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Rozktad promieniowania ciata doskonale czarnego (zrédta termiczne) http://arizonaenergy.org/Analysis/AroundWorld/Black%20Body%20Radiation.htm
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Specyficzne wtasciwosci Swiatta laserowego

a) bardzo wysoki stopien monochromatycznosci;

b) bardzo wysoki stopien spojnosci (koherencji - zdolnosc
dwoch wigzek do interferencji). DtugoSC spodjnosci dla
laserOw siega nawet do setek kilometrow (dla zarOwki
droga spdjnosci jest zwykle mniejsza niz metr);

c) wysoki stopien ukierunkowania

d) wiazke mozna duzo doktadniej skupiaC - ogniskowac,
przez co mozna uzyskacC gestoSC mocy rzedu

S & 10 W/em?* (palnik tlenowo-acetylenowy -

A N 10° W/ sz);
mpsuapnisquoracannevmaingime.  €©)  MOZIIWOSC  wytwarzania bardzo krotkich impulsow:
Dbt BededitSbiiea71e6521anBc
P Ele. Paor 10U
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| aser

wzbudzenie osrodka optycznie czynnego
- pompowanie

osrodek optycznie czynny 0)




Rezonator laserowy
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|_aser potprzewodnikowy

Pétprzewodnik typu p Pétprzewodnik typu n

Elektrony wzbudzone Pasmo
przewodnictwa

Przerwa energetyczna
kierunek przeptywu elektronéw (pasmo wzbronione)

kierunek przepwu dziur

Pasmo walencyjne

Obszar aktywny
(warstwa zaporowa)

% zrodto: D. Kucharski, i1 inni: Laboratorium Aparatury Medycznej, 2017



Widmo absorpc|i hemoglobiny
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3 Scott Prahl, Oregon Medical Laser Center



Widmo absorpcji melaniny

ABSORPTION SPECTRUM OF MELANIN
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https://www.lumiermedical.com/contents/additional-
services/permanent-hair-reduction

http:/www.chm.bris.ac.uk/motm/melanin/melaninh.htm



Widmo absorpcji chromoforow

‘ 755nm 1064nm

Melanin Alexandrite Nd:YAG

Oxyhemoglobin Water

Absorption

N2

e

300 400 500 600 700 800 900 1000
Wavelength (nm)

http:/www.phoenixgroup.com.hk/wp-content/uploads/2016/05/AbsorptionSpectra1064.png
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Widmo absorpcii wody
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Widmo absorpc|i chromoforow
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Wiamo absorpc
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Wiamo absorpc
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Oddziatywanie laserowe

absorpcja
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Oddziatywanie laserowe
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M. H. Niemz, Laser-tissue interactions: fundamentals and applf%ations, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].



Oddziatywanie laserowe - chemiczne

Frcitation

y* . 1 o , Lo»
e Singlet state absorption S+ hy =S

Decays

o o o 1 ov» . 1o
e Radiative singlet decay S* == 'S+ hv' (fluorescence)
e Nonradiative singlet decay 'S* = 'S

e Intersystem crossing 'S* = °S*

o . . SO _ '
e Radiative triplet decay S* == 'S+ hv" (phosphorescence)

. . o 3o 1o
e Nonradiative triplet decay S =S

Type I reactions

e Hydrogen transfer °S* + RH = SH* + R*

e Electron transfer °S* + RH = S*~ + RH*"
e Formation of hydrogen dioxide SH® + %0y == 'S 4+ HOS

- o . . . \ 3 ; I \
e Formation of superoxide anion S*” +70 = 'S+ 03

T'ype Il reactions
3O 3 . 1o | .
e Intramolecular exchange S" +702 = "S+ 03
o o 1 * A
e Cellular oxidation 05 + cell == cell o«

Carotenoid protection
e Singlet oxygen extinction ‘O3 + '"CAR = "0, + “CAR"
e Deactivation ‘CAR* = '"CAR + heat

M. H. Niemz, Laser-tissue interactions: fundamentals and applfqations, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].



Oddziatywanie laserowe - PDT

Clearance

Iradiation Transfer reactions Necrosis

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
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Oddziatywanie laserowe - PDT
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M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
Data according tojWilson et al. (1993)



Oddziatywanie laserowe - PDT
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Absorption and fluorescence spectra of hematoporphyrin derivative (HpD) dissolved in phosphate- Energy level diagram of HpD. Singlet ('S) and triplet (:S) states are shown. Dashed lines
buffered saline solution (PBS). Data according to Yamashita (1984) indicate higher excited states

M. H. Niemz, Laser-tissue interactions: fundamentals and appli€ations, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].




Waay PDT

- HpD - posiadajg niski poziom absorpcji w zakresie czerwieni | podczerwieni,
ogranicza metode terapii do nowotworow umiejscowionych na niewielkie
gtebokosci;

- gradient koncentracji HpD w komorkach zdrowych | nowotworowych moze by




Oddziatywanie laserowe - biostymulacja

CLINICAL EFFECTS OF LASER THERAPY : ~ Inflammation & Edema
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Oddziatywanie laserowe - biostymulacja

Near infrared light
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Oddziatywanie laserowe - biostymulacja
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Oddziatywanie laserowe - biostymulacja
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Oddziatywanie laserowe - biostymulacja

EHotobiomodu

Thermal Bioenergetic

* Nerve conduction A i

A Capillary dilatation cupuncture meridian
point stimulation

Biochemical Bioelectric

Releases nitric oxide

A+ ATP production * Electromotive action
A Fibroblast migration acting on membrane

* Macrophage activity . bound ion channels
* Keratinocyte activity M Intracellular/extracellular

* RNA/DNA synthesis ion gradient changes
* Enzyme production
SOD production

CLINICAL EFFECTS

* Reduced spasm * Pain relief * Increased circulation
« Improved flexibility and function - Improved healing
* Reduced symptoms associated with osteoarthritis




Oddziatywanie laserowe - biostymulacja

LASER THERAPY Cas+

chondria Cas+e

i

K+

Mast Cell InCrease

, ’3 Bradykinin
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Fibroblasts
Pro Collagen

Serotonin Increase

WOUND HEADING INFLAMMATION PAIN MANAGEMENT




Oddziatywanie laserowe - biostymulacja

MOLECULE BIOLOGICAL EFFECTS CLINICAL BENEFITS

Growth Factors Prakfaration Normal hissue (egenetoinon
BONE GONF DEGE IGF Nifferentiation Reduces scarmring
KGE POGE TGED, VEGH e - Rapid recovery

* Migration Resolves difficult infections
* Immunological Improves inflammalory
achvahon response

Interleuvukins
i-ila L4 L8 L2 L4

Inflammatory Reduces pain and swelling

' Inhiition of :
g:_y:fo.k.me‘:s | . f,; e Improves range of motion
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INFoo ‘ ‘ Funchonal recovery

f;:\g'!lvﬁl\?!\etcglqes  Angiogenesis * Restores normal vasculature

NG » Cell signaliing * Resolves chronic vicers

28



Oddziatywanie termiczne - koagulacja

Uterine tissue of a wistar rat coagulated with a CW Nd:YAG laser (power: 10 W, bar: 80 um). Photograph kindly provided by Dr. Kurek (Heidelberg). (b) Human cornea coagulated with 120 pulses from an
Er:YAG laser (pulse dura- tion: 90 ps, pulse energy: 5 mJ, repetition rate: 1 Hz, bar: 100 pm)

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
29



Oddziatywanie termiczne - odparowanie




Oddziatywanie termiczne - carbonization




Oddziatywanie termiczne - melting




| aser-Induced Interstitial Thermotherapy (LITT)

Air Tissue Frosted surface

Transparent catheter

Optical fiber

Coagulated volume

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
oY



| aser-Induced Interstitial Thermotherapy (LITT)

Surface scatterer

Volume scatterer

Scattering profiles of surface scatterer and volume scatterer, respectively

Coagulations achieved in muscle tissue with several fibers (Nd:YAG laser, 4 W per fiber)

34
M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].



-otoaplacja

e excitation: AB + hv — (AB)* ,

e dissociation: (AB)* — A 4+ B + FEyn -

Photoablation of corneal tissue achieved with an ArF excimer laser (pulse duration: 14 ns,
energy density: 180 mJd/cm: bar: 100 pm). Photograph kindly provided by Dr. Bende
(Tubingen)

M. H. Niemz, Laser-tissue interactions: fundamentals and app@iéations, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].



Ablacja iIndukowana plazma




Okulistyka

Sclera
Trabeculum

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].

37



Siatkdwka oka

Pgment epithelium

Recepior laver

External imiting membrane

Cell layer

Nerve fiber layer
iNntemal imiting membrane

Vilreous body

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
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Siatkdwka oka

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
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Siatkdwka oka




Soczewka oka

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].

41



Soczewka oka




Rogowka oka
ohotorefractive keratectomy (PRK)

Radial ketatectomy Keratomileusis Keratomileusis
for myopia (only) for myopia o hyperopia

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
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Dermatologia
a port wine stan

Fig. 4.62. (a) Preoperative state of a port wine stain. (b) Postoperative state of the
same stain after several treatments with an argon ion laser (pulse duration: 0.3s,

power: 2.5 W, focal spot size: 2mm). Photographs kindly provided by Dr. Seipp
(Darmstadt)

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
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Dermatologia
usuwanie tatuazy




| aryngologia/Pulmunologia
guzy tchawiczo-oskrzelowe

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
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| aser safety

Visible and
near infrared
(400 - 1400 nm)
radiation

Aqueous

CAUTION

LASER IN USE

b

Middle infrared
and far infrared
(1400 nm - 1 mm)

and
middle ultraviolet
(180 - 315 nm)
radiation

Aqueous Comea

DO NOT STARE INTO BEAM OR VIEW
DIRECTLY WITH OPTICAL INSTRUMENTS

https:/spie.org/Images/Graphics/Newsroom/2019articles/Caution-920x450.jpg

Near ultraviolet
(315 - 390 nm)
radiation

Aqueous Comea

M. H. Niemz, Laser-tissue interactions: fundamentals and
applications, Springer, Berlin (1996) 47
[d0i:10.1007/978-3-662-03193-3].



| aser safety

Flat
reflector

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
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| aser safety

Convex
reflector

Diffuse
reflector

M. H. Niemz, Laser-tissue interactions: fundamentals and applications, Springer, Berlin (1996) [doi:10.1007/978-3-662-03193-3].
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Dziekuje za uwage |

W wyktadzie wykorzystano materiaty z podrecznika:
je] zastosowanie” R. Jozwicki, Oficyna Wydawnicza

,Technika laserowa




