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Outline

Chapter 17: Biomedical optics and lasers
Fundamentals of light

Light-matter interaction

Optical imaging

Optical sensing (spectroscopy, fiber optic
applications)

Using light for manipulation
— Laser tweezers, laser scissors

Using light for therapeutics



Fundamentals of light

Classical view: electromagnetic (EM) wave

MICROWAVE

INFRARED VISIBLE ULTRAVIOLET GAMMA RAYS

10° 4107 10°-10° 10510 100710

Low Frequency = Longer Wavelength

HighF reguency = Sharler Wavehength

10"-10% ‘ 107'-10%

10'-10"

—
=
=
-9
]
c
=
=
3
'S

10"*10" 10™-10" 1II'.I""J- 10"

I'-
oy

Siea of
Wavelengih

" N 2 & “ﬁ ; e
# ﬁ%‘;ﬁ Q@#:?“ Visibie -x"-f? q‘::?ggé Fﬁp @Efﬁ

Spectrum
Infrared Light I Ultraviolet Light
4 | R
700 500 500 400
Wavelength (nm}

(visible) light occupies a very small range of the whole EM
spectrum (400-700 nm or 0.4-0.7 um)




Electromagnetic wave

Special case: plane wave (Transverse Electromagnetic wave)

—

—  C Aj(ot—k2)
E-Ege E,

E.a, 1 H
H=Hgel**® H,=H4
@ = 274 k:ZZ

Speed of propagation:

cot P ¢y

NETE

In free space c=3X108 M/S ..o oo




Electromagnetic wave

The phase velocity of light in a medium with refractive index n

V, = ¢ Where c is speed of light in free space
N
Average power density of the wave (along direction of propagation)
— - 1 — > x
(ExH) =§Re[E>< A wim)

/

Time average

Total power of light (wave) is what we actually measure/observe
= Integrate the above vector over cross section of detector

-2
o asured € ‘E‘ = Square of amplitude of electric field



Polarization of light

- The electric field of a TEM wave oscillates along one direction (x-
axis)

- This is a linearly polarized light and the direction of polarization is

aligned with x-axis
Y/){
i -
/T

- Other polarization states of light exist such as circularly and
elliptically polarized light

- Natural light source (sun light) and most lamps generate
unpolarized light (direction of polarization is random)

- Light from a Laser source is linearly polarized



Polarization — examples
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E1l = E2 or phase difference # n/2
= elliptical polarization




Diffraction of light

- Newton: light always travels in straight lines (1704) — correct on a
large scale

- On a smaller scale (~1), when light waves pass near a batrrier,
they tend to bend around the barrier and spread at obligue angles —
diffraction

- Huygens principle: each point on a wavefront can be considered
as a source of a new wave

Single slit Detector

width=d screen Light path difference between
light ray from center and light ray
from top edge of the slit

gsin 2 If L>>d
2

There are infinite pairs of such
light rays originating from the slit
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Diffraction of light

For the first intensity minimum at detection

screen (destructive interference)
Intensity Distribution of Diffracted Light
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Diffracted

For the second intensity minimum at
detection screen (destructive interference)

99n9=z sin<9=gi
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Detector Screen

The intensity of interference at the detection screen
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Modern physics — light as particles

Bohr’'s model of a hydrogen atom
- Electron can circle its nucleus in
certain orbitals stably

- An atom emits or absorbs a =3 rt )
photon of light when an electron :
jumps from one permitted orbit to —
another
J
1 1 9
Eproon = Bi =By =hCR| ——— |=hv W
nf nl MITH ENErgy £ =

. &\
\ h_-ﬁ".H__ﬁ_
h: Planck’s constant (6.626x10-34J-s)

Frequency of light

R: Rydberg constant (1.097x107 m-1)
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Light propagation at interface

Snell’'s law |
n, sin(&) =n, sin(@
1 ( 1) 2 ( 2) 619 nl

Fresnel reflection coefficients:
fraction of light reflected

Perpendicular polarization
2

n, cos(6, )—n, cos(6,)

n, cos(é, )+ n, cos(b,)

R =

S

o Normal incident
Parallel polarization 5

5 [N cos(d,)—n, cos(d,) | R =
" | n.cos(d,)+n, cos(6,)

n,+n,
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Light-matter interaction

Scattering/emission

\_/

N Total loss of incident light

l |,—dl  dI =absorption + scattering
sample >

A 4

W

/
/Scattering/emission

Attenuation of incident light in biological samples

| (X) _ Io e X — Io L@ (Hatis)X

L. attenuation coefficient X: light path
L,. absorption coefficient
L. Scattering coefficient
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Optical imaging — outline

e Fundamentals
— Geometrical optics
— Diffraction and resolution

 Light microscopy
— Methods for illumination

— Various techniques (brightfield, darkfield,
phase contrast, fluorescence, confocal)

— Digital imaging
 Optical coherence tomography

13



Geometrical optics — thin lens
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Optical Microscopy Primer demo 14




Diffraction limit

The focused “point” has a finite area and certain
spatial distribution due to the wave property of light

Intensity Airy disk
profile '
n: refractive
index
7 7 ENEN
| D
oo L2l o
nsin @ Width of the central band of the Airy disk

NA =nsind Numerical aperture (NA) of the objective
~0.614

Ad NA resolution based on Rayleigh criterion



Resolution (spatial)

Rayleigh criterion 0.64
of resolution Two point objects separated by Ad = —I'\IA

can be distinguished as two objects; the contrast is
~26%

Example: resolution of a typical light microscope at A = 550nm

Objective Type

Plan Achromat Plan Fluorite  Plan Apochromat

Magnification N.A. Resl:_tlutiun A Resl':tlutinn A Resl':tlutinn
(&microm) (&microm) (&microm)
4 0.10 2.75 0.13 2.12 0.20 1.375
10x 0.25 1.10 0.30 0.92 0.45 0.61
20x 0.40 0.69 0.50 0.55 0.75 0.37
40x 0.65 0.42 0.75 0.37 0.95 0.29
60x 0.75 0.37 0.85 0.32 0.95 0.29
100x 1.25 0.22 1.30 0.21 1.40 0.20

N.A. = Numerical Aperture

Size of biological cells ~ several to 20 um
.. Light microscopy has adequate resolution to study
cells and tissue 16



Immersion Objectives

Airn=1.00

Oil n=1.515
— Cover Glass

- Microscope
Slide

Specimen

(a) Objective (b)

Front Lens .
Y, f-L
(Al i i |

Air

Glass

2 34 o ///

Refractive index of
water = 1.33
iIndex matching oil = 1.515

- Increase NA and hence improve resolution
- Reduce aberration due to refraction of light — if no

cover glass is used, water immersion would be better

17



Optical imaging

Optical Imaging
Transmission
(Transillumination)
Spatial Filtering Polarization Time Gating Frequency
Confocal Microscopy Gating Domain
Methods
Reflection
(Back Scattering)
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)

Optical imaging methods —
categorized using light illuminating
and detecting configurations

Note that confocal microscopy
appears in all three types of
Illumination modes
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Light microscopy

Modern Microscope Component Configuration

Camera
Film Plane

Focusin 2
Viewfinder . Figure 1
Hooke Microscope \ 13 '._‘“E";'i:;:;,“r':
circa 1670 Monitor
Qil
Lamp  Water
4 Flask
S
Barrel
....l. Binocular
: Prisms and Beamsplitter
=—5tand
Figure 1 s
Specimen Lamphnus‘e
older N

Collector Lens

Basic operation is the same for over 300 years
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Demonstrated using geometrical optics

Finite tube length microscope

Eyepiece
Loy
Objective Eye
Lo Intermediate o
Object Image
(o] e o
h ¢ |I| \“‘\x
\_\ xl o /
L f | | & [
[Tall " |
a b

Infinity-corrected microscope

Eyepiece

Dhjactive Tube Lens L ey
L Lip Eye
ob Intermediate 0"
Image

O
- 7z,
:“ — h " f’,—'”//-

Parallel Light Beam
"Infinity Space"
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lllumination/observation modes
Transmission Reflection/Epi-fluorescence

Light source Use of a beam splitter to separate the
illumination and detected light

Light source

Beam gplitter detector

X | sample

| | sample

21
detector




Kohler illumination

lllumination Sample (imaging) lllumination Sample (imaging)
Retina
Eye o J i f
________ nlEl::lll‘:rFu-l:‘lEg-pn—l 4 Eye -
{Ramdsen Disc)
Eyepiece — V _ = 4
Eyeplace
d i L Field — A I:ml:;;d‘uh
________ Diaphragm Flane
of Eyepiece
Objective Lens
-— TS
Back Focal
......... -5 ampl o — =-_.-=_=_-=-===-=-=-'--'-' T e — Plane — -SnN= .. = ) —
of Objective Objective
=7 Condenser Lens —™ w@ A — — Object
Muminati 2 Eauinan ?
L ;l?a?ur:i i [ =N
******* Vi Numinating e it
Aperture Diaphragm
Field Diaphragm e e i e e unal

Diaphragm
Lamp Collector ——— Q S

Diaphragm a ! E
Lamp collector— ' -
Lamp — Pt — LAMP — e ]
“ Filament l“ -

e e e
IR

Conjugate planes: object-image pairs in image formation by a lens -



Images of cells using different methods

Where does contrast come from? Brig‘htfi‘e.ld (t'ran.smissi_'c_)n)

=

AN ANVMAL CELL

G T EL

Chinese hamster ovary cells

Darkfield (transmission or
reflection)

Red blood cells




Darkfield microscopy

The image is “dark” when there is no specimen

Darkfield Microscopy

- NA of the condenser is higher

than that of the objective Objective
- Central light rays are blocked by Cone of b
. lllumination .
an opaque disk located at the front
focal plane of the condenser Light Diffracted
- Only light diffracted or scattered e
by the specimen can enter the Specimen —— NGNS
objective and therefore be _
detected Condenser —@
- Bright objects against a dark
background Central Opaque

Light Stop

: g
(Beneath Condenser) O

24



Phase contrast microscopy

Undeviated — 180 degrees
{I:-lé;ﬂh: out-of-phase
- Light diffracted by the specimen is EEN=— ., Plate
slowed (lag) by ~A/4 (90° S—
(lag) by | (90°) u 'rizl-lghtt d §§—Mdegmes
- Separate the diffracted and outof-phase
undiffracted light paths Objective Y ©"*1°¢ L9

- Introduce another A/4 light path S
difference between the diffracted and P

undiffracted light _me

- Destructive interference at the image -5
plane causes the specimen look Condenser
darker

25



Fluorescence microscopy

Visualization and co-localization of targets of interest using
fluorescent labels (using different detection channels)

COS-1 African green monkey kidney fibroblast
(pseudo-colored)

Red: mitochondria; Green: cytoskeletal f-actin;
Blue: nucleus

26



Fluorescence

Absorption of incident light
- Electrons are excited to higher energy level

Emission of fluorescence
- Some of the electrons returning to the ground energy level

emit light (probability of emission is called qguantum yield)

§: § g s,
First excited electronic £ 2RR LHT o
A A AEEAEAEALT § - ——
energy level ' o
EXxcitation
T Emission
Ground (unexcited) i N N
electronic energy level — s7es4321  Trrme 7w
Excitation Emission h C l
_ — —_ Aoy > A
Eiitiat — Efing =V = Em = TEx

final
A 27



Fluorescence microscopy

Epi-fluorescence configuration

Eyepieces or camera Fluorescence Emission
Fluorescence
Filters
Second barrier filter - _ Barrier
passes only emitted light . (Emission) Threaded
Light Filter Relt!allnlg“g
Emitted light ( Excitation light JJ SOUc®
: E ic hrom“at;ié: Incomin
Beam-splitting mirror e irror Light Waves
(dichroic mirror) First barrier filter - Figure 2
passes only Optical Block
Objective lens = excitation wavelength (Filter Cube) Excitation Filter
cell (exciter filter)

Filter selection example: fluorescein

Nikon B-2E (Medium Band Blue Excitation)
100

/_‘h.l

8

FITC
excitation /

2

\ OFAITC
L emission

intensity
T,
&

Transmission (Percentage)

S

300 400 /8] & |
A {nm.) 350 450 §50 650 750
Wavelength (Nanometers)

28



Fluorescence of extrinsic dyes

% 1 2 3458 1. Fluorescein

z 2. Rhodamine 6G

g 3. Tetramethylrhodamine
Q) 4. Lissamin rhodamine B
g 5. Texas Red

500 600 700
Wavelength (nm)

Other commercially available fluorescent labels

1. Alexa Fluor Dyes: conjugated with affinity reagent
such as antibody

2. Cy3, Cyb5: for the detection of nucleic acids

3. Quantum dots: semiconductor nanocrystals

29



More on microscopy

Other optical microscopy techniques

— Polarized light, differential interference
contrast (DIC), near-field scanning etc.

More techniques associated with
fluorescence

— Multi-photon excitation, total internal
reflection, fluorescence lifetime imaging,
fluorescence resonance energy transfer
(FRET) etc.

30



Digital imaging

Recall that digital images are made of arrays of numbers; each element
Is called a pixel

76| 72| 92| 72
72| 74| 98136
I 64 120 [198 216
= 130 [220 |218 | 184

So taking a digital image is like sampling the original (continuous/analog)
Image in two-dimensional space

How “fast” (how many pixels per unit area) should we sample?

31



Sampling
Consider the resolution of the optical imaging system (based
on Rayleigh criterion) 0.64

Ad =—2
NA

Assume we have 2 pixels within Ad
= Ad = 2AX




Sampling (cont.)

Therefore, we need to sample more than 2 pixels within Ad =
Nyquist sampling theorem

In practice, ratio of Ad/AX = 2.3~3

Since Ad is calculated at the object plane and the detector is located

at the image plane = add the contribution of the magnification M of
the microscope

MAd B
AX

2.3~3

AX is the pixel size of the detector. For a typical charge-coupled
device (CCD) camera, pixel size is 4um ~ 20um

33



Charge-coupled device (CCD)

Basically a 2D array of photodiodes

; ot Iu Ll I,, “|| P e Y
Metal Oxide Semiconductor (MOS) Capacitor prcoralionaty o tu by Ea“.:&m bl e,
Charge L T i pﬁ.,l-r.' AL i

Inceming b TR P R ] L B
Photons #\ ol

PoIEsillmn
Silicon ate

Ko Parallel L i
Bucket — Qi i N

— Amray ot BRCHESSS |
n-Channel — Y T .

Potential =
Barrier

Potential
Vel

Figure 2 Parallel Register S S _ g s — (3)

Ph:lnzti:;%mfr::ted P P Type Stilcon Shift {1 Row) o
- Photons generate electron/hole pairs - BEEEE Sy 1
during certain exposure or integration s register L
. Shift to dgutput e e
time Tm';’}r i
- During read-out, accumulated o = e AL A
charges are shifted row by row - BEBBEETRNNY |
- Then charges are converted to Figure 5 Covaye Rtk &% ©
voltage and digitized sequentially Bucket Brigade CCD Analogy  fieasuring—

Container

- This time-varying signal is used to

reconstruct 2D images 34



Light microscopy summary

High (sub-micron) spatial resolution

High sensitivity but with some restrictions
Real-time imaging (given enough signal)
Non-invasive but only works on thin
slices of samples

Minimally destructive (energy o
frequency of radiation)

For thicker specimen such as tissues, we can use
confocal microscopy or optical coherence tomography

35



Confocal microscopy

Human Rabbit muscle Sunflower
medulla fiber pollen grain

Wide-field

(b)

Confocal

(e) {f)

Figure 1

Confocal microscopy has the ability to reject light from out-of-focus
planes = Optical sectioning (most useful in thick samples)



Confocal microscopy (cont.)

Sample

Point Source
lllumination Beamsplitter

Rejected
Light

Image Rejected

Pinhole Plane Plane

Accepted
Light

Detector

37



Confocal microscopy (cont.)

gy Dot

Confocal Pinhole

Laser source E}

Main Dichroic Beamsplitter

Scanning Mirrors

Objective

Specimen

Focal Plane

38



Confocal microscopy (cont.)

Confocal imaging principle:
- Point illumination and detection

- Use of a pinhole (spatial filter) to
Isolate and detect signal from a small

volume in the sample

- Scanning in 2D or 3D to get images

— Photomultiplier

Detector Detector
Pinhole
Aperture — Optical

Fluorescence=- Light Ra
Barrier 9 ys

Filter Excitation

Laser
Excitation
Smllrce

In-Focus
Light Rays

Dichromatic —
i

Objective ! Li I-It Source
inhole
Aperture

Focal

Specimen”

Laser Scanning
Confocal Microscope

Out-of-Focus Configuration

3— Planes Figure 2

Point spread function: intensity
profile measured from a point
object; recall the Airy disk at the
focal plane

NN ©

Pinhole aperture as
a spatial filter

Depth of
image

Wide-field Confocal
39



Optical sectioning (axial response)

More importantly, the spatial filter in confocal microscopy removes
contributions from out-of-focus objects = only signal from a thin layer
of the sample is detected (optical sectioning)

d: size of pinhole

1(z): Total intensity of
reflected light

=—————d =150 pm

d =100 pm

d=5%0 pm

d=5pm

R Plane reflector as

the object
Scan the : i 5
object along z « >
through focus Axial displacement of a

plane reflector 40



Confocal microscopy — resolution

Lateral resolution

Light microscope:  Ad :@

NA

A4
Confocal microscope: Ad = u
NA

Axial resolution

ocal m Az — 1.4nA
Confocal microscope: NAZ

for an ideal infinitely small pinhole

41



Confocal imaging in life science

Multi-fluorescence in-situ
hybridization (multi-FISH or

Mitotracker (red), Bodipy: F-actin MISH)

(green), and DAPI (blue): nuclei

42



Confocal microscopy

Nikon C1lsi

32 spectral detection channels

=

— spectral imaging

Emission spectra provided
by the probe manufacturer

i)
100

XTI
AN
=

I ST SR T R TN T S T
PR PP PP I PP IR FSTF
— GFP — A48y = YFP

Measured emission spectra

()

...............
FFRIPIEPFIPIFIPIPFoFEP
— P —— Alidgg  —— VFP

43



Confocal microscopy — spectral imaging

Conventional (left) and Acousto

Leica TCS SPS optical beam splitter (AOBS)

5-channel detection

& Prism
€ Sliders

€) Dotactor o
=

-

H.-HBa 8B a8 88
L L 1

a B

‘____
e oy

i,

Transmission of conventional
(blue) and AOBS (red)




Confocal microscopy — spectral imaging

Zeiss LSM 510 META
32 spectral detection channels

S50 EIDD EEEI Wavelkngth

Mix of four populations of single-
labeled fluorescent beads




Confocal imaging in vivo

Scanning mechanism to

achieve 3D imaging '\
Fiber-optics probe with

«neee | MiNiaturized objective

. - i @ -:: .u.n-w:-t.ul
Thickness of - e 2 tAL -

T I A T A B e
epithelial tissue |~ it SSSesels T

_ B B S8
0.3~0.5 mm ; | 20

117 Musna View Tecrrosgees 2000

Progressing of cancer

46



Confocal imaging in vivo (cont.)

:‘.1‘.:‘::;:’.. Focused onto one fiber
at a time

Fiber Bundle

Proximal
Lagar Eﬂlﬁfﬂﬁg Unlt

a7



Confocal imaging in vivo

Use optical fibers to transfer illumination light and reflected or
fluorescence light to and from the target; more on fiber-optics later

Endoscopic probes (Mauna
Kea Technologies)

L

o
L

| T
AV
‘Laser Pinhole =?F'

2

/

e T

Spatial =

\S Fille:_'_ ; \\i

+

"
EBeam ¥ Miniature

Splitter Objective

Both reflectance and fluorescence modes

have been demonstrated a8



Confocal imaging in vivo

Confocal imaging using reflected light from tissue

inl . . .
skin Oral cavity? Uterine cervix3

E

in Vive YivaScopeB image showing an en face optical section of the straturm comeum
and granular cells. The dark"crose” in the image is a fold or wrinkle in the skin

Lucid, Inc. http://www.lucid-tech.com/index.shtml|

2Mauna Kea Technologies, http://www.maunakeatech.com/index.php

3Sung et al. Optics Express 11, 3171-3181 (2003) 49



Confocal imaging in vivo

Confocal images of various tissue (fluorescence from topically
applied dyes)

Gastric metaplasia in Barrett's
esophagus (IV injection of 10%
fluorescein)

Colonic mucosa
(topical application of
0.05% fluorescein)

Cardia mucosa
(topical application of
0.25% cresyl violet)

Mauna Kea Technologies, http://www.maunakeatech.com/index.php 50



Confocal imaging in vivo

rectum

(IV administration of
10% fluorescein
sodium)

Optiscan, http://www.optiscan.com/index.asp 51



Optical coherence tomography

Similar to ultrasound: signal is reflected from surfaces within sample

- Speed of light is much faster than speed of sound, so we can not
measure time-of-flight directly

- Use interference between two light waves to measure light path
difference = interferometry

First consider single wavelength:

Michelson interferometer
Light path difference = 2L

1 =tationary mirror 272- 4721_
Phase difference = — -2 = ——

Eearm spliter
- ﬂ« ﬂy
L
e
o
Fara .
o Mavakle mirrar
e
O ;
L
.
.
Fara
L
e -

T ': Sarmple
‘ ' poEition

O Detector

The intensity of interference

| =1,+1,+2,1,1, -cos(%)
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OCT (cont.)

Reference mErrorI
T SRR B

L

Y

_ Detector

1 o ]
-64-20 2 4 6
Displacement of reference mirror (L/A)

Coherent light

- With broadband illumination (multiple wavelengths), constructive
Interference happens only when light paths match exactly (mirror

displacement = 0)

A

2F
1.5
1 [
Displacement of reference mirror (L/A)

Low coherence light

sndlogaaliiaalesii

"6-4-2 0

2 4 6

- When light path difference gets larger, light with different
wavelengths will also differ in relative phase
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OCT Iimage formation

- Low-coherence interferometry can be used to identify the location of
interface (origin of reflected signal) and measure its intensity within the
sample by scanning the reference mirror

- This is similar to one scan line in B-mode ultrasound; to get a 2D
Image, we need to scan the line across the sample

Scanning of the sample relative to the system

Depth (scanning of
the reference mirror)

OCT image of cornea 54



OCT (cont.)

The axial resolution is determined by the distance over which light
from sample and reference can still interfere with each other =
coherence length, which is related to the bandwidth of the light
source

Axial resolution
~2In2 x
/AAV/)

|.: coherence length

AA Is the bandwidth of the light source
A is the center wavelength

. /2

Generally axial resolution is 4-20 um

Lateral resolution is determined by the spot size and is usually
larger than axial resolution

55



OCT (cont.)

Fiber optic components to make miniaturized probe for in vivo

Imaging

SLD —GK

50/50

Need miniaturized
scanning mechanism

[ ! Sample

PZT

@_ﬁ_

~—8

C“/

Detector

Demodulator

A/D

e

Computer

T —»

Reference

56



OCT - In vivo imaging

One design of scanning

Optical fiber -
(angle cleaved) rism

| 1mm

Grin lens

{angle polished) Transparent
outer sheath

Axial resolution = 10 um

Rotates 4 revolutions per
second

OCT image of rabbit esophagus in vivo
Scale bar = 500 um

Focused spot diameter = 40 um

Science 276, 2037-2039, 27 June 1997
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Optical coherence microscopy

Scanning in both x and y directions to make 3D images

SLD
(=855
Ah=25

nm,

nm, N
P_. =2.5mW)

—(

Detector

———

5050 v — X
\

Detection
Eleetronies

Motonzed Translation

Resonant
Scanner/

- N o s s Dy o owmow w
-

40X, 0.8 N2
Computer =~ v, Water Immersion

' Objective

%

-
-----

Motonzed Translation
mtage

- P
O == = W W
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OCT Iimaging of retina

Zeiss Stratus OCT™

10um axial and 20 um lateral resolution

Inner Limiting Nerve Fibar (zanlion Call Inner Plexiform Ohuter Plaxilbrm
Membrane Layer Layer Layer Layer

Inprer Limiting Membrans ———l
Nerve Fiber Layer ————gu
Gangiion Cell Laysr et

Inmer Plextform Layer o

A

Outer Plexiform Layer _1...jf - : ( 11 I L "
Jumnction of Inner and Olter '
Photoreceptor Segments —————— = Junction of Inner and Fetinal Pigment  Choroid
8 Outer Photoreceptor Epithelium’

Retimal Pigment Epltheliigm == -

Choriocapillans . _GE .# P

Segments Choriocapillaris

Zeiss Visante™ OCT  Anterior segment and cornea imaging
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More on OCT

 Many variations of techniques exist for
OCT: frequency-domain, polarization-
sensitive OCT, spectroscopic OCT, full-
fleld OCT, optical coherence microscopy
(OCM), etc.

 Very active R&D for commercialization In
applications such as diagnostics

60



Compare confocal and OCT to other
medical imaging methods

* For OCT, resolution in depth is usually better than resolution in
transverse direction

o Confocal

1 QOCT
U 3.1 mim —
(D
=t
1 mm —
=
@)
—h
§- 1 cm—
QD
% 10 cm—
PET
1 m— MRI
10m I I T T T T T T T T
1nm 10 nm 0.1 pm T um 10 wm 0.1 mm Tmm 1cm 10 cm m
Rezolution

Adapted from Nature cell biology, ss16-ss21, Sep 2003 61



Comments are welcome!
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