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ABSTRACT

A fiber optic point-source was designed for in vivo measurement of light transmission and scattering.
The point-source consists of an optical fiber, with a core diameter of about 8 j.tm, mounted in a stainless
steel cannula. At the tip of the cannula the entrance face of a 1 mm micro prism is fixed. The hypotenuse
face of the prism is coated with aluminum and acts as a mirror reflecting the light out through the exit
face. The arrangement allows light fed into the optical fiber to be emitted in a direction perpendicular to
the axis of the cannula. The cannula is bent to allow its in vivo introduction into the eye at the posterior
pole. The prism is positioned close to the retina along the optical axis of the eye. The light is transmitted
through the eye in a reversed beam path (from vitreous towards cornea). In the vitreous, the light source
emits within a numerical aperture of about 0. 1 allowing the exiting light to be well confined through the
dilated pupil. After careful calibration of the light source, accurate measurements can easily be performed
by positioning detector equipment outside the eye. The small size of the point-source (in the range of the
eye's resolution) allows measurement of light scatter at both wide and narrow angles. With this
intraocular fiber optic technique, it is possible to perform several types of experiments, including
measurements of light transmission and scattering, and also studies of fluorescence phenomena in
different parts of the ocular media.

2. INTRODUCTION

Optical fibers provide a possibility to introduce a light signal into the living eye. The modulation of
that signal can be studied to obtain information about the eye. Attenuation of the light by scattering and
absorption may be studied. Fluorescence may be induced and then measured.

Recently an optical fiber was used to introduce light with a reversed beam path in the eye (retina-
cornea) to estimate transmission properties of the living rabbit eye1.

In the present study, a very fine optical fiber was used as a point source to differentially measure
scattering and total transmission properties of the living rabbit eye.

3. METHODS

Light was delivered inside a rabbit eye in vivo with a fiber optic point source and captured for
measurement outside the eye with an integrating sphere.
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3. 1. The fiber optic point source

The fiber optic point source (Fig. 1) consists of a light fed optical fiber that is fit into a steel cannula.

Clad Epoxy Steel cannula

Aluminum

Fig. I Fiber optic point source

The core of the fiber is about 8 .tm in diameter. The numerical aperture of the fiber is less than 0. 1.
The outer diameter of the steel cannula is approximately 1 mm. A prism coupled to the tip of the fiber
deflects the light 9Øo• The steel cannula is shaped to follow the surface of the sclera and allow
introduction of the tip into the vitreous body.

3.2.. The measurement set up

The measurement set up is given in Fig. 2
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Fig. 2 Measurement set up
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While centering the fiber, on the optical axis of the eye, the fiber tip was adjusted along the optical
axis to obtain as collimated light as possible exiting from the cornea. The integrating sphere (0 =
150 mm) was then positioned with its entrance (0 = 30 mm) and exit (0 = 10 mm) centered on the beam
exiting the eye and the power of scattered light captured was measured. The distance between the corneal
vertex and the entrance was 20 mm. Then, also the directly transmitted light was captured in the
integrating sphere by tilting the integrating sphere and the total power transmitted was measured. The
detector was a Photodyne XL-88 with detector #250.

For each wavelength measured and for each eye, the power of light emerging from an ideal not
scattering and not absorbing eye was estimated. For this, the output of the fiber was positioned in distilled
water approximately 10 mm below the surface. The light was then collimated with an antireflection
coated achromate lens just above the water surface and captured in the integrating sphere for
measurement. The measured power was used as a reference to total power through.

The light sources were lasers emitting at 442 (HeCd), 543 and 633 nm (both HeNe). The laser light
was coupled into the optical fiber. For each eye, the input side of the fiber was switched among the lasers
for measurements at different wavelengths.

3.3. Experimental design and surgical technique

The experimental animal was the New Zealand rabbit weighing approximately 2.5 kg. Altogether, 14
rabbits were measured.

Before the surgical procedure the rabbit was anesthetized with ketamine 35 mg/kg body weight and
xylazine 5 mg/kg body weight, administered intramuscularly. Tropicamide 5 g/l was instilled in both eyes
to obtain mydriasis. Adequate anesthesia was maintained by repeated intramuscular administration of half
the dose every 45 mm.

After having obtained satisfactory anesthesia, the optical fiber was inserted. Under microscopic
inspection, the conjunctiva was dissected free from the upper lateral quadrant of the sciera and a funnel
was created along the sclera all the way to the optic nerve1. A 1.4 mm scierotomy was made between the
equator and the optic nerve. Then, the output tip of the optic fiber was introduced. The output tip was
guided through the vitreous to the posterior pole, under microscopic observation through a contact lens on
the cornea.

Throughout the experiment, the cornea was hydrated with balanced salt solution (Alcon, USA). The
entrance for the fiber was tight with the fiber in place. Therefore, no intraocular infusion was required to
maintain normal tension in the eye. After measurements, the fiber was withdrawn and the scierotomy was
closed with a suture. Ophthalmoscopic examination did not reveal any inconvenience in the eyes the day
after surgery.

The rabbits were all handled in accordance with the ARVO resolution on the "Use of Animals in
Research".
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3.4. Data analysis

The sources of variability in the measurements were estimated with an analyses of variance according
to the model:

X1/J+A+6f(1) (1)

Here, each estimation, Xjj, equals the sum of the expected total mean, t, a term for the variation among
animals, A (i =1. .8(442 nm), 7(543,633 nm)), and a term for the variation among sides within animal,
including the measurement error, 6j(i) (j =1,2).

3.5. Statistical parameters

The confidence coefficient was set to 95% considering the small sample size.

4. RESULTS

Altogether, 12 and 13 eyes, each from a different rabbit, were included for calculation of the optical
parameters in the living eye at 442, 633 and 543nm, respectively. Valid measurements from both eyes
were obtained from eight animals for 442 nm and for 7 animals for 633 and 543 nm.

4.1 Variabifities in the measurements

The estimated variabilities are given in Table 1.

Table 1

Variabilities in the measurements

Wavelength Fraction transmitted* Portion scattered®
(nm)

nimals
(x1O)

des
(x1O)

nimaL
(x104)

des
(x104)

442 90 122 125 32
543 97 458 44 77
633 1 50 62 53

*Total power through the eye/estimated power through an eye without absorption or
scattering. ®Power transmitted via scattering/total power through the eye. Estimations
are from both eyes of 8 animals for 442 nm and 7 animals for 543and 633 am.
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4.2. Transmitted and scattered radiation in the eye

The estimated transmitted and scattered fractions of light in the ocular media of the eye are given in
Table 2.

Table 2
Optical properties of the transparent media of the eye

Wavelength n Portion Fraction Fraction Fraction
(nm) Scattered®

(%)
lost
(%)

transmitted
via scattering

(%)

transmitted
directly

(%)
442 12 19.8±8.1 19 16.1±6.7 65.3±9.3
543 13 17.1±6.7 7 15.7±6.2 76.9±7.8
633 12 15.5±6.4 9 14.1±5.5 76.9±6.8

Intervals are 95 % confidence intervals for the means considering one eye from each rabbit.
®Power transmitted via scattering/total power through the eye.

5. DISCUSSION

Current knowledge about transmission of light in the ocular media derives, with one ce1,
from measurements on enucleated eyes2'3 ,4,5• Typically, the attenuation of light has been examined for
different parts of the eye by placing the optical component of the eye in a spectrophotometer.

The here presented fiber optic point source allows introduction of a reversed beam (retina-cornea) in
a living eye. This allows in vivo estimation of the transmission properties of the eye. Further, the
attenuation may be grossly discriminated into scattering and power lost.

Five eyes were lost due to surgical failure. The measurements from three other eyes were excluded
from further analysis since a preliminary examination revealed that the measurements were grossly wrong
probably due to technical problems.

5.1. Random variabifities

The estimates of random variabilities in the measurements (Table 1) should be considered
conservatively considering the small sample size. Further, the estimates for fraction transmitted and
portion scattered are dependent. However, it is clear that there was a substantial variation between sides
within individuals including measurement error. It is reasonable to believe that a large amount of that
variation is measurement error. The variability of the photometer was insignificant. However, there are
several plausible explanations to the random variation; variability in the output power of the laser,
instability in the coupling of the input side of the fiber to the laser, deposition of small amounts of tissue
and or blood on the microprism, invariable small amounts of hemorrhage in the vitreous induced during
the introduction, variable distance between the micro prism and the cornea, invariable attenuation by
remniscents of the hyaoloid artery, variable centration of the beam in the pupil and the integrating sphere.
The fact that the ratio between estimated variance for sides and estimated variance for animals seem to be
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greater for fraction transmitted than for portion scattered further support that the variability is related to
the measurements rather than biological variability among eyes within individual.

5.2. The optical properties

The average fraction of totally transmitted power estimated with the present method (Table 2) is in
the same range as that previously published1'4'5.

For safety considerations it is important to realize that several eyes transmit light better than average.
The current sample size is however too small to allow a meaningful estimation of the distribution of
transmission properties in the population. The estimated total transmission is a slight under estimation.
Some of the light scattered in the optical media of the eye is captured within the eye, and some of the
light scattered emerges from the eye and escapes outside the entrance of the integrating sphere (Fig. 2).
Both of these components are included in fraction lost (Table 2). Further, the directly transmitted power
is slightly over estimated, since some scattered light will also escape through the exit of the integrating
sphere.

It is believed that a large part of the fraction lost (Table 2) is due to absorption along the light path.

5.3. Final remark

The fiber optic point source in combination with an integrating sphere allows approximate differential
measurement of direct transmission and scattered transmission of light in the eye. Further improvements
of the measurement technique are required to reduce the random error. By varying the distance of the
integrating sphere from the cornea, the angular distribution of light scattering can be estimated in future
measurements.
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