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ABSTRACT

In studying retinal disease on a microscopic level, in vivo imaging has allowed researchers to track disease
progression in a single animal over time without sacrificing large numbers of animals for statistical studies.
Historically, a drawback of in vivo retinal imaging, when compared to ex vivo imaging, is decreased image
resolution due to aberrations present in the mouse eye.

Adaptive optics has successfully corrected phase aberrations introduced the eye in ophthalmic imaging in
humans. We are using adaptive optics to correct for aberrations introduced by the mouse eye in hopes of
achieving cellular resolution retinal images of mice in vivo. In addition to using a wavefront sensor to drive
the adaptive optic element, we explore the using image data to correct for wavefront aberrations introduced by
the mouse eye. Image data, in the form of the confocal detection pinhole intensity are used as the feedback
mechanism to control the MEMS deformable mirror in the adaptive optics system. Correction for wavefront
sensing and sensor-less adaptive optics systems are presented.
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1. INTRODUCTION

When studying the retinal disease progression on a microscopic scale in a mouse model, large mouse populations
are sacrificed at different times during the disease cycle. This provides researchers with “snap-shots” of the
disease’s progress in multiple mice. Researchers are then forced to study disease by sacrificing large numbers of
mice and using statistical analysis to determine the disease effects accurately over time. In vivo retinal imaging
does not require sacrificing an animal to view its retina, and allows for tracking disease progression in the same
mouse over the disease’s timespan. While in vivo imaging overcomes the needs for statistical analyses and
sacrificing larger mice numbers, aberrations in the mouse eye limit the best possible resolution attainable when
compared to ex vivo imaging.1–4 An example of the differences between ex vivo and in vivo retinal images is in
Fig. 1. Fig. 1 is an image set of microglia cells labeled with green fluorescent protein (GFP+) in the mouse
retina. Fig. 1(a) is an ex vivo flatmount image of the retina, while fig. 1(b) is an in vivo retinal image taken with
the same imaging instrument. In Fig. 1(a) the dendrites of microglia cells (approximately 1µm wide) branching
off from the microglia cell body, but in Fig. 1 the dendrites are not easily resolved.

In confocal imaging, aberrations will blur the light focused at the confocal pinhole and cause reduced image
intensity and resolution. Adaptive optics has been utilized in ophthalmic imaging to overcome aberrations
introduced by the eye in humans and primates to provide near-diffraction limited imaging.5–12 While most
AO systems rely on a wavefront sensor, there has been extensive work in microscopy on so-called sensor-less
AO systems.13–15 By devising an algorithm to configure the adaptive element one can maximize the amount
of light passing through the confocal pinhole and correct the aberrations in the optical system. In the case of
confocal microscopes, these sensor-less AO systems use the confocal pinhole intensity as a metric and formulate
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Figure 1. GFP+ microglia in the retina. (a) ex vivo flatmount image. (b) in vivo image with a biomicroscope. Both
images have their pixel magnitudes normalized to the maximum pixel value.

a optimization algorithm for the adaptive element to maximize the pinhole intensity. This sensor-less AO system
has also be proposed for ophthalmic imaging.11

In these Proceedings, we present two AO biomicroscope systems for retinal imaging in vivo. One system is a
wavefront sensing AO system that uses a Shack Hartmann Wavefront Sensor (SHWS) to monitor the fluorescent
wavefront from the mouse retina. A second system is a sensor-less system that monitors the confocal pinhole
signal and uses an algorithm to optimize the adaptive optic. In both systems the adaptive optic is a deformable
MEMS mirror.

2. METHODS

2.1. Biomicroscope

The biomicroscope is a video-rate (30 fps) imaging system that relies on a polygon scanner and a galvanometric
mirror to generate the raster for the image. It has two imaging channels, a fluorescent channel, and a reflectance
channel and has three laser wavelengths for fluorescence excitation. Fig. 2 is a schematic of the biomicroscope.
A 635 nm laser is used to excite Evans Blue fluorescence (Micro Laser Systems, Garden Grove, CA, USA). A 491
nm laser is used to excite GFP+ cells (Dual Calypso, Colbolt AB, Stockholm, Sweden), this laser has a second
wavelength at 532 nm for other fluorophore excitation. An entrance pupil is formed at the source and imaged
onto the AO element. The AO element is a deformable MEMS mirror (DM) (Boston Micromachines Corp.,
Watertown, MA, USA). The mirror consists of a square array of 144 actuators with a maximum stroke of 3.5µm.
The mirror was placed in a “two-pass” position, so that both the excitation and the fluorescent beams were
reflected by the mirror. The pupil at the DM is imaged on a 36 facet polygon (Lincoln Laser Corp., Phoenix,
AZ, USA) that rotates at 480 revolutions per second and provides the horizontal raster for the image. The
pupil at the polygon is relayed to a galvanometric mirror (GSI Lumonics, Billerica, MA, USA), that provides
the vertical scan for the image. This pupil is in turn imaged at the entrance pupil of a 50x, 0.5 NA long working
distance (13mm) microscope objective (Mitutoyo Corporation, Kanagawa, Japan). The mouse was mounted
on a translation stage to position the retina into the microscope’s focal plane. Fluorescence is collected by the
microscope objective and propagates back through the system. After the fluorescent light is reflected off the DM
it is directed into a detection arm by a dichroic mirror. A beamsplitter reflects some of that light to be focused
through a confocal pinhole (100µm diameter, that is 10µm imaged on to the retina) and detected by a PMT
(R3896, Hamamatsu Photonics K. K., Hamamatsu City, Japan) while the transmitted light is collected by the
Shack Hartmann wavefront sensor (SHWS).
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