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Fig. 2.4. Absorption spectra of melanin in skin and hemoglobin (HbO3) in blood.
Relative absorption peaks of hemoglobin are at 280nm, 420nm, 540nm, and

580 nm. Data according to Boulnois (1986)
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Fig. 2.5. Absorption spectra of skin, aortic wall, and cornea. In the visible range,
the absorption of skin is 20-30 times higher than the absorption of corneal tissue.
The absorption spectrum of aortic wall exhibits similar peaks as hemoglobin. Data
according to Parrish and Anderson (1983), Keijzer et al. (1989), and Eichler and
Seiler (1991)
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Tessuto A [nm] Ha [om™] Meff [om™] L [nm] Lefr [vm]
Smalto 1053 <1.0 6.7 >10000 1490
Dentina 1053 4 56 2500 180
Osso 1064 0.5 13.4 20000 746
Cute 33 2.7 39 3700 256
Sangue 960 2.8 65 3570 154
Fegato 1064 0.3 11.6 33000 860
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Fig. 2.16. Double-integrating sphere geometry for the simultaneous measurement
of different optical tissue properties. The detectors are measuring the transmitted
coherent intensity (7:), the transmitted diffuse intensity (74), and the reflected

diffuse intensity (Rq)
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Fig. 2.15. (a) Experimental setup for measuring total attenuation. (b) Experi-

mental setup for measuring absorption. (¢) Experimental setup for measuring the
angular dependence of scattering
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TIMINA PSORALENE LUCF

Figura 6 Formazione di un fotoaddotto psoralene-timina nel DNA
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Principi Fisici della Terapia Fotodinamica

e Somministrazione del fotosensibilizzatore S

N
e Ritenzione selettiva di S da parte del tumire
e |rraggiamento con radiazione monocrome:icjca (laser)
e Eccitazione risonante del fotosensibilizzatore

S

S+ hv—> S*
v
Decadimenti simultanei o sequenzial
74 A
Trasferimento Deattivazione

intramolecolare

N7

Produzione di
specie reattive

N7

Azione citotossica
AN

Eradicazione del tumore

termica

Ipertermia
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Modificazioni istologiche indotte da processi fotarmici

Conversione di radiazione EM in calore
Innalzamento della temperatura del tessuto

43-45°C Cambiamenti conformazionali
Restringimento
Ipertemia (mortalita cellulare)

50°C Riduzione dell'attivita enzimatica

60°C Denaturazione delle proteine
Coagulazione

80°C Denaturazione del collagene
Permeabilizzazione delle membrane

100°C+ Formazione vacuoli extracellulari

> 100°C Rottura dei vacuoli

300-1000°C+ Termoablazione del tessuto
3350°C Vaporizzazione del carbonio
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Notes on cornea structure: collagen

B Collagen molecule: triple helix (1.5 nm width, 300nm length)

Il Il Il
*PRIMARY STRUCTURE: a-helix | Tdn? N AP nEw
sequenceGlicine-X-Y (X,Y are Y.\ d ¥ S - i 2 SR e
usually Proline or Hydroxyproline) G':. Ay o
e -

04 mam GLY PRO HYP

*SECONDARY STRUCTURE: TRIPLE HELIX
three a-helixes left-handed; terminal - ‘
domains C ed N

B The corneal stroma is
mainly composed of
Type | Collagen
(organized in fibrils)

*TERTIARY STRUCTURE: right-
handed superhelix with terminal
domains (telopeptides)



Cornea structure: Type | collagen (fibrous)

B Organization of collagen in corneal  stroma : microfibrils
fibrils, lamellae

|

e

s DS R T T 03
i \f&i?'s:'."m‘k' _d.:_ o et ¥ ;.' 2k :E,. = -.q“-‘l_."_i'\
Sl :r:‘r»ﬁw‘.!ii.';.'.; SN s R AR AL LW Rl

W

S e ol ——— =
2RsresRsTessseseseses)

gap zone | overlap zone

D =670 Angstrom >

D-period: 67nm periodicity
of gap and overlap zones




Thermal shrinkage and denaturation of collagen

According to recent theories, this process mainly invo lves
Intra - and Inter -Molecular H Links, as well as Cross - Links

Ay _
e % Tropocollagen

Molecule

Tropocollagen
Molecule

a: Intreamolecular Cross—Links
b: Intermolecular Cross—=Links




SHG imaging microscopy of thermally induced

structural changes in corneal collagen
(H.Y. Tan et al., Journal of Biomedical Optics, 200 5)

 Ti-sapphire laser @ 880nm

* SHG in back scattering geometry

 Analysis of thermal changes of
the stroma in pig eyes

B Corneal collagen exhibits
a quite la rge second
harmonic susceptibility

B The backward SHG
intensity signal was
recorded at increasing
temperatures as a
measure of the disorder
in the collagen structure
of the stroma




SHG imaging microscopy of thermally induced

structural changes in corneal collagen
(H.Y. Tan et al., Journal of Biomedical Optics, 200 5)

B The SHG signal of collagen as a function of T showed
3 distinct structural transitions  in the range 50-80 °C

f=J
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intramolecular H

53 @ (7T bonds breakage

\ (fiber contraction
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Laser Tissue Welding: mechanisms from the literatur e

Two main approaches based on thermal modification

E “MILD Laser Welding "
(COLLAGEN REARRANGEMENT)

e Temperature around 60-65 T

» Histological observations: increased fibril
caliber, loss of periodicity, splitting of fiber
in fine fibrillar substructures

* Mechanism proposed: interdigitation on
cooling between fibers

(e.g. R. Schober, Science, 1986)

cooling...

of collagen :

E “HARD Laser Welding "

(PHOTOCOAGULATION)

Temperature above 70-75 C

Histological observations: homogenized and
hardly recognizable fused collagen
Mechanism proposed: adhesion on cooling
between proteins degradated by laser heat

\g. Menovsky, Laser Surgery and Medicine, 1996)

P = partially coaculated collagen
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CANALI DI ABLAZIONE

SOTTO LA SOGLIA DI VAPORIZZAZIONE

t [01-10 ns
I<TEL

t [1-10 ns
t>TEL

SOPRA LA SOGLIA DI VAPORIZZAZIONE

Espansione
termoelastica

Confinamento
inerziale

Riflessione
all'interfaccia
Onda di rarefazione

Elevato gradiente
di pressione
all'interfaccia

t, .01 ps-10ns
I, >100 MW/cm?

lonizzazione
Breakdown ottico

Plasma denso

t [0L-100 ns
I, <100 MW/cm?
E.M.1-5 J/cm?

t.[0.1-1 ms
E,0L0-100 J/cm?

Espansione esplosiva
Violenta onda d'urto

Eiezione impulsiva Spallazione

Fotoframmentazione

Generazione
termoelastica

Vaporizzazione

Vaporizzazione
esplosiva

Rimozione controllata

Impulso di rinculo

Espansione
turbolenta
(subsonica)

Conduzione del calore

Danno termico




DIAGNOSTICA DELL'ABLAZIONE

target

DIODE |/ collimation l;l CCD VGA
LASER || optics CAMERA

imaging optics
(telescope)

excitation
beam
PULSE AND DELAY

GENERATOR @
—————— GPIB i

oOoad e =N
o OOO J PT1 NN BEEE<
) > © o /e

PERSONAL COMPUTER

to the excitation laser

OPTICAL SENSOR for imaging and
analysis of pulsed laser ablation

Low cost, portable system for field
measurements (Patent n. FI/96/A/000124)
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cloud

% w

recoil stress



$ %

§

§8

%

%



% § §

%
%

%

Laser impulsati
di alta potenza

1)

Elevate intensita
nello spot focale

1)

Elevati campi elettrici

i

Breakdown ottico
Formazione di plasma

i

Onda di shock sferica

i

Frammentazione locale

At [11-10 nsec
;FD 1°PW

D102W/cny

E110°V/cm

Eser UE ionizzazione

Nel10?Ycm?
B103-10C° bar

Plasma-mediated
absorption

plasma

4 | shielding

Plasma formation

Shock expansion
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