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Breve historico
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idade na natureza
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Tipos de Radiagdo

o Corpuscular: gerada por(particulas com
velocidade muito alta que carregam energia
devido ao seu movimenfo (energia cinética).
Ex: particulas a,p, neutrons (geradas por
aceleradores lineares), ciélotrons, etc).

o Eletromagnéfiea” gerada por fétons (ou
quanta), que saoypacotes de pequenas unidades
de energia. Ndo contém matéria (ndo possui
massa ou peso).



Radiagdo Eletromagnética
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Radiagdo Eletromagnética

Penetrates Earth's _

Atmosphere? Yy N D Y] N
A
ATV

Microwave Infrared Visible Ultraviolet X-ray Gamma ray

Radiation Type
107 1078 10710 10712

Wavelength (m)

Approximate Scale
of Wavelength

Buildings Humans Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

Frequency (Hz)

10*
Emperature of
objects at which
this radiation is the

mostintense 1K 10,000 K 10,000,000 K
avelength emitted 100 K ’ ’ '
9 =272 °C =173 °C 9,727 °C ~10,000,000 °C




Caracteristicas da radiacdo EM

E=h.v Edkev] = 1.24/A\ [nm]

(h=6,626x10-34J.s ou 4,136x10-1%eV .s)

Frequéncia
(v) [HZ]
v = ¢/A

Comprimento de“onda“(m)
A =c/v =c.h/E

Velocidade (c) = 3.10% m/s
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ESPECTRO ELETROMAGNETICO

Tipo de radiagdo

Fregqiiéncia (Hz)

Comprimento de

Tipo de transigdo
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raios 10%° 164 1012 |
gama - < m nuclear
. 0 p N
raios X 10'7- 102 elétron mais interno
17 ., .
ultravioleta 10'° - 10 glétron mais externo
. rd b4 rd 3
visivel 4 - 7,5x1 elétron mais externo

infravermelho
proximo

‘1014 -

infravermelho

elétron mais externo,
vibragodes
moleculares

25 - 2,5mm

vibragoes
moleculares

microondas

3x10'" - 1

1 mm - 25 mm

rotagoes moleculares,

inversdo de paridade
do spin eletradnico

ondas deradio

< 3x10"

>1 mm
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do spin nuclear
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Raio-X e Gama
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Conceitos radiometricos

Poténcia Radiante Energia Redlanto 'u+¢““¢¢
LIRRAALLAL,
A LTh

Tecido

IRRADIANCIA EXPOSICAO RADlANTE
(Poténcia/Area) (Energial/Area)

AAARAAAARL,

Poténcia Radiante ll | ‘ l‘l. Energia Radiante ¢¢¢¢¢¢¢¢¢¢¢
LA AATT

TAXA DE FLUENCIA (Poténcia/Area) FLUENCIA (Energia/Area)

(Sliney, 2007)
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Densidade de Poténcia
(Irradiancia / Taxa.de Fluéncia)
(poténcia de saida da |42, por’ unidade de
("2,

Grandez ica que avalia a
possibilfd dano microtérmico

I (W/cm?) = P (W)
A (cm?)
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Feixe laser de 100mW com ¢ = 2cm.
A densidade de poténcia é de
aproximadamente 32mW/cm?

densidade de poténcia: densidade de poténcia:
+ 57mW/cm? + 57mW/cm?

(¢=1,5cm) (¢6=1,5cm)

densidade de poténcia:
* 127mW/cm?

(¢=1,0cm) r‘

densidade de poténcia:
* 3,2W/cm?
(¢=2mm)

Lente —_—— densidade de poténcia:
focalizadora densidade de poténcia: + 14mW/cm?

(¢=5mm)
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: atico de um feixe
paralelo qt& e sobre o olho. O feixe
é focalizado"ia retina. A densidade de
poténcia torna-se tdo alta, que pode
ocorrer dano
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Densidade de Energia
(Exposicdo Radiante / Fluéncia)

(quantidade de energia ypor unidade
de area, transferida a matéria)

DE (J/cm?) = E (J)
A (cm?) E@)=P(W)xt(s)




AO DA LUZ cO TECIDO

Reflexdo

ransmissao
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Onde o tecido afeta a luz ?
técnicas diagndsticas: imagem,
espec‘l'r'oscopia, sensores NON-INVASIVE TISSUE IMAGING OF LIVE MOUSE SKIN

Low Intensity
Ultrafast Infrared Laser

Sc (0 microns) (10 microns deep)
Micr

Skin
luorescence

Lo
e ' ol . s
Basal Layer of the epidermis Collagen fibers in the dermis
(15 microns deep) (20 microns deep)

Amidelll | £ CH2-CH3
L lipid/protein

Amidel



Onde a luz afeta o tecido?
técnicas terapéuticas: incisdo
cirdrgica, ablagdo, PDT

The chemical is injected The chemical concentrates
into the body. at the tumor site,

LIGHT

The chemical is The tumor is selectively
activated by the light. destroyed.

@ The laserkills any
bacteria in the area so

the tooth is sterilised

@ The laser is directed at the rotten
area, which contains more water
molecules than the rest of the tooth

Water molecules in the decay are
heated rapidly. Pressure increases
and the rotten area "explodes”,
making a popping sound

-
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Refractive index = speed of light in air

speed of light in substance

Refraction

* |n a denser medium the waves travels

slower
et : normal
*  Wave changes direction = refraction

* |If slowed down — refract towards the
normal

If travelling faster = refract away from
normal

Snell’s Law

* Links the angles of incidence and
refraction when waves travel from
one mediumto another.
The constantis relatedto the

refractive index (n) of each ;
material actual location

" n, - refractive index of medium ray is travelling into
I n; - refractive index of medium ray is travelling from

http://slideplayer.com/slide/10203377/
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Tissue / Cell
Component
water
collagen
hydrated
collagen
dehydrated
melanin
stratum corneum
adipose tissue
extracellular
fluid
cytoplasm
nucleus
mitochondria

Refractive
Index

.93

- }

https://www.google.us/patents/W02007021948A2?cl=en
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Absorc¢ao

*A absorgdo é devido a conversdo parcial de

energia luminosa em outra forma de energia

(quimica, térmica, mecanicay...) no material
absorvedor.

*As propriedades/de,franSparéencia ou
opacidade dependem do comprimento de onda
da radiagdodncidenté e do tecido.

Ex. A cornea é transparente no visivel e absorvedora
no UV

23



Lei de Lambert-Beer

I(x)= Ie-

Absorgao predomina sobre“o, espalhamento
ao/l,) e 1/p, e

C na qual a
ara)l/e (~ 37%) do seu

Comprimento de abs
corresponde a
intensidade c

valor de inﬁ
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http://omlc.org/classroom/ece532/class3/muaspectra.html
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Espalhamento

. Scattering
" Angle

Scattered Light

. Azimuthal
* Angle

..+ Scattering
R Plane

]|

Incident Light: I

&8

https://ned.ipac.caltech.edu/level5/Sept07/Li1/Li3.html
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* A luz espalhada pelo tecido interagiu com a
ultraestrutura do tecido. A glltraestrutura vai
de membrana, organelas célulares; células,
fibras.

- Espalhamento dagluz porsestruturas da ordem
de A é descrito,pelo espalhamento Mie.

- Espalhamentoyda fuz por estruturas muito

menores que A e'descrito pelo espalhamento
Rayleigh.

27
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10 um cells
nuclei
mitochondria
1um —
Me scatiering
lysosomes, vesicles
0.1 ym a\

_ : - striations in collagen fibrils
Rayleigh scatiering B8 macromolecular aggregates

0.01 ym membranes




Espalhamento elastico (foton
incidente e espalhado tém a

mesma frequéncia)

Tipo Rayleigh

Particula << A Rayleigh
difuso, isotropico scifffering
Mg oc 1/)04
. . Mie Scattering, g
TIPO Mie small particle
Particula = A
dirigido, anisotropico S— M/@
1/4 Mie Scattering, AN
Hs < 1/\ large particle




%

Forward scattering

3

Isotropic scattering

s

Backward scattering

http://www.scratchapixel.com/lessons/advanced-rendering/volume -rendering-for-artists
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Espalhamento reduzido
us. = us(l - 9) [Cm-l]

g: coeficiente de anisotropia
O valor de g varia no intervalo de O a 1i" g=0,"¢orresponde ao
espalhamento isotropico e g=1 corresponde ao espalhamento

completamente dirigido. g = <cosB> =0.90

<> = 26°
M = pl-g = 0.10,

anisotropy, 9

mfp = 1/,

mfp’ = 14,

http://omlc.org/classroom/ece532/class3/musp.html
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Atenuacao
Hy = Mg . (1 - g) [cm1]

2

(W/cm”®)

within tissue

With scait o,
ght accumulates near surface

Without scanering,
light is absorbed as it penetrates

L
.-
fav)
|
L
Q
—
b
L
—_
o
¥
—

10 20)
Depth in tissue (mm)

Figure 5. Broad-Leam laser penetration into clear versus turbid tissue. The penetration of
a broad beam Is plolted as fluence rate (W/iem?) versus depth (mm) In a2 Monte Carlo
simulation with an air-tissue surface boundary, With scaltering, the light Is backseatterad
loward the surlace, where It accumulates, Note that the surface concentration of light
exceads the delivered irradiance, W, = 1 W/em®. The oplical properties are absorplion, ,,
0.3 cm ', scallering, 1, = 40 cm ', anisotropy, 9, = 0.9, and elfective scattering, j,’,
= 4 cm ', which are typical for a red wavelength in tissue. The dashed line indicates the
approximate expression &(z) = ¢k exp(—z/5), forz > &, where k is 4.4 and § i3 5.1 mm




® Tecidos biologicos sdo meios absorvedores
opticamente inomogéneos

®* Na interface ar-biotecide'parteyda radiagao
é refletida e parte_penetra o biotecido

®* A luz é expandidafe afenuada devido a
mudltiplos eSpalhamentos e absorgdo

®* Por caisa do'espalhamento, parte da
radiagdo laser se propaga na diregdo oposta
(retroespalhamento)
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"REFLEXAO ESPECULAR
LUZ INCIDENTE

REFLEXAQ DIFUSA
(RETROESPALHAMENTO)

camada cornea ! '-‘f _

\

(10 mm)

epiderme
(100 mm) ESF

gordura subcutdnea




UVelIR(A> 41))
- absorgdo predoming( e @ influéncia
do espalhamem@ tivamente
/ ao penetra

2 no biotecido.
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Regido do vi
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- ha absorc¢ado
* a profundidade
'de
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hamento:

etracao varia

.5 mm.
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A =0.6 um

- espalhamento pr

em relagao

- profund penetragado

awe\ é 8-10 mm.

(Tuchin, 1995)
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Parametros importantes

Massa corporea

s
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Transmitancia

w

(633 nm) (820 nm)



ganthod from ajam.
2d from a halogen light
make it through the inflammed tissue as well.



Light attenuation in rat skin following low level laser therapy on
burn healing process

Daniela Fatima Teixeira Silva®; Martha Simdes Ribeiro”

Nove de Julho University, Sio Paulo. Brazil®
Center for Lasers and Applications, IPEN-CNEN/SP, Brazil’

ABSTRACT

Low-level laser therapy (LLLT) is commonly used to accelerate wound healing. Besides, the technique of imaging
the light distribution inside biological tissues permits us to understand several effects about light-tissue interaction.
The purpose of this study was to determine the relative attenuation coefficient of the light intensity in healthy and
burned skin rats during cutaneous repair following LLLT or not. Two burns about 6mm in diameter were
cryogenerated using liquid N, on the back of 15 rats Lesion L was irradiated by a He-Ne laser (A= 632.8nm) and
fluence 1.0J/cm?; Lesion C was contro and received sham irradiation, A healthy skin area (H) was also analyzed.
The lesions were irradiated at days 3, 7, 10 and 14 post-burning. The animals were euthanized at days 3, 10 and 31
and skin samples were carefully removed and placed between two microscope slides, spaced by z= Imm. A laser
beam irradiated the sandwiched tissue from epidermis to dermis. A CCD camera was placed orthogonal to the beam
path and it photographed the distribution of the scattered light. The light decay occurred according to the Beer’s
Law. Significance was accepted af p <0.01 by using t-Student test. Our results show that the light decay along any
direction was close to an exponential. Burned skin samples presented decay significantly faster than healthy skin
samples. Besides, attenuation coefficient changed during burning healing comparing treated and control lesions,
These findings suggest that the relative attenuation coefficient is a suitable parameter to optimize LLLT during
wound healing,

Key words: absorption: attenuation coefficient: laser thera /; polarized light; red laser: scattering: skin repair
A PY: P £ P
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slide ™Al

He-Ne laser

—— Typical decay inside samples
Fit exponential

Intensity {a.u.)

Figure 1: Measurement scheme of the attenuation coefficient.
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Figure 3: Exponential decay of the light inside biological tissue.

AN
™

CCD
|

Figure 2: Experimental setup to capture scattered light from the skin sample.
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During spontaneous burn healing. A- 3 days after
injury: B- 17 days after injury. Note the necrotic
area (*) and cell debris (arrow).
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Red laser attenuation in biological tissues: study of the inflammatory
process and pigmentation influence

Caetano P. Sabino: Daiane T. Meneguzzo: Endi Benetti, Ilka T. Kato: Renato A. Prates; Martha S.
Ribeiro

Centro de Lasers e Aplicacdes. IPEN-CNEN/SP. Brazil

ABSTRACT

Several studies indicate that low level laser therapy (LLLT) accelerates the healing process, however, for a determined
pathology. dosimetry remains difficult to be established. To understand the tissue optical properties under different
conditions 1s extremely relevant smce the dose delivered to the target tissue 1s known to be cnitical. The skin
pigmentation mnfluence on the laser attenuation 1s not yet well established on different mice lineages or human ethnical
groups. making the dose problematic. Along the same line, inflammatory processes may cause similar problems since the
tissues 1n this condition change their optical properties due to inflammatory cell accumulation. This work evaluated the
attenuation pattern of a HeNe laser (A=632 8 nm) using ex vivo skin samples from Balb/C and C57BL/6 mice under
inflammatory stages induced in their paw by local carrageenan inoculation. The samples were placed between two
microscope slides, and a CCD camera was placed orthogonal to the beam path. The intensity distribution of the scattered
light was photographed in grayscale and analyzed by Image]J software. Our findings suggest that even slight differences
of the epithelial pigmentation could result in a relevant dose loss delivered to the deeper tissues. The increase of the
inflammatory cell density in the connective tissue indicated a highly scattening area also resulting 1 a dose loss for the
deeper tissues when compared to control group.

Keywords: light attenuation: red laser; inflammation: oedema: skin pigmentation
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Figure 2. Images obtained by CCD. Beam pathway from left to right.

— Balb/C (Light Skin)
- C57BL/6 (Dark Skin)

250

Epidermis Hypodermis
+ ‘,‘\

/1
Dermis /

Muscle

Intensity (RLU)

r-
0.50

Tissue Depth (mm)

Figure 3. Light intensity (RLU) in function of depth (mm).
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Figure 5. Three-dimensional plots in isolines of light distribution along the samples under inflammatory processes. Space scale (x.y) in
millimeters and light intensity (z) in RLU.
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Journal of Photochemistry & Photobiology, B: Biology 160 (2016) 72

Contents lists available at ScienceDirect
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journal homepage: www.elsevier.com/locate/jphotobi

The optical properties of mouse skin in the visible and near infrared @Q,OSS_“_&
spectral regions

CaetanoP.Sabino >, Alessandro M. Deana ¢, Tania M. Yoshimura ?, Daniela F.T.da Silva ¢, Cristiane M. Franca ¢,
Michael R. Hamblin ®'¢, Martha S. Ribeiro **

ces, University of !
am, Universide { > Julh
husetts General Haspital, Boston, M
dical School, Boston, MA, USA
£ Harvard-MIT Division of Health Sciences and Technology, Cambridge, MA US

ARTICLE INFO ABSTRACT

Article history: Visible and near-infrared radiation is now widely employed in health science and technology. Preclinical trials are
Received 19 August 2015 o till essential to allow ap te translation of optical methods into clinical practice. Our results stress the impor:
Received in revised form 7 March 2016 fconsideringthe e strain and gender when planning pre-clinical experiments that depend on light-skin
Accepted 24 March 2016 . R » o th ¢ .
X o nte Here, we evaluated the optial properties of depilated albino and pigmented mouse skin using repro
Available online 3 April 2016
ducible methods to determine parameters that have wide applicability in biomedical optics. Light penetration depth
Keywonds (6), absorpt 1t,), reduced scattering (') and reduced attenuation (u',) coefficients were calculated using the
Bn)plmunns Kubellka-M lel of photon transport and spe((rophotorr_emc ntlmremen§.VV1th|n abroad wavelength cov
Tissue spectroscopy erage (400-1400 nm), the main optial tissue interactions of visible and near infrared radiation could be inferred.
Skin optics Histological analysis was performed to correlate the findings with tissue composition and structure. Disperse mela
Photodiagnosis nin granules present in depilated pigmented mouse skin were shown to be irrelevant for light absorption. Gender
Phototherapy _ mostly affected optical properties in the visible range due to variations in blood and abundance of dense connective
Radiative transfer tissue. On the other hand, mouse strains could prod uce more variations in the hydration level of skin, leading o
changes in absorption in the infrared spectral region. A spectral region of minimal light attenuation, commonly re
ferred as the “optical window”, was observed between 600 and 1350 nm.
© 2016 Elsevier B.V. All rights reserved.




Epidermis,
Dermis

Adipose tissue

Muscle,
Conn. tissue

Microscope
slides

Fig. 1.Sche matic diagram of the commercial spe
microscopy slides. The transmittance spectra were

position “b™. For all measurements, the sample beam w a
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d by pladng U ple at position “a” with port *b™ dosed, and refledance spectra were acquired shifting the sample to
ted in the epidenmis-dermis direction.
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M epidermis
dermis
adipose tissue
muscle

B® connective tissue

tissue thickness (um)

BALB/c BALB/c C57BL/6 C57BL/6
male female male female

Fotomicrografias depele de camundongos. (A e B) Pele de um
macho albino e b/ack, respectivamente, mostrando epiderme
(E), derme espessa (D), tecido adiposo (AT) e muscular (MT).
(C e D) Pele de uma fémea albina e b/ack, respectivamente,
mostrando as mesmas camadas, mas com derme mais fina e
mais tecido adiposo.
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— C57BL/6 male
— C57BL/6 female
— BALB/c male

— BALB/c female

reflectance (%)
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800 1000 1200 1400
wavelength (nm)

Fig. 2 Average and SEM of (a) diffuse reflectance and (b) diffuse transmittance versus
wavelength
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— C57BL/6 male
— C57BL/6 female
— BALB/c male

— BALB/c female

0.0 T : . .
400 600 800 1000 1200 1400

wavelength (nm)

Fig. 3. Average and SEM of ( a) Absorption, (b ) reduced scattering, (c) reduced attenuation
coefficients and (d) penetration depth versus wavelength. The maxima penetration depth
at (d) represents the “optical window™ for light penetration into depilated mice skin




Intensidade (W/cm?)

-2 =
Q Q
N (8]

10°

10°°

Interacdo Luz-Tecido

1fs 1ps 1ns 1pus1ms 1s 15 minutos

Ablagdo por
ondas de choque

1 PW/cm?

Ablagdo induzi r plasm

TW/cm?

1 6W/cm?
Fotoablagdo

uv 1 MW/cm?

1 kW/cm?
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Maldonado, EP
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EFEITOS TERMICOS (altas densidades
de poténcia)
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400°

15Q0°
100¢
oteinas, desidratagdo,
60° coagulagdo
Hipertermia
40°

35°

Aquecimento Tecidual




EFEITOS NAO-TERMICOS (baixas
densidades de poténcia)

hv,600~900nm

Inflammation
Wound Healing Pain Relief
Tissue Repair Edema
Tissue Death Acute Injuries
Prevention Chronic
diseases

Neurogenic
Pain
Neurological
Problems
Acupuncture
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TERAPIA COM LUZ

* Helioterapia




Mais de 100 anos de
reconhecimento

Nobelprize.org
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PHOTOTHERAPY

(1) THE « TAL RAYS OF LIGHT AND SMALL-POX.
(2) LIGHT A: "MULANT.

3 THE TREATMENT OF LUPUS VULGARIS BY CON.
CENTRATED CHEMICAL RAYS,

ny

PROFESSOR NIELS R. FINSEN

CorexuGeN

TRANSLATED FRON TIHE GERMAN EDITION AND WiTH
AN APPENDIX ON

The Light Treatment of Lupus
Y

S H. SEQUEIRA, M.D. Loxp.,, M.R.C.P.

LONDON
EDWARD ARNOLD
37 BEDFORD STREET, STRAND, W.C,
1901

A

Tratamento de tuberculose cutanea com luz solar “fi/trada e concentrada”






Overview of Optical Imaging

Optical Imaging

|

Transmission
(Transillumination)
Spatial Filtering Polarization Time Gating Frequency
Confocal Microscopy Gating Domain
Methods

Reflection
(Back Scattering)

| |

Spatial Filtering. It is one of the simplest methods and
relies on the fact that diffuse photons, undergoing
multiple scattering, are more spread out and off-axis.
Therefore, applying spatial filtering by using a
transmitted light collection using an aperture provides
rejection of a substantial amount of off-axis diffuse
light.

Polarization Gating. Here one utilizes a linearly polarized
light. The transmitted ballistic and snake photons still
retain much of the initial polarization, while the multiply
scattered diffuse light are depolarized.

Time Gating. This method utilizes a short laser pulse as
the illumination source. The transmitted light is passed
through an optical gate that opens and closes to allow
transmission only of the ballistic and/or snake photons.
Synchronization can be achieved by using a reference
optical pulse that controls the opening and closing of the
optical gate.

Spatial Filtering Interferometric

Confocal Optical Coherence

Microscopy Tomography
Fluorescence

| | |

Spatial Filtering Spatially Polarization Time resolved

Confocal resolved Resolved Fluorescence

Microscopy Localized Lifetime Imaging
spectroscopy (FLIM)

Fluorescence
Resonance
Energy
Transfer
(FRET)

Frequency-Domain Methods. In this method the time
gating is transformed to intensity modulation in
frequency domain. In this mode, the specimen is
illuminated with an intensity-modulated beam from a
CW laser, and the AC modulation amplitude and the
phase shift of the transmitted signal are measured using
methods such as heterodyning. One often uses the
diffuse photon density wave description to analyze the
transport of the modulated beam. The advantage of this
method is that less expensive CW laser sources can be
utilized. 2



O que é um foton?
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Wave model

Electromagnetic radiation is a transverse wave, meaning that its oscillations
are perpendicular to the direction of energy transfer and travel. The electric
and magnetic parts of the field stand in a fixed ratio of strengths in order to
satisfy the two Maxwell equations that specify how one is produced from
the other. These E and B fields are also in phase, with both reaching maxima
and minima at the same points in space (see illustrations

Point Form Integral Form
: ( ( 5D
C 0 O P e #;ll-dl ~f(1+f~—)-d5 (Ampere’s law)
VvV =— at s\ ot /
A VXE= - %’ {l-:-dl = I (- TB -dS  (Faraday's law; S fixed)
o < ot/
V-D=p # D-dS= [ pdv (Gauss' law)
V-B=0 § B-dS=0  (nonexistence of monopole)
5




O que é um foton?

An anomaly arose in the late 19th century involving a contradiction between the wave theory of light and measurements
of the electromagnetic spectra that were being emitted by thermal radiators known as black bodies. Physicists struggled
with this problem, which later became known as the ultraviolet catastrophe, unsuccessfully for many years. In 1900, Max
Planck developed a new theory of black-body radiation that explained the observed spectrum. Planck's theory was based
on the idea that black bodies emit light (and other electromagnetic radiation) only as discrete bundles or packets of
energy. These packets were called quanta. Later, Albert Einstein proposed that light quanta be regarded as real particles.
Later the particle of light was given the name photon, to correspond with other particles being described around this time,

such as the electron and proton. A photon has an energy, E, proportional to its frequency, f, by

_he
A

E=hv

where h is Planck's constant, A is the wavelength and c is the speed of
light. This is sometimes known as the Planck—Einstein equation.
In quantum theory (see first quantization) the energy of the photons

is thus directly proportional to the frequency of the EMR wave.




O que é um foton?

Wave—particle duality

The modern theory that
explains the nature of light
includes the notion of wave—
particle duality. More
generally, the theory states
that everything has both a
particle nature and a wave
nature, and various
experiments can be done to
bring out one or the other.
The particle nature is more
easily discerned using an
object with a large mass. A
bold proposition by Louis de
Broglie in 1924 led the
scientific community to realize
that electrons also exhibited
wave—particle duality.
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Principio de Huygens

Single Slit Diffraction

Barrier with narrow slit Rl
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http://www.acoustics.salford.ac.uk/feschools/
waves/diffract3.php




Difracao
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FIGURE 15C
Geometrical construction for investigating the intensity in the single-slit diffrac-
tion pattern.
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Difracao cop. 13

Campo elétrico

resultante
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Superposicao de ondas

El(l", t) = EO cos(wt — q-i{)

E>(r,t) = EO cos(wt —k - )
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Interferéncia destrutiva

Fundamentals of Optics- Jenkins and White

Parte 2 - Capitulo 13



Superposicao de ondas

Fundamentals of Optics- Jenkins and White

Ei(r,1) = E,cos(awrt —k - 7)
Parte 2 - Capitulo 13
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Interferéncia construtiva
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Interferéncia parcial
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— — - Fundamentals of Optics- Jenkins and White
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EMISSAO ESTIMULADA
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LASER

ciclo de bombeamento 6ptico de 4 niveis ideal

Energia
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LASER

Meio Ativo
Sistema de Bombeio

Cavidade Ressonante

Radiacao laser



Componentes de um Laser

Meio de Ganho

B O 4
Sistema de Bombeio § Cavidade Ressoante
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FLUXOMETRO LASER DOPPLER

VELOCIDADE SANGUINEA
VOLUME SANGUINEO
FLUXO SANGUINEO

NAO INVASIVA
NAO OFERECE RISCOS
PERMITE A MONITORACAO CONTINUA DO FLUXO



CHRISTIAN DOPPLER FOI QUEM PELA
PRIMEIRA VEZ, EM 1842, POSTULOU
QUE A FREQUENCIA DE ONDAS
ACUSTICAS PODERIA MUDAR SE:

OU A FONTE OU O OBSERVADOR
ESTIVER EM MOVIMENTO.



O Efeito Doppler

Existem muitos exemplos do efeito
Doppler no cotidiano:

- Sirene de viatura
- Buzina de carro
- Apito de trem



O Efeito Doppler
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Fluxometro Laser Doppler
ESTUDO DA MICROCIRCULAC/TO

Fibra optica
Fibra optica receptora

transmissora



Fluxdmetro Laser Doppler
APLICACOES
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IMAGENS VIA LASER DOPPLER

Visualizacao da Microvascularizagao



SISTEMA DE IMAGEM LASER DOPPLER

APLICACOES
Reumatologia
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Optical Spectroscopy
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Figure 4.8. Absorption spectrum of HPPH (2-divinyl-2-(1-hexyloxyethyl)pyrophe-
ophorbide), a drug for photodynamic therapy. Water solution, C = 22uM.



Various Spectroscopies Useful for
Biophotonics

Spectroscopies

Electronic Vibrational
Transition between two electronic
states; coupling with vibrations

_ ‘ _ L _ IR-absorption Raman scattering
Vibronic transitions involving Absorption of an IR Scattering of a
simultaneous .chaqge of electronic (or far IR) photon to photon in the
(i = f) and vibrational state go from a lower to a visible range to

higher vibrational level produce a
‘ | vibrational state
change

Absorption Emission

Transition from a lower Transition from a higher to a lower state
(usually ground state) to an ‘

excited energy state ’ ’

Fluorescence Phosphorescence
Spin-allowed Spin-forbidden



Fourier Transform Spectrometers FTIR

Absorbance
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TRANSMISSION MICROSCOPY
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Differential Interference Contrast
Microscopy (DIC)

The split beams enter and pass through the specimen
where their wave paths are altered in accordance with the
specimen’s varying thicknesses, slopes, and refractive
indices. When the parallel beams enter the objective, they
are focused above the rear focal plane where they enter a
second modified Wollaston prism that combines the two
beams at a defined distance outside of the prism itself.

As a result of having traversed the specimen, the paths of
the two beams are not of the same length (optical path
difference) for different areas of the specimen.

After passing through another polarizer (analyzer) above the
upper Wollaston beam-combining prism, these two beams
interfere to translate the path difference introduced by the
objects in the sample plane, into intensity difference.

When a white light source from a lamp is used for imaging, each
color will have a different optical path-length difference,
thereby producing a color contrast. This results in observing the
object details in pseudo—3-D and in color contrast



Phase contrast yields image intensity values as a function of
specimen optical path length magnitude, with very dense
regions (those having large path lengths) appearing darker
than the background

In DIC the optical path length gradients are
primarily responsible for introducing contrast
into specimen images. Steep gradients in
path length generate excellent contrast, and
images display a pseudo three-dimensional
relief shading that is characteristic of the DIC
technique. Regions having very shallow
optical path slopes, such as those observed
in extended, flat specimens, produce
insignificant contrast and often appear in the
image at the same intensity level as the
background.



FLUORESCENCE MICROSCOPY



FLUORESCENCE MICROSCOPY






CONFOCAL MICROSCOPY
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MULTIPHOTON MICROSCOPY
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Figure 3: Optical principles of (A) confocal laser scanning microscopy (CLSM) and (B) multi-photon
excitation microscopy (MPEM).



OPTICAL COHERENCE TOMOGRAPHY



What is a Tomography?
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Basic Unit of Image Information

S,
-

Information about: Information about:
« Light and reflectivity of a surface « Light, surface reflectivity and
volume transparency




Shadows detection
like x-ray tomography







Light Propagation in scattering media
Image a scattering media

Scattering of photons destroys image quality
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Q)

Non scattering media Scattering media
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Light Propagation in scattering media

» {snake” component

Forward scattering

Diffuse transmittance



Optical coherence tomography

* Noninvasive diagnostic technique
* coherence window

« only the ballistic photons are detected

Janela de coeréncia
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Scattering media
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Optical coherence tomography
Michelson interferometer
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Scanning protocol for OCT imaging
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Scanning protocol for OCT imaging




Scanning protocol for OCT imaging




OCT — How it works




Time Domain and Fourier Domain
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Optical
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Systems
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Fig. 1 Full-field OCT optical setup. Components include: super-
luminescent diode (SLD), convex lens (L1), 50/50 beamsplitter (BS),
camera objective (CO), CMOS-DSP camera (CAM), reference (REF)
and sample (SMP). The camera functions as a two-dimensional
detector array, and with the OCT technique facilitating scanning in
depth, a non-invasive three dimensional imaging device is achieved.

Low coherence source:

Time domain
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Fig. 2 Typical optical setup of single point OCT. Scanning the
light beam on the sample enables non-invasive cross-sectional
imaging up to 3 mm in depth with micrometer resolution.
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OCT
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SMP

Fig. 3 Spectral discrimination by swept-source OCT.
Components include: swept source or tunable laser (SS),
beamsplitter (BS), reference mirror (REF), sample (SMP),

photodetector (PD), digital signal processing (DSP)
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Fig. 4 Spectral discrimination by fourier-domain OCT.
Components include: low coherence source (G(k)), beamsplitter
(BS), reference mirror, sample, diffraction grating and full-field
detector (CCD) act as a spectrometer, and digital signal
processing.
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PS-OCT
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Doppler-OCT
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The phase of this complex function is the phase information of each A-scan described as:
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the phase shift A¢(z ") can be used to obtain the Doppler velocity.
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Ophthalmology
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Enhancement of optical coherence tomography images and by gold nanoparticles

in skin
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NEAR-FIELD OPTICAL MICROSCOPY




Coherent Anti-Stokes Raman
Scattering (CARS) Microscopy

Coherent anti-Stokes Raman scattering (abbreviated as CARS) is a
third- order nonlinear optical process that can produce a vibrational
transition.

For CARS, two optical beams of frequencies n and n interact in the
sample to generate an anti-Stokes optical outButat® =2n -n in
the phase-matched direction (a specific direction). Thé%ignalrhas%n
electronic contribution (from the elec- tronic third-order nonlinear
optical response), but is resonantly enhanced if n - n coincides with

the frequency of a Raman active molecular vibrattbn (3ee Chapter 4).
The molecular vibration involved in a CARS signal enhancement can
then be used as a contrast mechanism for bioimaging.

CARS (Coherent Anti-Stokes Raman Scattering)
microscopy is a dye-free method which images
structures by displaying the characteristic
intrinsic vibrational contrast of their
molecules. The crucial advantage of this
method is that the sample remains almost
unaffected.
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