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Purpose: To investigate the effects of the type of foaming agents on the characteristics of porous contact lenses. Methods:
Hydroxyethyl methacrylate (HEMA), methacrylic acid (MAA), and styrene monomers were used as porous hydrogels, and
ammonium carbonate and sodium carbonate were used as foaming agents. To evaluate contact lenses, their physical properties,
such as oxygen permeability, wettability, moisture content, and mechanical strength, as well as their protein adsorption and
antibacterial properties, were assessed. Results: Porous contact lenses exhibited significantly improved oxygen permeability,
moisture content, and protein adsorption compared with non-porous contact lenses, while the tensile strength was reduced.
Comparing the different foaming agents revealed that sodium carbonate increased oxygen transmission more than ammonium
carbonate and that ammonium carbonate improved wettability and reduced protein adsorption. Ammonium carbonate exhibited
the strongest antibacterial effect among the samples tested. Conclusions: Porous contact lenses using foaming agents
contributed to improved physical properties and reduced protein adsorption compared with hydrogel contact lenses, and this

was affected by the presence and type of foaming agent.
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Table 1. Compositions of samples fabricated via thermal polymerization (wt%)
Sample HEMA 10% SC 10% AC DW MAA Styrene EGDMA AIBN
REF 89.4 - - - 5 5 0.3 0.3
APH 59.4 - 30 - 5 5 0.3 0.3
SPH 59.4 30 - - 5 5 0.3 0.3
WPH 59.4 - - 30 5 5 0.3 0.3

*SC; sodium carbonate, AC; ammonium carbonate, DW; distilled water, MAA; methacrylic acid
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0
Q: protein adsorption amount
v: volume of solution

: protein concentration in solution

c
m: mass of the hydrated test specimens
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Fig. 1. Visible-ray transmittance according to the type of
foaming agent.
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Fig. 2. Water content and refractive index of the contact lens
according to the type of foaming agent.
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Fig. 3. Swelling behavior of the contact lens according to the
type of foaming agent.
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Fig. 4. Contact angle of the contact lens according to the type of
foaming agent.

Vol. 29, No. 3, September 2024

ot v e 5840 25 & Aok 0|24 A
FHAAAR] A EFOIY ES AT wjrT glbe
o ARSIS we] HE2e] 7P A YEh 584
o] 71 ko, AEFFAA} old S AMSSE S
d el =0 HIAoh

5. MAFENM
e AL A ug- Fas JES 517 wfiEell
FZHEAN =X Fo3 E84 54 T sttt £ A
T5 S8l AR gadstel=2a ZYE = g
A AL E(10°(emxmlO,)/(secxmLxmmHg), Dk/t)3} Ak
F 310" (em*>mlO,)/(secxmlxmmHg), Dk)2 Fig. 5
o] YeRf AT

H| T34 SHEH = REF= 7.37DkA, 4.70DKE L2
HHH, AEFE A7 e oA stel==22%1 SPH #l=
£ 32.50Dk/, 27.09Dk, APH A= 28.36Dk/t, 18.15DkE
Z¥zy YePdth AEZGAE tialste] Eo] $hE WPH
A= M= 24.36Dk/, 16.15DkE 2H2F Lyl

WA S H7FE A8 REFET AAAgEo] ¢
=718k, £3] SPHE Az gEo] 4.58] A=A
ot AFEAR)] A EF©] ¥ SPHE OE Als
o Hl3) AR EAd o] 7 w3kon ghibEo] S
H APH Rt} ¢F 15% ©] =4 Yeidth AFIAE 3
7het T Rl S Al AGE 71l i d4E
o] I7FHA Ha S7HE S 59 AAFHE o
7k Ao= AETh P H AFHAA §lo] B A
23} WPHe| AHAHDEE REFY BI&) 338 34 2Tt
ol FEEZ= A&} Aol AFHAGA thilel] 22 4o
ES Algsto g ZHEAN =] i} F3 der) v
OIAHA At GEO] A Y Fo 2 metH).

{f mlo
o

O

6. 71AX Z=
A slol=2a Axe] NFEAE ol Sla
40 q r 35
it o 32.50
— ——
g 3 28.36 I 30 _
= 307 24.36 1 l -
2 25 _‘?
2 20 2
§ 20 - 'kl&lS g
® F15 o
= 15 %
c
[ F10 €
[T 4
210 g
@] s L s
o - L Lo
REF WPH APH SPH

Fig. 5. Oxygen transmissibility and permeability of the contact lens
according to the type of foaming agent.
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Table 2. Antimicrobial properties of porous and non-porous
hydrogels (Abs.)

REF WPH APH SPH
E-Coli 0.8005 0.7620 0.7479 0.7752
S.aureus 0.5609 0.5389 0.5397 0.5790
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