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Polarization...

1. as a contrast mechanism
- examples in biology (next talks)
2. as a characterization parameter
- depolarization due to
a. birefringence
b. scattering
3. as a gating mechanism
- HQ image, to select superficially scattered light



Polarization as a characterization parameter

A. Depolarization by birefringence (no scattering)

Birefringence
Dn=n_—n,
~ 1x103 - 5x103

Size of microdomains
of birefringence in
tissue is
DL=10-100 mm

oriented fibers

present a fast

and slow axis
to photons
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transmitted light

b =2pDn/I

incremental retardance
Df=2pDnDL/I=bDL
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many incremental

For a 633 nm wavelength
photon, a 10-mm thick
microdomain of collagen
fiber with

Dn = 3x103 will present
bDL =0.298 = p/10.5.

incident light

L/DL = N incremental retarders,

randomly oriented



microdomain retardance:
bDL =p/10
N=5 <Q>=0.91 N=10,<Q>=0.71
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Depolarization coefficients m , and m¢,
due to randomly oriented birefringent microdomains

<Q> — e_DLPN — e_DLP(l/AL) — e_;uLPL
For the example, if
Dn = 3x103, Hp=D /AL
| = 0.633x10% cm ,B
and DL = 10x10"* cm, =aAL
[rad]

the value of |mpis 21 cm}

mpf =1/m,, =476 mm



Depolarization coefficients m , and m¢,
due to randomly oriented birefringent microdomains

L
—D...N —Dcp —Ue-pl
<V>:e CP —e (/AL):e Hcep
For the example, if
Dn = 3x103, Hp=D /AL
| =0.633x10“% cm 'B
and DL = 10x10" cm, =aAL
[rad]
the value of |[m,is 42 cm™
Mep = 2 Mpp
mpf=1/m, =238 mm




Polarization as a characterization parameter

B. Depolarization by scattering (no birefringence)
Use polarized light Monte Carlo simulations

For each scattering coefficient m, [cm™]
vary the slab thickness L [cm].

—

—_

Ramella-Roman JC, SA Prahl, SL Jacques: Three Monte Carlo programs of
polarized light transport into scattering media: part |. Optics Express 13
(12):4420-4438, 2005.
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<Q> = exp(-mpL)
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scattering coefficient [cm™]

Linear depolarization: l
| <|Q> — e_/iLPL — e_kLPmsL
kpp = =

= efficiency of LP
‘LLS depolarization

Circular depolarization:

<V> — e—.UCPL — e—kcpmsL

k. = Hep = efficiency of CP
CP .
‘us depolarization




Linearly polarized light is more 3 % |4
efficiently depolarized than & 6| | Increasing
circularly polarized light, i ¥ v

for larger particles. & R
The same efficiency e ________________________________________

for smaller particles. 2 V.
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Depolarization coefficients Coefficients
m, and m; m, and mg,

due to due to
scattering birefringence

m =k, m, = 0.025(200cm™?)= 5cm? 24 cm™!
mep = kep m = 0.0125 (200cm™) = 2.5cm™ + 42 cm
for
collagen
typical m value fibers

for mid-visible
light



m;p [cm]

in tissues
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Conclusions:

1. Depolarization in tissues is due to both scattering and

birefringence.
-birefringence dominates in collagenous tissues,

-birefringence and scattering ~equal in muscle,
-scattering dominates in non-birefringent tissues like liver.

(fat and blood are likely dominated by scattering, but are very depolarizing)

2. Circular polarization is depolarized twice as fast as linear
polarization by birefringence.

3. Circular polarization is depolarized more slowly than linear
polarization by scattering when scattering particles are large.
~Equal depolarization by scattering when particles small.






Polarization as a gating mechanism

1. Use incoherent light

2. Avoid surface glare

Light cch
source camera
<« linear polarizer (PAR or PER)
linear -
polarizer = glass flat
(PAR)

[ skin
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to camera

|ight camera
source
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PAR = Superficial + 1/2 Deep scattered

PER = 1/2 Deep
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pre-malignant




par Mouse esophagus per

2 4 6 8
X [mm]

par-per

Colored POL image is
PAR - PER

v

processed for each of the 3 channels of
color camera.

Properly color balanced,

so TRUE COLORS !!




par-per

Intact apical esophageal tube

Distal tube
split open
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BCC on the right forehead




BCC on the right forehead
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BCC on the right forehead




BCC on the right forehead




BCC on the right forehead

YES |

Cancer! Pathology
| Report Cancer!

| : Patient Identification \
Stage | Stage II
~
1% Lidocaine with epi mL 1% Lidocaine with epi __>» D
per verbal order Dr. . per verbal order Dr.
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Clinical study _sh‘ci‘\_]'\'/"e:'(\:llﬂ"’;that the polarized light
camera increased the Negative Predictive Value
relative to the clinician, such that

there were 1/3 as’;ﬁr'{f‘é%?ﬁ%?‘-vfals‘e negatives using

e, o

the camera, compared to the clinician.
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The end



