJ(J-pIStjAzsd 'zi 

'cE-I 
:Q 'jddns) 9 666I 'i0JfldN T 'don 'sou pins uouiij pui sissoup :s!so.Ips d!jnw u!U!LuJ-u!sdipJJo 

uu&ui :'o'o iiu '1 "0 sunuqv "d "y siq "H &Ini.m11 ''u '4d 'it 
c9171-1Ei1 '000Z 'UWWU H ' i I0M1O1fli 'UOISOH 

'OIPtJrJ IMWID U! Xojoin,, 'spo ' upsi 'jj jotp!u 'ff>J jjoitj 'fM ipui :uj 'I.UscS SflOAJU 
4I JO SS1S!P U ZIU!IUiP LIO1IUR1BIJU! I1O P' ojdqjn :'jj' UOSM1Q "f PIO 01 

Proc. of SPIE Vol. 5229     103


