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ABSTRACT

The commercial introduction of Swept-Source optical coherence tomography (SS-OCT) and 
its possible advantages relative to Spectral-Domain OCT (SD-OCT) has sparked the inter-
est of eye care professionals. SS-OCT technology for imaging of the posterior segment has 
been suggested to offer additional clinical value relative to SD-OCT technology due to faster 
acquisition speed and optical penetration depth. It has also been proposed that long wave-
length SS-OCT devices allow for the rendering of images with clinically significant advantag-
es compared with those obtained using short wavelength SD-OCT devices.

This paper summarizes the relative strengths and limitations of both technologies, the 
significance of using a short wavelength versus long wavelength light source with each OCT 
technique, and the clinical implications of these technological combinations for imaging of 
the anterior and posterior segments of the eye.

A comprehensive description of current technological aspects of SD-OCT and SS-OCT sheds 
light on the rationale behind Heidelberg Engineering’s decision to continue the development 
and optimization of SD-OCT technology for imaging of the posterior segment while adopting 
and optimizing SS-OCT technology for imaging of the anterior segment. With this approach, 
the advantages of each OCT technology have been capitalized on with the intent to offer eye 
care professionals optimal diagnostic imaging solutions for each indication.
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BACKGROUND

Optical coherence tomography (OCT) has 
become the standard of care in the oph-
thalmic field and in many cases it serves as 
the technological workhorse for diagnostic 
imaging and management of various ocular 
conditions. The near-infrared light used 
in OCT readily penetrates media opacities 
to enable high-resolution, depth-resolved 
imaging of ocular structures that may be 
otherwise challenging to discern during an 
ophthalmoscopic examination.

The first generation of OCT technology is 
referred to as time-domain OCT (TD-OCT). 
TD-OCT acquires a depth scan at each 
location by an interferometric measurement 
of light echoes returning from the retina, 
measured relative to echoes returning from 
a reference mirror. By axially scanning this 
mirror, the reflectivity profile versus retinal 
depth is determined.1 

Fourier-Domain OCT (FD-OCT) is the second 
generation of this technology,2 with the first 
device becoming commercially available 
in 2006.3 This technology simultaneously 
samples all retinal depths using a broad- 
spectrum light and a spectrometer, obviating 
the need to axially scan a reference mirror, 
while providing over a hundredfold improve-
ment in speed and sensitivity.4,5 An alterna-
tive approach to SD-OCT,6–11 Swept-Source 
OCT (SS-OCT), was introduced shortly after, 
with the principle difference being the type 
of light source and detector. It is also based 
on spectral interference and, therefore, 
offers the same advantage in sensitivity over 
TD-OCT.12 When SS-OCT technology was 
first introduced to the ophthalmic field, it 
presented with speed and optical depth 
penetration improvements relative to that of 
SD-OCT.
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The commercial introduction of SS-OCT 
in 201213 generated much interest among 
eye care professionals, because it of-
fered the ability to acquire high-contrast, 
high-resolution images at about 4x higher 
acquisition speed as compared to com-
mercial SD-OCT devices available at that 
time. SS-OCT devices showed less signal 
decay with depth and the use of longer 
imaging wavelengths resulted in deeper 
tissue penetration. However, since the 
inception of SS-OCT, SD-OCT technol-
ogy has continued to advance quickly 
and significantly, keeping pace with the 
advantages offered with SS-OCT. These 
advancements have led to state-of-the-
art SD-OCT and SS-OCT commercial 
devices with unique but similar technical 
and clinical performance. For example, 
the fastest currently available commer-
cial OCT device uses SD-OCT technology 
(250k A-scans/s).14 

Misinformation has led to confusion 
regarding the different technical proper-
ties of OCT in general, the state-of-the-
art of SD-OCT and SS-OCT devices and 
their relative technical performance, the 
evidence of clinically significant advan-
tages of one over the other, and of the 
potential of future advancements for 
each technology. Heidelberg Engineering 
(HE) has invested early and significantly 
in both technologies, carefully assessing 
their relative technical and clinical bene-
fits as well as limitations in various oph-
thalmic applications.

This document summarizes and high- 
lights the rationale behind Heidelberg 
Engineering’s decision to continue the 
development of the SPECTRALIS® SD-OCT 
platform for imaging of the posterior 
ocular segment and the current develop-
ment of an SS-OCT platform for imaging 
of the anterior segment. In doing so, the 
technical properties of each approach 
are summarized and their implications on 
clinical utility are highlighted.

OCT technology is often compared to 
Medical Ultrasound imaging since both 
imaging modalities direct waves to a 
specified tissue. The echo of the back- 
reflected waves from each tissue is 
analyzed in order to reveal the depth of 
the back-reflection. Analyzing the inten-
sity of these backreflected waves reveals 
the strength of the reflector. The main 
difference between Ultrasound and OCT 
is that the latter uses light waves instead 
of sound waves. The shorter wavelength 
of light compared to longer ultrasound 
waves allows for OCT images to have 
significantly better resolution.

Light travels much faster than sound and, 
therefore, the delays of the reflected 
waves cannot be measured directly. In-
stead, light coming from a low coherent 
light source is split: one part is directed 
to the sample and another is directed 
to a reference beam path with a known 
length. As the light returns from the in-
dividual paths (one known, the other 
one under investigation), it is combined 
and the interference patterns reveal the 
optical delay and the strength of back- 
reflection. This measurement is referred 
to as low coherence interferometry. One 
interferometric measurement forms one 
reflectivity profile of the tissue along a 
depth: the so-called A-scan. Scanning 
the beam laterally across the sample 
forms cross-sectional images referred to 
as brightness scans (B-scans). The term 
B-scan has been adopted from Medical 
Ultrasound, emphasizing the similarity of 
the two technologies again.

The OCT variants that have been devel-
oped are different implementations of this 
interferometric detection method. The first 
implementation of OCT technology was 
TD-OCT. Due to the low coherence length 
of the light source, the light from the 
sample arm and from the reference arm 
only interferes when the arm lengths 
match within the coherence length of 
the light source.1 TD-OCT is relatively 
straightforward: the reference mirror is 
scanned along the depth range and a pho-
todiode is read out at each depth location. 
Plotting the photodiode readout along 
depth directly generates the A-scan. How-
ever, the required depth scanning makes 
TD-OCT slow, with a poor sensitivity 
compared to subsequent OCT technologies.

In the second generation of OCT technol-
ogy, Fourier-Domain OCT (FD-OCT),2,15,16 
time delays are measured indirectly 
based on the spatial modulations of the 
spectrally resolved interference spec-
trum. These modulations are called fringe 
frequencies, where high fringe frequen-
cies encode great arm length differences 
and, therefore, greater sample depth. By 
Fourier-transformation of the interference 
spectrum, the strength of reflections 
versus sample depth can be determined – 
without the need to move the reference 
mirror. The ability to capture the whole 
depth profile of one location in one shot 
allows FD-OCT technology to significantly 
improve acquisition speed, contrast,4,5 
and axial resolution17,18 compared to 
TD-OCT.

The following section will compare the 
two Fourier-Domain OCT technologies, 
SS-OCT and SD-OCT, with a focus on 
factors and physical concepts needed to 
understand the similarities and differenc-
es relevant to ophthalmic images.

1.1	 Spectral-Domain OCT and 
Swept-Source OCT

The main components of an FD-OCT sys-
tem are depicted in Figure 1, including 
the key technical differences between 
SD- and SS-OCT systems. For both tech-
nologies, the light source emits a broad 
wavelength range called its spectrum. 
The spectrum is centered at a wave-
length and the range is referred to as the 
spectral width. The light is then direct-
ed to an interferometer, which has the 
same main components for both SD- and 
SS-OCT systems. At the beam splitter, 
the light is split into a reference arm and 
a sample arm. The reference arm con-
sists of a reflector at a known distance 
whereas in the sample arm the light 
is deflected by a scanner to allow for 
lateral sampling. An objective lens then 
focuses the beam onto the sample. After 
back-reflection from the sample and the 
reference arm, the light is recombined 
at the beam splitter and leaves the in-
terferometer. The detector samples the 
combined light wavelength-by-wave-
length to record the interference spec-
trum. The fringes on the spectrum (see 
Figure 1) carry the image information 

THE EVOLUTION OF OCT TECHNOLOGY

2



THE EVOLUTION OF OCT TECHNOLOGY

as their frequency decodes the depth in 
which the reflection took place. These 
frequencies are analyzed by Fourier 
transformation to convert the spectral in-
formation into an A-scan.

SD-OCT uses a superluminescent diode 
as its light source that simultaneously 
emits all wavelengths; and, therefore, 
the detector is required to apply wave-
length-separation. Separation into narrow 
portions of the interference spectrum is 
done by a dispersive element; the light 
rays are then focused on a line-scan 
camera, enabling simultaneous record-
ing of all wavelengths. Once enough light 
has been detected at one location in the 
sample to generate an A-scan, the OCT 
beam can be steered to the next location 
and the process repeats to generate a 
series of A-scans that create a B-scan. 

In SS-OCT, a laser is used which sequen-
tially emits narrow portions of the source 
spectrum synchronously with a high-
speed point sensor. Once the laser has 
emitted the whole spectrum, a sweep is 
completed and an A-scan is generated. 
From this point on, both techniques are 
identical in principle again as the B-scan 
is formed by steering the beam to the next 
position along the scan path and string-
ing together the A-scans.

Figure 1. The setup of Spectral-Domain OCT (left pane) and Swept-Source OCT (right pane) mainly differs with respect to the light source and detector. Other core 
elements needed for OCT, including the interferometer, scanning, and focusing optics can be the same.

1.2	 Signal-to-Noise Ratio and 
Sensitivity

Contrast defines how well structures 
can be distinguished within cross-sec-
tional images. In OCT, certain system 
parameters contribute to the visibility of 
structures: signal-to-noise ratio (SNR) 
of structures, sensitivity of the OCT 
system and sensitivity decay with depth, 
often referred to as roll-off. As depicted 
in Figure 2 for an exemplary A-scan, SNR 
is the distance of a signal from the noise 
floor and it can be directly appreciated in 
OCT B-scans as contrast of structures. 
This signal height in the A-scans is trans-
ferred into grey values to generate the 
B-scans. However, as this signal height 
is highly dependent on the reflectivity of 
the structure, SNR cannot be interpreted 
independently from sample properties.

Sensitivity is a standardized measure for 
performance of an OCT-system, inde-
pendent from sample characteristics. As 
shown in Figure 2, the sensitivity is the 
signal height in an OCT A-scan that would 
be generated if the sample was an ideal 
mirror. A system with a higher sensitivity 
would be able to generate a better signal 
from a sample that is being measured. 
This means that the sensitivity of an OCT 
system describes the weakest detecta-
ble signal above the noise floor. There is 
sensitivity decay with depth (also shown 
in Figure 2), meaning that the SNR drops 

and the system loses its ability to detect 
the weakest signals with increasing depth.

The sensitivity of an OCT system is 
increased by lowering the noise floor 
and/or by optimizing the signal strength. 
The noise floor and the detection efficien-
cy are both determined by the detector, 
which are different in SS- and SD-OCT 
systems. Both techniques can achieve 
equal sensitivity of more than 100 dB.12

Another parameter that directly impacts 
signal strength is integration time: the 
longer the integration time for one A-scan, 
the higher the sensitivity. As integration 
time is the time period during which one 
A-scan is captured, it is inversely related 
to acquisition rate and there is a trade-
off between sensitivity and acquisition 
speed. Increasing the A-scan rate by a 
factor of 2 leads to a 50% loss of integra-
tion time and therefore to a 50% loss of 
sensitivity, which translates to 3 dB in the 
conventional sensitivity units.

The development of the SPECTRALIS 
OCT2 Module by Heidelberg Engineer-
ing took advantage of the significant 
improvement of line scan cameras that 
has taken place since the introduction 
of SD-OCT technology. The line scan 
camera implemented in the OCT2 spec-
trometer has twice the A-scan rate and 
increased quantum efficiency com-
pared with that implemented in the first 
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SPECTRALIS OCT spectrometer. Despite 
the lower integration time due to the fast-
er acquisition speed, the enhanced line 
scan camera and spectrometer provide a 
sensitivity improvement of approximately 
2 dB for the OCT2 system relative to the 
original OCT system.

The signal strength can also be improved 
by raising the output power of the source. 
An OCT system with a higher source 
power will have a higher sensitivity. How-
ever, the increase in source power does 
not necessarily result in better SNR and 
tissue contrast for retinal imaging. As 
stated in the previous section, SNR is 
determined by the signal of a specific 
sample, how much light reaches the 
sample, how much light is reflected, and 
how much this light is attenuated before 
reaching the detector.

In order to compare the impact of laser 
power on SNR, the maximum exposure 
limits defined by laser safety guidelines 
are calculated. These exposure limits 
are calculated assuming a steady beam 
operation in the following example. At 
850  nm, the maximum allowed output 
power is 0.73 mW, whereas it is 1.90  mW 
at 1050 nm center wavelength. Although 
a system that utilizes more laser pow-
er offers the potential for higher sensi-
tivity, most of the benefit for SNR of the 

retinal structures is mitigated by water 
absorption. The overall signal attenua-
tion, estimated based on an eye length of 
24 mm and the assumption of only water 
absorption, is plotted in Figure 3. The 
center wavelengths of SD-OCT (solid red) 

and SS-OCT (solid grey) are illustrated. 
For this example calculation, the power 
at 850 nm is reduced to 0.62 mW and for 
1050 nm to 1.03 mW, when only water 
attenuation is accounted for (assuming 
100% reflection of all laser power). This 

Figure 3. Attenuation of light in OCT by water absorption in the eye (blue line), estimated based on an eye 
length of 24 mm and the assumption of only water absorption. Center wavelength (solid straight lines) for 
typical SD-OCT systems at 850 nm (in red) and SS-OCT systems at 1050 nm (in grey) are indicated. The 
dashed lines demarcate the spectral bandwidths for the two wavelength settings which are needed to 
achieve 5 μm axial resolution. Even though both ranges avoid the strongest water absorption bands at 
~1000 nm and 1100 nm, the light attenuation is greater for 1050 nm, compared to 850 nm.
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indicates that the gain in signal from this 
longer wavelength cannot be higher than 
a factor of 1.7, despite a nearly three-fold 
higher input power at the maximum safe-
ty limits.

In the anterior segment, absorption is neg-
ligible because the optical path through 
water is shorter. Therefore, SS-OCT tech-
nology combined with a longer wave-
length light source even beyond 1050 nm 
offers significant advantages for anterior 
segment imaging: higher laser power in-
creases sensitivity and allows for a higher 
penetration depth into the tissue.

Acquiring multiple B-scans at the same 
location and averaging them enhances 
the SNR and improves the ability to dis-
cern anatomic details. B-scan averaging 
increases sensitivity by increasing the 
effective integration time at one location.

Speckle is the intensity pattern that 
forms due to the interferometric detec-
tion method. The acquisition of multiple 
B-scans at the same location requires 
accurate tracking of involuntary eye 
motion. Eye tracking causes the same 
location to be scanned with a different 
optical path, altering the speckle pat-
tern. The above mentioned averaging of 
B-scans allows for speckle to be signif-
icantly reduced while the signal from 
structures is preserved. The SPECTRALIS 
confocal scanning laser ophthalmoscope 
(cSLO) enables realtime eye tracking and 
OCT image averaging by serving as the 
foundation for eye motion tracking dur-
ing acquisition of multiple B-scans (see 
section 1.5 Techniques to Enhance Image 
Contrast and Signal-to-Noise Ratio).

1.3	 Image Depth Range and 
Signal Roll-Off

The depth range is the axial extent of an 
A-scan and it, therefore, determines the 
depth range covered by a B-scan. In OCT 
technology, the depth of a scattering 
structure is measured by analyzing the 
fringe frequency of the interference spec- 
trum. Higher fringe frequencies are gen-
erated at greater depths. In EDI-mode, the 
inverse relation is true; i.e. lower fringe 
frequencies are generated at greater 
depths. The maximum detectable fringe 
frequency is called the spectral resolu-
tion. The maximum sampling depth, and 
therefore the OCT depth range, is deter-
mined by this maximum fringe frequency. 

In SD-OCT, the light-source emits the 
full spectrum simultaneously and the 
spectrometer separates and detects 
the spectral information. At a dispersive 
element, the spectrum is first split into 
locally separated wavelength portions 
which are focused onto a line scan 
camera with a finite number of pixels. 
The number of pixels determines the 
spectral resolution and thereby the max-
imum depth range for SD-OCT systems. 
In practice, the wavelengths cannot be 
mapped ideally onto one single pixel. 
Limitations of the focusing optics and 
electronic noise of the line scan camera 
cause leakage of signal intensity to 
neighboring pixels. This effect lowers 
the sensitivity for higher frequencies and 
results in the sensitivity decay with depth.

The SPECTRALIS OCT2 Module employs 
a line scan camera with twice as many 
pixels than that implemented in the 
original SPECTRALIS OCT, with further 
enhanced focusing optics within the 
spectrometer. Therefore, the OCT2 Mod-
ule is able to cover twice the depth range 
of the original SPECTRALIS OCT with the 
same sampling in depth (μm/pix in the 
depth dimension). To keep the depth range 
equal to the original SPECTRALIS OCT 
(~2 mm), only the upper half of the axial 
imaging range is used. Within this depth 
range, the roll-off of the system improved 
by up to 10  dB, as shown in Figure 4. 
These modifications ensure data com-
patibility and integrity between the two 

Figure 4. Roll-off curves for SPECTRALIS OCT and OCT2 in comparison to a hypothetical SS-OCT device. 
Within the depth range of the retina, illustrated by the B-scan, the sensitivity difference between the OCT2 
in standard mode and an SS-OCT system is negligible. OCT2 EDI-mode allows for even higher sensitivity 
for the deeper imaging range.

Depth (mm)

S
ig

n
al

-t
o

-n
o

is
e 

ra
ti

o
 (

d
B

)

45

40

35

30

25

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

SPECTRALIS OCT
SPECTRALIS OCT2
SPECTRALIS OCT2 (EDI-mode)
SS-OCT

set ups and hence the ability to contin-
ue longitudinal data analysis, including 
comparability to the reference databases 
acquired using the original SPECTRALIS 
OCT system. 

Sensitivity defines the starting point of 
the roll-off curves. As can be seen in 
Figure 4, the sensitivity for OCT2 is about 
2 dB higher compared to the original OCT. 
The SNR curves of OCT and OCT2 rep-
resent measured data, showing that the 
sensitivity roll-off is significantly smaller 
for OCT2. This results in more than 10 dB 
gain in SNR at the greatest imaging depth 
of 1.92 mm.

In SS-OCT technology, the spectral res-
olution is given by the instantaneous 
line-width of the light source. One sweep 
can be described as a series of single 
wavelength lines where one readout 
of the photodiode is required for each 
wavelength. This time-sequenced read-
out allows for separation of the lines, 
resulting in low sensitivity decays for SS-
OCT. In order to compare the signal roll-
off of an SS-OCT system with that of the 
SPECTRALIS OCT2 Module, the roll-off 
curve of a theoretical SS-OCT system has 
been calculated from a paper specifying 
the roll-off of an experimental SS-OCT 
system with -2.4 dB/mm19 (Figure 4). The 
sensitivity of the system was not stated 
and, therefore, it was set to be one  dB 
higher than that of the OCT2 Module. The 
error band indicates the uncertainty of 
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the SS-OCT system properties. It can be 
appreciated that for the depth range of 
2 mm, the roll-off of the OCT2 Module is 
parallel to the SS-OCT roll-off, suggesting 
that the SS-OCT system does not provide 
a signal roll-off advantage within the con-
sidered depth range.

The OCT B-scan depicted in Figure 4 
illustrates that within the depth range 
of the retina, the sensitivity differences 
between the OCT 2 and SS-OCT systems 
are negligible. To mitigate the signal 
roll-off effect that may impact visibili-
ty of the deeper ocular structures, the 
SPECTRALIS OCT offers the enhanced 
depth imaging (EDI) mode. The EDI mode 
shifts the imaging reference plane in 
order to ensure that the highest sensi-
tivity is achieved at the maximum sam-
pling depth. EDI results in the inversion 
of the signal roll-off curve, allowing for 
enhancement of SNR for deeper ocular 
structures (Figure 4).

1.4	 Axial Resolution

Axial resolution is defined as the minimal 
distance at which two scattering objects 
within a sample can be separately de-
tected along the A-scan (in depth).

Because of the interferometric measure-
ment principle of OCT, the axial resolution 
is only dependent on the light source 
which is used for imaging. The focusing 
ability of the sampling beam does not 
define the axial resolution. This is a 
unique property of OCT technology, 
which enables very high axial resolu-
tion despite the low numerical aperture 
(NA) of the eye, a limiting factor for axial 
resolution in confocal microscopy.

Axial resolution is determined by the 
coherence length of the light source, 
which is defined by the center wavelength 
squared divided by the spectral width 
(or bandwidth). This means that a higher 
axial resolution can be achieved by using 

a broader spectrum of the light source. 
On the other hand, the linear dependen-
cy of the center wavelength means that 
for light sources with longer wavelengths 
more bandwidth is needed to achieve the 
same resolution. For example, to achieve 
an axial resolution of 5 μm (typical range 
of commercial OCT devices: 4 μm – 8 μm), 
a SD-OCT device at 800 nm needs a band-
width of 60 nm, whereas a SS-OCT device 
at 1050 nm center wavelength needs a 
bandwidth of 100 nm to achieve the same 
axial resolution.

To further improve axial resolution at a 
given center wavelength, a light source 
with a broader bandwidth is necessary. 
A broader bandwidth of the light source 
requires a detector that provides suffi-
cient sampling to maintain imaging depth 
(see section 1.3 Image Depth Range and 
Signal Roll-Off ). The limited availability 
and high costs of broader bandwidth light 
sources and detectors with sufficient 
sampling have set the resolution limits of 

Figure 5. Core DNA of SPECTRALIS. (A) TruTrack is a dual-beam tracking system which provides very important clinical benefits such as retinal recognition, 
follow-up scanning, image averaging to improve image quality, and precise co-localization of fundus images with depth-resolved information in OCT scans. 
(B) Confocal scanning laser ophthalmoscopy (cSLO) ensures that light reflected off the sample is filtered through a pinhole aperture, ensuring the rejection of 
stray light outside of the focal plane and thereby greatly increasing image quality and contrast. (C) Image comparison of a fundus autofluorescence image with 
a fundus camera modified with a Spaide filter (left) and with cSLO technology (right). (D) Multiple images, such as OCT B-scans, can be acquired at the same 
location using TruTrack, which allows for real-time image averaging to highly reduce noise and increase image quality.
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commercially available OCT devices. 
Another limitation of increasing axial 
resolution is directly related to the opti-
cal properties of the ocular media. The 
attenuation curve of water is shown in 
Figure 3 where the center wavelength 
and the spectral bandwidth of OCT sys-
tems with 5 μm axial resolution are indi-
cated. The red range marks an SD-OCT 
at 850  nm, indicating the potential to 
extend the bandwidth towards shorter 
wavelengths and, therefore, improving 
axial resolution without suffering from 
attenuation that long wavelength SS-OCT 
light sources do within their currently 
used bandwidths (marked in grey). Even if 
increasing the bandwidth for the 1050 nm 
light sources might technically be possi-
ble, the significantly increased absorption 
below 1000 nm and above 1100 nm by the 
ocular media hinders effective axial reso-
lution gain.

1.5	 Techniques to Enhance 
Image Contrast and 
Signal-to-Noise-Ratio

As mentioned earlier, the interferometric 
measurement technique used in OCT 
technology is prone to speckle noise in 
the images that are derived from it. There 
are no principle differences in speck-
le generation or speckle size between 
SD-OCT and SS-OCT systems and the 
intensity of speckles is not related to the 
technical characteristics of the hard-

ware used in OCT devices. Due to the 
random nature of speckle noise, averag-
ing of multiple image acquisitions over 
the same tissue suppresses the noise, 
as the speckle pattern changes between 
repeated B-scans. In order to achieve 
an effective level of noise suppression 
across multiple OCT B-scans and across 
a volume of data, high-speed and precise 
tracking of ocular motion is necessary 
(Figure 5).

Although some commercially available 
SD-OCT and SS-OCT devices offer eye 
tracking technology, only a few offer real- 
time image averaging for OCT volume 
scans. To accurately and precisely track 
the fundus, monitor ocular motion, and 
place multiple scans on the same loca-
tion in order to achieve real-time image 
averaging, SPECTRALIS employs high- 
contrast and high-resolution confocal 
scanning laser ophthalmoscopy (cSLO) – 
an imaging technique which ensures that 
only light coming from the focal plane 
enters the detector while rejecting in-
traocular stray light, by using a pinhole 
aperture (Figure 5b). The result is a con-
focal image with greatly enhanced con-
trast of the fundus as compared to fun-
dus photography (Figure 5c). The cSLO 
imaging modalities offered on SPECTRA-
LIS range from fluorescein angiography, 
indocyanine green angiography, Multi-
Color, BluePeak, and near-infrared re-
flectance. 

The near-infrared reflectance images are 
acquired continuously and separately 
from the other modalities available on the 
SPECTRALIS platform. Displacements or 
torsional motion of the retina relative to 
the scanning start position will be reflect-
ed in the individual near-infrared frames. 
A ‘freeze capture’ at the retinal location 
of interest is achieved by calculating this 
motion and compensating for it in real 
time by re-steering of the second imaging 
beam. This core feature of SPECTRALIS 
is called TruTrack Active Eye Tracking 
(Figure 5a).

The integration of eye tracking, image 
averaging and, therefore, increased im-
age quality in general, and the combina-
tion of cSLO imaging with SD-OCT on the 
SPECTRALIS multimodal imaging platform, 
provide very important clinical benefits 
compared to OCT devices that do not of-
fer these functionalities. Current commer-
cial SS-OCT devices do not employ cSLO 
imaging. SPECTRALIS employs TruTrack 
Active Eye Tracking to enhance the im-
age quality of all of its imaging modalities – 
including cSLO and OCT – to reduce the 
random noise by Automatic Real-Time 
averaging (Figure 5d). Depending on the 
desired level of noise reduction, the num-
ber of images averaged can be modified in 
order to achieve sufficient image quality. 
The more each image is averaged, the 
higher the level of noise suppression.

CLINICAL IMPLICATIONS OF SHORT WAVELENGTH SD-OCT AND 

LONG WAVELENGTH SS-OCT TECHNOLOGIES

In the clinical setting, the specific dif-
ferences between SD-OCT and SS-OCT 
relate to tissue contrast, resolution to 
discern different anatomical structures, 
or a combination of both aspects. Anoth-
er clinically relevant aspect is the depth 
range of OCT images (see section 1.3 
Image Depth Range and Signal Roll-Off ).

1.6	 Visibility of the Vitreous and 
Vitreoretinal Interface

The impact of long wavelength versus 
short wavelength light sources on the 
ability of OCT devices to visualize the 
vitreous and vitreoretinal interface has 
also been investigated. One study used 
an SD-OCT device equipped with both a 

short wavelength and long wavelength 
light source to conclude that the short 
wavelength images provided better 
contrast of the vitreoretinal interface 
while the long wavelength images 
showed better contrast of the choroid.20 
Vitreomacular traction was much less 
visible on the long wavelength OCT 
images.20 These results were corroborated 
by another study which employed a ‘full-
depth imaging’ technique for SD-OCT (i.e. 
OCT capture after a slight focus shift to 
positive value to highlight the vitreous, 
followed by OCT capture in EDI-mode, 
and combining the result with ART-mode) 
(Figure 6).21 Various methods have 
been developed to enhance the lower 
intrinsic vitreous contrast using SS-OCT 

devices with longer wavelengths.22–24 One 
such method has been implemented in a 
commercial SS-OCT and is referred to as 
“Enhanced Vitreous Visualization” (EVV).

A few studies have concluded that this 
software feature leads to better visuali-
zation of the bursa pre-macularis, or the 
posterior pre-cortical vitreous pockets 
(PPVP, which are often mistaken for pos-
terior vitreous detachment using non-av-
eraged OCT scans), the Martegiani space, 
Clocquet’s canal, posterior cortical vitre-
ous, posterior hyaloid, and vitreous opac-
ities of different etiologies.25–27 To date, 
software-based methods to enhance vit-
reous contrast have not been implement-
ed in commercial SD-OCT devices as the 

7



images provide better intrinsic vitreous 
contrast due to their shorter wavelength.

1.7 Visibility of Retinal Structures

Eye care professionals heavily depend on 
automated segmentation of retinal layers 
that provide the measurement parame-
ters used to make clinically relevant de-
cisions. These parameters are typically 
used to diagnose and manage diseases 

such as diabetic macular edema, retinal 
vein occlusion, glaucoma, and/or other 
optic neuropathies. The reliable segmen-
tation of all retinal layers also determines 
the reliability and subsequent clinical 
validity of OCT Angiography (OCTA) imag-
es. OCTA images heavily depend on the 
correct segmentation of certain retinal 
boundaries in order to generate anatom-
ically accurate en face renditions of dif-
ferent retinal vascular plexuses.

Figure 6. Visibility of the vitreous and vitreoretinal interface with SD-OCT and SS-OCT, using various techniques to enhance vitreous contrast. (A) Averaged 
B-scan (n=128) using the DRI OCT Triton SS-OCT device. (B) DRI OCT Triton SS-OCT B-scan with Dynamic Focusing and Enhanced Vitreous Visualization. 
(C) Averaged B-scan (n=100) using the Plex Elite 9000 SS-OCT device. (D) Averaged B-scan (ART=100) using the SPECTRALIS SD-OCT with OCT2 Module. 
(E) SPECTRALIS SD-OCT with OCT2 Module B-scan acquired using Full-Depth Imaging protocol. (F) Image comparison in a case with vitreoretinal traction,21 
showing SPECTRALIS OCT without OCT2 Module and Full-Depth Imaging protocol (top) with magnified Inset (right), and averaged B-scan taken with Topcon 
DRI OCT Atlantis SS-OCT (bottom) with magnified inset (bottom right). The image comparisons in (F) show that the intrinsic vitreoretinal contrast using the 
longer wavelength SS-OCT device is lower and insufficient to detect the vitreoretinal traction.21

Image courtesy of Prof. Giovanni Staurenghi and Mariano Cozzi, Department of Biomedical and Clinical Science “Luigi Sacco”, University of Milan, Italy.

Several studies have investigated the use 
of long wavelength OCT devices versus 
short wavelength OCT devices and their 
ability to generate clinically relevant ret-
inal thickness measurements. Circump-
apillary retinal nerve fiber layer (cpRNFL) 
thickness measurements are commonly 
relied upon metrics for glaucoma diag-
nosis and management. While the cpRN-
FL parameter of long wavelength OCT 
and short wavelength OCT devices has 
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been shown to be similar in repeatabil-
ity28 and glaucoma discriminatory abil-
ity,29–32 there are significant differences 
between these devices’ abilities when 
using macular inner retinal layer param-
eters.29,31 These macular measurements 
have been shown to be diagnostically 
specific and sensitive at discriminating 
between healthy eyes and those with 
glaucoma,31,32 with the short wavelength 
OCT providing overall more repeatable 
and reproducible results compared to 
long wavelength OCT.33

Within the inner plexiform layer (IPL), 
bipolar cells (the first order neurons of 
the visual pathway) connect to the den-
drites of the retinal ganglion cells (RGCs), 
the second order neurons of the visual 
pathway. The RGC cell bodies lie within 
the ganglion cell layer (GCL). Mechanical 
damage to RGC axons may lead to dis-
ruption of axonal transport of molecules 
that are essential for the survival of these 
cells during early stages in the pathogen-
esis of glaucoma.34 Fewer structural vari-
ations of the GCL have been hypothesized 
to exist in the normal population than 
RNFL variations.35 Therefore, the ability to 
segment the GCL on the standard SPEC-
TRALIS viewing software36,37 or on third 
party software38 may lead to a reliable 
metric that serves as an aid to the early 
diagnosis of glaucoma.

In addition, evidence suggests that in 
early glaucoma, architectural changes in 
the dendrites (in the IPL) are followed by 
RGC death.39 Since about 50% of the RGCs 
lie within a 16° circle centered on the fo-
vea,40 it may be clinically important to 
include an assessment of macular struc-
tures in the OCT-based management of 
glaucoma 40,41 by separating the IPL, GCL, 
and macular NFL.42 The short wavelength 
OCT light source allows for better con-
trast between retinal layers as compared 
with a long wavelength light source. This 
characteristic combined with enhanced 
OCT image quality provided by TruTrack 
Active Eye Tracking optimizes the ability 
to discern the IPL, GCL,and RNFL. The dif-
ferences in the intrinsic retinal contrast 
between short wavelength SD-OCT and 
longwavelength SS-OCT, and the impact 
of eye tracking, are explained in detail 
below in section 1.10 Short Wavelength 
SD-OCT and Active Eye Tracking.

It is important not to overlook the im-
portance of data compatibility for the 
longitudinal monitoring of patients with 
glaucoma. Thickness measurements ob-
tained with different OCT devices cannot 
be used interchangeably due to fixed and 
relative biases, mainly caused by the 
use of light sources with different center 
wavelengths, but also due to potentially 
different segmentation algorithms.28,30,33 
As both the original OCT platform and 
the OCT2 Module of the SPECTRALIS use 
the same light source and segmentation 
algorithm, data compatibility is ensured. 

Reduced scattering by long wavelength 
OCT imaging should result in better pene-
tration of cataracts as compared to short 
wavelength OCT imaging, which in this 
case results in images of the posterior 
ocular segment with higher SNR.43 Long 
wavelength OCT macular imaging of gas-
filled eyes after vitrectomy allows for suf-
ficient visibility of retinal structures more 
frequently than imaging done on short 
wavelength OCT imaging, i.e. the ability 
to sufficiently visualize retinal structures 
allows for the evaluation of surgical suc-
cess in patients with macular holes or 
retinal detachments in the early post-op-
erative period.44 This difference is caused 
by increased optical scattering when us-
ing short wavelength light at the air-fluid 
interface, leading to a greatly reduced 
OCT signal at the retina. In rare instanc-
es, long wavelength OCT imaging offers 
the potential to better visualize retinal 
structures when compared with short 
wavelength OCT imaging but the overall 
retinal contrast of these images is poor 
on both wavelengths.

1.8	 Visibility of the Choroid and the 
Sclera: Short Wavelength OCT 
vs. Long Wavelength OCT

In optical imaging, the greatest depth at 
which distinct features can be discerned 
is determined by the attenuation of light 
via different mechanisms (explained in 
section 1.10 Short Wavelength SD-OCT 
and Active Eye Tracking ). Specifically, 
this depth depends on 3 factors: the total 
path length in the material that light has 
to travel through, the wavelength-de-
pendent proportion of photons scattered 
per unit length by that material, and the 
wavelength-dependent proportion of 
photons absorbed per unit length by 
that material. Only photons that scatter 

back to the OCT detector, which are also 
affected by attenuation and absorbance 
(double pass), can contribute to the OCT 
signal. Thus, the transmittance of light 
through a thick material can be high in 
poorly absorptive and scattering mate-
rial (e.g. the vitreous). Vice-versa, a thin 
material with strong absorptive and/or 
scattering properties (e.g. the RPE) can 
greatly attenuate light passing through. 
Therefore, short wavelength OCT should 
be less optimal for imaging through scat-
tering tissues like the RPE and choroid.20,45

However, a recent study reported on the 
ability of a short wavelength OCT Angi-
ography device to detect abnormal vas-
culature in a series of eyes with large 
pigment epithelial detachments (PEDs), 
a retinal signature that extends the opti-
cal path length in the sub-retinal tissue. 
Even though the majority of eyes had 
large PEDs (>0.1mm minimum height), the 
SD-OCT angiography device showed a 
sensitivity of 98% in detecting abnormal 
flow within the PED, when cross-sec-
tional rather than en face OCTA images 
were assessed.46 The results of this study 
suggest that shorter wavelength OCT 
devices are able to provide images 
with the clinically relevant information 
required to make a diagnostic decision, 
even in ocular conditions that result in 
thickened retinas.

In terms of choroidal penetration, studies 
show that long wavelength OCT provides 
better visibility of the sub-foveal choroi-
dal-scleralinterface (CSI) as compared to 
short wavelength OCT 21,47–51 Other studies 
have graded the penetration depth as di-
rectly linked with clinically relevant find-
ings (i.e. the depth at which anatomical 
detail can still be resolved) and conclud-
ed that both systems performed equally, 
although the visibility and contrast of the 
CSI and choroidal vascular detail was su-
perior on short wavelength OCT images 
using EDI mode.52 EDI SD-OCT is useful 
even in cases with pachychoroid disease, 
as can be seen in the image comparison 
of different OCT devices in Figure 7.

Both OCT technologies provide similar 
performance for visualization of relevant 
diagnostic features of the retina in eyes 
with polypoidal choroidal vasculopathy, 
although short wavelength OCT (without 
using EDI) shows relatively less visibility 
of the ellipsoid zone and the CSI.53
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A few studies have shown that larger and 
confluent soft drusen in AMD are spa-
tially correlated with greater losses of 
OCTA signal in the choriocapillaris using 
short wavelength OCTA relative to long 
wavelength OCTA,54,55 and in most drusen 
(82.4%) ambiguity remained regarding the 
absence of flow because structural OCT 
images also showed loss of signal.54

In cases with central serous chorioretin-
opathy, larger volumes of serous fluid 
were correlated with proportionately 
greater losses in OCT signal from the 
choroid in short wavelength OCT an-
giography images compared with long 
wavelength OCT Angiography images.56 
These findings are likely caused by the 
extended optical path length through the 
serous fluid, leading to relatively more 
light scattering and greater loss of OCT 
sensitivity in deeper choroidal layers on 
the short wavelength SD-OCT images 
compared with long wavelength SS-OCT 
images (section 1.3 Image Depth Range 
and Signal Roll-Off). However, the au-
thors’ recommendation to use long wave-
length SS-OCT to increase the diagnostic 
accuracy in these cases (especially with 
large amounts of central serous fluid) is 
not directly supported by the study re-
sults. In another study, although long 
wavelength SS-OCT Angiography images 
showed better signal in the evaluation 
of pigmented lesions such as the micro-
vasculature of melanomas (regardless of 
tumor size),57 the authors concluded that 
the clinical implications of these findings 
are unclear and that studying the tumor 
vasculature does not affect the diagnosis 
of these lesions.57–62

1.9	 Visibility of Ocular Structures in 
Eyes that Require an Unusually 
Long Imaging Depth Range

Long wavelength SS-OCT devices pro-
vide axial imaging ranges of 2.6 – 3 mm 
63,64 for posterior segment imaging as 
compared to short wavelength SD-OCT 
devices that offer axial imaging ranges 
of 1.9 – 2.6 mm. The difference in image 
depth range can present with clinically 
relevant findings for posterior segment 
imaging of eyes with high myopia, as the 
highly curved retinal surface may be diffi-
cult to visualize entirely in a single image. 
Capturing OCT scans in a wider field than 
the standard 30° field of view is possible 
with both SS-OCT and SD-OCT devices 

Figure 7. Comparison of visibility of the choroidal-scleral-interface on images acquired using commercial 
SS-OCT and SD-OCT devices in a patient with pachychoroid disease (central serous chorioretinopathy). 
(A) Averaged B-scan (n=128) with DRI OCT Triton SS-OCT device without Dynamic Focusing; (B) Averaged 
B-scan (n=100) with the Plex Elite 9000 device using EDI-mode; (C) Averaged B-scan (n=100) with SPEC-
TRALIS SD-OCT with OCT2 Module using EDI-mode. The choroidal-scleral-interface is visible on images 
derived from all three devices.
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(Figure 8). The visualization of the retina 
beyond the posterior pole is facilitated by 
this capability, while choosing different 
fixation positions for the patient can help 
to document the retinal status at larger 
foveal eccentricities. However, unlike 
currently available SS-OCT devices, vis-
ualizing the wider periphery with SPEC-
TRALIS SD-OCT has the key advantage 
of a panning camera head to provide the 
necessary flexibility to reach the far pe-
riphery retina. The panning camera head 
and widefield OCT capability has proven 
to be a powerful combination, enabling 
the detection of potentially sight-threat-
ening vitreoretinal pathologies in the mid- 
to far retinal periphery.65

While several studies have indicated that 
a long wavelength SS-OCT device is able 
to better visualize some retinal structures 
in eyes that require an unusually long 
image depth range (i.e.vitreous imaging, 
very high myopia, staphylomas), none of 
the differences are considered clinically 
significant. Only one small case series (8 
eyes) concluded that SS-OCT provides 
better visualization of the retinal layers in 
eyes with pathologic myopia compared 

to SPECTRALIS SD-OCT. However, this 
difference was not seen in the RPE and 
sclera.66 To the best of our knowledge, 
these results have not been confirmed 
in larger case series. Visualizing the en-
tire extent of staphylomas in cases with 
pathologic myopia was possible in 98 out 
of 100 eyes, and required an SS-OCT sys-
tem with a 23 mm scan width and a depth 
range of 5 mm.67 Another study report-
ed that a 6 mm depth range is required 
when acquiring 80° (24 mm) widefield 
SS-OCT images in a single shot, and that 
this depth range allows for easy capture 
of images in highly myopic eyes with a 
limited refractive error of -10 D.68 In the 
context of vitreous imaging, the poste-
rior pre-cortical vitreous pockets could 
be visualized partially with SD-OCT with 
an additional positive focus shift (depth 
range of OCT ~1.8 mm),69–72 whereas its 
entire structure could be visualized with 
SS-OCT (depth range, 2.3 mm).22,73–75

1.10	 Short Wavelength SD-OCT 
and Active Eye Tracking

In addition to the OCT device’s optical set 
up, technical components, and source 
spectrum, the tissue properties also 
determine the level of contrast that can 
be achieved. Light can be attenuated at 
surfaces and interfaces with different 
optical properties, for example a dif-
ferent refractive index. Photons can be 
absorbed, scattered in a random direction, 
or can keep following the same path 
(‘transmitted’). Light that is scattered 
back to the OCT detector is backscat-
tered or ‘reflected’. At an optical in-
terface with a difference in refractive 
index, longer wavelengths of light will 
have a greater tendency to scatter in the 
forward direction than light of shorter 
wavelength, leading to more light pen-
etration through tissue but also to the 
measurement of less reflectance within 
the same tissue (Figure 9).

To test whether this conjecture applies to 
OCT imaging, de Boer et al. investigated 
the intrinsic relative contrast between 
retinal layers imaged with the same SS-
OCT device but using two different light 
sources – one centered at 845  nm and 
one at 1060 nm.45 The results are shown 
in Table 1. A positive value as contrast 
(in dB) means that the upper layer is more 
reflective than the lower. Most of the in-
ner retinal layer boundaries showed more 
contrast using the shorter wavelength, 
whereas the contrast of outer retinal 
boundaries tends to be stronger using 
the longer wavelength (1060 nm). Of note, 
the contrast between the GCL and IPL 
was only 0.33 decibels (7.9% difference) 
with the long wavelength light source as 
compared to 0.8 decibels (20.2%) using 
the short wavelength light source. The 
authors argued that this difference may 
contribute to less accurate and precise 
automated segmentation of these retinal 
boundaries when using long wavelength 
light sources. Another study compared 
different SD-OCT devices with compara-
ble axial resolutions,33 operating with ei-
ther a long wavelength (1040 nm) or short 
wavelength (850 nm) and found images 
obtained with the long wavelength device 
to generate more variable results when 
applying the same third-party layer seg-
mentation software optimized for short 
wavelength SD-OCT images. Therefore, 
it should be noted that long wavelength 

Figure 8. Comparison of widefield OCT images acquired in volume scans using SS-OCT devices and 
SPECTRALIS SD-OCT with OCT2 Module. (A) SPECTRALIS OCT2 Module with widefield objective (16.5 mm), 
(B) Topcon DRI OCT Triton B-scan (12 mm), (C) Zeiss Plex Elite 9000 B-scan (12 mm). SPECTRALIS OCT with 
widefield lens currently allows the capture of 37.5% wider OCT volume scans.
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Table 1. The relative contrast or backscattered intensity difference between adjacent retinal layers for 845 and 1060 nm in decibel. A positive value in contrast 
means that the upper layer is more reflective than the lower.

845 nm	 1060 nm	 Boundary

8.24	 6.05	 RNFL – GCL

-0.8	 -0.33	 GCL – IPL 

4.03	 4.17	 IPL – INL

-2.68	 -2.89	 INL – OPL

5.14	 4.42	 OPL – ONL

-15.42	 -16.06	 ONL – EZ

-4.66	 -5.83	 EZ – Upper RPE

12.68	 11.37	 Lower RPE – 
		  Choroid

Internal Limiting MembraneGanglion Cell Layer

Ganglion Cell Layer

Inner Plexiform Layer

Inner Nuclear Layer

Outer Plexiform Layer

Outer Nuclear Layer

External Limiting Membrane

Photoreceptor Layers

Retinal Pigment Epithelium
Bruch’s Membrane

Choriocapillaris

Figure 9. Comparison of image resolution between SPECTRALIS SD-OCT (left) and a commercial SS-OCT device (right) in a patient with pigment epithelial detach-
ment. For both instruments, image averaging has been applied although the number of images averaged is not equal. Upon close inspection of the figure, more 
anatomic detail of the polyp lesion in the encircled area can be appreciated on the SD-OCT image, especially with regard to the differentiation and recognition of 
specific layers based on differences in reflectivity of the tissues. 

OCT images show substantially relevant 
differences in contrast between the indi-
vidual layers, which may have clinically 
relevant implications.33

As discussed earlier (section 1.5 Tech-
niques to Enhance Image Contrast and 
Signal-to-Noise Ratio ), in addition to 
the implementation of a relatively short 
wavelength light source that is optimized 

for retinal imaging, all imaging modalities 
of SPECTRALIS benefit from TruTrack 
Active Eye Tracking. This feature reduces 
random background noise, allowing for 
greatly enhanced image contrast and 
better appreciation of the image resolu-
tion. When applied to OCT images, not 
only does Noise Reduction augment the 
level of anatomic detail discernible by 
the eye, it also facilitates the precision of 

segmentation algorithms, especially for 
retinal layers with poor intrinsic contrast 
(i.e. the GCL – IPL boundary). This aspect 
is discussed in section 1.7 (Visibility of 
Retinal Structures ). Although TruTrack 
and Automatic Real-Time (ART) aver-
aging can be used for all SPECTRALIS 
OCT scanning protocols, a similar level of 
functionality is not offered on most other 
commercial SD-OCT and SS-OCT devices.
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845 nm	 1060 nm	 Boundary

8.24	 6.05	 RNFL – GCL

-0.8	 -0.33	 GCL – IPL 

4.03	 4.17	 IPL – INL

-2.68	 -2.89	 INL – OPL

5.14	 4.42	 OPL – ONL

-15.42	 -16.06	 ONL – EZ

-4.66	 -5.83	 EZ – Upper RPE

12.68	 11.37	 Lower RPE – 
		  Choroid

Since commercial SS-OCT devices for 
anterior segment imaging have been 
introduced more recently, scientific evi-
dence from direct comparisons between 
SS-OCT and SD-OCT devices for this ap-
plication is limited. The absence of vitre-
ous absorption, which is a key contrib-
uting factor to signal attenuation of long 
wavelength light sources for posterior 
segment imaging, allows for good back- 
scattering from tissue and thus provides 
the opportunity for high SNR images of 
deeper anterior segment structures. A 
long wavelength light source (see section 
1.10 Short Wavelength SD-OCT and Ac-
tive Eye Tracking ) also offers increased 
image penetration while the Swept-
Source technology allows for reduced 
signal roll-off along a large depth range. 
The combination of these advantages 
results in optimized image acquisition of 
all anterior segment structures. Since the 
average thickness of the cornea is 500 
μm,76 the anterior chamber depth is 3 mm 
(range, 1.5 - 4 mm), and the lens thickness 
varies between 4 to 6 mm, depending on 
age, it is necessary to acquire high-con-
trast and high SNR images along this 
depth range of 10 mm or longer to visual-
ize the entire anterior segment.

Similar to OCT imaging of the posterior 
segment, differences in the light source 
wavelength result in relative clinical 
benefits and limitations. Therefore, short 
wavelength SD-OCT or long wavelength 
SS-OCT may offer different applications 
in the visualization of specific structures 
in the anterior segment (Figure 10).

In addition, details of the anterior cham-
ber angle and iris can be visualized, 
helping in the diagnosis, treatment, and 
follow-up of closed-angle glaucoma, for 
example.

While the SPECTRALIS OCT ASM images 
offer valuable information related to the 
cornea, anterior chamber and lens anat-
omy, the limited image depth range of 1.9 
mm prevents the capture of the entire 
anterior segment within one acquisition. 
Furthermore, the relatively short wave-
length light source results in a lower light 
penetration through highly scattering 
tissues such as the sclera and limbus 
(Figure 10C and 10D).77

CONCLUSIONS

On the other hand, ANTERION® SS-OCT 
utilizes a 1300 nm light source to offer 
an axial resolution of less than 10 μm, a 
lateral scan angle of up to 16.5 mm wide, 
and a scan depth range of 14 ± 0.5 mm. 
The long wavelength SS-OCT ANTERION 
images allow for evaluation of the entire 
anterior segment, with the advent of be-
ing able to visualize all structures of inter-
est in one image.

The high-contrast images are able to 
detect changes in the corneal anatomy 
and structure, such as Descemet’s mem-
brane detachments, and are ideal for the 
evaluation of corneal transplants. The 
visualization of the anterior and posterior 
surfaces of the lens, together with the an-
terior chamber, offers clinically relevant 
information for cataract surgical planning 
and evaluation. The ability to acquire 
high-contrast and high-resolution images 
of the entire anterior chamber allows not 
just for qualitative visualization of the an-
terior chamber architecture, but also for 
quantitative assessment of several clini-
cally relevant parameters such as ante-
rior chamber angle,78 anterior chamber 
depth and volume, spur-to-spur distance, 
and lens vault. The ability to measure 
such parameters while being able to vis-
ualize the entire anterior segment at var-
ious angles is useful as a complementary 
tool to gonioscopy, with the additional 
benefit of allowing better documentation 
and OCT being a non-contact technique.79 
Thus, considering the technical specifi-
cations of SS-OCT technology combined 
with a long wavelength light source and 
the potential advantages that this com-
bination offers (described in section 1.3 
Image Depth Range and Signal Roll-Off ), 
long wavelength SS-OCT is the optimal 
device configuration for comprehensive 
anterior segment imaging.

The main advantages and limitations of 
the two Fourier-Domain OCT technol-
ogies, SS-OCT and SD-OCT, have been 
reviewed. SD-OCT employs a super-lu-
minescent diode and a line-scan cam-
era, whereas SS-OCT (introduced shortly 
after the commercial implementation of 
Spectral-Domain OCT technology) uses 
a frequency-swept laser and photodi-
ode to analyze light returning from the 
sample. Swept-Source OCT technology 
was thought to offer potential acquisi-
tion speed advantages, however, the 
advancement of SD-OCT technology has 
led to the development of commercial SD-
OCT devices with faster acquisition speed 
than available SS-OCT devices. In fact, 
the fastest OCT device in the market uses 
SD-OCT technology (250k A-scans/s).14

Furthermore, SS-OCT technology typi-
cally includes light sources with longer 
center wavelengths than those imple-
mented in SD-OCT devices. In order for 
the longer wavelength SS-OCT devices to 
achieve similar axial resolution relative to 
the shorter wavelength SD-OCT devices, 
they have employed light sources with 
broader spectral bandwidth. Improving 
the axial resolution of SS-OCT devices 
is physically limited by restrictions on 
broader spectral bandwidth combined 
with the water absorption limitations for 
imaging the posterior pole at these longer 
wavelengths. These limitations are not as 
applicable to shorter wavelength SD-OCT 
devices.

The sensitivity of SD-OCT and SS-OCT 
devices depends on laser power.12 While 
the employment of a longer wavelength 
with SS-OCT allows for the use of more 
laser power, the signal light suffers more 
attenuation by water in the vitreous. The 
signal-to-noise ratio of retinal tissue 
measured in-vivo is nearly the same re-
gardless of wavelength,45 suggesting that 
the higher achievable sensitivity of SS-
OCT is not clinically meaningful in-vivo. 
A tradeoff between signal roll-off and the 
axial scan range is applicable to both OCT 
technologies but the difference in roll-off 
between the state-of-the-art commercial 
systems is negligible. Although longer 
wavelength light tends to penetrate 
deeper into biological tissues, it does so 

LONG WAVELENGTH SS-OCT FOR IMAGING 

OF THE ANTERIOR SEGMENT
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Figure 10. Anterior segment of a healthy eye imaged with both SS-OCT and SD-OCT technologies. (A) ANTERION* SS-OCT allows for the capture of high-contrast 
and high-resolution images of the entire anterior segment (cornea, anterior chamber, iris, and lens). The SPECTRALIS SD-OCT Anterior Segment Module (ASM) 
images may provide more structural details due to the higher axial resolution. The following structures can be compared side by side: (A) entire anterior segment 
using ANTERION, (B) cornea using SPECTRALIS ASM, (C) iris and anterior chamber angles using SPECTRALIS ASM, and (D) zoomed anterior chamber angle using 
SPECTRALIS ASM.

*ANTERION is currently not for sale in the USA.
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at the cost of reduced intrinsic contrast 
between different tissues. This principle 
has important implications in retinal im-
aging, considering the near-optical trans-
parency of retinal structures. 

Heidelberg Engineering SPECTRALIS is 
the only SD-OCT device that combines 
OCT with cSLO multimodal imaging and 
TruTrack Active Eye Tracking as one of 
its core technologies. TruTrack allows 
for enhanced SNR and precise follow-up 
scanning at the same retinal location. 
These enhancements enable clinicians to 
more accurately and precisely delineate 
intra-retinal layers (Figure 6) such as the 
GCL and IPL, and to accurately monitor 
small changes, making the diagnosis and 
management of certain diseases such as 
glaucoma reliable over time.

The clinical relevance for the use of a 
longer wavelength light source combined 
with SS-OCT technology to better visual-
ize certain posterior segment structures 
remains unknown. For example, in some 
limited occurrences of macular hole and 
retinal detachment surgery, where the 
vitreous cavity is filled with gas, the use 
of longer wavelength SS-OCT devices 
may allow for better visualization of the 
hole. Nevertheless, shorter wavelength 
SD-OCT devices are also able to discern 
these holes albeit with less clarity. How-
ever, longer wavelength SS-OCT technol-
ogy provides the advantage of a longer 
imaging depth with less signal roll-off 
along this depth, which may be advan-
tageous for widefield imaging where the 
curvature of the eye leads to the need of 
a longer depth imaging range. In order 
to mitigate this potential limitation, the 
SPECTRALIS SD-OCT offers a panning 
camera head that provides the need-
ed flexibility to acquire B-scans even in 
the far retinal periphery. In addition, the 
TruTrack and Automatic Real-Time (ART) 
averaging are available in all scanning 
protocols on the SPECTRALIS OCT, giving 
the opportunity to increase the quality of 
the images as needed.

Short wavelength SD-OCT technology 
and long wavelength SS-OCT technology 
both pose unique advantages and limita-
tions for imaging of the anterior segment 
of the eye. The use of a longer wavelength 
light source offers a longer depth imag-
ing range in scattering tissues. The better 
signal roll-off of SS-OCT technology rel-

ative to SD-OCT technology is especially 
applicable to longer axial imaging ranges, 
thereby being optimal for the acquisition 
of high-contrast and high-resolution im-
ages of the entire anterior segment in one 
image. The use of a longer wavelength is 
also advantageous for anterior segment 
imaging, as the water absorption limita-
tion that is applicable to posterior seg-
ment imaging is significantly marginal-
ized when imaging the anterior segment. 
While the Anterior Segment Module 
(ASM) of SPECTRALIS SD-OCT provides 
high-contrast and high-resolution images 
of anterior segment structures within a 
limited depth range, the ANTERION SS-
OCT (1300 nm light source) offers the abil-
ity to quickly acquire images of the entire 
anterior segment. The ability to image the 
anterior segment with high-contrast and 
high-resolution in one image facilitates 
the clinical evaluation and measurement 
of structures needed for detection and 
management of anterior segment abnor-
malities, as well as for refractive surgery. 

While SS-OCT technology continues to 
evolve and has yet to show clear clini-
cally relevant advantages relative to SD-
OCT technology, Heidelberg Engineering 
is confident that SS-OCT technology will 
play a key role in the advancement of 
high-resolution ocular imaging in the fu-
ture. Based on the current limitations and 
advantages of SS-OCT technology, the 
implementation of a longer wavelength 
SS-OCT device is optimal for penetrating 
the structures in the anterior segment. 
The ANTERION is an SS-OCT device op-
timized to combine all relevant anterior 
segment examinations in one modular, 
upgradeable platform. With the commer-
cial release of ANTERION, Heidelberg 
Engineering’s optimization of SS-OCT 
technology for anterior segment imaging 
and of SD-OCT technology for retinal im-
aging will deliver images that empower 
clinicians to make confident diagnostic 
decisions, disease management, surgical 
planning and follow-up to improve patient 
care.
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