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• Method first shown in 1991 by Huang et al. 

• Low coherence light is used in an interferometer for measuring distances in reflective and
backscattering structures

• Analogy to sonography = “light acoustic method“ 

Introduction OCT = Optical Coherence Tomography

Science. 1991 Nov 22;254(5035):1178-81.

Optical coherence tomography.

Huang D1, Swanson EA, Lin CP, Schuman 
JS, Stinson WG, Chang W, Hee MR, Flotte
T, Gregory K, Puliafito CA, et al.

Vorführender
Präsentationsnotizen
 Rotating image of Optical Coherence Tomography (OCT) tomogram of a fingertip, depicting stratum corneum (~500µm thick) with stratum disjunctum on top and stratum lucidum (connection to stratum spinosum) in the middle. At the bottom are superficial parts of the dermis. Sweatducts are clearly visible. This animated image loads 85x times slower than the non-animated image. 

https://www.ncbi.nlm.nih.gov/pubmed/1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swanson%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schuman%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stinson%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hee%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flotte%20T%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gregory%20K%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Puliafito%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=1957169
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Optical Coherence Tomography (OCT)
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History OCT (Optical Coherence Tomography)
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History Optical Coherence Tomography (OCT)
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Basics OCT (I) : Interference of Monochromatic Waves
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Superposition of monochromatic waves (coherent):

Superposition of monochromatic waves (incoherent):
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Interference Term
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Basics OCT (II) : Michelson – Interferometer (monochromatic) 

Vorführender
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Basics OCT (III) : Coherence Length, Wiener-Khinchin-Theorem

I(ω)

ωωo
∆ω

Coherence Length Lc is the spatial extension across which the electric field is correlated.
It is correlated to the Coherence Time by:

Light of finite coherence length is called low coherence light and is described by ist auto-
correlation function:
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The Fourier transfor of the auto-correlation function is the power spectrum (Wiener-
Khinchin-Theorem).

cc cL τ⋅=
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Basics OCT (III) : Coherence Length, Wiener-Khinchin-Theorem
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Basics OCT (III) : Coherence Length, Wiener-Khinchin-Theorem

Generally
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Light Source

Bulb 8.3 fs 2.5 µm

Mercury Lamp 67 fs 20 µm

LED 67 fs 20 µm

Multimode HeNe-Laser 0.67 ns 20 cm

Single Mode HeNe-Laser 1 µs 300 m

cτ cL

For Gaussian spectrum in particular:

Vorführender
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OCT- Light Sources– Superluminescence-Diodes
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OCT- Light Sources– fs-Ti:Sapphire-Laser
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Exercise Coherence Time: 

Derive the coherence length of a Gaussian pulse of spectral bandwidth Δω.
Express it also in terms of λ0 and Δλ. Compare this to the pulse duration or the
product of pulse duration and speed of light. Use the coherence length of a
superluminescence diode (see internet). What differences do you notice?



15KIT | SS 2018|  Prof. Dr. Michael Kaschke

Optical Systems in Medical Technology

Exercise Coherence Time: 

Inverse FT

Completing the square

using

Thus, the autocorrelation is again a Gaussian.
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Exercise Coherence Time: 

!
Setting for the coherence time, at which:

The exponential becomes:
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Exercise Coherence Time: 
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Time-Domain OCT - Michelson – Interferometer (low coherence light) 

SLD

„coherence gating“

Vorführender
Präsentationsnotizen
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Time-Domain OCT - Axial Resolution
Axial resolution ∆zA is FWHM (Full Width Half Maximum Gaussian) of the envelope of the
detector‘s AC-signal.
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cL we have 2/FWHMOCT, cLz =∆

Axial Resolution of TD-OCT is half the
coherence length of the light source
(in air)

In matter with refractive index n we
have:

nLz c 2/FWHMOCT, =∆
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OCT – Advantage: Independent Lateral and Axial Resolution

 In contrast to standard microscopy lateral (transverse) and axial resolution
are decoupled. This is one of the key advantages of OCT.

 In OCT, the axial resolution does not depend on the numerical aperture NA, 
but only on the coherence length of the used light. 

Example: 
 NAEye =

𝑑𝑑Pupil
2 𝑠𝑠nv

= 4mm
250mm

= 0.016 and  λ = 850 nm

 Thus, we have for normal microscopy: ∆𝑥𝑥 ≈ 50 µ𝑚𝑚 ∆𝑧𝑧 ≈ 350 µ𝑚𝑚
 In contrast for OCT: ∆𝑥𝑥 ≈ 50 µ𝑚𝑚 ∆𝑧𝑧 ≈ 8 µ𝑚𝑚

OCT Microscope
Lateral resolution ∆𝑥𝑥,𝑦𝑦 ∆𝑥𝑥,𝑦𝑦 ~ λ/NA ∆𝑥𝑥,𝑦𝑦 ~ λ/NA
Axial resolution ∆𝑧𝑧 ∆𝑧𝑧 ~ 𝐿𝐿𝑐𝑐/2 ∆𝑧𝑧 ~ λ/NA²
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Lateral (Transverse) and Axial Resolution

Axial resolution 
determines which layers 
in z-direction can be 
distinguished/resolved.

The axial resolution is 
determined by the 
characteristics of the 
light source.

The transverse resolution is limited by the numerical aperture of the entire optical system, 
i.e. measuring system and sample. In ophthalmology the pupil diameter and the NA of the 
scanner determine the resolution limit.

OCT Image of Retina

Vorführender
Präsentationsnotizen
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Reflectivity of Eye at 800 nm to 1100 nm provides reasonable contrast in the retina

OCT has become a Standard Scanning 
Imaging Method in Ophthalmology
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Evolution of TD-OCT to OCT in the Frequency Domain (FD-OCT)

TD-OCT:
 Low coherent light with center wavelength λ0 is used in an 

interferometer in which one arm contains the sample
 An interference signal is measured exactly then when reference and 

sample path lengths match within the coherence length
 Backscattering information from a particular sample layer are obtained 

by scanning the reference path length. 
 For this backscattering interference signal at every time of the scan 𝑡𝑡 we 

have:  𝐿𝐿𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝐿𝐿𝑝𝑝𝑝𝑝𝐿𝐿 .

Basic principle for evolution: 

What can be measured in the time domain, can also be measured in the
frequency domain.
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Evolution of TD-OCT to OCT in the Frequency Domain (FD-OCT)

FD-OCT:

 Broadband, low coherence light passes an interferometer with fixed(!) 
reference arm and standard sample arm

 We then have different interference signals for the various spectral 
components, as they will experience different optical path lengths.
(“blue with blue vs red with red”)

 One obtains with one measurement all backscattering information from 
all depths of the sample. 

 The depth information are encoded in the modulation of the interference 
signal. 

 By means of an (inverse) Fourier transform the backscattering 
information for various sample depths can be retrieved from the 
modulated spectrum
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FD-OCT-Signal (I) : Michelson-Interferometer with Monochromatic Light

Lref

Lprobe

coherent,

monochromatic light

𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑝𝑝𝑟𝑟𝑝𝑝𝑝𝑝𝑟𝑟
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FD-OCT-Signal (II) : Michelson-Interferometer with Broadband Light 

Reference- and sample path lengths are equal.
At 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑝𝑝𝑟𝑟𝑝𝑝𝑝𝑝𝑟𝑟 there is constructive interference for each single wavelength.
At the spectrometer the superposition of all these signals is measured. 

Lref

Lprobe

Low coherence, 
polychromatic ligt
(spectral distribution e.g. Gaussian)

𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑝𝑝𝑟𝑟𝑝𝑝𝑝𝑝𝑟𝑟
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𝑳𝑳𝒓𝒓𝒓𝒓𝒓𝒓 ≠ 𝑳𝑳𝒑𝒑𝒓𝒓𝒑𝒑𝒑𝒑𝒓𝒓 („mis matched“ interferometer):
If reference and sample path show different path lengths, the individual frequency components of 
the broadband spectrum interfere differently. We then obtain modulations on the original 
Gaussian spectrum, the periods depend on the path length mismatch (i.e. sample depth).

FD-OCT-Signal (III): Michelson-Interferometer „mis-matched“, Broadband Light

∆ω =
𝑐𝑐

2(𝐿𝐿ref − 𝐿𝐿probe)

Lref

Lprobe

𝐿𝐿ref ≠ 𝐿𝐿probe
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Fourier-

Transformation

FD-OCT-Signal (IV) : Michelson-Interferometer with various backscattering layers.

Broadband light and various layers of backscattering (real conditions):
The modulated spectra for various backscattering layers (depths) of the sample add up to 
a complex spectrum (linear superposition). By an inverse Fourier transform the 
modulations can be „translated“ into backscattering depth information of the sample. 

Sample

Linear addition
of signals

∆𝐿𝐿1 ∆𝐿𝐿2 ∆𝐿𝐿3
„Mismatch“

„Mismatch“ is the relative 
„backscattering“ depth to the

reference arm

∆𝐿𝐿1

∆𝐿𝐿3
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FD-OCT: Theory I

The wave functions for both arm of the Michelson read (taking into account all 
backscatterers in the sample): 

Backscatterers as delta 
function reflection planes.Disregard dispersion.

Interference at detector:
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FD-OCT: Theory II

Interference signal at 
detector as function of 
wavenumber.
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FD-OCT: Theory III

Use this to simplify the above equation.
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FD-OCT: Theory IV

We normalize the coordinates with respect to the refractive index:

and consider only the cross-correlation term:
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FD-OCT: Theory V

By using the Fourier transform

the cross-correlation term becomes:
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FD-OCT: Theory VI

Finally the cross-correlation term becomes:
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Comparison Time-Domain and Frequency-Domain-OCT

Signal: 
AC-signal as function of scanning
time (= pathlength difference of
scanned reference arm)

Signal: 
Interference signal as function of
wavelength or wavenumber k

𝑅𝑅 ∆𝑧𝑧 ~𝐼𝐼 ∆𝑧𝑧 𝑅𝑅 𝑧𝑧 ~ FT[𝐼𝐼(𝑘𝑘)]

∆𝑧𝑧
𝑐𝑐 =

𝐿𝐿𝑐𝑐
2𝑐𝑐

∆ω

Wellenzahl 𝒌𝒌(𝐦𝐦−𝟏𝟏)

To be obtained

Vorführender
Präsentationsnotizen
Prinzipschema und Funktionsweise des FD-OCTDie kurzkohärente Quelle (LS) wird in das Objekt (OB) und auf einen Referenzspiegel (RM) abgebildet. �Das vom Objekt rückgestreute Signal besteht aus vielen Elementarwellen a(z), die durch Streuung der einfallenden Strahlung in verschiedenen Tiefen z des Objektes erzeugt werden.�Das Objektsignal wird mit der ebenen Referenzwelle des Referenzspiegels überlagert.�Das resultierende Interferenzsignal I wird am Ausgang des Interferometers mittels eines Spektrometers (S) spektral separiert. �Die gesuchten Streuamplituden a(z) werden entsprechend ihrer zugeordneten Wellenzahlen k (k=2/) räumlich getrennt auf einem Photodiodenarray (PD) erfasst.�Die Tiefe des Streuereignisses ist in der Frequenz 2knz der cos-Funktion kodiert.�Das Interferenzsignal I(k) besteht im Prinzip aus 3 Termen:�Der erste Term S(k) beschreibt die spektrale Verteilung (AC - Funktion) der Strahlungsquelle�Der zweite Term  enthält die gesuchte Tiefeninformation des Objektes.�Der dritte Term ist ein Autokorrelationsterm, der die wechselseitige Interferenz aller Elementarwellen des Objektes beschreibt.�Die gesuchten Streuamplituden a(z) erhält man nach Fouriertransformation der Funktion I(k).Vorteile des FD-OCT gegenüber TD-OCT:- gesamte Streulichtverteilung a(z) wird gleichzeitig gemessen�- kein A-Scan erforderlich (keine bewegliche Spiegel)�- gesamtes Streulicht aus Objektraum trägt zum Interferenzsignal bei �  -> größerer  Dynamikbereich (= Verhältnis von max zu min detektierbarer�  Signalleistung)  
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Advantage Frequency-Domain-OCT: High Definition and High Resolution

 Simple mechanics: All backscattering signals along z-axis (A-Scan) are 
available simultaneously, no moving parts.

 Sensitivity: Parallel measurement with diffraction grating and CCD. The 
Fourier-transformed signals of each CCD-pixel add up coherently, whereas 
the noise components add up incoherently  higher Signal-to-Noise Ratio 
(SNR) by factor N (number of spectrometer channels)*

 Speed: Because each Fourier transformation yields the complete A-scan, 
FD-OCT allows the scan of larger 3D-volumes compared to TD-OCT  less 
artefacts of obtained image due to sample movements (eye

* N/2, as Fourier transformation contains positive and negative frequencies, both carrying the same information
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Time Domain                           Frequency Domain



39KIT | SS 2018|  Prof. Dr. Michael Kaschke

Optical Systems in Medical Technology

Spectral Domain and SS-OCT have dramatic signal-to-noise advantages

Time Domain OCT Spectral Domain OCT

Shot-
noise-
limited 
detection 
…

Fourier Domain OCT Swept Source OCT

Detection in N wavelength channels

… can be 
achieved
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Advantage Frequency-Domain-OCT: High Definition and High Resolution

ZEISS Stratus OCT (TD-OCT)

ZEISS Cirrus OCT (FD-OCT)

Vorführender
Präsentationsnotizen
This is a Stratus OCT image and a Cirrus HD-OCT image of the same eye.
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Advantage Frequency-Domain-OCT: High Definition and High Resolution

Beispiel: OCT-Scan des Sehnervenkopfs mit hoher 
Kontrastschärfe und hoher Auflösung

Vorführender
Präsentationsnotizen
Line scanning laser ophthalmoscope image of the optic nerve head and cross section HD-OCT image 
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Exercise Theory of FD-OCT

1. Use a mathematical software tool (e.g., Matlab or MathCad) to simulate an FD-OCT
spectrum resulting from the reflections of the 4 major interfaces of the anterior segment of
the eye (assumed to be δ functions in space). Assume a Gaussian pulse of spectral
bandwidth for various broadband light sources, for example, an SLD with with λ0 = 1300
nm and 200 nm bandwidth, and an SLD with λ0 = 1050 nm and 100 nm bandwidth and a
titanium:sapphire laser with λ0 = 800 nm and 70 nm bandwidth. What can you say about
the required resolution of the spectrometer and the dynamic range?

1Refractive Index n

Reflectivity r0:

Distance  d [mm]: 3.1 3.6

Positionen l [mm]:

1.376 1.336 1.3361.406

0.0147 0.02550.0255

1 5.6 8.21.5

0.273

VitreousCornea Chamber Lens

0.5
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I(k)

k [mm-1]k0

Simulation Frequency-Domain-OCT

3.14 mm-1 0.27 mm-1

Vorführender
Präsentationsnotizen
Prinzipschema und Funktionsweise des FD-OCTDie kurzkohärente Quelle (LS) wird in das Objekt (OB) und auf einen Referenzspiegel (RM) abgebildet. �Das vom Objekt rückgestreute Signal besteht aus vielen Elementarwellen a(z), die durch Streuung der einfallenden Strahlung in verschiedenen Tiefen z des Objektes erzeugt werden.�Das Objektsignal wird mit der ebenen Referenzwelle des Referenzspiegels überlagert.�Das resultierende Interferenzsignal I wird am Ausgang des Interferometers mittels eines Spektrometers (S) spektral separiert. �Die gesuchten Streuamplituden a(z) werden entsprechend ihrer zugeordneten Wellenzahlen k (k=2/) räumlich getrennt auf einem Photodiodenarray (PD) erfasst.�Die Tiefe des Streuereignisses ist in der Frequenz 2knz der cos-Funktion kodiert.�Das Interferenzsignal I(k) besteht im Prinzip aus 3 Termen:�Der erste Term S(k) beschreibt die spektrale Verteilung (AC - Funktion) der Strahlungsquelle�Der zweite Term  enthält die gesuchte Tiefeninformation des Objektes.�Der dritte Term ist ein Autokorrelationsterm, der die wechselseitige Interferenz aller Elementarwellen des Objektes beschreibt.�Die gesuchten Streuamplituden a(z) erhält man nach Fouriertransformation der Funktion I(k).Vorteile des FD-OCT gegenüber TD-OCT:- gesamte Streulichtverteilung a(z) wird gleichzeitig gemessen�- kein A-Scan erforderlich (keine bewegliche Spiegel)�- gesamtes Streulicht aus Objektraum trägt zum Interferenzsignal bei �  -> größerer  Dynamikbereich (= Verhältnis von max zu min detektierbarer�  Signalleistung)  
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Evolution of FD-OCT to Swept-Source-OCT-Technologie (SS-OCT) 

SS-OCT:
• Light passes through a Michelson 

interferometer with fixed (!) 
reference arm. 

• The wavelength will be rapidly 
tuned.

• During the tuning the detector 
collects sequentially backscattering 
information of all sample depths 

• The depth information is contained 
in each interference signal of the 
individual sequentially tuned 
spectral “colors” of the light. 

• By Fourier transformation of the 
measured signal the backscattering 
structure along the z-dimension can 
be reconstructed (similar as in FD). 



45KIT | SS 2018|  Prof. Dr. Michael Kaschke

Optical Systems in Medical Technology

Evolution of FD-OCT to Swept-Source-OCT-Technologie (SS-OCT) 

Idea: 

Instead of a broadband light 
source one uses a tunable 
source and instead of the 
spectrometer a simple 
diode as a sensor which 
measures the signal as a 
function of the tuned 
frequency over time. Time 
encoding is here actually 
frequency encoding.
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SS-OCT-Signal

Fourier 
transformation

∆𝐿𝐿1 ∆𝐿𝐿2 ∆𝐿𝐿3

„Mismatch“

Measuring
time t

t1 t2 t3

The signals contributing to the interference signal at time 
𝑡𝑡 have due to the continuous tuning (Sweep) of the
source different paths and travel times to the detector
and therefore different frequencies (colors). The 
superposition at the detector results in a beat/modulation
signal which depends on the path length difference. 
During the Sweep the signal is sequentially build up. 
After completion of one Sweep the measured signal
corresponds to the spectrum I(ω) of FD-OCT.
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Exercise Theory of SS-OCT

Let us consider an SS-OCT with 1050 nm center wavelength and a sawtooth-like sweep.

1. Use a mathematical software tool (e.g., Matlab or MathCad) to simulate the detector
signal for a typical sweep rate of 200 kHz and various arm length mismatches (100 μm, 1
mm, 10 mm).

2. How does the result change when the direction of the sweep is reversed? How, if the
sweep rate is reduced to 50 kHz?

3. Use a mathematical software tool (e.g., Matlab or MathCad) to simulate the SS-OCT
spectrum resulting from the reflections of the 4 major interfaces of the anterior eye
segment (assumed to be δ functions in space). Use 1050 nm as a center wavelength and
a sawtooth-like sweep with 200 kHz. Then, Fourier transform the simulated results to
obtain an A-scan of the anterior segment of the eye.
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Advantages of SS-OCT

1. Compared to TD-OCT: 
analog to FD-OCT

2. Compared to FD-OCT:
 No CCD/CMOS-Kamera necessary ( cost effective)
 No spectrometer necessary, which limits the scan depth (and therefore

z-axis depth) 
 Maximum scan depth of SS-OCT depends on bandwidth of converter

and inverse Sweep-rate of the light source
 Faster scans, as Sweep-rate of the light source is faster than read-out 

rate of CCD cameras



Optische Systeme - Anwendungen in 
Medizintechnik und Life Sciences
Optical Systems in Medical Technology

Modern Developments of Optical Coherence Tomography (OCT)

Vorführender
Präsentationsnotizen
 



50KIT | SS 2018|  Prof. Dr. Michael Kaschke

Optical Systems in Medical Technology

Akinetic OCT
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Akinetic OCT

The basic structure is an all semiconductor VT-DBR (Vernier-tuned distributed Bragg reflector) laser. 

Here are five tuning elements in the laser. Tuning occurs when current is applied to a segment of the laser. This current 
increases the carrier density in a specific region of the device and changes the index of refraction of the material. This 
change in the index changes the effective length of that specific segment of the laser. Two of the segments of the laser are 
mirror sections (front mirror and back mirror). By applying current and changing the index of the material, the mirror spacing 
is (effectively) changed. Employing Vernier-tuning effect, these two mirrors can be used in combination to select any 
wavelength across the tuning band.
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Akinetic OCT

• 400k, 200k, 100k, 50k, 20k, 10k, 4k sweeps per second; 
adjustable to any speed 2k to 400k

• Technology demonstrated to 1M sweeps per second

• 95% duty cycle, adjustable; nanoseconds between 
sweeps

High-Speed Sweeping

• Single longitudinal mode

• Dynamic coherence length >220 mm (110 mm imaging depth 
range),Coherence length not dependent on sweep rate

• Clean point spread function with 55–65 dB noise floor

Clean Optical Performance

• No need for an external k-clock

• Linearity better than 0.01% at 200,000 sweeps per second
(±0.5 pm RMS; ±0.1 GHz)

• Trigger jitter <300 femtoseconds. No mode hops.

Sweep Linearity
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An extended detector enables SS-OCT to simultaneously access the full field information

For instance it can be used to correct 
eye aberrations that prevent imaging 
at high lateral resolution 

Aberration-corrected high-speed full-
field swept-source OCT
D. Hillmann and G, Hüttmann et al.

Presented at SPIE BIOS 2016 
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Iterative wavefront phase estimation and numerical reconstruction …

Coherent imaging

Aberration-corrected high-speed full-field 
swept-source OCT
D. Hillmann and G, Hüttmann et al.

Presented at SPIE BIOS 2016 

Standard OCT 
reconstruction

Dispersion and 
motion correction

Phase function 
Evaluate image

quality/sharpness

Change the phase 
function  

systematically to 
improve image 

quality

Deconvolution



57KIT | SS 2018|  Prof. Dr. Michael Kaschke

Optical Systems in Medical Technology

… enables diffraction limited imaging
• Imaging with 3.5 mm pupil, at 14° in periphery (healthy subject)

• Phase represented in Zernike polynomials up to 6th order 

Aberration-corrected high-speed full-field 
swept-source OCT
D. Hillmann and G, Hüttmann et al.

Presented at SPIE BIOS 2016 

50x average and z-projection 

Photoreceptors

Nerve fibers
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Polarization Sensitive OCT
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Doppler-OCT



Optische Systeme - Anwendungen in 
Medizintechnik und Life Sciences
Optical Systems in Medical Technology

Applications of Optical Coherence Tomography (OCT)
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Application 1: OCT - Biometry

Corneal-
Radius

ACL AL

Biometry:
Prior to each cataract surgery both eyes need to be
measured to determine the correct IOL for implantation.

Measurable quantities are:

- Axial length of the eye (AL) = Eye length along the visual axis
- Anterior Chamber Length (ACL) = Distance Cornea-Lens
- Radius of Curvature of cornea (Corneal-Radius)

Vorführender
Präsentationsnotizen
 



62KIT | SS 2018|  Prof. Dr. Michael Kaschke

Optical Systems in Medical Technology

Application 1: OCT – Biometry: Prior Art: Ultrasound-Biometry
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Application 1: OCT – Biometry / Eye Length Measurement

⇒ precise and non-invasive eye length measurement
⇒ but axial relative movement of eye-instrument is cause for measurement errors !!!

Signal if zref. = zAuge

moving
reference mirrorl

Source

-

Detector

Eye
zref. zAuge

Δz

Δz
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Application 1: OCT – Biometry - Optical Double-Beam Low Coherence Interferometry
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Application 1: OCT – Biometry - ZEISS IOLMaster

1. Non-invasive measurement
no infection, no risk of injury, 
no anasthesia necessary

2. Better post-operative results
measurement along the visual axis, 
no applanation, higher (5x) accuracy (30 µm)

3. Easy to use
user independent, can be done by nurse

4. Time savings

Vorführender
Präsentationsnotizen
Vorteile des IOLMasters (Optische Biometrie) gegenüber dem bekannten Stand der Biometrie-Technik (Ultraschall-Verfahren):Zeiteinsparung (bisher: ca. 10min/Auge, jetzt: ca. 1 min/Auge) da Messung der Achslänge, Vorderkammertiefe und der Hornhautradien an einem Gerät erfolgt�kein Platzwechsel des Patienten nötig�alle erforderlichen Daten liegen im Gerät vor und die zu implantierende IOL kann leicht ermittelt werdenDeutliche Verbesserung der Prozess-Sicherheit da anwenderbedingte Fehlmessungen praktisch ausgeschlossen sind und alle Messungen sowie die Berechnungen in einem Gerät erfolgen�Messung kann an Hilfspersonal delegiert werdenHöhere Messgenauigkeit und damit bessere Ergebnisse nach Operation weil die Messfehler (Reproduzierbarkeit 30 µm) im Vergleich zur klassischen Applanations-Ultraschall - Biometrie um den Faktor 5 kleiner sind und weil mit der optischen Biometrie exakt in der Sehachse gemessen wirdsichere Vermessung von sogenannten Problemaugen (Aphake = linsenlose Augen, Pseudophake = Augen mit Kunstlinse, abnormal 	geformte Augen (z.B. Staphylome), Augen mit Silikonfüllung.Messung erfolgt ohne Augenkontakt, damit besonders patientenschonend�keine lokale Anästhesie notwendig�keine Gefahr der Infektionsübertragung von Patient zu Patient�keine Gefahr von HornhautläsionenMessergebnis unabhängig von Fehlsichtigkeit, Pupillendurchmesser und  Akkommodationszustand (Augenlängenmessung auch durch Korrektionsbrille hindurch möglich!)
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Application 2: Anterior Chamber Imaging

Transverse Scanning

Vorführender
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Application 2: Anterior Chamber Imaging

Corneal Rings

Flap-Interface after LASIK

Biometry

AC Phakic IOL

Vorführender
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Application 2: Anterior Chamber Imaging

Detail Image of AC Chamber Angle

Cornea

Contact lens

Limbus

Anterior boundary of
Iris

Radix iridesa

Crypta iridis
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Application 3: Volume Scans of Retina

x
z A-scan

B-Scan

Signal 
Ver-

arbeitung

y

Volumenscan
(C-Scan)

z

x
y

DetektorQuelle

Scanner
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Application 3: Volume Scans of Retina

Fundus Image

OCT-Scan direction

Histology

OCT
(non invasive) 250 µm
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Application 3: Volume Scans of Retina - Edema

Rs = [0.1558 0.0146 0.0293 
0.0298];

Vorführender
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Application 3: Volume Scans of Retina – Retianl Detachment

Fundusbild
(Aufsicht)

OCT-Schnittbild
längs des Pfeiles
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Application 4: Glaucoma-Diagnosis (Optic Nerve Head Analyse)

2

3

4

1

Vorführender
Präsentationsnotizen
Die Vermessung der Papille ist für die Glaukom - Diagnose von großer BedeutungNur mit dem OCT ist es möglich allein auf Grund der anatomischen Befunde (Tomogramme) eine objektive Vermessung des Sehnervenkopfes (Papille) vorzunehmen. Der wichtige Papillen-(Disc)-Durchmesser (rote Linie im Bild) ergibt sich unmittelbar aus dem Abstand der anatomischen Endpunkte der retinalen PigmentepithelschichtDer Papillenexkavations-(Cup)-Durchmesser (grüne Linie) wird mittels Software anhand einer parallel zur Pupillenlinie um 150m nach vorn verschobenen Linie ermitteltDer Randbereich wird (rot im Bild) wird durch die Endpunkte der Papillenexkavations -Linie und die senkrecht auf der Papillenlinie aufgebrachten Lote bestimmt. Das Flächenverhältnis Cup- Area zu Disc-Area ist ein wichtiger Parameter zur Glaukom-Diagnose: gesund, Glaukomverdacht oder manifestes Glaukom�(Normal: 0,2 bis 0,5;  Glaukom: > 0,5)
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Application 5: Angiography OCT – Anterior Segment OCT Angiography

Image courtesy of: Dr. Yasuki Ito at Nagoya University Hospital 

Vorführender
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Credit institution
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Application 5: Angiography OCT – Ultra-wide OCT Angiography Montage

Vorführender
Präsentationsnotizen
Ultra-wide OCT Angiography Montage covering a 70 degree field of view.Rapid montage acquisition workflow that minimizes patient chin time on the device.(Set up for Next Slide – PLEX Elite provides the widest FOV available in a single OCT Angiography scan acquisition, Click for outline of Angio15x9mm scan shown by the red box, next slide shows the Angiography 15x9mm scan that fits in this red box.)
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Application 5: Angiography

Vorführender
Präsentationsnotizen
PLEX Elite provides the widest FOV available in a single OCT Angiography scan acquisition – Angiography 15x9mm
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Next generation Ultra-Widefield Fundus Imaging and CIRRUS OCT Angiography Montage
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Next generation Ultra-Widefield Fundus Imaging

Image disease in the periphery with the color and clarity of a true color, high resolution 
traditional fundus camera

Wet Age-related Macular Degeneration (Wet AMD)

May 6, 2017

Peripheral drusen

Geographic atrophy
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