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Purpose: This study aimed to find out the pigmentation patterns, elution, and changes in lens parameters that appear when a
circle soft contact lens is exposed repeatedly to low temperatures. Methods: Four types of circle lenses with different materials
and pigmentation methods were repeatedly exposed 3 times: 24 hour-low temperature exposure at 0, —10 and —20°C and 2 hour-
room temperature stabilization. After repeated exposure, the center thickness, refractive power, total diameter, base curve, visible
light transmittance, and absorbance were measured. The pigmentation pattern and elution were observed through scanning
electron microscopy and the difference was compared to the control group without low-temperature exposure. Results: For three
types of circle lenses except for etafilcon A, changes in pigmentation pattern and elution were observed from 0°C, and more
distinct changes were observed with lower temperature exposure. Only in the hilafilcon B, was the absorbance higher at other
temperatures during repeated exposure at —20°C. The total diameter and base curve showed a change outside the tolerance range
set by the Ministry of Food and Drug Safety (MFDS) when exposed to temperatures below 0°C in etafilcon A and hilafilcon B,
and some significant changes were noted at 0°C and —10°C. In the case of refractive power and visible light transmittance, some
significant changes were observed due to the repeated low-temperature exposure but not consistent changes, all of which were
within the MFDS tolerance range. Conclusions: When repeatedly exposed to low temperatures according to the pigmentation
method and material of the circle lens, a significant parameter change occurred from 0°C, and the total diameter and base curve
exceeded the allowable error of the MFDS. Therefore, it is necessary to be careful not to fall below 0°C when storing and
distributing circle lenses in winter and to create standards for storing and distributing circle lenses.
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Table 1. Specification of circle soft contact lenses used in the study

Manufacturer Johnson & Johnson Vision Bausch + Lomb Interojo Alcon
USAN* Etafilcon A Hilafilcon B Methafilcon A Nelfilcon A
Replacement Schedule (day) 1
Tinting method Sandwich Micro- encapsulation  Dual safety shield layers  Dual layer printing
Water contents (%) 59 59 55 69
Center thickness (mm) 0.084 0.090 0.100 0.100
Total diameter (mm) 14.2 14.2 142 13.8
Base curve (mm) 8.5 8.6 8.6 8.6
FDA 4 2 4 2
Monomer HEMA*+MAP"+PVP* HEMA®*+NVP! HEMA*+MAP HEMA®*+PVA®
Packing buffer component Phosphate+Povidone Borate S Poloxamer
Dye Bll_le hema, 'Irop oxide, Tron oxide it Iron oxide bl.ack, Carvazole
Titanium dioxide etc violet

a. HEMA: hydroxyethyl methacrylate, b. MA: methacrylate, c. PVP: poly-vinylpyrrolidone
d. NVP: N-vinylpyrrolidone, e. PVA: polyvinyl alcohol, f. unpublished
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Fig. 1. Representative photos of the frontal surface of circle soft contact lenses taken by scanning electron microscopy.
A. Etaficon A lens (x500), B. Etaficon A lens (x1000), C. Hilaficon B lens (x500), D. Hilaficon B lens (x1000), E.
Methafilcon B lens (x500), F. Methafilcon B lens (x1000), G. Nelfilcon A lens (x500), H. Nelfiicon A lens (x1000).
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Fig. 1. Continued.
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Fig. 2. Changes in absorbance of packing solution after repeated exposure to low temperature. A. Etaflicon A, B.

Hilaflicon B, C. Methaflicon A, D. Nelflicon A.
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to repeated exposure to low temperature. *p<0.05,
significantly different from the baseline value
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