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PSI is:

- A 43 year-old company of ~150+ scientists, engineers and administrators

- Headquartered in Andover, MA, with satellite locations in the US

- Owner of subsidiaries Faraday Technology, Q-Peak, and Research 

Support Instruments with complementary capabilities

- A technologically diverse company with annual revenues of ~$50 M

- Employee-owned through an Employee Stock Ownership Plan  

PSI does:

- Technology development under government and industry contracts

- Applied research for all major agencies of the U.S. government

- Prototype product development for government and industrial 

applications

- Limited production of special instruments

Physical Sciences Inc.
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ωOphthalmoscopy and eye disease

ωAdaptive Optics (AO) in Ophthalmology

ωOptical Coherence Tomography (OCT)

ωScanning Laser Ophthalmoscopy (SLO)
ςDark-field Imaging

ωMultimodal Imaging ςhuman and animal

Outline
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ω Ophthalmoscopy (Helmholtz, 1851)  - eye examination for 
determining the health of the retina and nerve head - fundamental 
in the diagnosis and management of eye disease 

ω SLO, OCT and AO - the most significant advances in recent years

ω Understanding the mechanisms of pathology require cellular 
resolution

ω Because the eye is a unique laboratory for in vivo investigation, 
many animal models for eye disease have been developed

-5

Ophthalmoscopy and Eye Disease
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Age-related Macular Degeneration (AMD):

ü Wet and dry forms, geographic atrophy are the third leading cause of visual 
impairment and blindness

ü 9% of all blindness cases worldwide with irreversible damage. 

Diabetic Retinopathy (DR):

ü Damage to the retina due to diabetes

ü 80% of people who have had diabetes for 20 year or more

ü 90% could be prevented with proper treatment and monitoring

Glaucoma:

ü neurodegenerative disorder of the retina 

ü affects more than 70 million people worldwide

ü the loss of retinal nerve fiber and ganglion cells is irreversible

ü the underlying mechanisms of glaucoma not yet well understood

Other conditions:

ü hereditary degenerative diseases

ü Retinitis Pigmentosa, [ŜōŜǊΩǎcongenital amaurosis, {ǘŀǊƎŀǊŘǘΩǎ, Retinoschisis

ü macular and rod/cone dystrophies

Saving Sight: Early Intervention
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The building blocks of retinal microstructures: 

ücone photoreceptors

ü rods

üRPE cells

üblood cells

ümicrovasculature

ü retinal layers 

need to be identified, counted, and mapped properly

Can we see more? 

üPericytesïvessel wall structure

üGanglion cells

üé

Retinal imaging with cellular resolution is becoming a valuable 

new tool for clinicians in diagnosis and treatment of many eye 

diseases

Retinal Imaging
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ωScanning Laser Ophthalmoscope (SLO) = Confocal Microscope
- Flying-spot SLO

- Line-scan SLO = LSO

ωOptical Coherence Tomography (OCT) = broadband Michelson 
interferometer

ωAdaptive Optics (AO) ςcompensate wavefront aberrations for 

diffraction-limited illumination / imaging

Imaging Optics

Pinhole

Pinhole

Image on

Target

SLO, OCT, and AO
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ADAPTIVE OPTICS FOR 
RETINAL IMAGING
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A SIMPLE, ELEGANTCONCEPT....

Closed-loop wavefrontcontrol produces diffraction-limited images (~2µm) using the full 
~7 to 9mm pupil available in the dilated human eye. 

Deformable 

Mirror
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Aperture 
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Wavefront

PSF

Plane 

Wavefront
Beacon

Adaptive optics (AO) was first 

applied to astronomy to compensate 
for atmospheric turbulence between a 
telescope and a star

AO was first applied to ophthalmology 
by Williams et al. at University of 
Rochester in the mid-1990s

Adaptive Optics in the Eye
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OPTICAL COHERENCE 
TOMOGRAPHY (OCT)
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Spectral Domain/Swept Source OCT
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ω large 8x8 degOCT volume scan for fovealpit structure 

Images flattened to RPE and aligned

AO-OCT
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AO-OCT En-face flythrough
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OCT 

ω large 8x8 degOCT volume scan for 
fovealpit structure 
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AO-OCT Volume Scans (8 deg)

Retinoschisis

Stargardtôs
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SCANNING LASER 
OPHTHOLMOSCOPY (SLO)
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ω 2D cameras
ς Flash illumination (no live imaging)

ς Poor contrast

ς No depth resolution but focus

ς Single focal plane array

ω Confocal imaging systems (SLO)
ς Reject light scattered from adjacent or 

out-of-plane voxels with scanning 
pinhole aperture

ς Increase image contrast

ς Depth sectioning capability 

ς Requires fast mechanical scanners

ω Line scanning (LSO)
ς Line illumination with detection on one 

fast solid-state axis

ς Line-confocal with one scanner

ς Achieves same qualitative imaging 
performance as flying spot SLOs

Scanning Imaging Approaches
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Å 1.5 degfield X4
Å 28 fps  
Å 760 nm (50 nm FWHM)
Å ~2 ˃ m resolution
Å 0.5 ˃ m pixel
Å Average images

AOSLO 

Performance

~ 65 µm
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RODS
CONES

1 degfield at 18 degeccentricity (temporal).  Frames aligned and averaged

9 m˃

Imaging Cones and Rods
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Courtesy of

Gadi Wollstein, 

UPMC

RNFL Map
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Å AO-LSO images (single frames) at different depths in the ONH
a) Nerve fiber bundles at a shallow depth
b) Photoreceptors at the rim and in the scleral crescent
c) Vacuoles in the lamina cribrosa

Optic Nerve Head

Scale bar = 200 ɛm
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DARK FIELD IMAGING
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Offset Aperture Dark Field Imaging
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aligned

and 

averaged

Offset Aperture Dark Field Imaging
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standard

deviation

Offset Aperture Dark Field Imaging
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Figure 5. Confocal and offset 

aperture imaging modes [21].

Chui, T.Y., Vannasdale, D.A., and Burns, S.A., The use of forward scatter to improve retinal vascular imaging 

with an adaptive optics scanning laser ophthalmoscope.Biomed Opt Express, 2012. 3(10): p. 2537-49.

Offset Aperture Dark Field Imaging
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30

Offset aperture
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ü130 fps - registered stack of 500 frames

ü Individual blood cells can be traced from frame to frame as they 

move along capillaries and their dynamics can be analyzed over 

large areas

High-speed Imaging
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High-speed Imaging


