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INTRODUCTION             3

Customers use Vioguard products to sanitize 
a variety of items including smart phones, 
tablets, name badges, eyeglasses and keys. 
While the Vioguard Cubby+ is extremely effective 
at sanitizing, questions often arise about the 
prolonged use of UV-C on common, everyday 
items. When a bright blue kiddie pool is left 
outside in the sun all summer it turns white and 
becomes brittle—will the same thing happen with 
a phone or pair of glasses? Vioguard decided to 
get some answers and started with eyeglasses. 
Vioguard contacted a local eyeglass shop and 
asked for their assistance in conducting a study.  

Vioguard set up a comparative test to determine 
the effect of UV-C sanitizing light on eyeglasses 
products. This was done for long-term and 
short-term durations and tested the cosmetic 
appearance and mechanical and safety 
properties of the frames and lenses.

Since the COVID-19 pandemic, businesses have 
put forth a valiant effort to keep customers 
safe. They recognize that a safe experience 
encourages customers to return. 

The following study will walk through Vioguard’s 
conclusion that the Cubby+ is a safe and 
efficient UV-C sanitizing solution for glasses 
frames and lenses. 

INTRODUCTION
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4 BACKGROUND

Vioguard, Inc. is the manufacturer of the Cubby+ UV-C sanitization chamber. 
The Cubby+ uses ultraviolet (UV-C) bulbs to destroy bacteria, viruses and other 
microscopic organisms present on consumer objects or devices. The Cubby+ 
uses a patented dosimeter to ensure that each time an item runs through a cycle, 
it is guaranteed to receive exactly the required amount of UV-C light to achieve 
complete sanitization. 

The Cubby+ has two cleaning cycles: a “Quick Clean” cycle and a “Deep Clean” 
cycle. The “Quick Clean” is a 30 second cycle that cleans to approximately 20,000 
mW/cm2, which is enough energy to eradicate COVID-19. For environments 
exposed to lesser-known pathogens the “Deep Clean” cycle operates until it 
reaches 100,000 mJ/cm2, which can kill spore-forming bacteria like C. diff. 

BACKGROUND
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PURPOSE             5

In this study, the Cubby+ was used to sanitize sample frames using the “Quick 
Clean” cycle. Stronger germs found in hospitals, extended-care facilities and 
other medical treatment centers may require the full, “Deep Clean” cycle to 
sanitize items. The “Quick Clean” cycle is sufficient to sanitize live viruses such 
as the flu virus, SARS and COVID-19 [2] in consumer applications and non-
medical environments.

Prior to the COVID-19 pandemic, most glasses shops did not clean sample 
frames between customers. Now, shop personnel typically follow customers 
with a tray for unwanted frames. Without the Cubby+, frames are washed with 
soap and water. Because of the variety of frames in most eyeglasses shops, 
even the most popular frames are only tried on and cleaned two to three times 
per week. To overcompensate, Vioguard used the frequency and duration of one 
cleaning per day, using the “Quick Clean “ cycle as a baseline for this study. 

PURPOSE

The purpose of this test is 
to determine whether the 
materials used in eyeglasses are 
susceptible to yellowing, cracking 
or other physical damage effects. 

It is important to note the number 
or daily cleaning cycles during 
testing greatly exceeded the 
estimated “one cleaning per day” 
for each pair of eyeglasses (see 
Appendix - Table D). 
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6 MATERIALS

MATERIALS

The following materials were used in 
this study:

2 VIOGUARD CUBBY+ UNITS. 
The firmware was adapted on the 
units. They were programmed to 
run a constant on-off cycle for a 
predetermined number of cycles. 
These Cubby+ units were used to 
expose frames and lenses to UV-C 
energy.

SAMPLE FRAMES. 
See Table A in the Appendix for 
a list and descriptions of frames 
submitted for testing.

SAMPLE LENSES. 
See Table B for a list and 
descriptions of lenses submitted for 
testing.

5/8” BALL DROP TESTER. 
The Ball Drop Test was used to 
verify that the optical lenses met 
FDA safety requirements. The tester 
was used to verify mechanical 
safety of the lens after exposure to 
UV energy. The ball drop tester was 
manufactured by BPI, Inc. of Miami, 
Florida and meets the requirements 
of FDA 21 CFR 801.410.
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PROCEDURE

The firmware for two Cubby+ test units was adapted to run in a 
customized, test-cycle mode. Aside from modifying the firmware, 
the Cubby+ units were identical to commercially available units.

The firmware was modified to run a full test-cleaning cycle 
which included a “cleaning” phase and a “rest” phase. Once a 
predetermined number of cycles was reached, the firmware paused 
testing. This allowed test personnel to check, record and compare 
the condition of the testing materials at predetermined intervals.

The test cycle included a 30-second cleaning phase followed by a 
five-minute rest phase. The rest phase was significant because it 
was significantly less time than would occur between cleanings in 
practical, real-life application. Effects of UV-C energy on plastics 
are less severe the longer the material is allowed to rest between 
exposures. Frames are typically cleaned using the “Quick Clean” 
cycle (20 second cleaning phase) and only cleaned once per week 
(>72h rest phase).

The frame samples were divided into “control” and “exposed” 
components. They were cut in half along the nose-piece to divide 
the frames into two halves. One half was exposed during testing 
and the other half remained unexposed to act as a control.

The lens samples were submitted in pairs. Of each sample pair, one 
lens was exposed during testing and the other remained unexposed 
to act as a control. Tape was used in layers and removed between 
tests to signify increasing exposure times. 

MATERIALS PREPARATION
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8 PROCEDURE

Tape was used to block exposure of the lens. Portions of each lens were exposed in increments to determine effects of short-
term vs. long-term exposure.

Glasses frames were cut in half. The control half remained unexposed, while these halves were exposed to UV-C light using 
the Cubby+ unit. 
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PROCEDURE             9

Glasses frames were cut in half. The control half remained unexposed, while the other half was exposed to 
UV-C light. Tape was used on the lenses to demonstrate varying levels of exposure.

PROCEDURE

LONG-TERM TESTING

A test was conducted to determine the effects of long-term UV-C 
exposure on sample frames and lenses. This test was broken up 
into intervals representing three months, six months, one year, two 
years and five years of constant exposure. This is considered to 
be a destructive test where the samples are submitted to a level of 
exposure which greatly exceeds any amount of cleaning that would 
be expected in a reasonable consumer environment.

After each test interval was completed, the frame and lens samples 
were removed from the Cubby+, inspected visually and compared to 
the control sample for signs of yellowing, cracking or discoloration. 
A system was used to rate the visual appearance of the lenses and 
frames. “0” meant no visual discoloration in the sample. “1” meant 
noticeable discoloration from the control sample. “2” meant the 
sample was fully discolored. A rating value was recorded after each 
interval of the test.
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PROCEDURE

A second test was conducted to determine the effects of short-
term UV exposure on one set of sample lenses. These lenses were 
“temporary/demonstrator” lenses which are most commonly used 
in demonstrator frames. The short-term test was broken up into 
intervals representing 10 days, 20 days, 30 days, 40 days and 50 
days. Following the results of the short-term test, an additional 
sample was exposed in intervals of 60 days, 70 days, 80 days, 90 
days and 100 days of exposure.

After each interval was completed, the lens samples were removed 
from the Cubby+ and compared to the control sample for signs of 
yellowing, cracking or any discoloration. A similar discoloration 
rating to the long-term test was used.

SHORT-TERM TESTING
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PROCEDURE             11

PROCEDURE

Following the completion of the exposure tests, the lenses were 
subjected to an FDA 5/8” Drop Ball Test to verify mechanical safety. 
This test procedure is described by the specification FDA 21 CFR 
801.40. This test involved raising a 5/8” diameter steel ball to a 
prescribed height and dropping it onto a lens sample. The FDA 
specification describes the pass/fail criteria for the lenses. This test 
procedure and passing criteria were used to determine the results 
of the Drop Ball Test. 

DROP BALL TESTING

NOTE
The Drop Ball Test was also performed on the control samples to 
obtain a comparison between the exposed and control versions of 
the same lens. 

Some of the sample lenses were not FDA-rated lenses and failed the FDA test prior to UV-C exposure.
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RESULTS

The long-term test included frame and lens samples. After 2,500 
cycles, most of the frames showed no signs of discoloration. 
Sample #18 was the only frame to show signs of discoloration. This 
sample was unique because they were children’s frames made from 
a rubberized material and included an elastic head strap. However, 
the amount of exposure these frames were subjected to greatly 
exceeds any amount of use a child or eyeglasses shop would incur 
in the real world. Some frame samples included sample lenses 
in the frames, which are used purely for customers to try on and 
lacked standard protective treatments that come with prescription 
lenses. For this reason, some sample lenses showed signs of 
discoloration, however the frames themselves did not show any 
signs of damage.

ANALYSIS LONG-TERM TEST (SEE TABLE G)

12 RESULTS

After an extreme amount of exposure (significantly more than would be practical in a real-life scenario), the 
only pair of frames that showed any damage were children’s frames. These were made from a rubber mate-
rial that differed from any of the other popular frames. The only lenses that showed significant discoloration 
wereuntreated, acrylic sample lenses.
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RESULTS             13

RESULTS

No lenses (including the untreated, acrylic sample lenses) that were 
subjected to the short-term test showed signs of discoloration after 
up to 100 cycles. This test represented approximately 100 days 
of cleanings. Sample #5 (an untreated, acrylic sample lens) was 
subjected to the long-term test and is shown here for comparison. 

ANALYSIS SHORT-TERM TEST (SEE TABLE F)

NOTE
Sample #5 began to show signs of discoloration after 100 cycles 
in the long-term test, however Sample #26 showed no signs of 
discoloration after 100 cycles in the short-term test. The latter 
is an example of a treated lens, which is required by the FDA for 
practical use.

Sample #5, an untreated, acrylic sample lens showed some signs of discoloration, while treated lenses like 
Sample #26 did not show any signs of discoloration.
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RESULTS

Of all the lenses tested, only two samples (#14 and #15) failed 
whose control did not fail the Drop Ball Test. Both samples were 
low-quality acrylic lenses meant to be used as models only. The 
control and test samples failed for a few of the untreated, acrylic 
lenses (used for models only). These are not intended to be used as 
actual lenses. 

ANALYSIS DROP TEST (SEE TABLE H)

14 RESULTS

The only lenses that showed significant damage after the Drop Ball Test were untreated, acrylic lenses used 
as models only. They are not an accurate representation of the final product. 
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CONCLUSION             15

CONCLUSION

Of the all the frames tested, only two showed any sign of damage. Damage only 
occured after an extreme amount of UV-C exposure that is unrealistic in the 
real world. It is also important to note that these frames were children’s frames 
which are made out of a different material than any other popular frames. 
Most of the lenses showed minimal or no damage and discoloration. The few 
that did were untreated, acrylic lenses used for model purposes only and not 
representative of the final product. In conclusion, the Cubby+ is a safe and 
efficient UV-C sanitizing solution for glasses frames and lenses. 
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TABLE A: LONG-TERM FRAME SAMPLES

SAMPLE NO. COLOR MANUFACTURER IDENTIFYING MARKINGS MATERIAL

1 BLACK/PURPLE PARADOX P5003 51/17 135 90 ZYLONITE

2 BLACK/PINK ZERO G MATTE BLACK/PINK 130MM TITANIUM

3 BURGUNDY EYEFUNC EYEFUNC 651 Col.44 46□22 140 MIX METAL

4 BLACK MÓ EYEWEAR MO MOVE 450A A 54/17 140 ZYLONITE

14 BLACK/WHITE MÓ EYEWEAR MO UPPER 221NY C 52/17 135 RIMLESS METAL

15 MAUVE GLITTER MÓ EYEWEAR MO UPPER 249NY B 52/18 140 RIMLESS METAL

16 BLACK/TEAL JULBO RUN NYLON

17 BLUE/GREEN EUROPA MIX N’ MATCH C1 46-15-125 ZYLONITE

18 SOFT WHITE BABY LUX 38/12 “MIRAFLEX”

TABLE B: LONG-TERM LENS SAMPLES

SAMPLE NO. DESCRIPTION MATERIAL COATING

5 DEMOLENSES ACRYLIC

6 CONVEX DISC PLASTIC CR39

7 PREVENTIA BULBLOCKER POLYCARB

8 POLARIZED POLYCARB

9 ALIZE AR POLYCARB

10 0 AR POLYCARB

11 TRANS AR POLYCARB

12 0 AR CR39

13 1.67 W/AR UNKNOWN

19 SOMO GREEN CR39 Hard, AR, Hydrophobic

20 SOMO BROWN CR39 UV400, Hard, AR, Hydrophobic

21 SOMO BLUE CR39 UV400, AS, AR, Hydrophobic
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APPENDIX             17

TABLE C: SHORT-TERM LENS TEST SAMPLES

TABLE D: TITLE NEEDED

NOTE

NOTE

SAMPLE NO. DESCRIPTION MATERIAL SAMPLE NOTES

N/A DEMO LENSES ACRYLIC CONTROL

22 DEMO LENSES ACRYLIC 10 CYCLE EXPOSURE

23 DEMO LENSES ACRYLIC 20 CYCLE EXPOSURE

24 DEMO LENSES ACRYLIC 30 CYCLE EXPOSURE

25 DEMO LENSES ACRYLIC 40 CYCLE EXPOSURE

26 DEMO LENSES ACRYLIC 50, 60, 70, 80, 90, 100 CYCLE EXPOSURE

SIMULATED TEST TIME TOTAL NO. CYCLES APPROX CLEANINGS PER DAY

3 MONTHS 100 1.1

6 MONTHS 250 1.4

1 YEAR 500 1.4

2 YEARS 1,000 1.4

5 YEARS 2,500 1.4

Two styles of glasses were too large to fit inside the Cubby+ as presented. Samples #16 and 
17 were disassembled to fit inside the chamber. Though this is not practical in a real world 
scenario, the materials were tested for their response to UV energy for use in designing a 
future product which has a larger chamber.

Per Table D, the number of daily cleaning cycles during the test exceeded the estimated “one 
cleaning per day”.
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18 APPENDIX

TABLE E: TITLE NEEDED

TABLE F: TITLE NEEDED

INTERVAL CYCLES SAMPLES: 22 23 24 25 26

SHORT 1 10 X X X X X

SHORT 2 20 X X X X

SHORT 3 30 X X X

SHORT 4 40 X X

SHORT 5 50 X

SHORT 6 60 X

SHORT 7 70 X

SHORT 8 80 X

SHORT 9 90 X

SHORT 10 100 X

SAMPLE
DISCOLORATION INDEX BY NO.CYCLES

NOTES
10 20 30 40 100 2500

5 N/A N/A N/A N/A 1 2 LONG-TERM TEST REFERENCE

22 0 N/A N/A N/A N/A N/A

23 0 0 N/A N/A N/A N/A

24 0 0 0 N/A N/A N/A

25 0 0 0 0 N/A N/A

26 0 0 0 0 0 N/A
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TABLE G: LONG-TERM TEST UV DISCOLORATION INDEX

SAMPLE TYPE
DISCOLORATION INDEX BY NO.CYCLES

NOTES
100 250 500 1,000 2,500

1 FRAME 0 0 0 1 1 DISCOLORATION IN LENS ONLY

2 FRAME 0 0 0 1 1 DISCOLORATION IN LENS ONLY

3 FRAME 0 0 0 0 0

4 FRAME 0 0 0 0 0

5 LENS 1 1 1 1 2

6 LENS 0 0 0 0 0

7 LENS 0 0 0 1 1

8 LENS 0 0 0 0 0

9 LENS 2 2 2 2 2

10 LENS 1 1 1 1 1

11 LENS 2 2 2 2 2

12 LENS 0 0 1 1 1

13 LENS 0 1 1 1 1

14 FRAME 0 1 1 1 1 DISCOLORATION IN LENS ONLY

15 FRAME 0 1 1 1 1 DISCOLORATION IN LENS ONLY

16 FRAME 0 0 0 0 0

17 FRAME 0 0 0 0 0

18 FRAME 2 2 2 2 2 DISCOLORATION IN FRAME & 
BAND

19 LENS 0 0 0 0 0

20 LENS 0 0 0 0 0

21 LENS 0 0 0 1 1
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TABLE H: DROP BALL TEST

SAMPLE EXPOSED TEST CONTROL TEST NOTES

1 FAIL FAIL DEMO LENS IN FRAME

2 PASS PASS DEMO LENS IN FRAME

3 FAIL FAIL DEMO LENS IN FRAME

4 N/A N/A NO LENS INCLUDED IN FRAME

5 FAIL FAIL SEE SHORT-TERM TEST RESULTS

6 PASS PASS

7 PASS PASS

8 PASS PASS

9 PASS PASS

10 PASS PASS

11 PASS PASS

12 PASS PASS

13 PASS PASS

14 FAIL PASS CONTROL PASSED, EXPOSED SAMPLE FAILED

15 FAIL PASS CONTROL PASSED, EXPOSED SAMPLE FAILED

16 PASS PASS

17 N/A N/A NO LENS INCLUDED IN FRAME

18 N/A N/A NO LENS INCLUDED IN FRAME

19 PASS PASS

20 PASS PASS

21 PASS PASS

22 FAIL FAIL SHORT-TERM TEST

23 FAIL FAIL SHORT-TERM TEST

24 FAIL FAIL SHORT-TERM TEST

25 FAIL FAIL SHORT-TERM TEST

26 FAIL FAIL SHORT-TERM TEST
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