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valuation of a Stereoscopic
amera-Based Three-Dimensional
iewing Workstation for Ophthalmic
urgery
rashant R. Bhadri, Adrian P. Rowley,
ahul N. Khurana, Charles M. Deboer,
alph M. Kerns, Lawrence P. Chong,

nd Mark S. Humayun

URPOSE: To evaluate the effectiveness of a prototype
tereoscopic camera-based viewing system (Digital Mi-
rosurgical Workstation, three-dimensional (3D) Vision
ystems, Irvine, California, USA) for anterior and pos-
erior segment ophthalmic surgery.
ESIGN: Institutional-based prospective study.
ETHODS: Anterior and posterior segment surgeons per-

ormed designated standardized tasks on porcine eyes
fter training on prosthetic plastic eyes.
ESULTS: Both anterior and posterior segment surgeons
ere able to complete tasks requiring minimal or moder-

te stereoscopic viewing. The results indicate that the
ystem provides improved ergonomics. Improvements in
ey viewing performance areas would further enhance
he value over a conventional operating microscope.
ONCLUSIONS: The performance of the prototype system
s not at par with the planned commercial system. With
ontinued development of this technology, the three-
imensional system may be a novel viewing system in
phthalmic surgery with improved ergonomics with re-
pect to traditional microscopic viewing. (Am J Oph-
halmol 2007;143:891–892. © 2007 by Elsevier Inc.
ll rights reserved.)

HRONIC NECK AND BACK PROBLEMS ARE PREVALENT IN

ophthalmic surgeons and are significant reasons for early
etirement, particularly for high-volume surgeons and those
ho perform prolonged procedures, for example, vitreoretinal

urgeons. A major cause of such problems is the neck flexion
equired to use the operating microscope. The prevalence of
eck, upper body, or lower back symptoms in ophthalmolo-
ists is reported to be 51.8%.1 With the advent of a three-
imensional (3D) viewing system, surgeons could gain
inocular vision with improved ergonomics.2 Clinical appli-
ations of 3D systems have been used in numerous surgical
pecialties.3 The prototype Digital Microsurgical Workstation
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3D Vision Systems, Irvine, California, USA) designed for
phthalmology is a positive step in this direction. We report
n evaluation of this viewing system in a controlled labora-
ory environment.

In this system, a computational platform captures real-time
urgery, performs image processing, and displays the indirect
tereoscopic view of the operating area via a display screen.
ystem components include two cameras, processing cir-
uitry, a polarized screen, and polarized glasses for the surgeon
o wear (Figure 1). Ten surgeons who were invited to evaluate
he system were initially trained on the equipment using a
rosthetic plastic eye. These ten were then divided into two
ools of five anterior and five posterior segment surgeons,
ased on their surgical expertise. For the anterior segment
valuation, surgeons were asked to: (1 insert a 25-gauge
eedle attached to a 3 ml syringe through the limbus of a
orcine eye, (2 insert a cataract knife into the anterior
hamber, and (3 perform a capsulorrhexis using forceps. For
he posterior segment evaluation, surgeons were asked to: (1
erform a pars plana sclerotomy using an microvitreoreti-
al (MVR) blade, (2 visualize the retina and vitreous with
25-gauge endoilluminator, (3 touch and perforate a

etinal vessel with a 25-gauge needle, and (4 perform a
heathotomy with a flexible extendable pick (Bausch &
omb, Rochester, New York, USA). After testing with the
D system and a conventional operating microscope, all
articipants filled out a questionnaire regarding their
bservations. All evaluation scores (�3 to �3) were based
elative to an operating microscope (0).

The anterior segment evaluation showed that 100% of the

IGURE 1. The evaluated stereoscopic camera-based viewing
orkstation for ophthalmic surgery. The components of the

ystem consist of a stereoscopic camera, polarized display
creen, polarized glasses for the surgeon and other operating
oom (OR) personnel to wear, and foot pedal for controls. In
his system, a computational platform captures real-time sur-
ery, performs image processing, and displays the indirect
tereoscopic view of the operating area via a display screen.
ve surgeons were able to enter the anterior chamber with a
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5-gauge needle and cataract blade. Capsulorrhexis was
uccessfully performed by 60% of the surgeons. During the
osterior segment evaluations, 100% of these five surgeons
ere able to touch a vessel, 20% were able to perforate a
essel, and 40% were able to perform a sheathotomy.

Figure 2 shows that all 10 participants rated the ergo-
omics positively. Additionally, 30% of the surgeons gave
ositive ratings to resolution and stereopsis, 20% to illu-
ination, and 20% to magnification and field of view.
olor, stereopsis, and magnification were rated positively
y 40% of the anterior segment surgeons. The posterior
egment surgeons rated visualization and illumination less
avorably, resolution and stereopsis as very limited, and
agnification and field of view as equivalent to an oper-

ting microscope. All participants perceived the system as
good proof of concept.
Chronic neck and back problems associated with current

rocedures are a primary concern. All surgeons noted that
his system’s ergonomics were superior to those of micro-
copes. The anterior segment surgeons believe that the system
ould be used in some anterior-based surgeries, recognizing
hat improvements were still needed. Posterior segment
urgeons commented that the system needed additional
mprovements if it were to be used for vitreoretinal surgery.

In conclusion, in the future, surgical success, operating
imes, and success rates are all directly related to the
urgeon’s fine manipulation skills. The majority of current

IGURE 2. This graph shows the overall ratings of the surgeo
qual to, or greater than zero, relative to the microscope. All par
standard operating microscope. Twenty percent of the surg
agnification and field of view. No surgeon made a positive re
icroscopes force the surgeon to operate with a flexed
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eck that can aggravate neck and back ailments. Although
he prototype system reviewed requires further develop-
ent, a 3D camera system has the potential to improve

rgonomics for ophthalmologists.
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