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Purpose: This study aimed to investigate the effect of changes in temperature and humidity on the stability of
ophthalmic lenses. Methods: Combining temperatures of 35°C and 80°C, and relative humidity of 30% and 85% under
four conditions, ophthalmic lenses of —1.00, —5.00, and —8.00 D with high refractive index (n=1.60) were exposed for
24, 72, and 120 h and the changes in parameters and coating films were compared. Results: Lenses exposed to a low
temperature (35°C) exhibited no change of surfaces and characteristics regardless of humidity; however, lenses exposed
to a high temperature (80°C) exhibited changes in spherical and cylindrical refractive powers, a decrease in contact angle
by up to approximately 5%, a decrease in adherence grade, and deeper and larger surface cracks appearing from the
center to the periphery. These changes were larger with an increase in exposure time, and a greater change was observed
under high humidity conditions compared to that under low humidity. Meanwhile, under the same conditions of
temperature and humidity, the degree of changes in ophthalmic lenses according to the refractive power was larger at —5.00 D
and —8.00 D compared to —1.00 D. Conclusions: High- or low humidity had a greater influence on the coating film and
characteristics under a high-temperature environment. Thus, if an ophthalmic lens is exposed to a high temperature and
humidity environment for prolonged periods, stability may not be guaranteed even if the replacement cycle
recommended by the manufacturer is followed; therefore, considering these conditions and inspecting the ophthalmic

lenses may be suggested.
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Table 1. Clear ophthalmic lenses tested in the study

Material Thiourethane
Refractive index (ng) 1.60
Abbe number 40
Density (g/cm®) 1.30

Refractive power (D) -1.00, —-5.00, —8.00
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lenses with different refractive powers according
to the exposure conditions.

Table 2. Changes in the refractive power of ophthalmic lenses according to the exposure conditions to temperature and

humidity
Exposure Refractive Exposure time to temperature and humidity (h)
condition power 24 7 120
-1.00D -1.00D -1.00D -1.00D
Case 1 -5.00D -5.00D -5.00D -5.00D
-8.00D -8.00D -8.00D -8.00D
-1.00D -1.00D -1.00D -1.00D
Case 2 -5.00D -5.00D -5.00D -5.00D
-8.00 D -8.00 D -8.00D -8.00 D
-1.00D -1.00D -1.00D -1.00D
Case 3 -5.00D -5.00D -5.00D -5.00D
-8.00D -8.00D -8.00D -8.00D
-1.00D -1.00D -1.00D -1.00D
v SapCEna e
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Table 3. Changes in the ultraviolet(UV)- and visible light transmittance of ophthalmic lenses according to the exposure

conditions to temperature and humidity

Exposure time to temperature and humidity (h)

Exposure condition Refractive Power

24 72 120
-1.00D 7.33+0.57 7.00+0.00 7.50+1.05 6.83+0.75
Case 1 -5.00D 7.67£1.15 7.17+0.41 7.67+0.52 7.17+0.75
-8.00 D 7.00+£1.00 7.33+0.52 7.33+0.52 7.50+0.55
-1.00D 7.33+0.57 7.8340.75 7.00+0.89 7.00£0.00
Case 2 -5.00D 7.67+1.15 7.50+0.84 7.50+1.05 6.83+0.41
-8.00D 7.00+1.00 7.67+0.52 7.33+0.52 6.67+0.52
uv-B -1.00D 7.33+0.57 7.50+0.84 7.17+0.75 7.00+0.63
Case 3 -5.00D 7.67+1.15 7.33+0.82 7.00+0.63 6.83£0.75
-8.00D 7.00+£1.00 7.00+0.63 7.33+0.52 6.83+0.98
-1.00D 7.33+0.57 7.00£0.00 7.33+0.52 6.83+0.41
Case 4 -5.00D 7.67+1.15 6.83+0.75 7.00+0.00 7.17+0.75
-8.00D 7.00+1.00 7.33+0.52 7.33+0.52 7.67+0.52
-1.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
Case 1 -5.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
-8.00 D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
-1.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
Case 2 -5.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
-8.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
UVA -1.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
Case 3 -5.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
-8.00 D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
-1.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
Case 4 -5.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
-8.00D 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
-1.00D 99.00+0.00 98.83+0.41 99.00+0.00 98.00+0.63
Case 1 -5.00D 99.00+0.00 98.83+0.41 99.00+0.00 98.00+0.89
-8.00 D 99.00+0.00 99.00+0.00 99.00+0.00 98.50+0.55
-1.00D 99.00+0.00 97.83+1.47 98.83+0.41 98.83+0.41
Case 2 -5.00D 99.00+0.00 98.33+1.21 98.83+0.41 99.00+0.00
Visible light -8.00D 99.00+0.00 99.00+0.00 98.50+0.55 99.00+0.00
-1.00D 99.00+0.00 99.00+0.00 99.00+0.00 97.17+£0.98
Case 3 -5.00D 99.00+0.00 99.00+0.00 98.33+0.82 98.00+1.10
-8.00 D 99.00+0.00 98.83+0.41 98.83+0.41 98.33+0.82
-1.00D 99.00+0.00 98.17+0.75 98.83+0.41 99.00+0.00
Case 4 -5.00D 99.00+0.00 98.50+0.84 98.67+0.52 98.67+0.52
-8.00D 99.00+0.00 98.50+0.84 98.67+0.82 99.00+0.00
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Table 4. Adherence grade of the coating film on ophthalmic lenses according to the exposure conditions to temperature

and humidity

Exposure time to temperature and humidity (h)

Exposure condition Refractive power

72 120
-1.00D 5.00+0.00 5.00+0.00 5.00+0.00
Case 1 -5.00D 5.00+0.00 5.00+0.00 4.83+£0.37
-8.00D 5.00+0.00 5.00+0.00 4.67+0.47
-1.00D 4.67+0.47 4.67+0.47 4.67+0.47
Case 2 -5.00D 5.00+0.00 4.33+0.47 4.50+0.50
-8.00D 5.00+0.00 4.33+0.47 4.33+£0.47
-1.00D 4.00+0.00 4.00+0.00 4.00+0.00
Case 3 -5.00D 4.00+0.00 4.00+0.00 4.00+0.00
-8.00D 4.00+0.00 4.00+0.00 4.00+0.00
-1.00D 4.67+0.47 3.67+0.47 3.67+0.47
Case 4 -5.00D 4.33+0.47 3.83+0.37 2.67+0.47
-8.00D 4.33£0.75 3.67+0.47 3.67+0.47

Fig. 2. Representative surface of ophthalmic lenses after 120h-exposure to temperature and humidity visualized using a
scanning electron microscope (x500). A. Baseline, B. Case 1, -8.00D, C. Case 2, -800D, D. Case 3, -800D, E. Case

4, -1.00D, F. Case 4, -5.00D, G. Case 4, -8.00 D
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Fig. 3. Representative surface image of ophthalmic lenses after 120h-exposure to temperature and humidity taken using
a scanning electron microscope (x2000). A. Baseline, B. Case 1, -8.00D, C. Case 2, -8.00D, D. Case 3, -800D, E.

Case 4, -1.00D, F. Case 4, -5.00D, G. Case 4, -8.00D
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