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Abstract. An imaging probe is designed and developed by integrating a miniaturized charge-coupled diode
camera and light-emitting diode light source, which enables evaluation of the iridocorneal region inside
the eye. The efficiency of the prototype probe instrument is illustrated initially by using not only eye models,
but also samples such as pig eye. The proposed methodology and developed scheme are expected to find
potential application in iridocorneal angle documentation, glaucoma diagnosis, and follow-up management pro-
cedures. © 2015 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.20.1.016014]
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1 Introduction
The irreversible and progressive nature of the disease makes
glaucoma one of the serious ophthalmic diseases.1,2 Primary
angle closure glaucoma (PACG) is one form of glaucoma
where the eye’s drainage canals become blocked by the iris
so that the intraocular pressure rises over time.3,4 PACG is a
major form of glaucoma in Asia and, in contrast to western
countries, it responsible for the majority of bilateral blindness
in Singapore, China, and India.5,6 Optical imaging methods
have been vital in the area of biomedical imaging for various
disease diagnoses.7–10

Documentation of the entire angle is needed to identify
abnormalities or the status of iridocorneal angle. Most of the
current imaging methods based on optical coherence tomogra-
phy (OCT) are either cross-sectional or expensive and are not
extensively used by clinicians.11,12 Pentacam, based on
Scheimpflug’s photography principle, can be used to image
the anterior chamber through its circumference, where the im-
aging of an obliquely tilted object can be accomplished with a
maximum depth of focus and the least image distortion under
given conditions.13,14 However, the assessment of the iridocor-
neal angle cannot be done in detail using this method, since
direct visualization of the angle recess is not available due to
the limitations of visible light penetrating the necessary
depth. The main pathology in PACG is a closed anterior cham-
ber angle which is diagnosed clinically using gonioscopy, an
instrument that uses a mirror system.15,16 Gonioscopy is a sub-
jective procedure and the documentation is mainly through vari-
ous grading procedures.15–17 The main drawback with this
method is patient discomfort and physician compliance.18 It
was reported earlier that 50% of physicians do not perform
gonioscopy in clinical examination as it is cumbersome and
requires time-consuming methods.19 Interpretation of gonio-
scopic findings requires expertise and is subject to substantial
disagreement between physicians,20 in spite of the technique

being low cost and simple to use. Multiple reflections from
the lens or mirrors used along with the coupling gel cause
the quality of the image to be poor. In spite of all this, gonio-
scopy remains the clinical reference standard as it allows the
clinician to observe the angle structures through a cheaper
instrument in the clinic and to make note of pathological find-
ings of clinical importance.

Photographic-based documentation allows the eye care clini-
cian to document and refer to the earlier images for abnormal-
ities in the anterior segment of the eye and angle.21 The
RetCam™ was primarily designed for wide-field retinal imag-
ing in children to document premature retinal growth in a con-
dition called “retinopathy of prematurity.”22 Later, it was
modified to document the anterior chamber angle in the form
of EyeCam™.23,24 However, imaging of the anterior chamber
angle using EyeCam™ takes longer than gonioscopy (about
5 to 10 min per eye) and the device is more expensive compared
with gonioscopy. We have recently demonstrated a gel-assisted
imaging technology for angle imaging—an exclusive wide
angle imaging probe which is nonbulky and inexpensive. The
probe can be attached to a slit lamp, providing the flexibility
to be used by a nontechnical person.25

In this context, we propose a miniaturized integrated charge-
coupled diode (CCD) camera and light-emitting diode (LED)
light source-based probe system, which enables evaluation of
the iridocorneal region inside the eye. Full details of the
probe configuration and methodology are given in the following
sections.

2 Materials and Method

2.1 Preparation of Sample

One randomly selected eye from four pigs (Sus scrofa domes-
tica) was enucleated from the local abattoir and used within 6 h
of death. The ex vivo samples were transported on ice to the
laboratory to maintain their “freshness.” Each sample was
fixed onto a custom eye holder, which was mounted on a
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translation stage with micrometer accuracy. Extraocular tissues,
such as the conjunctiva and lacrimal gland, were removed from
the samples.

2.2 Imaging System

The distal end to support the optics is designed in a CAD design
software (SolidWorks, USA) and built as a separate module. The
probe distal end that houses one micro-CCD conduit and four
illumination channels has a diameter of 26 mm, which is suit-
able for compactness and easy handling, with a sufficient work-
ing distance from the eye. The center channel has an internal
diameter of 3 mm and is meant for a 3 mm × 3 mm micro-
CCD video camera (IntroSpicio™ 115, Medigus Ltd., Israel),
which is employed as the image capturing device. The video
camera system is used together with a light source. The distal
end also has four channel slots of internal diameter 5 mm for
LED illumination purposes that are drilled at an angle of
71 deg surrounding the camera slot, so as to provide adequate
illumination across the field of view (FOV) of the micro-CCD.
The LEDs have a viewing angle of 20 deg. The slot angle and
viewing angle of LEDs are such that the focus area of the camera
has adequate illumination at the iridocorneal area for image
capture. The microcamera head is connected to a camera con-
troller (video processor unit of IntroSpicio™ 115, Medigus
Ltd.) that controls the video signal from and to the camera
head by a cable. The camera controller can control bright-
ness/contrast, gain, white balance, etc., of the video signal.
The main input to the device is 100 to 240 AC (autoswitching).
The micro-CCD has 291,000 effective numbers of pixels
(500 horizontal × 582 vertical) with an FOV of 140 deg.
Figure 1 illustrates the photograph of the assembled probe,
and the probe distal end is shown in the inset.

2.3 Equipment Safety and Maintenance

The imaging probe fulfils safety directions in routine clinical use
as per international standards. According to the International
Commission on Non-ionizing Radiation Protection, no evalu-
ation for retinal hazard is required if the visible light has a lumi-
nance of less than 10;000 candela∕m2.26 The LED sources, such

as the one used in our study (maximum luminous intensity of
7000 mcd), have a smaller degree of spatial coherence compared
with laser light sources and this leads to a distribution of light
over a relatively larger area making it well within the maximum
permissible limit. The cleaning and maintenance of the probe
include customary chemicals such as 4% sodium hypochlorite
solution for rinsing or 75% isopropyl alcohol wipes for cleaning
the tip of the camera lens. Thus, it does not require specialized
cleaning solutions or protocol.

2.4 Imaging Method

The imaging scheme is illustrated schematically in Fig. 2. The
imaging device comprises an eye imaging probe having a central
axis and a corneal contact surface. An imaging sensor is located
at the central axis of the probe and has variable resolution at
different depths which is configured for capturing the interior
of the eye when the contact surface is placed at the cornea or
at the limbus of the eye through a coupling gel. The four
LEDs’ viewing angles and slot angles are designed such that
the illumination region optimally covers the targeted iridocor-
neal angle region and provides the required illumination
throughout the region. The LEDs are positioned based on a
Lambertian approach to illuminate the targeted area in a con-
trolled manner. To be precise, the uniform distribution of the
light emitted by the source (the combination of LEDs) has
the same brightness or luminescence when viewed from any
angle. Further, the brightness of the LEDs can be controlled
using a potentiometer. The probe and sensors are connected
via a flexible connection (with flexible wires) to the camera con-
troller. The camera controller in turn is connected to a personal
computer using an S-video connector for display and/or for stor-
age in a media storage device.

3 Results and Discussion
The functionality of the imaging probe prototype is tested first
on an ocular imaging eye model (OEMI-7, Ocular Instruments
Inc., Bellevue, Washington). Figure 3(a) shows the photograph
of the eye model. The imaging probe is placed near the limbal
region of the cornea to image the opposite iridocorneal angle.
With the use of a coupling gel (e.g., Vidisic gel, Bausch &
Lomb, New York), the micro-CCD camera can visualize

Fig. 1 Photograph of imaging system (inset: probe distal end). Fig. 2 Illustration of the imaging method.
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structures in the anterior segment in a manner similar to direct
gonioscopy. The coupling gel provides an optical interface
between the camera’s lens and the cornea and eliminates the
total internal reflection that naturally occurs at the corneal
tear film-air interface, thus allowing rays of light coming
from the iridocorneal angle to escape into the microcamera.
Users have the options to capture still images or to record
video stream from which images can be extracted at a later
stage. The obtained results of the two opposite quadrants of
the model eye are shown in Figs. 3(b) and 3(c). The opposite
iridocorneal angle and the simulated trabecular meshwork of
the eye model are visible in the images and are highlighted
using red arrows.

In our experiment, the sample used is pig eye due to its
resemblance to the features observed in human eyes. It is
more easily available compared with those of nonhuman pri-
mates. Also, a pig eye is similar in size to the human eye,
≈22 mm in length compared with 24 mm in humans. Pig
eye has been used in vision science research involving, but
not limited to, glaucoma and corneal transplant studies.27,28

The pig eyes are obtained from a local abattoir immediately
after the animal’s death. Imaging of the anterior chamber is car-
ried out after fixing the eye on a support. Imaging is performed
on four different sides of the eye to have a complete view of the
angle region inside eye since the camera’s FOV is 140 deg.
The obtained results from four sides of pig eye are shown in
Figs. 4(a)–4(d).

Even though Pentacam allows very easy, fast, and noncontact
quantification of the anterior chamber parameters, the evaluation
of the iridocorneal angle cannot be done in detail since direct
visualization of the angle recess is not available. Gonioscopy
still remains the clinical reference standard as it allows the
clinician to observe the angle structures in the clinic and to
make note of the pathological findings of clinical importance.
In Eyecam™-based angle assessment, fluid-based optical cou-
pling avoids additional pressure exertion on the cornea as in
gonioscopy and hence eliminates the concern for compression
artifacts. However, the device is more expensive than gonio-
scopy and extra space is needed for supine examination that
may widen the angle due to the effect of gravity. Devices
based on anterior segment optical coherence tomography
(AS-OCT) technology can obtain cross-sectional images in
the sitting position and provide better resolution of the anterior
chamber angle; however, a panoramic view is not available for
complete evaluation and documentation of devices placed in the

angle.29 With our proposed device, angle images can be carried
out in a sitting position. The angle measurement for all four
quadrants can be carried out in less than 2 min. No personnel
expertise is required for the assessment. This device is easily
portable, nonbulky, can be attached to a slit lamp, and can be
connected to any desktop/laptop PC installed with the interfac-
ing software. Table 1 compares the key features of our proposed
device with that of other complimentary devices used for ante-
rior chamber angle imaging.

The clinical application of such an imaging probe is gaining
more importance in the context not just of the documentation of
the iridocorneal angle findings in angle closure disease, but also
in preoperatively assessing and documenting the “openness” of
the iridocorneal angle during microinvasive glaucoma surgeries
(MIGS) such as various stent procedures and in gonio-syne-
chiolysis. There is a growing trend of letting such MIGS devices
to reside in contact with the anterior chamber angle, and there
are possibilities of long-term migration or erosion of these
devices.30 It is only prudent to have a good documentation of
the position of these devices and the changes in the surrounding
iridocorneal angle. The above described imaging probe can be

Fig. 3 (a) Ocular eye model; (b) and (c) images of two opposite quadrants of the model eye, and the red
arrows highlight the iridocorneal angle region.

Fig. 4 (a)–(d) Angle images (from four different sides) of the porcine
pig eye sample obtained using the developed probe (white arrows
highlight the iridocorneal angle region).
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an objective alternative for clinician documented evidence in
clinical practice, especially in an increasingly medicolegal envi-
ronment. Further, such a device can be used vis-à-vis variable
corneal diameters of animals for the iridocorneal angle and ante-
rior segment documentation, whereas a fixed type of goniolens
restricts such use.31

4 Conclusion
A handheld ocular imaging probe system is designed, devel-
oped, and illustrated to continuously display, capture, and record
images of anterior segment and iridocorneal angle regions. The
system and methodology are validated using an eye model and
pig eyes as test samples. This instrument, which can give good
quality digital images, can be a cheaper alternative to gonio-
scopy-based angle detection schemes. Further, the illustrated
handheld probe can also be used in the management of glau-
coma for monitoring landmark identification during device
implantation procedures.
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