Tissue Optical
Properties

|ndirect M easurements in
Bulk Tissue

Medical Optics
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Evaluation with diffusion
theory

I ndir ect measur ements means that one
measure some parameters and extract the
properties sought by applying some type of
theoretical model.

EX: Ry R(M) --->m, m/
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Inverse problem

Theinverse problemis
when you know the
answer but not how to
reach it!

Examplein tissue optics:

Y ou can measure diffuse
reflectance, but what path
did the photons take?

© Stefan Andersson-Engels

Methods Avalilable

> Steady state methods
> Added-absorber
> Fluence rate vs. distance from source
> Steady-state diffuse reflectance
> Time-resolved methods
> Time-resolved diffuse reflectance
> Frequency-domain diffuse reflectance
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Steady State Diffusion

The steady state diffusion for a point sourceis
- NF (r) +my *f (r) = S(r)

Thisyields a solution for ainfinite
homogenous medium as:

Pm. % 1
4pm |r|

f(r)=f ( :O)ﬁexp(- My ) 4 —— L exp(- my )
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Solution to steady state
diffusion
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Steady-state methods

> Thismeans that it is primarily my that can be extracted
from steady state diffusion from bulk tissue

> However, thisisoften what isrequired for light
wavel engths obeying the diffusion approximation

> Tobeableto extract m and m separately one need to
measure more than the dependence of fluence rate vs.
distance

> The g-value can never be evaluated with diffusion
theory.
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Direct Fluence Rate
Measurements

The most used technique to evaluate my; from steady state
measurements isto directly measure the fluence rate.

To do that one need to be inside the tissue ==> invasive
measurements.

Need to measure light coming from all directions ==>
diffusing fibre tips.

f(r,t)=0QL(r,st)dw
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Steady State Diffuse
Reflectance

This method is an alternative, non-invasive
way to measure the r-dependence of the
fluence rate.

By measuring at a boundary, one need to take
the boundary conditions into account.
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Calculate the steady state
diffuse reflectance !

Asan exercise, | would like that you derive an
expression for the diffuse reflectance R(r ) of a semi-
infinite highly scattering medium.

The fluence rate inside the medium can be written as:
2~ .
f(r) _ PI’TQH :, exp(- s >¢1) eXp(' ) >f2)L,J
4o 7 Iy I g

where ]:,'rlz_\/(z_ 20)2+r2
fr,=y(z+2+22)" +r?
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Ex: Guidelines ()

The diffuse reflectance is derived as the

photon density current at z = O perpendicular
to the surface:

R(r) = hnd(r ,0)» = - D%f(r,z)

z=0
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Ex: Guidelines (I1)

f=f +f,
%Zzo :%%12(2- Z,) = - r&i
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Diffuse reflectance equation

R() 1€ & +1" -"arfr1+( ‘s )ae s 16 ™" 0
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» wherer, isthe distances from the real source,
» I, isthe distance from the virtual source,

» 7, isthe distances between the real source and the real
boundary,

» 7, isthe distance between the real boundary and the
extrapolated boundary,

» 27+ 7, isthe distance between the real boundary and the
virtual source.
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Set-up for spatially resolved
diffuse reflectance

Lam

)

CCD
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Diffuse Reflectance from
Skin at 630 nm

AIOQ(I/I())
-25 0 25
r(mm)

Diffuse reflectance of normal skin irradiated with a
pencil beam of light at 630 nm, measured as line across
the irradiated spot.
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Added Absorber Method

Further another method that can be used to
evaluate both m, and m\” isthe so called added
absorber method.

This method is destructive and can thus not be
used in vivo. However, it isavery useful
method for liquid tissue phantoms and for
homogenised tissue.

The principleisto measure f (r) vs. r, add
some absorber and redo the measurements etc.
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Added Absorber Theory

The aim isto measure my; for a number of
added absorber concentrations.

2 _

My~ =3m((m +mo
with some added absorption 1M = M), + M),
for the tissue and added dye, respectively. If

M+ Ny &M then my * » 3(m, +m,)me
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Added Absorber Plot

me = 3m'm, + 3m'my,

Mer? (mm-Y)
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Time-resolved diffuse
reflectance

The diffuse fluence rate in an infinite medium
using a point source d(r=0,t=0) can be
expressed as.

2

4D t)

f (r,t) = c(4pDct) ¥* exp(- mct) exp(-
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Transform to frequency
domain

The Fourier transform of this expression can be used
to derive the solution for a modulated point source:

The fluence rate can be shown to be

S(r,t) =d(r = 0){1+ M e ™}

1 € em, w o? ()
f(r, t)——ee ‘]_+MeD DHe'W‘u with g = 1{

4pDr g

This means both a phase shift and ademodulation
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Diffusion equation in
discrete form

The time resolved diffusion equation is
1 -
—lf (r,t)- DN?f (r,t) + mf (r,t) = S(r,t)
cqt
This can be rewritten in discrete form as

(1 DAL A oy A0
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