






sign. Couper’s next model (Figure
6, right) had a more convenient and
sophisticatedmethodof swinging the
mirror left and right. His tilting mir-

ror was a turning point in the evo-
lution of the ophthalmoscope.14

Couper’s idea was followed in
1876 by one from Oliver Wad-

sworth of Boston, Mass, who de-
signed an angled concave mirror
mounted in a disc that could be
placed left or right on the head of a
Loring ophthalmoscope.4(p346) This
conveniently overcame the paral-
lax in earlier instruments and moved
the sight-hole and the mirror aper-
ture closer together, allowing the ob-
server to obtain a wider field of view
of the fundus.

In the same year, Edward Lor-
ing went further than Couper and
Wadsworth and produced his ver-
tically held, tilting, rectangular con-
cave mirror (Figure 7). With the
sides of a round mirror cut off, a suf-
ficient tilting angle could be achieved
while keeping a minimal distance be-
tween the sight-hole and mirror ap-
erture. This mirror was extremely
simple to use in either the left or
right position. Its construction be-
came very popular and was to be in-
corporated into many other de-
signs during the next 20 years.

Until 1882, the need to use mir-
rors of more than one focal length
for the direct and indirect method
of ophthalmoscopy meant the re-
moval of one mirror for another. In
that year, however, George Lind-
say Johnson of London introduced
an ophthalmoscope (Figure8) with
2 mirrors fixed to an arm that could
be rotated to bring the appropriate
mirror into position in front of the

Figure 5. G. Theodor Ruete’s indirect ophthalmoscope using a concave mirror with aperture (3).

Figure 6. John Couper’s first ophthalmoscope, with a slide-in Rekoss disc behind a tilting mirror (left).
Right, second model.

Figure 7. Loring ophthalmoscope with a
rectangular concave tilting mirror.
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sight-hole. The smaller mirror, with
a 3-in focal length, rotated around
its own axis, and the larger mirror
had a focal length of 18 in. Later
variations of 3 or even 4 mirrors,
back to back, were to dominate the
more sophisticated devices such as
the Morton ophthalmoscope for the
next 40 years.

METHODS OF CORRECTION

Shortly after Helmholtz produced his
first ophthalmoscope, a major defi-
ciency became apparent. There was
no convenient means of correcting
for presbyopia or refractive errors.
The optics of the Helmholtz instru-
ment produced a converging image
as the rays entered the observer’s
eye15; this was the main reason that
the early instruments used only con-
cave lenses. In 1852, Egbert Re-
koss, a university machinist who had
made Helmholtz’s original instru-
ment, provided the essential break-
through by adding 2 rotatable discs,
each containing a series of lenses.

Richard Liebreich, while in Ber-
lin, Germany, at von Graefe’s clinic
in 1855, designed a simple and very
popular ophthalmoscope (Figure9)
with a clip mounted on an adjust-
able arm behind the mirror for a se-
ries of unmounted convex and con-

cave lenses. Liebreich was not the
first to use this idea; 2 years before,
Coccius had done the same.4(p33)

Jaeger’s 1854 ophthalmoscope
included 8 concave and 4 convex
lenses, with the chosen lens having
to be individually inserted into an
aperture at the back of the instru-
ment, a tedious and impractical pro-
cedure. In 1869, a degree of sophis-
tication crept in with Loring’s first of
severalophthalmoscopedesigns.This
instrument had 3 Rekoss discs, each
with8 lenses:onedisccontainedcon-
cave lenses of moderate power, an-
otherhadconvex lensesof lowpower,
and a third was composed of high di-
optric power, both convex and con-
cave. This increased battery of lenses
allowed Loring to perform refrac-
tions as well as ophthalmoscopy. The
ophthalmoscope illustrated in
Figure 10 has a fourth disc with a
further combination of low convex
and concave lenses that could have
been tailor-made for the operator.

In 1873, shortly after arriving
in New York, Herman Knapp, a pro-
lific inventor of surgical and diag-
nostic instruments, devised an al-
ternative and more efficient way of
introducing a wider range of lenses
in an ophthalmoscope.16 He was es-
pecially interested in carrying out re-
fractions and wanted not only a
wider range of lenses but smaller
jumps in power. He used 2 Rekoss
discs, one with convex lenses and the
other with concave lenses, so that the
bottom of one and the top of the
other overlapped. Knapp had ad-
mired Loring’s 1869 model but
wanted to avoid the loss of time and
the tedious process of assembly and
disassembly for each patient.

Xavier Galezowski of Paris,
France, who had invented his tubu-
lar indirect ophthalmoscope in 1862,
designed a very different ophthal-
moscope (Figure11) 20 years later
in 1882. This used a single Rekoss
disc but with 2 concentric rings of

Figure 8. Lindsay Johnson ophthalmoscope
with 2 mirrors for direct and indirect
ophthalmoscopy.

Figure 9. Miniature model of the Liebreich ophthalmoscope complete with clip for holding correcting
lenses and 2 indirect condensing lenses.
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lenses mounted within it. The outer
ring had 19 concave lenses, and the
inner one had 13 convex lenses.
Pushing the disc up or pulling it
down brought the chosen circle of
convex or concave lenses to the cen-
ter of the viewing aperture. Al-
though Loring had shown the way
in 1874, in his Rekoss disc, half of
each of the concentric circles had
convex lenses, and the other half had
concave lenses.4(p330)

Another method of introduc-
ing correcting lenses was a design by
Edward Jackson of Denver, Colo, in
1887.4(p361) He used the length of the
ophthalmoscope head and column
to incorporate 2 vertically sliding
lens racks, one on top of the other,
each with 5 lenses of convex and
concave powers that could be used
singly or in combination.

In the search for more lenses for
refraction, John Couper designed the
first “chain-of-lenses” ophthalmo-
scope (Figure12).17 This was a bril-
liant engineering feat, with the oph-
thalmoscope containing no less than
72 lenses, each mounted in a free-
moving brass cell. A cogwheel at the
center of the instrument was used to
drive the chain of lenses around a
groove in the handle and head, with
each lens coming to rest precisely in
the center of the viewing aperture.

The Couper ophthalmoscope
was the forerunner of Andrew Stan-
ford Morton’s first ophthalmo-
scope, in 1884.5(p119) The Morton de-

vice was to become the standard
chain-of-lenses design for the next
century.

In the attempt to automate the
introduction of a wide range of se-
quential convex and concave lenses
in a conventionally shaped head,
perhaps the Roth and Callan oph-
thalmoscopes are the most inge-
nious. Although both ophthalmolo-
gists published details of their
instruments in 1864,18,19 Peter Cal-
lan’s visit to Berlin most likely al-
lowed him to observe August Roth’s
design and then imitate it. Only in
detail do they differ.

The change in lens power in the
Roth ophthalmoscope (Figure13),
diopter by diopter up to 47 diop-
ters, is achieved by turning a ser-
rated wheel that drives a peg along
a wormlike groove, which rotates the
Rekoss disc and linked quadrant.
The peg is connected to a pointer on
the outside that indicates the lens
power required.

The size of correcting lenses in
ophthalmoscopes varied enor-
mously, from 8 mm in the Landolt
ophthalmoscope down to 3 mm in
others. One early unidentified oph-
thalmoscope even had oval-shaped
lenses, presumably attempting to
pack the maximum number of lenses
within the Rekoss disc yet allowing
the observer plenty of vertical move-
ment (Figure 14).

A review of the development of
the ophthalmoscope in the lifetime

of Helmholtz would not be com-
plete without mentioning stand-
mounted ophthalmoscopes and
the binocular indirect ophthalmo-
scope.

Many of the best-known oph-
thalmologists used stand-mounted
ophthalmoscopes like the Follin and
Liebreich designs for teaching and
studying the fundus to produce at-
lases. The first fundus photograph,
published by Oswalt Gerloff of
Göttingen, Germany, in 1891,20 had
been preceded by meticulously
painted fundi showing a multi-
tude of pathological conditions that
the ophthalmoscope could now
reveal.

For today’s ophthalmologist,
the use of the direct ophthalmo-
scope is less frequent. However, the
binocular indirect ophthalmo-
scope, first introduced in 1861 by the
Frenchman Felix Giraud-Teulon,21

is now used as a standard piece of
diagnostic equipment. Giraud-
Teulon’s binocular indirect ophthal-
moscope, which used a solid rhom-
boid prism to divide the image, had
a fixed interpupillary setting. His in-
strument was followed in 1862 by

Figure 10. Loring ophthalmoscope with 4 different lens power combination Rekoss discs.

Figure 11. Galezowski ophthalmoscope
(dual-mirror side) with a Rekoss disc of 2
concentric rings of lenses in the down position
for concave lenses.
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a more sophisticated design by J.
Zachariah Laurence and C. Heisch
of London.5(p95)

Both instruments were hand-
held and used for their light source
an oil or gas lamp placed behind and

to the side of the patient. These in-
struments were difficult to use and
quickly went out of fashion. The
popularity of binocular indirect oph-
thalmoscopy had to wait many years
until the introduction of Charles
Schepens’ instrument in 1947, which
incorporated bright and reliable il-
lumination.22

The invention of the ophthal-
moscope by Hermann von Helm-
holtz was enormously exciting for
the ophthalmologists of the day and
fostered respect for and recogni-
tion of ophthalmology as a medical
speciality. John Hughlings Jackson,
a renowned English ophthalmolo-
gist and neurologist, never tired of
impressing on physicians the value
of the routine use of the ophthal-
moscope. He stated that the physi-
cian was as much indebted to Helm-
holtz as the ophthalmologist.23

Eight years after the discovery of
the ophthalmoscope, Albrecht von
Graefe, the greatest advocate of this
new tool, presented Helmholtz with
a cup at the 1858 Heidelberg Oph-
thalmological Congress. The cup was
inscribed with words that are as
appropriate today as they were then:
“To the creator of a new science, to
the benefactor of mankind, in thank-
ful remembrance of the invention of
the ophthalmoscope”24 (Figure15).

Accepted for publication September 19,
2001.

Corresponding author and re-
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field Park, London NW5 1ES, En-
gland (e-mail: rkeeler@freenetname
.co.uk).

Figure 12. John Couper’s chain-of-lenses ophthalmoscope with a shaped wooden case.

Figure 13. Roth ophthalmoscope with cover removed to show the internal groove and peg mechanism
for changing lens power.

Figure 14. Unidentified ophthalmoscope, circa 1870, with cover (right) removed to expose large
oval-shaped lenses in the Rekoss disc.

Figure 15. Photogravure portrait of Hermann
von Helmholtz in 1894, the year of his death.
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Microvascular Abnormalities and Incident Stroke: The Atherosclerosis Risk in Communities Study

Tien Yin Wong, MD, MPH; Ronald Klein, MD, MPH; David J. Couper, PhD; Lawton S. Cooper, MD, MPH; Eyal Shahar, MD, MPH;
Larry D. Hubbard, MAT; Marion R. Wofford, MD, MPH; and A. Richey Sharrett, MD, DrPH

Background: Retinal microvascular abnormalities reflect damage from hypertension and other vascular processes. We ex-
amined the relation of retinal microvascular abnormalities to incident stroke.
Methods: A cohort of 10,358 men and women (aged 51 to 72 years) living in 4 communities had retinal photography and
standardized grading for retinal microvascular abnormalities. In addition, the calibers of all retinal arterioles and venules
were measured after digital conversion of the photographs, and a summary arteriole-to-venule ratio (AVR) was calculated as
an index of arteriolar narrowing (with smaller AVR indicating greater narrowing). Incident hospitalized strokes were iden-
tified from this cohort, and validated by case record reviews.
Findings: Over an average of 3.5 years, 110 persons had incident strokes. After adjustment for age, gender, race, 6-year mean
arterial blood pressure, diabetes, and other stroke risk factors, most retinal microvascular characteristics were predictive of
incident stroke, with adjusted relative risks (and 95% confidence intervals) of 2.6 (1.6 - 4.2) for any retinopathy, 3.1 (1.7 -
5.7) for microaneurysms, 3.1 (1.4 - 6.7) for soft exudates, 2.6 (1.3 - 5.1) for blot hemorrhages, 2.3 (1.0 - 5.1) for flame-
shaped hemorrhages, and 1.6 (1.0 - 2.5) for arterio-venous nicking. Relative risk of stroke increased with decreasing AVR
(p=0.03). The associations were similar for ischemic strokes specifically, and for strokes in persons with hypertension, ei-
ther with or without diabetes.
Interpretation: Retinal microvascular abnormalities are related to incident stroke. The findings support a microvascular role
in the pathogenesis of stroke, and suggest that retinal photography may be useful for cerebrovascular risk stratification in
appropriate populations.

(2001;358:1134-1140)
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