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INTRODUCTION

The purpose of this project is to develop .a method of obtaining
quality photographs of ocular structures, particularly the fundus,
using the slit-lamp biomicroscope and a convex field lens, similar
in principle to indirect ophthalmoscopy. |t is the authors' inten-
tions to develop a system for photodocumentation which would convert
a non-photographic slit-Tamp biomicroscope to one with capabilities
of both anterior and posterior ocul ar photography.

I't is the opinion of the authors that ocular photography is a
much needed tool in the optometric profession. Photodocumentation
can provide accurate and unbiased baseline date, monitor the progres-
sion of ocular disease, facilitate interprofessional communication
and provide added legal protection for the optometrist.

The authors believe that one of the drawbacks to ocular photo-
graphy is the cost of photographic equipment. For this reason the
authors have utilized a non-photographic slit-1amp, one which may
already be existent in the average optometric office.

Also, by increasing the number of photo slit-lamps at the
Pacific University Optometry clinic, it will give more interested

students and faculty experience in slit-lamp photography.
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HISTORICAL ReVIBW

Aubert and Greenough, in 1891, developed a truly stereoscopic
microscope. Czapski and Schatz modified this microscope in 1897, and
this basic design is still found in many modern slit lamps.' [In 1911,
Gullstrand2 presented his first mode of the stit-lamp and the optical
principles underlying its use. The Gullstrand lamp was combined with
the Czapski microscope on one stand by Henker in 1916 as the first
true slit-Tamp biomicroscope.l

In 1918, Koeppe3 was the first to attempt examination of the fundus
with the slit-lamp. This was accomplished by using a plano front sur-
face contact lens which abolished the refractive power of the eye. He
attached a mirror in front of the illuminating lens in order to bring
the axes of illumination and observation nearly parallel.

Valois and Lemoine” (1923) used a concave (-55D) lens placed in
front of the eye instead of a contact lens as used by Koeppe.
Zamehoff5 was able to modify Gullstrand's slit lamp in such a way as
to project a slit on to the fundus which could be viewed binocularly
and stereoscopical ly.

Goldmann® (1937) made improvements i n the methods of fundus exa-
mination with the use of a Haag Streit slit-lamp, a contact lens, and
a Goldmann reduction prism which permitted the angle of observation
and illumination to be reduced to five degrees.

Hruby7 (1940, 1941, 1942) advanced the idea of Vdois and Lemoine
with his "minus glass", a -58D lens held close to but not in contact
with the eye. (Figure 2)

Littman® (1950) introduced the Zeiss-Opton slit-lamp biomicroscope

which allowed the light source to be moved across the axis of




observation. This did avay with the need for the Goldmann reduction
prism, it was nov possible to reduce the illuniination-observation
angle to zero.

B Bayadi9 was the first to attempt the use of a convex 'lens
(+60D) in much the same way as is done in indirect ophthalmoscopy.
(Figure 2) He was able to view a real inverted image of the fundus
binocularly and in stereo. This system produced a field of view equal
to six disc'diameteks, wHereas the Hfuby method gave a view ofjon1y_one
disc diameter. | |

,Rosen1o (1959) used é +55D convex lens with the Zeiss slit-lamp.
- This required a greater wdkking distance because of the jncreased
focal length of the condensing lens. Adain in 1963 RosenH reported
success with the use of a +32D volk conoid lens.

' Go'ldmann]2

(1968) continued using his concave contact lens system
andvdescribedxéxce11entrresu1ts, |
vBoyer13 (1975) experimented with methods of s]it-Wamp fundus photo-

graphy usingva convex condensing‘Tens with Timited success. He
~ described difficu]ty obtaining qua]ity'photographs'of‘the fundus,
primaf11y because of sUrface ref]ectibns'on the.condensing lens.

- Cohan (197§)‘and Kajiura (1978) have made contributions to slit-
]amp fundus photbgraphy, but copies of théir reports have not been

received by the authors to review.




METHODOLOGY

This thesis project is basically an equipment modification pro-
cedure so a great deal of the time was spent in designing and building
the modified attachments used in the system. The work done can be
divided up into four major areas. The first part of the project was
to familiarize the authors with and become proficient with taking
slit-lamp and fundus photographs with traditional equipment. The
second stage involved organizing a filing system for the photographs
and slides that were taken. The third part involved the design and
construction of the adaptors used in the project. The fourth and
final stage involved the actual implementation of the photography
through the modified system.

The authors were fortunate to be able to develop skills in ocular
photography while participating in a clinical rotation through the
Veterans Administration Optometry clinic located in Vancouver, Washing-
ton, and Tacoma, Washington. The patient population afforded a wide
variation in pathological conditions that needed to be photographed.
The photographs were obtained using a Topcon fundus camera, a Topcon
5D photo slit-lamp, and a Kova portable fundus camera. This exper-
ience was very valuable not only formulating the technique of ocular
photography, but also to develop an understanding of the principles
involved in the instrumentation that led to the various modifications
used in this project.

The method of cataloging and filing of the slides was designed
with the emphasis on making sure the proper name was on the slide.

The authors felt it extremely important that the correct name was




put on the sl ide .for the patie'nt's benefit aé well as the practi-
tioner's protection. The method designed wes implemented in the
Vancouver V.A. clinic. The first and most important procedure was to
enter on the pertinent information into the log book that is adjacent
to each camera. The roll number of each roll of film was recorded at
the top of the page and then there were spaces for the 36 entries for
that roll. The information required included the name number; the
patient's name, age, and sex; the eye that was being taken; and a
brief history and condition that was being photographed. At the end
of the roll the film was sent out for processing and when returned
each slide had to be labeled according to the information that wes
contained in the log book. A code system wes used to initially iden-
tify the slide and was placed on the slide upon receiving it back from
the lab. (Figurel) F 10/3 or A 4/10 are examples of the code with
F standing for Funuds, 10 being the tenth roll of the year, and 3
being the third slide on that roll. The A in the other code repre-
sented anterior segment which wes obtained from the slit-lamp camera.
After the initial coding, the slides were then projected and those
that were of poor quality were eliminated. The next step was to
record the information contained in the log book in dupl icate on
pre-printed file cards, one of which was placed in the patient's file
and the other in a separate alphabetized card file. The name, date,
eye, and condition was then printed on the slide holder for easier
identification. The slides were then filed in a storage case in
‘al phabetical order.

With the knowledge and skill obtained in ocular photography the
authors were mw ready to undertake the task of converting an existing

Heeg Streit design slit-lamp into a functional photo slit-lamp with the




lowest cost possible. After numerous design changes and theoretical
calculations, the prel iminary specificating were arrived at. The
camera body adaptor is a modification of the one designed by Neben
and Puckett at Pacific in 1978 and described in Duane's.] The adaptor
i's designed to incorporate the ocular lens of the slit-lamp into the
camera body without the norma 50 mm camera lens. The vertex distance
from the plane of the film of the camera to the ocular lens wes deter—'
mined on a trial and error basis. The camera was placed on a tripod
and moved back and forth while also adjusting the focus on the ocular
to get a clear view of the focus rod in the camera view finder. The
lens wes also adjusted back out of the sleeve to change the vergence
as needed. Measurements were then taken of the distances found with
both the 10X and the 16X eyepieces. The adaptor was then machined
out of solid core auminum on a metal lathe. The precision was such
that the lens would just slip into the adaptor with mo excessive move-
ment. The T-mount wes then selected for the camera back that was to
be used and then attached to the adaptor. The camera can then be
mounted to the slit-lamp and adjusted to get a clear view of the focus
bar through the view finder.

The next task was to introduce a strobe flash into the optics
of the slit-lamp illumination system. |t was decided to accomplish
this in a manner similar to that of Nikon and Topcon in that the
light source is moved up and the strobe introduced where the lamp was
located. (Figure 5) The lTens values and distances were calculated
and the adaptor was again machined out of auminum with distance
refinements made on a trial and error method. (Figure 3) The image
of the lamp filament was formed on the mirror using white paper and

the lamp was then focused by changing the distances on both sides of




the lenses. The strobe was modified by removing the bulb from the
housing and connecting the new bulb by wires that then allows the
power source to be separated from the strobe bulb by a distance of

two feet. The bulb was then glued to the adaptor housing exactly in
the middle of the opening for the lenses. The lamp housing was then
attached to the adaptor using the threaded bolts from the slit-lamp
that are now screwed into the adaptor. The light is now able to go
through the strobe bulb to iTluminate the eye and then the strobe can
be fired for the high intensity, short duration pulse of light needed
to make the image on the photograph. The fill flash was an external
flash that was added to get a more uniform illumination over the entire
full field of view. The flash was mounted on the table with a flash
shoe and the flash tube is angled up 45° to directly illuminate the
entire area around the globe,. The amount of flash was regulated by
adjusting the varipower on the flash. The setting for the varipower
was determined by taking conjunctival photos at each magnification and
at each power setting.

The lens for imaging the fundus is a multi-coated aspheric lens
mounted in a housing that was machined to put the focus of the lens
in the center of the bar that is mounted in the focus rod hole on the
slit-lamp. (Figure 7) The focus of the lens was measured on an
optical bench and this distance in front of the lens is fixed in
the lens holder and at a fixed distance in front of the slit-lamp.

“After completion of all of the adaptors for the system, the next
step was to implement it. The strobe adaptor was mounted into the
illumination system of the camera adaptor mounted to the camera body

and then to the slit-lamp. Photographs were then taken of various




ocular structures with all four>magnifiCations. The fundus lens was
used to image the fundus through a dilated pupil. The Iéns ho]der
was rotated slightly to reduce_ref1ections in the lens. The flash
setting was on manual and the 1T1umination opened to full spof for
the fundus picture. The slides were all taken on EKtachrome 200 |
film and all of the processing wéé done by the authors ih‘order'to'
standardize deve]oément time and tempérdfdre. The finished é]ides

were then evaluated for exposure technique.




DISCUSSION

The results of this project proved to be very promising for being
able to implement this system into the office of the eye care specialist.
The corneal pictures obtained appeared to be of very similar quality
to that obtained on the commercially available photo slit-lamp. It
wes only at the highest magnification using the optic section that
there was not enough light to image the entire height of the camera
The fundus photographs were nearly as'sharp and of similar field size
as that of the Olympus fundus camera. (Appendix E) There are same
specular ref7exes from the lens but they are positioned below and
out of the way of the desired ocular structures.

This system is flexible in design in that you can use the whole
system or only parts of it. For example the 1east expensive is to
use only the camera body and use the available light of the illumina-
tion system. The main drawback of this is the long exposure times
that quite often can lead to blurred images. In order to aid in the
full field illumination of ocular structures that don't require a
corneal section the external flash can be used. This mey also be of
use of conjunctiva, lids, and contact lens fit evaluations. The most
expensive part of the system is the illumination flash which is a
great aid in reducing blur and patient discomfort. The high inten-
sity of the strobe is needed for lens and cataract evaluations as
well as for using the fundus lens.

I't is the opinion of the authors that ocular photography is a
very important adjunct to the practice of optometry. The slides form
a valuable comparison for monitoring conditions over time. It can be

very helpful for referring patients as well as communicating with the
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patient's family physician. Thé‘photographs also offer a way of prac-
tice building in offering a service not already available in the
communi ty .

This system can be used with any 35 mm single lens reflex camera
body that one mey already have in his possession. |f a rnaw camera is
needed the authors recommend the Nikon FE for its versatility. |t has
the ability to change the internal focusing screen to the matte
finish that is needed to get a clear image in the view finder. It
also has the automatic exposure feature that can be used for available
light if the flash system is not used.

The authors believe that this system can be economically used in
the Optometrist's office to successfully implement setting up ocular
photography. This complete system can be put together for less than
300 dollars if you have a camera body and someone that can do the
machining for you or to do it yourself. (Appendix F) There are some
modifications and improvements that will be made in the future to
perfect the system. The filing system appears to involve a |ot of
work but if ocular photography is going to be used in the office it
should be set up correctly because there is no sense in having slides
i f they cannot be found later when needed for comparison purposes.

A data back can be purchased that will imprint a code number and the
date directly on the film and this could be an advantage for legal

protection as well as being a time saver in the long run.
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CONCLUSION

The authors have developed a system that can be used to further
benefit the practice of optometry. It is much less expensive than
buying a complete photo slit-lamp or buying a commercially available
conversion packagethat will add at least 2,000 dollars to the price
of a slit-lamp. An interesting aspect of the system that was a side
line was the use of the fundus lens for examination of the fundus
similar to the binocular indirect ophthaHhoscope. (FiQUre 6) The
lens gives a 35° view with a magnification of 7.2X which is about half
that of a direct ophthalmoscope and two to three times more magnifi-
cation than the binocular indirect ophthalmoscope. This project has
been very useful in teaching the authors the skill in using ocular
phdtography as well as providing a means to imp1emen£ ocular photo-
graphy in an office that might not start it becausé of the expense
involved. It fs the hope of the authors that this system can and

will be used in the office to further the practice of optometry.
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Figure 1 B

Sample slide showing filing system.

Figure 2

_ Optics of imaging the fundus. Top~-image formation
with a Hruby lens. Bottom-same eye and a convex
field lens. SL - slit-Tamp.
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Figure 3

Camera Adaptor

“Figure 4
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APPENDIX C

Opticé of s1it-Tamp illumination ,
L-Tamp, C-condensing lens, S-slit, OL-objective lens, F-slit focal point

Figure 5

Optics of s1iﬁ—1amp withstrobef]ash unit T-strobe flash tube.

Lens Plane

Acrial Imége . ‘ . Observer

Emmetropic Patient

Figure 6

Principle of indirect ophthalmoscopy and actual
measurements used in project.




APPENDIX D

A: 17 mm
B. 8 mm
C. 38 mm

D. 150 mm
E. 22 mm
F.

Figufe 7

Fundus viewing lens and
mounting bar.

16

12 mm focal Tength
condensing lens
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" APPENDIX E

Comparisoh of relative image and field sizes of
standard fundus camera and biomicroscope adapted
fundus lens. ' ’

Biomicroscope Fundus Camera
Optic disc = 6 units o 12 units
Total field : 30 units 53 units
Disc to Macula Distance g 13 units (15°) 26 units (15°)

Field of View - , 35° ‘ 30°
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APPENDIX F

Approximate Cost of Materials

Solid core aluminum 1-3/4" diam. x 1" Tength : $ 3.00
Solid core aluminum 2-3/4" diam. x 2" length ' 8.00
Solid core a]Uminum‘2-1/4" diam. x 1-3/4" length 5.00
T-mount camera adaptor = ' 7.00
2 vivitar 283 strobe flash units @ $80.00 ea. - 160.00
Strobe flash tube S 3.00
‘Variable power module for vivitar 283 o ~17.00
2 flash shoe mounts @ $3.00 ea. 6.00
2 15.5 mm aspheric lenses @ $6.00 ea. S 12.00
112 mm aSpherTC‘coated lens : B ’ 15.00

| | | | SUBTOTAL  $236.00
*35 mm camera body (Nikon FE)} ‘ 275.00

TOTAL ~ $511.00

*The authors recommend a camera body with automatic expasure capability
and interchangeable focusing screens. ' '
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AFPENDIX K

Figurs 12
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APPENDIX M

S1ides that were taken with the kit
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