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ILLUSTRATIVE VIGNETTE 1

From Scheiner, C. - Oculus, hoc est fundamentum opticum ..., Agricola, Innsbruck, 1619. Schei-
ner’s principle - parallel rays entering the eye should end up on the same retinal location when
emmetropia is present - is the basis for refractometers and laser ray tracing techniques.

ILLUSTRATIVE VIGNETTE 2

Scheiner’s famous experiment of around 1610 (After a woodprint from a later work by Des-
cartes). At this time Scheiner established that the retina was the seat of perception. The inverted
image, a pseudo-problem, remained puzzling to Michelangelo.
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A DEDICATION TO OLEG POMERANTZEFF,

DIPL.ENG. (1910 - 1993)

Oleg Pomerantzeff was born in St. Petersbourg, Russia in 1910.
His father died in 1917 and the family fled by boat from Ba-
tumi to Constantinople in 1921. Through Czechoslovakia - where
he developed but recovered from rheumatoid arthritis - he reached
Belgium. He was taken care of by the Institut St. Georges de
Namur (sponsored by ’’La Libre Belgique’’) and finalized his high
school training as a brilliant student at the Collège Nôtre-Dame
de la Paix in Namur. At the school, he became the lifelong friend
of Dr. Charles L. Schepens. He received a grant to study civil
engineering at the University of Louvain in Belgium. As a civil
mining engineer he worked in Yugoslavia and was active in the
resistance during World War II. After having been imprisoned
by the gestapo, he could make it to the southern part of France
where he continued working for the underground movement.
Some time after the war he left France for Brazil. In 1962, upon
invitation of Dr. Charles Schepens, he joined the Retina Foun-
dation in Boston, now called the Schepens Eye Research Insti-
tute, an affiliate of Harvard Medical School. This move coin-

cided with the birth and early development of the laser. Oleg Pomerantzeff Dipl. Eng. immedi-
ately took a vivid interest in this new light source. He became a prolific inventor of diagnostic
and therapeutic optical instruments. With Dr. Schepens, he further developed the small pupil
binocular indirect ophthalmoscope. He was the first to use extensive computer ray tracing to
obtain a considerably more accurate description of the complex optics of the eye. As mentor and
collaborator he worked with many colleagues at the biophysics department of the Institute. He
will be foremost remembered as an inventor of the first Scanning Laser Ophthalmoscope. He
successfully formulated for the first time the three ingredients of the electronic ophthalmoscope:
time-resolved imaging using a scanning laser with a small central illuminating pupil and much
larger surrounding collecting exit pupil. This original design was enhanced with high-speed acous-
to-optic laser modulation by G. Hughes D.Sc. and co-inventor R. Webb Ph.D., enabling projec-
tion of graphics directly on the retina. Oleg Pomerantzeff, Dipl. Eng. died in Toulouse, France in
1993 as a result of the long term complication of his rheumatoid arthritis.

Autobiographic handwriting (July 1990) of O. Pomerantzeff reciting the three principles for an electronic ophthalmo-
scope, invented early 1977.

Frans J. Van de Velde M.D.
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PREFACE

During my tenure at the European Society for Cataract and Refractive Surgery (ESCRS), I have
come to realize how often we take the physical underpinnings of our instrumentation for grant-
ed: this is the black box approach, more by necessity than by choice. The reason for this is a lack
in proper course material at the undergraduate, graduate and post-graduate medical education
level. We are indebted to the European Science Foundation for their grant support to start an
ongoing diversified program in Biomedical Optics at our University. This report is one of the first
steps in the endeavor. Understandably, biomedical optics is only one specialty field within the
wide spectrum of vision science, however it is an important one for clinicians and researchers
alike. And, admittedly, the material is often difficult to understand without proper knowledge of
the mathematical and physical principles; but we hope that this topical volume will serve as an
anchor for those who wish to explore in greater depth.
Much inspiration for our approach comes from the Schepens Retina Associates Foundation at
Harvard. We would like to acknowledge our co-sponsor for their intellectual and material sup-
port.

Marie-José B. Tassignon, MD, PhD
Antwerp, November 2, 2004

Chair, Department of Ophthalmology, University of Antwerp, Belgium
President of the Belgisch Oftalmologisch Gezelschap
President European Society for Cataract and Refractive Surgery (ESCRS)

I am grateful to the Belgian Ophthalmological Societies for giving me a chance to look back over
a period of nearly 60 years. In 1945 I had the first opportunity to speak about the binocular
indirect ophthalmoscope at the Society’s annual meeting. It is equally very satisfying to see a
significant number of our Institute’s alumni and current or former faculty members contribute to
this report on the New Optics of the Human Eye. Since its founding in 1950, the Schepens Eye
Research Institute and later the Schepens Retina Associates Foundation have been a place for
MD, OD, PhD, and Dipl. Eng. degree holders to interact and as a result make significant progress
in vision science. Biomedical optics and ophthalmic clinical engineering are continuing to make
great advances, in particular because of the tremendous impact of photonics in just about every
domain of biological science. This report is a testimony of this trend in diagnostic ophthalmic
imaging and minimally-invasive laser therapies for retinal disease. Last but not least, it is a plea-
sure to see this symposium dedicated to my life-long friend Oleg Pomerantzeff, Dipl. Eng., a true
pioneer in the field of ophthalmic optical engineering.

Charles L. Schepens, MD
Boston, Mass., November 15, 2004

The Schepens Retina Associates Foundation, Boston MA, USA
Emeritus Clinical Professor of Ophthalmology - Harvard University
Founder and President Emeritus of the Schepens Eye Research Institute
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EDITORIAL

During the Renaissance, political and economical circumstances happened to be right for the
Patria Belgica - a.k.a. the Netherlands or the Low Countries - to become a particularly fertile
ground for researchers in optical physics (continuing to this day). Those well-known people are
portrayed on the front page of this report. I strongly encourage the readers to ’’google’’ all their
names and spend some time to find out more about their exciting life stories and fundamental
contributions to optics and vision science. Andreas Vesalius from Brussels pioneered modern
anatomy and Simon Stevin from Brugge put the use of the decimal system with Arabic numerals
on a firm footing. Both men broke the ground for the science of physiological optics, for which
the year 1619 of Christopher Scheiner’s publication (see illustration and legend) can be regard-
ed as a starting point.

Knowledge in optics and its application to vision science then increased rapidly over time with
two facts worth mentioning. Some well-known physicists were also capable physicians contrib-
uting to eye optics, notably Thomas Young and Hermann von Helmholtz. And secondly, a re-
markable interaction was continuing between the sciences of astronomy, optical physics and vi-
sual optics. Some of the persons who contributed to this fruitful exchange either directly or indi-
rectly are Christopher Scheiner himself, Isaac Newton, George Bidell Airy (the Astronomer Royal
who was the first person to correct his own astigmatism and publish this feat), then Christian
Doppler, James Clerk Maxwell and Albert Michelson. At present, Zernike polynomial analysis,
Hartmann-Schack technology and stellar interferometry are some of the modern astronomical
techniques used by the authors of this report.

I conveniently end the ’’classical period’’ of ophthalmic optics around 1950-1960 for some rea-
sons. By that time our Frits Zernike had received his Nobel prize in physics, the last award is-
sued for work in traditional optics. Secondly, by the 50s, Allvar Gullstrand (Nobel laureate of
1911), Hans Goldmann, Charles Schepens and others had put their definitive marks on classi-
cal in-vivo imaging equipment of the different eye structures. Thirdly, the advent of the com-
puter, laser and post-WWII progress in electrical engineering during the 50s and early 60s made
our modern non-invasive diagnostic equipment possible. We want to report here on the basic
science aspects of some related applications of modern wave optics that are clinically very rel-
evant. The last decade has witnessed again further development concurrent with advances in
photonics. This topical volume of the Bulletin of the Belgian Societies of Ophthalmology will
therefore also serve as a snapshot of what has been accomplished in ophthalmic optics around
the turn of our century.

Frans J. Van de Velde, MD
Boston, Mass., November 15, 2004

The Schepens Retina Associates Foundation, Boston MA, USA
The Schepens Eye Research Institute - Harvard University
The Department of Surgery - BIDMC - Harvard Medical School
The Department of Ophthalmology - University of Antwerp
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ILLUSTRATIVE VIGNETTE 3

Drawing of the frog’s outer segments of photoreceptors, viewed end-on. This remarkable picture
was obtained already in 1843 by Hannover (Hannover, A. - Vid. Sel. Naturv. Og Math. Sk. X,
1843). Notice the remarkable resemblance of the pattern with the image of present day laser
mode guides (misinterpreted in 1848 as internal structures). See also Enoch, J. - Optical prop-
erties of the retinal receptors. JOSA, Vol. 53, pp. 71-81, 1963.

ILLUSTRATIVE VIGNETTE 4

From Roorda, A., Williams, D.R. - The arrangement of the three cone classes in the living human
eye. Nature, Vol. 397, pp. 520-522, 1999. This illustration shows the perifoveal photoreceptor
mosaic and the sparse array of S cones, obtained in vivo using adaptive optics techniques. The
mosaic puts an upper limit on the acuity resolution that can be obtained for any given pupil
diameter (Sampling theorem of Shannon, Nyquist criterion). Such thinking was already present
in the works of Bergman in 1857. (Bergmann, C. - Anatomisches und Physiologisches über die
Netzhaut des Auges. Zeitschrift fur rationelle Medecin, Vol. 2, pp. 83-108, 1857)
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IN MEMORIAM CHARLES L. SCHEPENS M.D.

BELGIUM, MARCH 13, 1912

MASSACHUSETTS, MARCH 28, 2006

Dr. Charles L. Schepens, known as the father
of modern retinal surgery, died on March 28,
2006, at the age of 94. He was a Clinical Pro-
fessor of Ophthalmology, Emeritus, Harvard Me-
dical School, where his patients and trainees
established the Charles L. Schepens Professor-
ship in Ophthalmology in 2001. His medical and
scientific legacy will continue through the work
of the Schepens Eye Research Institute and the
Schepens Retina Associates Foundation in Bos-
ton, and live on in the hearts of thousands of
grateful patients worldwide who would be blind
today without his genius and skill.
A native of Belgium who emigrated to the Uni-
ted States in 1947, Dr. Schepens, from his youth,
dedicated his entire life to the service of others.
On March 21, 2006, he received the insignia
of Knight of the Legion of Honor from the French
ConsulGeneral inBoston.Thisaward, establish-
ed by Napoleon as the most prestigious French
government medal, recognized both his lifelong
contribution to advancements in the diagnosis
and treatment of retinal diseases and his pa-
triotic service to the resistance in World War II.

Dr. Schepens established the Retina Foundation in 1950 which evolved under his direction into
two organizations that are currently called the Schepens Eye Research Institute and the Sche-
pens Retina Associates Foundation. The Schepens Eye Research Institute is the largest indepen-
dent eye research facility in the nation and is Harvard affiliated. The Schepens Retina Associates
Foundation, where he has devoted his time for the last eight years, is dedicated to clinical eye
research, teaching, and patient care. Dr. Schepens had a unique ability to communicate with his
colleagues, trainees, and patients which inspired great confidence and loyalty. He is the founder
of the Retina Society and Schepens International Society.
In a medical career that spanned 70 years, Dr. Schepens created numerous surgical innovations
which have saved and will continue to save the sight of millions of adults and children suffering
from retinal disorders. His scleral buckling procedure increased the chance of successfully reat-
taching a detached retina from approximately 40 percent to 90 percent.
One innovation, the binocular indirect ophthalmoscope, the instrument that first gained him in-
ternational, renown, is now used the world over and is on permanent display in the Smithsonian
Institute. His long life of accomplishment and innovation was enhanced and supported by the
artistic talent of his wife who pioneered anatomically correct paintings of the fundus of the eye
as first seen with the binocular indirect ophthalmoscope.
Over the years, Dr. Schepens and his team of scientists advanced laser surgery, and pioneered
equipment such as the Laser Doppler Flowmeter and Scanning Laser Ophthalmoscope. Dr. Sche-
pens trained several generations of retinal specialists, now practicing throughout the world. He
has published over 390 scientific papers and four books on retinal diseases.
Over the years, Dr. Schepens has received countless awards. In 1999, he was voted one of ’’The
10 Most Influential Ophthalmologists of the Twentieth Century’’ by the American Society of

Dr. Charles L. Schepens. An early model of the indirect
binocular ophthalmoscope, invented by Dr. Schepens, was
made part of the permanent collection of the Smithso-
nian Institution in Washington, D.C.
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Cataract and Refractive Surgery. In 2003,
the American Academy of Ophthalmology
named him one of only three laureates. The
Laureate Recognition Award is the Academy’s
highest honor and is awarded to those indi-
viduals who have made the most signifi-
cant contributions to the science of oph-
thalmology.
Dr. Schepens leaves his wife, Marie (Van-
der Eecken) and is the father of Claire De-
lori, Luc and his wife, Hester Garfield, Ber-
nadette and her husband Thomas S. K. But-
ler, Catherine and her husband Andres Ro-
jas. He is the grandfather of Henriette, Ca-
roline, Augustin, Charles, Marc, Alexandra,
Alicia, Clarence and has 5 great grandchild-
ren.

MAJOR HONORS AND AWARDS

- Croix de Guerre, France

- Order of Merit of the Italian Republic, Honorific Commendatore

- Order of the Rising Sun, Japan

- Legion of Honor Award by the Government of France

- Commandeur de l’Ordre de Leopold, Belgium

- Golden Door Award, Boston, MA, USA

- American Academy of Ophthalmology, Jackson Memorial Lecture

- An early model of the indirect binocular ophthalmoscope, invented by Dr. Schepens, was made
part of the permanent collection of the Smithsonian Institution in Washington, D.C.

- Mildred Weisenfeld Award for Excellence in Ophthalmology

- Award by the American Society of Cataract and Refractive Surgery − One of the Ten Most Influ-
ential Ophthalmologists of the Twentieth Century

- Corresponding Member and Honorary Foreign Member of the Royal Academy of Medicine, Bel-
gium

- Laureate Award, American Academy of Ophthalmology

Respectfully submitted on behalf of the Schepens Retina Associates Foundation,
J. W. McMeel, M.D., President Frans J. Van de Velde M.D.

Dr. Charles L. Schepens with Dr. Susana Marcos and 32 day
old daughter Silvia, at the meeting
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REPRINTS OF THE PAPERS OF

CHARLES L. SCHEPENS M.D.

READ BEFORE THE

BELGIAN OPHTHALMOLOGICAL SOCIETY

CONCERNING THE OPHTHALMOSCOPE

1945 - 1996

(1) SCHEPENS C.L. - Un nouvel ophtalmoscope binoculaire pour l’examen du décollement de la rétine.
Bull Soc belge Ophtalmol 1945; 82: 9-13

(2) SCHEPENS C.L. - The development of ophthalmoscopy.
Bull Soc belge Ophtalmol 1997; 262: 21-24
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Still video image taken from Dr. Schepens’ 1945 cine film illustrating the lamp of Weve held by the assistant
nurse, and simple concave mirror ophthalmoscope (courtesy Frans J. Van de Velde M.D.)

The new indirect binocular ophthalmoscope with efficient light source (courtesy Frans J. Van de Velde M.D.)
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THE NEW OPTICS OF THE HUMAN EYE

Program of Saturday, November 27, 2004

08.25 - 08.30 Marie-José Tassignon, MD, PhD, Chair Department of Ophthalmology, University of
Antwerp, Belgium. Prologue

SCANNING LASER OPHTHALMOSCOPY, THERAPY, AND POLARIMETRY

08.30 - 08.45 Frans J. Van de Velde, MD, Department of Ophthalmology, University of Antwerp,
Belgium and the Schepens Retina Associates Foundation - Harvard, Boston MA
The relaxed confocal Scanning Laser Ophthalmoscope, development and applica-
tions

08.45 - 09.05 Ralf Brinkmann, PhD, Medizinisches Laserzentrum Lübeck, Germany
Short pulse selective retinal photocoagulation - concept of relaxation time, anatomi-
cal effects and non-invasive retinal temperature measurements

09.05 - 09.20 Xiang Run Huang, PhD, Bascom Palmer Eye Institute, Miami, FL
Birefringence of the nerve fiber layer with scanning laser polarimetry, origins, signi-
ficance

09.20 - 09.35 Qienyuan Zhou, PhD, Laser Diagnostic Technologies, San Diego, CA
Scanning Laser Polarimetry, corneal birefringence and a method for controlling this
parameter

OPTICAL COHERENCE TOMOGRAPHY AND COMBINED DOPPLER, OCT-SLO
09.35 - 09.55 Johannes de Boer, PhD, Wellman Laboratories, Harvard University, Boston, MA

Spectral domain OCT
09.55 - 10.10 Johannes de Boer, PhD, Wellman Laboratories, Harvard University, Boston, MA

Polarization - sensitive OCT of the Retina
10.10 - 10.25 Adrian Podoleanu, PhD, University of Kent Canterbury, United Kingdom

Combining SLO and OCT technology
10.25 - 10.40 Christoph Hitzenberger, PhD, Department of Medical Physics, University of Vienna,

Vienna, Austria
Birefringence properties of the cornea measured with OCT

DOPPLER METROLOGY

10.40 - 11.00 Gilbert Feke, PhD, Schepens Retina Associates Foundation, Harvard, Boston, MA
Laser Doppler instrumentation for the measurement of blood flow: theory and prac-
tice

11.00 - 11.15 Charles Riva, DSc, Institut de Recherche en Ophtalmologie, Sion, Switzerland
Measuring the choroidal blood flow in the foveal region

WAVEFRONT METROLOGY AND PHOTORECEPTOR OPTICS

11.15 - 11.35 Susana Marcos, PhD, Instituto de Óptica CSIC, Madrid, Spain
Aberrometry: basic science and clinical applications, part I

11.35 - 11.45 Susana Marcos, PhD, Instituto de Óptica CSIC, Madrid, Spain
Aberrometry: basic science and clinical applications, part II

11.45 - 12.00 Jean-Marie Gorrand, PhD, Faculté de Médecine et de Pharmacie, Clermont-Ferrand,
France
Origin and Measurement of the Stiles-Crawford effects, distribution of orientation in
a population

12.00 - 12.15 Austin Roorda, PhD, College of Optometry, University of Houston, Houston, TX
Adaptive optics, Hartmann-Shack technology and the photoreceptor mosaic

12.15 - 12.20 Charles L. Schepens, MD, the Schepens Retina Associates Foundation of Harvard
University, Boston MA. Epilogue
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The mission of the Schepens Retina Associates Foundation for Clinical Research is to improve
the vision of patients affected with diseases of the eye, particularly those of the retina and vitreous.
They will carry out their mission by reaching three goals. The first is clinical eye research carried
out with a view to discover new methods and techniques to prevent, diagnose, and treat eye
diseases and malformations. The second goal is to treat patients suffering from eye diseases,
particularly those of the retina and vitreous. The third goal is to teach methods and techiques
newly developed to ophthalmologists and vision care specialists all over the world. These activities
are conducted in conjunction with Harvard Medical School, the Schepens Eye Research Institute,
the Massachusetts Eye and Ear Infirmery, and the Department of Surgery of the Beth Israel
Deaconess Medical Center at Harvard Medical School. www.schepensretina.org

The Schepens Eye Research Institute, an affiliate of Harvard Medical School, is a laboratory and
clinical research organization whose primary mission is to find the causes of blinding eye disea-
ses, and to bring new cures and preventions to the clinic and bedside. Recognizing that many
people already suffer vision loss, The Schepens is dedicated to finding new devices and strate-
gies to restore the quality of life for those who are visually impaired. As a research organization,
The Schepens promotes vibrant communication among scientists worldwide, trains the next ge-
neration of vision scientists, brings knowledge of the eye and its diseases to the lay public, and
advocates throughout the world for eye health and safety. www.schepens.org
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