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Comparison of Surface Roughness and Bacterial Adhesion between Cosmetic
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Purpose: To determine the surface roughness of cosmetic and conventional contact lenses (CLs) and their susceptibility to bac-
terial adhesion.

Methods: Concave surface roughness of cosmetic and conventional hydrogel (Etafilcon A) CLs was measured by atomic force
microscopy (AFM) and scanning electron microscopy (SEM). In particular, the surface of the color tinted area of cosmetic CLs
was measured. CLs were immersed into a bacterial solution of Pseudomonas aeruginosa for 1, 12, or 24 hours and culture of P.
aeruginosa that had adhered to the CLs was performed.

Results: Concave surface roughness of cosmetic CLs significantly increased compared with conventional CLs by AFM (p < 0.05).
Bacterial colony formation of P. aeruginosa adhering to cosmetic CLs within one hour significantly increased compared with conventional
CLs (p = 0.047). Adhesions of P. aeruginosa to CLs within one hour was found to correlate significantly with the surface roughness of CL
(r>0.9, p<0.05). By SEM, P. aeruginosa had adhered to the color-tinted area more than to the non-color-tinted area of cosmetic CLs.
Conclusions: Surface of cosmetic CLs was significantly rougher and initial adhesion of bacteria was higher to cosmetic CLs than
to conventional CLs. In particular, an increased number of bacteria was found to be adhered to the color-tinted area of cosmetic
CLs. Initial bacterial adhesion is important because it is the first stage of bacterial attachment process to any surface. After then,
the adherent bacteria can progress to form a biofilm. Increased surface roughness of CLs contributes to opportunities for the CL
to come into contact with bacteria, and thus, initial bacterial adhesion increases. In this study, it is clear that cosmetic CLs are
more vulnerable to bacterial adhesion. To avoid serious complications, such as bacterial keratitis, the manufacturing process for
smoothing and treating the surface in order to inhibit bacterial adhesion should be developed in the future.
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Table 1. Contact lens (CL) used in the study
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Figure 1. Shape and tinted pattern of four hydrogel contact
lenses (CL) used in the study.

iz T 752 Recommended Material Water Dk/t value BC (mm) Center thickness
replacement content (%) (@-3.00D) /Dia (mm) (@-3.00D) (mm)
Conventional Daily wear 1 day Etafilcon A 58 25.5 x 10° 8.5/14.2 0.084
Extended wear 2 weeks Etafilcon A 58 25.5 x 10° 8.3/14.0 0.084
Cosmetic Daily wear 1 day Etafilcon A 58 25.5 x 10° 8.5/14.2 0.084
Extended wear 2 weeks Etafilcon A 58 25.5 x 10° 8.3/14.0 0.084
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Figure 2. Atomic force micrographs of surface of different contact lenses (CLs) on the concave side. The surface topography of four
different CLs was obtained through atomic force microscopy (AFM) analysis over a 2500 me surface area on the concave side.
Especially measuring cosmetic CLs, color tinted area was contained. (A) Conventional CL — daily wear. (B) Cosmetic CL — daily wear.
(C) Conventional CL — extended wear. (D) Cosmetic CL — extended wear.

Table 2. Surface roughness of contact lenses (CLs) measured by atomic force microscope (AFM) on concave side (nm at 2500 umz)

Average roughness (Ra)

Root mean square

Ten points mean height

roughness (Rq) roughness (Rz)

Conventional Cosmetic Conventional Cosmetic Conventional Cosmetic
Daily wear 9.68 34.03 12.39 54.86 182.12 809.08
Extended wear 10.89 51.69 14.27 73.14 203.50 819.35
SkQIthFig. 2). 7L A, dut FEEF=9} dUAgal= ZEHE- = ZF0| WE P aeruginosa FZ H|u
of Hsto] nl-g FeEM =9} AL2RgH= FHO| AHY 2y ZHEM=9] EHO|| P. aeruginosa 30| FAHE =S
SAA7F B S71eE S HAtHTable 2). Al FEHE FEAIRE FElatol(1A17E, 12417E, 24417 Al38%t <, bf
#l=o] #AA7] gk Ra=10.29 + 0.85 nm, Rq=13.33 = 1.33 oFE Nldt 27 42 =45} tHFig 3). 1 A3}, Uuk =
mn, Rz=192.81 + 1511 nmel ¥hgl, v]§ ZelEdlzl  eExe} AUMgU= vstel v g TeE=sl o
Ra=42.86 + 12.49 nm, Rq=64.00 £ 12.93 nm, Rz=814.21 + 22294 = U] P. aeruginosa F-ZO 2 213t At 3
726 nmo|glom, E3] Rqol Rris SYHE + A4 B4 47} o 27159k Table 4). Ayt dl=o] 5 wjorsl A
sxlog o Qli= 2jol5 HYrHRa; p=0.067, Rq; p=0.031, T 73 =1 AZF B2F A] 453 £ 0.04 % 10° CFU/mL, 12
Rz, p=0.002). U2 ZHEH =] 7 27] 7+ Ra=21.86 AJIZF E2F 2] 12,68 + 0.88 x 10° CFU/mL, 24A|7F 2.2} A
+ 17.22 nm, Rg=33.62 + 30.03 nm, Rz=495.60 + 443.33 nm 94.50 + 7.50 x 10° CFU/mL?] ®Hd, g IeEH =L |
ol HbH, H<L2hgd 2= Ra=31.29 + 28.85 nm, Rq=43.71 AIZF B2 A] 7.98+1.10 x 10° CFU/mL, 12A|7F H-2} 4]

+ 41.63 nm, Rz=511.42 + 43547 nm% Z7}18 A4S ES
O, o] BF FASH R ofn] Qle Apo]E HolA=
OFQItHRa; p=0.730, Rq; p=0.807, Rz; p=0.975) (Table 3).
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Table 3. Comparison of concave surface roughness between different contact lenses (CLs)

(a) Conventional vs Cosmetic (nm at 2500 umZ)

Average roughness
(Ra) p-value

Root mean square
roughness (Rq)

Ten points mean height

p-value roughness (Rz) p-value

Conventional Cosmetic Conventional

Cosmetic

Conventional Cosmetic

10.29 + 0.85 42.86 + 12.49 0.067 13.33

+1.33 64.00 + 12.93 0.031" 192.81 + 15.11

814.21 + 7.26  0.002"

Values are presented as mean + SD.
*p < 0.05 by independent ¢-test; 'p <0.01 by independent r-test.

(b) Daily wear (DW) vs Extended wear (EW) (nm at 2500 ptmz)

Average roughness
(Ra) p-value

Root mean square
roughness (Rq)

Ten points mean height

p-value roughness (Rz) p-value

DW EW DW

DW EW

21.86 + 17.22 31.29 +£28.85 0.730 33.62 + 30.03 43.71 + 41.63  0.807

495.60 + 443.33 511.42 + 435.47 0.975

Values are presented as mean + SD.

Pseudomonas aeruginosa: Bacterial culture

1 hour 12 hours 24 hours

Contact lens type

Conventional

|

Daily wear

\— Cosmetic

Conventional

Extended wear

Cosmetic

Figure 3. Bacterial culture of Pseudomonas aeruginosa adher-
ing to contact lenses after immersing the contact lenses (CLs)
into bacterial solutions for 1 hour, 12 hours, or 24 hours, using
right angle streaking method. (The bacterial solution for P.
aeruginosa adhesion to CLs during 24 hours was diluted to
1:4, compared to others for 1 and 12 hours.)

2 9u] Ql= ZolE HYGtK1 hour; p=0.047, 12 hours;
p=0.167, 24 hours; p=0.295). YUZ-g-H =0 FZ} ujofe
Ald 27 2= 1A)7F 22 A] 5.85+1.91 x 10° CFU/mL,
1247F 22+ A] 13.70 + 2.33 x 10° CFU/mL, 24A|7F 22
A] 95.60 + 9.05x 10° CFU/mL?Ql uhd, d&ztga=l |
A7ZF 22F A] 6.65+297x10° CFUML, 12A)7F ¥2F A
16.53+4.56 x 10° CFU/mL, 24A)7F 521 A] 116.40 + 23.48 x
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hours; p=0.517, 24 hours; p=0.363) (Table 5).
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Table 4. Bacterial culture of Pseudomonas aeruginosa adhering to different contact lenses (CLs), after immersing the CLs into bac-

terial solutions for 1 hour, 12 hours, or 24 hours (x10° CFU/mL)

Immersing time - 1 hour

Immersing time - 12 hours

Immersing time - 24 hours

Conventional Cosmetic Conventional Cosmetic Conventional Cosmetic
Daily wear 4.50 7.20 12.05 15.35 89.20 102.00
Extended wear 4.55 8.75 13.30 19.75 99.80 133.00

Table 5. Comparison of Pseudomonas aeruginosa adhering to different contact lenses (CLs), after immersing the CLs into bacterial

solutions for 1 hour, 12 hours, or 24 hours

(a) Conventional vs Cosmetic (x 10° CFU/mL)

Immersing time - 1 hour

Immersing time - 12 hours

Immersing time - 24 hours

p-value

Conventional Cosmetic Conventional

Cosmetic

p-value p-value

Conventional Cosmetic

453 +0.04 798 +1.10 0.047

12.68 + 0.88 17.55 + 3.11 0.167

94.50 £7.50 117.50 + 21.92 0.295

Values are presented as mean + SD.
*p < 0.05 by independent #-test.

(b) Daily wear (DW) vs Extended wear (EW) (X 10° CFU/mL)

Immersing time - 1 hour
p-value

Immersing time - 12 hours

Immersing time - 24 hours

DW EW DW

p-value p-value

DW EW

585 +£191 6.65 +2.97 0.779

13.70 + 2.33 16.53 +4.56  0.517

95.60 £ 9.05 116.40 + 23.48 0.363

Values are presented as mean + SD.

r=0.998, p = 0.002

x10° CFU/mL
x10° CFU/mL

r=0.998, p = 0.002

r=0.956, p = 0.044

0 10 20 30 40 50 60 0 20
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Figure 4. Correlation of surface roughness and initial (1 hour) number of Pseudomonas aeruginosa adhering to contact lenses (CLs)
(r: Pearson correlation coefficient -1 < r <I by the Pearson correlation test).
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Figure 5. Scanning electron microscopic photographs of cosmetic contact lens surface and its Pseudomonas aerugino-
sa adhesions. Cosmetic contact lenses (CLs) were immersed into P. aeruginosa for 24 hours. After the CLs were
washed and processed for scanning electron microscopy (SEM). Then, the microscopic photographs of concave side
of CLs were taken from SEM. (A) Color tinted area of cosmetic CL was rougher than non-color tinted (x 100). (B) Black
lined square of Fig. A was observed at higher magnification (x 1000). (C) P. aeruginosa (white arrow head) was adhered
to irregular surface of cosmetic CL. Especially, more bacterial adhesions were found to color tinted area (x 2000). (D) P
aeruginosa adhesion to surface of CL was observed at high magnification (x 10000). (N: non-color tinted area, C: color

tinted area, white arrow head: P. aeruginosa adhesions).
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