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Abstract
e AIM: To determine the amount of ultraviolet (UV) light

irradiance that various layers of the eye receive as sunlight
passes through the eye, and to investigate the protective
benefits of UV light-blocking contact lenses.

e METHODS: Twenty-four porcine eyes were prepared
in one of three ways: isolated cornea, cornea and lens
together, or whole eye preparation. UV light irradiance was
measured with a UV-A/B light meter before and after the
eye preparations were placed over the meter to measure
UV light penetration in each eye structure. In the whole eye
preparation, a hole was placed in the fovea to measure
light as it passed through the vitreous. Subsequently, UV-
protective contact lenses were placed over the structures,
and UV light penetrance was measured. Measurements of
UV light exposure were taken outdoors at various locations
and times.

e RESULTS: Cornea absorbed 63.56% of UV light that
reached the eye. Cornea and lens absorbed 99.34% of
UV light. Whole eye absorbed 99.77% of UV light. When
UV-protective contact lenses were placed, absorption
was 98.90%, 99.55%, and 99.87%, respectively. UV light
exposure was dependent on directionality and time of
day, and was greatest in areas of high albedo that reflect
significant amounts of light, such as a beach.

e CONCLUSION: Cornea absorbs the majority of UV light
that reaches the eye in this model. UV-protective contact
lenses reduce UV exposure to the eye. Locations with high
albedo expose the eye to higher levels of UV light.
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INTRODUCTION

Itraviolet (UV) light designates a band of the
U electromagnetic spectrum that includes wavelengths
from 10 to 400 nm. These wavelengths are shorter than that of
visible light but longer than X-rays. UV radiation is present in
sunlight and contributes to approximately 10% of the total light
output of the sun. UV light waves have higher frequency and
therefore higher energy than that of visible light. These high
energy light waves are well-known as environmental human
carcinogens that can cause skin cancer, sunburn, and damage
to the eye.
The relationship between UV light and damage to the eye has
been well established. There is strong evidence that aging
of the eye due to UV light exposure throughout a person’s
lifetime manifests in various ocular pathologies, including
cataract, pterygium, and macular degeneration through the
induction of oxidative stress”. Additionally, UV light is
likely responsible for eyelid malignancies such as squamous
cell carcinoma, basal cell carcinoma, and ocular surface
squamous neoplasia*”. A systematic study revealed the global
prevalence of any cataract to be 17.20% with much higher
prevalence in elderly populations'”, and age-related macular
degeneration (AMD) has been found to be the most common
diagnosis in retina practices across the United States'”’. The
risk of developing these UV- and age-related eye diseases is
expected to increase further due to environmental changes
such as deleterious ozone depletion.
There remains limited inquiry into the amount of UV light
penetrance to the eye and the amount of UV light absorbed by
different anatomic structures of the eye. Studies on the human
cornea showed an age-dependent effect on UV penetrance;
a cornea from a 24-year-old was found to block over 45%
of longer wavelength ultraviolet A (UVA) light and 90%
of shorter wavelength ultraviolet B (UVB) light, whereas
a cornea from the elderly was found to block 60% of UVA
but 80% of UVB light™™. Other studies on the topic have
examined and quantified the degree of UV light that human
and other mammalian retinas can detect and absorb, but there
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is high variability of UV light sensitivity among ages and
"1 UV light protective

contact lenses have shown promise in several studies as a way

macular pigment optical densities'

to mitigate UV light exposure, but a study that systematically
measures UV penetrance to various eye structures in sequence
with and without contact lenses is still needed!"".

The aim of our study was to quantify UV light exposure of the
different eye structures in a porcine model by determining the
amount of UV light irradiance received by the cornea, lens,
and retina upon light exposure at various outdoor locations. In
addition, the protective benefits of UV light blocking contact
lenses and the effect of location, direction faced and time of
day on UV light exposure were investigated.

MATERIALS AND METHODS

Ethical Approval All procedures performed in the study were
in accordance with the Association for Research in Vision and
Ophthalmology (ARVO) Statement for Use of Animals in
Ophthalmic Vision and Research.

Twenty-four porcine eyes (Sierra Medical, Whittier, CA,
USA), harvested from Yorkshire crossbreeds at six months of
age and a weight of 200 to 250 pounds, were prepared less than
one week post-mortem to isolate various structures of the eye.
A porcine model was chosen due to its biological similarities
to the human eye, in terms of both its size, anatomy, and
architecture of the retina''*. In eight eyes, cornea was removed
so that the isolated cornea could be exposed to UV light,
and UV light penetrance could be tested. In the second set of
eight eyes, cornea, iris, and lens were isolated from the globe
so that cornea and lens together could be tested. In the third
set of eight eyes, the whole eyes were left intact, but a 5 mm
diameter hole (maculostomy) was placed in the back of the
retina on the fovea, identified by its temporal location to the
optic disc and different color from surrounding tissue, so that
the UV light penetrance through the cornea, lens, and vitreous
could be tested. For this study, “eye structure” will hereby refer
to the cornea preparation, the cornea and lens preparation, or
the whole eye preparation.

Irradiance of the sun outdoors was measured during midday
hours between 10:00 and 14:00 using an UV-A/B light meter
(UV513AB; GENERAL TOOLS & INSTRUMENTS LLC,
Secaucus, NJ, USA) designed to detect UV light between
280 to 400 nm wavelengths. The UV light meter was first
placed in a box created to block sunlight, including UV light,
to ensure that the UV light meter did not record any UV light
exposure while it was in the box. A 1 cm diameter hole was
placed on the top of the box. The detector portion of the UV
light meter was attached to the underside of the hole in the box
so that the only light reaching the detector was coming from a
direct, perpendicular angle to the detector. This ensured that no
background or stray UV light was being measured. To obtain a

UV light measurement for exposure at baseline, the meter was
placed facing skyward to measure UV light exposure while the
detector was in the box. Next, one of the eye structures was
placed over the hole of the box directly on top of the UV light
meter, and a UV light exposure measurement was recorded to
determine how much UV light passed through the structure
being tested. The cornea was placed flat on the detector. The
cornea and lens together were also placed flat on the detector.
The whole eye preparation was placed slightly angled on
the detector so that the light angle from the sun could shine
directly through the cornea, lens, and vitreous to reach the hole
in the fovea in a direct line: the visual axis. For each eye tested,
one UV light measurement was taken at baseline without the
eye present to establish baseline UV light exposure, and ten
repeat UV light measurements were taken for each eye.

To ensure that the angle to the fovea did not impact UV
irradiation and absorption rate in the whole eye structure
group, three porcine eyes were obtained (Ward’s Science,
Rochester, NY, USA) and a 5 mm diameter hole was placed
in the back of the retina to create a direct line for sunlight
perpendicular to the center of the cornea: the optical axis. Ten
measurements were taken both with the eye placed flat on the
detector, and at a slight angle similar to the angle of the fovea,
with corresponding baseline measurements.

Once ten measurements of UV light exposure were made for
each individual structure, a new UV-blocking contact lens
(Acuvue Oasys; Johnson & Johnson Vision; Jacksonville, FL,
USA) was placed over the eye structure. Once in place, 10
more UV light measurements were made to determine how
much UV light passed through the eye structure and contact
lens together. In total, 20 measurements were made for each
individual eye structure, which were then compared to the
baseline UV light reading that each eye structure was exposed
to during the time it was being tested. Averages UV light
exposures were calculated for each eye, and these averages
could be compared to baseline UV light measurements to
determine the percentage of UV light that penetrated each eye
structure. Average total UV exposure time for each eye was
three to four minutes, the amount of time taken to perform all
measurements of UV irradiation with and without the contact
lens. Eye structures were stored in phosphate-buffered saline
(PBS; pH=7.4; Corning Inc., Corning, NY, USA) when not
in use during experimentation to prevent dehydration of the
tissues. Furthermore, to prevent dehydration of the tissues
during the measurement process, PBS solution was dropped
onto the eye structures when dryness was observed, defined as
a lack of moisture film or smoothness of the corneal surface.
This typically occurred near the end of the measurement
process for each eye structure.
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Three contact lenses (Acuvue Oasys; Johnson & Johnson
Vision; Jacksonville, FL, USA) were tested independently
without any eye structure being placed underneath them in
order to determine the UV light penetrance of the contact
lens alone. A baseline UV light measurement was made, and
ten UV light measurements were made with a contact lens in
place.

Lastly, the UV light meter was taken to three outdoor locations
at three different time windows of the day on the same day to
determine comparatively the amount of UV light that reaches
the eye under daily conditions. The locations selected were a
beach (32° 51°24” N, 117° 15° 26” W), a grocery store parking
lot (32° 51°43” N, 117° 13° 277 W), and a grassy field (32°
517257 N, 117° 15 25” W). The beach was selected based on
its known high levels of UV light exposure. The grocery store
was selected to model an activity of daily living. The grassy
field was selected as comparison to the beach because it does
not have as much surface albedo, defined as the proportion of
light or radiation that is reflected from a surface, due to the
lack of reflectiveness of the grass as compared to light-colored
sand.

Measurements at these three locations were taken at
approximately mid-morning (around 9:00 a.m.), midday
(around 12:00 p.m.), and mid-afternoon (around 3:00 p.m.).
These times were selected because the sun changes angle
throughout the day, which could impact how much UV light
the eye receives at different times. To measure UV light
exposure in these areas, the UV light meter was held 5° 5”
off the ground and perpendicular to the ground to mimic a
person standing facing forward. The detector was pointed in
northward, eastward, southward, and westward directions
at 10° N, 90° E, 200° S, and 250° W, respectively. These
directions were determined using a global positioning system
(GPS) compass. Six measurements were taken in each of
the four directions at three times during the day at each
location, and averages of these measurements were made.
With these measurements, UV light exposure to the eye could
be compared based on location and time of day. Values are
reported as mean with standard deviation.

RESULTS

Because baseline UV light exposure for each eye structure
differed depending on the time of day that the eye structure
was measured and the baseline UV light that it was exposed to,
results were determined by calculating the percentage of UV
light exposure that the eye structure absorbed as compared to
baseline.

On average, the cornea allowed 36.44% of UV light to pass
through it, absorbing 63.56% of UV light. For the cornea
and lens together, the two structures allowed 0.66% of UV
light to pass through, absorbing 99.34% of light. Lastly, the
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Figure 1 UV light penetrance through eye structures with and

without UV blocking contact lenses.

whole eye preparation (including the vitreous) allowed 0.23%
of UV light to pass through, absorbing 99.77% of UV light.
Table 1 depicts UV light penetrance through these various
structures. UV light penetrance was not significantly different
in measurements taken with the eye placed flat on the detector,
and with the eye placed at a slight angle on the detector (0.53%
vs 0.56%, P=0.81). When UV-protective contact lenses were
placed over the eye structures, paired sample #-tests showed
significantly decreased UV penetrance percentage through
the cornea (1.10% vs 36.44%, P<0.0001), the cornea and
lens together (0.45% vs 0.66%, P<0.001), and the entire eye
(0.13% vs 0.23%, P<0.01), with contacts compared to without
contacts. Measured UV penetrance comparison can be seen
in Figure 1. The three Acuvue Oasys contact lenses that were
tested allowed an average of 0.80% of light to pass through,
absorbing 99.20% of UV light.

Table 2 shows the effect of location, direction, and time of
day on UV light exposure. UV exposure was greatest in areas
with high albedo, with a paired #-test matching for direction
showing that overall UV exposure was significantly greater
at the beach than either a grass field or parking lot (£<0.0001
for both). The highest exposure occurred when the UV light
detector was pointed in a coordinate direction that was facing
the sun at a time when it was lower in the sky. For example,
at the beach, the highest UV light recorded was 5616 pW/cm” at
3:45 p.m. facing 250° west (Table 2). This time and direction
correspond with the sun lowering in the sky as it sets in the
west. This angle subjected the horizontally facing UV light
detector to a more direct angle of sun. In contrast to this, the
same beach location at the same time recorded a UV light
exposure of 1452.5 uW/cm® when the detector was facing
90° east. This direction corresponded to the sun shining from
behind the detector, exposing the detector to a less direct angle
of sunlight.

DISCUSSION

In our study we have explored UV light penetrance to
various anatomical structures of the eye and ways to reduce
penetrance both through UV light-blocking contact lens and

environmental factors such as location, angle, and time of
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Table 1 UV light penetrance and percentage penetrance through eye structures

Structure UV measured (pW/cm?) Penetrance UV measured with CL (uWW/cm?) °Penetrance
Baseline Through structure (%) Baseline Through CL + structure (%)
Corneal 10210 5105 50.00 10400 208 2.00
Cornea 2 8973 3966 44.19 8917 107 1.20
Cornea 3 8593 4262 49.60 8650 173 2.00
Cornea 4 8531 3131 36.70 8523 75.0 0.88
Cornea 5 8513 2835 33.30 8529 58.0 0.68
Cornea 6 10156 2153 21.20 10100 70.7 0.70
Cornea 7 8925 2624 29.40 8902 73.0 0.82
Cornea 8 9196 2492 27.10 9208 48.8 0.53
AveragexSD 9137+688 3321+1020 36.44+10.6 91534718 102458.1 1.10+0.58
Cornea+lens 1 10255 56.4 0.55 10296 27.8 0.27
Cornea+lens 2 8947 67.1 0.75 8964 50.2 0.56
Corneatlens 3 8597 57.6 0.67 8653 42.4 0.49
Cornea+lens 4 8446 47.3 0.56 8457 38.9 0.46
Cornea+lens 5 8482 70.4 0.83 8518 47.7 0.56
Cornea+lens 6 10192 53.0 0.52 10238 43.0 0.42
Cornea+lens 7 8944 63.5 0.71 8962 47.5 0.53
Cornea+lens 8 9188 63.4 0.69 9034 26.2 0.29
AveragexSD 91314721 59.8+7.66 0.66+0.11 9140+728 40.5%9.05 0.45+0.11
Whole eye 1 10118 17.2 0.17 10000 10.0 0.10
Whole eye 2 9091 30.0 0.33 9333 11.2 0.12
Whole eye 3 8630 23.3 0.27 8385 10.9 0.13
Whole eye 4 8316 15.8 0.19 8500 10.2 0.12
Whole eye 5 8600 12.9 0.15 8300 83 0.10
Whole eye 6 10000 23.0 0.23 10000 14.0 0.14
Whole eye 7 8893 249 0.28 8800 13.2 0.15
Whole eye 8 9158 17.4 0.19 3882 6.6 0.17
AveragexSD 91004652 20.6%5.66 0.23+0.06 840041949 10.5+2.41 0.13+0.02

®Percentage penetrance of UV light was computed by dividing UV measured through the structure and/or contact lens, over baseline UV

measured in the absence of any structure. CL: Contact lens; UV: Ultraviolet.

Table 2 UV Light measured by location, direction, and time

UV Measured (uW/cm?)

Direction
Beach at 09:00 Grass at 09:00 Parking lot at 09:00

250" W 1662.83 1255.83 914

10°N 1899.33 1358.33 1648.33

90° E 4931.5 4136.17 4230.83

200° S 1483 1083 947.33
Beach at 12:00 Grass at 12:00 Parking lot at 12:00

250" W 1947.33 1441 942.33

10° N 1818.83 1265.50 1466.5

90" E 1707 1389.83 1579.67

200° S 2055.17 1516.83 1254.17
Beach at 15:00 Grass at 15:00 Parking lot at 15:00

250° W 5616 4764.50 5258.17

10° N 1635 1139 1108.33

90" E 1452.50 1004.5 1006.67

200° S 2129.50 1507.5 921

UV: Ultraviolet.

day. Our study shows that cornea can absorb the majority of
UV light that reaches the eye. Cornea is the anterior-most
structure of the eye, and so it follows that about two-thirds
of UV light that reaches the eye is absorbed by this structure.
This finding is in line with previous studies demonstrating a
similar UV light absorption profile of the cornea*"'". Because
roughly two-thirds of UV light that reaches the eye is absorbed
by the cornea, the lens is left to absorb about one-third of
the UV light that reaches the eye in total. This indicates that
UV-protective measures such as contact lenses can absorb a
significant amount of UV light that would have otherwise been
delivered to the cornea and lens, with the potential to reduce
incidence of UV-related pathologies in these structures such
as cataract. Furthermore, patients can also be counseled to
identify environmental factors in which they may benefit more
from UV-protecting contacts or other sun protection options
such as sunglasses. We found that time of day (mid-morning
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and afternoon) and albedo (areas with reflective surfaces
such as cars and beaches) can increase UV radiation, but the
largest determinant of UV radiation appeared to be angle.
When facing directions that allow for a more direct angle of
sun exposure to the eye, UV light exposure was almost three
times as high in the same location. This is especially important
to know for people with outdoor occupations who spend a
significant amount of time in high exposure areas, such as life
guards, who may be at increased risk of higher levels of UV
light exposure''”.

Because UV-protective contact lenses do not cover the
conjunctiva, presumably the risks of pterygium and pathologies
occurring outside of the cornea are not reduced with contact
lens wear. Additionally, it has been shown that tears provide
antioxidant protection to the surface of the eye. However,
aging eyes may have less tear flow and therefore are more
prone to the oxidative stresses of UV light"™. With less tear
flow in an area that is not covered by contact lens wear, it may
be even more important for elderly patients to be counseled on
the use of sunglasses or protective lens.

There are several sources of variability and factors that could
have affected the outcome and results in our study. Variability
in weather and cloud cover on the days that the eye structures
were tested could have resulted in differing intensities of UV
light on the days that the eye structures were tested. To account
for this, the percentage calculation of UV light that reached the
UV light detector compared to the UV light at baseline was
used to determine results. Additionally, there was a natural
evaporation of moisture of the eye structures throughout the
measurement process. To minimize this, each structure tested
was quickly removed from solution and placed on the UV
light meter, and measurements were recorded. Because of sun
exposure and the resulting heat, some evaporation did occur
toward the end of the measurement process, to which solution
was applied as soon as dryness was observed. Still, this can be
limited by observer subjectivity and environmental lighting,
and therefore some variability in moisture content could exist.
Future experimentation could re-hydrate the tissue using a
fixed time interval. Corneal edema was minimized by using
pig eyes that were less than one week post-mortem, however
different daily post-mortem degeneration processes and age of
animal at time of extraction could have also produced some
variability in the data given evidence of light scatter based on

19
corneal surface and transparency'”

. While pachymetry was
not measured in this study, previous studies have shown that
corneal thickness measured with a pachymeter increases after

(29 We also did not record corneal

repeated UV light exposure
endothelial cell count, which could also account for some
variation in data.

While the UV light meter could detect the amount of light
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that was able to bypass the eye structure that was being
tested, we were unable to test what happened to the light
that was not able to pass through each structure. More
investigation should follow to determine if the eye structures
that were tested absorbed, scattered, or reflected the UV light.
Additionally, because we used a UVA/B combination light
meter, a distinction between UVA and UVB light wavelength
and respective penetration through the eye structures was not
determined.
In conclusion, in our study cornea and lens together prevented
99.34% of UV light that reached the eye to pass through to
the retina. UV protective contact lenses significantly reduce
UV exposure to all portions of the eye, but especially to the
anterior segment. We also explore ways that environmental
factors such as location and time of day can impact UV light
exposure. With the anterior structures of the eye being most
impacted by UV light and with the effectiveness of UV-
protective contact lenses, protecting anterior eye structures
with UV-blocking contact lenses could reduce the risk of UV
light-mediated eye disease and aging.
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