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Objective: To compare a novel daily disposable contact lens (DDCL) verofilcon A with other DDCL materials in terms of pre-lens 
tear film (PLTF) stabilization and visual performance for prolonged use in healthcare professionals with the use of masks.
Methods: Subjects aged 20–40 years old were prospectively randomized into three study groups. Group 1: verofilcon A, group 2: 
nesofilcon A and group 3: senofilcon A. The subjects were evaluated at baseline with best corrected visual acuity (BCVA), non- 
invasive tear break up time (NIBUT) of pre-lens tear film, and high order aberrations (HoAs). After 28 days of CL use, NIBUT at 1, 4, 
8, and 12 h, HoAs, contrast sensitivity (CS) with CVS100-E and contact lens dry eye questionnaire-8 (CLDEQ-8) were evaluated.
Results: Between August and September 2021, 147 eyes of 77 subjects were included in the three study groups. At day 28, the CS 
scores at 18 cycles per degree, spatial frequencies, and the mean NIBUT scores at 4, 8, and 12 h were higher in the verofilcon A group 
compared to the nesofilcon A and at 12 h were higher compared to the senofilcon A (p < 0.05). The mean HoAs and CLDEQ-8 test 
scores were higher in the nesofilcon A group (p < 0.001).
Conclusion: The results of this study suggest the superiority of the PLTF stabilization ability of verofilcon A in healthcare 
professionals with prolonged use of mask. The improved CS and NIBUT scores of this lens could be explained by a new and unique 
surface technology with greater than 80% water content.
Keywords: facial mask, HoAs, nesofilcon A, NIBUT, senofilcon A, verofilcon A

Introduction
In the current coronavirus 2019 (COVID-19) pandemic, the widespread use of face masks, which is essential for the 
prevention of novel virus transmission, may cause ocular dryness and irritation.1 During facial mask use, tear film 
instability occurs as a result of the upwardly directed breathing reaching the ocular surface.2

The use of facial masks has become closely related to visual quality of life regarding refractive correction methods in 
addition to eye dryness symptoms. Complaints of sweating and fogged glasses with contamination risks have been 
associated with the use of masks.3 To avoid visual disturbance, preferring to use contact lenses (CLs) instead of glasses 
has become a good option for healthcare professionals who wear masks for extended periods. Although habitual contact 
lens (CL) wearers reported wearing CLs less than usual, there is an increase in the frequency of visiting CL practitioners 
to switch glasses to CLs among health care professionals.4

CLs can have biophysical interactions with the tear film and can result in biochemical changes in the tear film.5 When 
CLs are placed on the ocular surface, they cause the tear film to split into two parts: the pre-lens tear film (PLTF) and 
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post-lens tear film.6 Although evaluating the noninvasive breakup time (NIBUT) of the PLTF gives limited information 
regarding the pre-lens tear film stability, it could be a useful indicator of tear film dysfunction in symptomatic contact 
lens users.7

Over the past two years, 35% of CL wearers have reduced or paused their CL wear since early 2020 owing to the 
covid-19 pandemic because of the CL-related discomfort or occasion problems.8 The appropriate CL wearing modalities 
during the use of facial masks should be disposable daily instead of reusable CLs to minimize contamination risks and 
solution-related complications. The selected CL should have high water content and low dehydration rate with high 
oxygen transmissibility to avoid worsening dry eye symptoms and to eliminate the discontinuation of lens wear in 
prolonged use.4

Verofilcon A (Precision1™, Alcon Laboratories Inc., Fort Worth, TX, USA) is a silicone hydrogel (SiHy) daily 
disposable contact lens (DDCL) made from a new material using Smartsurface™ technology is a lubricious 2–3 µm 
ultra-soft surface gel that steps up from 51% water at the core to greater than 80% water at the outer surface.9 Changes in 
the CL hydration or changes in the quality of the PLTF may result in alterations in visual performance.10 These lenses 
support optically precise PLTF with enhanced comfort levels. Senofilcon A (Acuvue Oasys™ 1- Day; Johnson & 
Johnson Vision Care, Inc., Jacksonville, FL, USA) is a well-known SiHy DDCL offering high comfort levels with 
HydraLuxe™ technology that is mucin-like internal wetting agent polyvinylpyrrolidone working with the natural mucins 
of the tear film.11 Nesofilcon A (Biotrue ONEday™, Bausch & Lomb, Rochester, New York, USA) is a widely used, 
high-quality, and well-accepted conventional hydrogel (Hy) DDCL material with 78% water content throughout and 
a surface that retains water, like the natural tear film of the polymer-bound surface active macromer poloxamer 407.12

To identify the most appropriate DDCL material in terms of tear film stabilization, ocular comfort levels, and visual 
quality for prolonged use, we compared the novel SiHy DDCL of Verofilcon A with another SiHy DDCL of Senofilcon 
A and a Hy DDCL of nesofilcon A.

Methods
Study Design
This was a prospective randomized comparative clinical study. The subjects were enrolled in the study at the contact lens 
department of Dr Lutfu Kirdar Training and Research Hospital between August and September 2021. The study protocol 
adhered to the tenets of the Declaration of Helsinki for clinical research and was approved by the Ethical Committee of 
the Kartal Dr Lutfu Kirdar Training and Research Hospital. Written informed consent was obtained from all subjects after 
explaining the purpose and possible consequences of the study.

Patient Recruitment
Healthcare professionals aged between 20 and 40 and wearing a surgical mask at least 8 hours/day and five days in 
a week were conducted the study. Subjects who had no history of CLs before and were able to wear CLs for more than 12 
hours (h) per day, randomized into three study groups. The recommended DDCLs for group 1 were verofilcon A, for 
group 2 was senofilcon A, and for group 3 was nesofilcon A. Technical details of the DDCLs of the study groups are 
listed in Table 1.

Subjects with refractive errors between +4.00 Diopters (D) and −8.00 D needed no or minimal (<0.75 D) cylindric 
refractive corrections, and best corrected visual acuity (BCVA) of 20/25 or better was recruited. Detailed anterior and 
posterior segment examinations with Oxford corneal staining scores and the Schirmer test were performed to exclude 
ocular surface disorders at baseline.

Subjects with severe dry eye disease, findings of NIBUT ≤ 5 seconds, Oxford corneal staining ≥ scale 3, and <5 mm/5 
min Schirmer test scores were excluded from the study. The other exclusion criteria were BCVA <20/25, manifest 
astigmatism ≥0.75, diopter, ocular allergy findings (papillary conjunctivitis), corneal vascularization, current or history of 
herpetic keratitis, meibomian gland dysfunction, pregnancy, retinal problems or glaucoma, pseudophakia or cataract, 
history of ocular surgery, and any systemic or ocular medical treatment including artificial tear drops.
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Endpoints
The primary endpoint was tear film stability via NIBUT measurements over time with prolonged use of contact lenses. 
NIBUT scores were evaluated at baseline and at 1, 4, 8, and 12 h of lens wearing on day 28. Secondary endpoints 
included anterior corneal wavefront analysis, contrast sensitivity (CS), and subjective ratings of overall comfort with 
Contact Lens Dry Eye Questionnaire-8 (CLDEQ-8) test, and safety endpoints included adverse events and biomicro-
scopy/slit lamp examination findings.

CS was evaluated at 3, 6, 12, and 18 cycles per degree (cpd) spatial frequencies with CSV-1000-E test (VectorVision, 
Ohio, USA) under mesopic (3.5 cd/m2) conditions at 2.5 m without glare. The CS at different spatial frequencies was 
compared with the physiological CS range for normal subjects of similar ages.13 The CLDEQ-8 test was used for 
assessing the CL-related satisfaction levels with frequency and severity of CL-related discomfort, dryness, blurred vision, 
closing the eye, and removing the lens with scores from 37 of the total score.14

Study Protocol
During the first visit, subjects were screened for monocular uncorrected visual acuity (UCVA) and monocular BCVA in decimals 
with Snellen from 6 meters using a Topcon ACP-8 chart projector (Topcon Corporation, Tokyo, Japan) under mesopic conditions 
(3.5 cd/m2). All measurements were converted to the logMAR scale. Spherical, cylindrical, and keratometric measurements were 
performed using an RMK-800 autorefractometer keratometer (Topcon Corporation, Tokyo, Japan).

Subjects were randomized into verofilcon A, senofilcon A, or nesofilcon A lens groups and instructed to wear the 
lenses for at least 14 h per day (range, 10–16 h) for 28 (±2) days, with a minimum of 5 days/week starting the 
following day. The participants were given detailed information about possible adverse events and provided emergency 
communication information.

During the second visit on day 28, contact lens corrected visual acuity (CLCVA) scores were measured after 12 h of 
wearing DDCLs for comparative analyses. NIBUT scores were evaluated at 1, 4, 8, and 12 h. The term of NIBUT is the 
average time in seconds between eye opening and appearance of the first visible break in the lipid layer of the PLTF. NIBUT of 

Table 1 The Parameters of the DDCLs of the Study Groups

Parameters Verofilcon A Senofilcon A Nesofilcon A

Manufacturer Alcon Laboratories Inc Johnson & Johnson Vision Care, 
Inc.

Bausch and Lomb Inc.

Material Silicon hydrogel Silicon hydrogel Hydrogel

Diameter (mm) 14.20 14.30 14.20

Base curve (mm) 8.30 8.50, 9.00 8.60

Dk/t (cm2/sec) (mL O2/ 
mL × mmHg)

100 x 10−9 121x 10−9 42 x 10−9

Central thickness (mm) 0.09 0.085 0.10

Wetting technology SMARTSURFACE® 

Surface Water content >80% 

3µ surface water content 

gradient.

HydraLuxeTM 

By internally incorporated 

wetting agent PVP.

Surface Active® 

Copolymer of HEMA and PVP to reduce 

surface dehydration

Core water content 51 38 78

Core modulus (MPa) 0.6 0.72 0.50

UV blocker Class I UV blocker (90% 
UVA, 99% UVB)

Class I UV blocker (90% UVA, 
99% UVB)

Limited (50% UVA, 95% UVB)

Abbreviations: HEMA, hydroxyethyl methacrylate; PVP, polyvinylpyrrolidone; UV, Ultraviolet.
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the PLTF and anterior corneal higher order aberrations (HoAs) measurements were obtained from Sirius corneal topography 
(CSO, Firenze, Italy) device, which combines Placido disc and Scheimpflug camera systems. For measuring anterior corneal 
HOAs, Zernike polynomial expansions up to fourth radial order are provided for a 4 mm pupil zone.

The HoAs coefficients were evaluated at baseline, 1 and 12 h on DDCLs for 10s after blinking. In addition, CS levels 
were noted at the 12th h. CL wearers were instructed to complete the CLDEQ-8 questionnaire based on their CL wearing 
experience in the preceding 28-day period. The final decision regarding preferences using the present CLs is recorded. 
Adverse mechanical and inflammatory events related to CLs were noted in the safety profile.

Statistical Analyses
The R vers. 2.15.3 program (R Core Team, 2013) was used for the statistical analysis. The conformity of the quantitative 
data to the normal distribution was evaluated using the Shapiro–Wilk test and graphical examinations. One-way analysis 
of variance and post hoc evaluations with Bonferroni correction were used to evaluate normally distributed variables 
between more than two groups. The Kruskal–Wallis test and post-hoc evaluations with Bonferroni correction were used 
for intergroup evaluations of variables that did not show a normal distribution. Pearson’s chi-square test and Fisher- 
Freeman-Halton exact test were used to compare qualitative variables. To examine the effects of group and time factors 
on NIBUT and HoAs values, analysis of variance and post-hoc evaluations with Bonferroni correction were used for 
repeated measurements. Statistical significance was set at p <0.05.

Results
In this study, 147 eyes of 77 patients were evaluated. There were no statistically significant differences between the 
groups in terms of age or sex (p > 0.05). In addition, there was no statistically significant difference between the groups 
in terms of spherical, Kavg, UCVA, or BCVA values (p > 0.05). In the 12th h CLCVA evaluation, the mean CLCVA 
values of the nesofilcon A group were found to be significantly lower than those of the verofilcon A and senofilcon 
A groups. (p < 0.001 and p = 0.008, respectively). When BCVA and CLCVA measurements were compared, CLCVA was 
found to be significantly lower than BCVA measurements in the nesofilcon A group. (p < 0.001) (Table 2).

Table 2 Baseline Demographics, Visual Acuity, and Refractive Data of the Study Groups

(n=77) Verofilcon A Senofilcon A Nesofilcon A Total p V vs S V vs N S vs N

Age, mean±sd 25.76±5.14 26.00±5.66 24.72±5.82 25.49±5.50 0.688a – – –

Gender, n(%) 0.808b – – –

Female 13 (50) 14 (54) 11 (44) 37 (49.3)

Male 13 (50) 12 (46) 14 (56) 38 (50.7)

Spherical mean±sd −2.29±2.34 −1.91±2.21 −1.96±2.36 −2.05±2.29 0.677a – – –

Kavg mean±sd 44.63±0.88 44.57±0.71 44.62±0.89 44.61±0.83 0.922a – – –

UCVA (LogMAR mean±sd) 0.37±0.11 0.36±0.09 0.38±0.12 0.37±0.11 0.538a – – –

BCVA (LogMAR mean±sd) −0.03±0.04 −0.03±0.07 −0.05±0.09 −0.03±0.04 0.962a – – –

CLCVA (LogMAR mean±sd) 0.01±0.06 0.04±0.07 0.13±0.11 0.91±0.04 0.001*a – <0.001* 0.008*

Change/difference

BCVA-CLCVA Mean 
±sd

0.12±4.59 0.25±2.96 3.18±4.68 0.011*a 0.164 0.013* 0.147

p 0.082 0.057 <0.001*

Notes: aOne-way analysis of variance. bPearson chi-squared test. *p<0.05. 
Abbreviations: Kavg: Keratometry value of average, BCVA: Best corrected visual acuity, CLCVA: Contact lens corrected visual acuity, UCVA: Uncorrected visual acuity, V: 
Verofilcon A, S: Senofilcon A, N: Nesofilcon A.
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Pre-Lens Tear Film Stability
Comparative analyses of the NIBUT scores between the study groups are summarized in Table 3. As a result of NIBUT 
Bonferroni-corrected post-hoc evaluations, there was no statistically significant difference between the groups in terms of 
NIBUT scores at baseline and after CL wearing at 1 h on day 28 (p > 0.05). There was a statistically significant difference 
between the groups in terms of NIBUT values at 4, 8, and 12 h (p = 0.043, p < 0.001, and p < 0.001, respectively). At 4 h, 
the values of the verofilcon A group were found to be higher than those of the nesofilcon A group (p = 0.041). At 8 h, the 
values of the nesofilcon A group were found to be lower than those of the verofilcon A and senofilcon A groups (p < 
0.001 and p = 0.006, respectively). At 12 h, the values in the nesofilcon A group were lower than those in the verofilcon 
A and senofilcon A groups (p < 0.001 and p = 0.006, respectively). In addition, while no significant difference was found 
between the verofilcon A and senofilcon A groups in the measurements up to 8 h, the values of the verofilcon A group 
were higher than those of the senofilcon A group in measurements taken at 12 h (p < 0.001).

After 28 days of use, when comparing the NIBUT measurements between baseline and 1 h, all groups showed 
significant increases in PLTF break up time scores. In the verofilcon A group, NIBUT scores were significantly lower 
than the baseline values at 12 h. (p = 0.999) In the senofilcon A group and nesofilcon A group; the mean NIBUT values 
at 1 h were significantly higher than at baseline (p = 0.002, p = 0.001) but were statistically significantly lower than the 
baseline values at both 8 and 12 h (p < 0.05) (Table 3) (Figure 1).

The Wavefront Analysis of the Pre- Lens Tear Film
The mean coefficient of HoAs observed at baseline and 1 h was not statistically significant in any of the three groups (p > 
0.05). However, the HoA scores at 12 h were significantly higher in the nesofilcon A group (p < 0.001). Post-hoc 
evaluation with Bonferroni correction showed that the change observed in the verofilcon A group was lower than the 
change observed in the senofilcon A and nesofilcon A groups (p = 0.041 and p < 0.001, respectively). Additionally, the 
change observed in the senofilcon A group was lower than that observed in the nesofilcon A group (p < 0.001) (Table 4).

Table 3 NIBUT Scores and Comparative Analyses of Study Groups

NIBUT Verofilcon A Senofilcon A Nesofilcon A p V vs S V vs N S vs N

Baseline 10.47±3.84 10.38±3.18 9.81±2.97 0.568 – – –

1 H 12.35±3.35 11.88±2.8 11.99±3.29 0.738 – – –

4 H 11.67±3.74 10.5±3.47 9.88±3.52 0.043* 0.313 0.041* 0.999

8 H 10.44±3.37 9.05±2.68 7.25±2.52 <0.001* 0.051 <0.001* 0.006*

12 H 9.15±3.08 6.82±2.69 4.73±1.68 <0.001* <0.001* <0.001* <0.001*

Change/Difference

1 –Baseline Mean±sd 1.88±2.52 1.5±2.82 2.18±3.76 0.545 – – –

p <0.001* 0.002* 0.001*

4 –Baseline Mean±sd 1.2±3.55 0.12±3.61 0.08±4.22 0.250 – – –

p 0.082 0.999 0.999

8 –Baseline Mean±sd −0.02±4.59 −1.33±3.61 −2.56±3.84 0.008* 0.326 0.006* 0.387

p 0.99 0.049* <0.001*

12 –Baseline Mean±sd −1.32±4.26 −3.55±3.92 −5.08±3.28 <0.001* 0.013* <0.001* 0.147

p 0.134 <0.001* <0.001*

Notes: Bonferroni-corrected post-hoc evaluation results are presented if significance is observed in the analysis of variance in repeated measurements. *p<0.05.
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The CS in mesopic conditions evaluated at different spatial frequencies and compared with the normal range with the 
CSV 1000-E test are summarized in Table 5. There was no statistically significant difference between the groups in terms 
of lower spatial frequencies of the 3 and 6 cpd CS mean values (p > 0.05). However, post-hoc evaluation with Bonferroni 
correction showed that the values in the verofilcon A group were higher than the nesofilcon A group values in 12 cpd 
measurements (p = 0.02) and 18 cpd measurements (p = 0.048). Moreover, verofilcon A group values were found to be 
higher than senofilcon A group values in 18 cpd measurements (p = 0.037). The mean values of the study groups were 
close to the normal range at lower special frequencies of 3 and 6 cpd; however, the differences became more significant 
at higher special frequencies of 12 and 18 cpd (Figure 2).

Subjective Analyses with CLDEQ-8 Test and Preference of Wear
There was a statistically significant difference between the groups in terms of the CLDEQ-8 values (p < 0.001). Nesofilcon 
A group values (13.2 ±1.0) were higher than those of the verofilcon A (0.8 ±0.9) and senofilcon A (11.2 ± 0.8) groups (p < 
0.001 and p = 0.011, respectively). A statistically significant difference was found between the groups in terms of the 
percentage of preference to continue. The rate of positive preference for using nesofilcon A (20 (80%)) was lower than that of 
the verofilcon A (25 (96%)) and senofilcon A (24 (92%)) groups (p < 0.001 and p = 0.002, respectively).

Table 4 Comparative Analyses of HoAs Scores Between the Study Groups

HoAs (Zernike, RMS µm) Verofilcon A Senofilcon A Nesofilcon A p V vs S V vs N S vs N

Baseline 0.12±0.12 0.09±0.13 0.10±0.15 0.927 – – –

1 0.09±0.14 0.11±0.15 0.12±0.17 0.997 – – –

12 0.16±0.14 0.18±0.15 0.54±0.37 <0.001* 0.097 <0.001* <0.001*

Change/Difference

Baseline–1 Ort±ss 0.02±0.18 0.01±0.2 0.02±0.22 0.979 – – –

p 0.826 0.999 0.999

Baseline −12 Ort±ss 0.13±0.18 0.17±0.19 0.23±0.38 <0.001* 0.041* <0.001* <0.001*

p 0.076 0.021* <0.001*

Notes: Bonferroni-corrected post-hoc evaluation results are presented if significance is observed in the analysis of variance in repeated measurements. *p<0.05.

Figure 1 The change pattern of the study groups among NIBUT scores over time.
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None of the subjects experienced mechanical or infectious adverse events or discontinued lens wear. No evidence of 
corneal edema or chemosis was observed on biomicroscopy/slit-lamp examination during the follow-up.

Discussion
Due to the Covid-19 pandemic, the incidence of CL-related discomfort tends to increase depending on facial mask- 
induced tear film instability and increased screen time at home.8 In the current study, we compared the novel SiHy 
DDCL, verofilcon A with a commercially available SiHy DDCL and Hy DDCL in terms of PLTF stability over time and 
visual performance in healthcare professionals. Although the early measurements were similar, verofilcon A showed 
a better PLTF stability performance at extended wear times with better NIBUT score, HoAs coefficient, and CS scores at 
higher spatial frequencies compared to senofilcon A and nesofilcon A.

Facial mask use during the COVID-19 pandemic is a risk factor for worsening tear film parameters. A recent study 
conducted that the daily number of hours spent wearing a face mask correlated strongly with OSDI and corneal staining 
and showed a weak negative correlation with NITBUT.15 On the other hand, CLs are determined as an iatrogenic dry eye 
etiologic according to the 2017 Tear Film and Ocular Surface Society Dry Eye Workshop II (TFOS DEWS II).16 When 

Figure 2 The change pattern of the study groups among CS scores over time.

Table 5 CS Scores and Comparative Analyses of the Study Groups

CVS 1000–5 TEST CS 
Spatial Frequencies

Reference Verofilcon A Senofilcon A Nesofilcon A p V vs S V vs N S vs N
Log CS 
(mean±SD)

Log CS 
(mean±SD)

Log CS 
(mean±SD)

Log CS 
(mean±SD)

3 cpd 1.61±.0.21 1.60±0.22 1.59±0.26 1.60±0.25 0.948 0.999 0.999 0.999

6 cpd 1.66±.0.23 1.66±0.15 1.64±0.13 1.64±0.15 0.744 0.999 0.999 0.999

12 cpd 1.08±0.32 1.01±0.19 0.95±0.19 0.87±0.20 0.002* 0.387 0.002* 0.138

18 cpd 0.56± 0.35 0.52±0.19 0.46±0.21 0.41±0.21 0.048* 0.037* 0.048* 0.557

Notes: Bonferroni-corrected post-hoc evaluation results are presented if significance is observed in the analysis of variance in repeated measurements. *p<0.05.
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compared to normal individuals, the NIBUT scores were increased at 1.2–2.6 times in all CL wearers, and the tear film 
thickness was decreased due to the damaged lipid layer of the PLTF.17 Therefore, it becomes a challenging problem for 
a healthcare professional to use CLs while wearing facial masks because of the negative alterations of the tear film 
stability. However, the NIBUT scores of PLTF are highly variable depending on the surface wetting ability of the CLs 
that interact directly with the lipid layer of the tear film.18 To the best of our knowledge, this is the first comparative study 
to evaluate the PLTF NIBUT of novel DDCL verofilcon A over time. In the current study, the NIBUT scores of all groups 
increased during the first hour of wearing according to the baseline. However, the decrease in NIBUT scores was 
significantly different between the groups.

Nesofilcon A is a new generation hydrogel DDCL that has a surface wetting technology with a polymer-bound 
macromer for maintaining a higher water content 78%.12 A stable average NIBUT score with 8 h of wearing was 
previously reported in both presbyopic and non-presbyopic wearers.19 However, the nesofilcon A group showed the 
lowest scores from the beginning of 4 h to 12 h compared to the other two SiHy DDCL groups. The lower NIBUT scores 
of nesofilcon A might depend on the higher dehydration rates of the high-water-content hydrogel CLs according to the 
new-generation SiHy CLs with enhanced surface properties and low water content.

When comparing the two SiHy DDCLs, the verofilcon A and senofilcon A groups had similar NIBUT scores until 8 h, 
but the differences became significant at 12 h. In vitro studies conducted with verofilcon A demonstrated superior lens- 
surface moisture stability compared to senofilcon A.20 The contact angles that can be used to determine wettability in the 
laboratory were 41.0° for verofilcon A vs 96.5° for senofilcon A with lower modulus scores in nanoindentation tests.20 

Another in vitro bench study demonstrated the superiority of the aqueous film stability of verofilcon A to comparator CLs 
by evaluating the water breakup time.9 Moreover, in a recent study, 81% of existing CLs wearers expressed a preference 
for verofilcon A over their current lenses, including senofilcon A and nesofilcon A, citing all-day comfort, longer wearing 
time, and less disruption throughout the day time.21 Thus, different wetting technologies appear to have different abilities 
to maintain PLTF stability.

As the front optical surface, PLTF is a constituent factor of the optical quality of the CLs.22 In the current study, 
CLCVA at 12 h was lower in the nesofilcon A group. The significant decrease in vision levels in the nesofilcon A group 
may be associated with the more dramatically altered PLTF layer at the end of the day. In addition, the CLCVA scores 
were slightly higher in the verofilcon A group than in the senofilcon A group. In a recent study, it was reported that >95% 
eyes wearing verofilcon A CLs had CLCVA of 20/20 or better after 12 h.23

Maintaining a consistent optical surface is important for reducing light scattering and preventing optical aberrations 
during CL wear.24 Placido disc-based systems measure HoA coefficients derived from the front surface of the cornea 
with PLTF. Ruiz-Alcocer et al reported that no significant differences were found in HoAs changes with nesofilcon A and 
two conventional SiHy DDCLs of delefilcon A and stenfilcon A.25 In contrast, owing to the PLTF stability relation with 
the HoAs coefficients, the verofilcon A and senofilcon A groups showed less increase in aberrations, as expected. 
However, the increase in HoAs coefficients was less in the verofilcon A group than in the senofilcon A group. An in vitro 
study showed that verofilcon A maintained Placido ring pattern stability over a 60s dehydration interval and maintained 
its image quality.26 Senofilcon A group were noted similar HoAs scores to the literature (0.18 ± 0.15 µm, 0.13 ± 0.04 µm 
respectively).

There are a limited number of studies in the literature comparing the conventional CLs with the current study in terms 
of CS27,28 The CS functions of nelfilcon A, senofilcon A, and nesofilcon A were compared previously, and no significant 
difference was found between Hy and SiHy CLs.28 Although the scores of the three study groups were similar at higher 
spatial frequencies, the difference became evident in favor of verofilcon A. The results of the current study could be 
dependent on the superiority of unique surface wetting technologies, which provide a better optical surface.

In line with the PLTF stability results, the subjects of the SiHy DDCLs of the study groups gave better CLDEQ-8 test 
scores than the hydrogel nesofilcon A group (p < 0.001). The high oxygen transmissibility of SiHy DDCLs has been 
associated with improved patient symptoms of comfort, including dryness and wear time.29 Cummings et al reported that 
the mean subjective ratings for overall vision, comfort, and handling were greater than 9 out of a possible 10 after 
a 3-month-wear time.23 On the other hand, in a recent metanalyses, the mean CLDEQ-8 score was reported very similar 
to the current results for senofilcon A (11.9 (±0.9), 11.2 (±0.8), respectively).11
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Discontinuation of lens wear is a major problem in contact lens compliance. Dropout rates in the first year are 20%– 
25% and of these, 41% problems with vision and 36% discomfort.30 The rates of positive preference for DDCLs were 
significantly higher in the verofilcon A and senofilcon A groups (96%, 92% respectively). Similarly, the discontinuation 
rates of verofilcon A were reported (2.8%) previously.23 Moreover, Grant et al reported that 94% of the subjects agreed 
with the statement that “is the CL I will continue to wear in the future”. In the same study, after experiencing verofilcon 
A, current CLs wearers, including both senofilcon A and nesofilcon A, showed a significantly higher preference for 
verofilcon A because of long-lasting comfort (86%).21

Similar to a previous study with verofilcon A, mechanical or inflammatory CL-related adverse events were not 
observed in any of the subjects in the present study.23 These findings demonstrate that the DDCLs used in the current 
study were safe for prolonged use with facial masks.

This study has a few limitations, including its short-term nature and small sample size. Another limitation was the 
inability to use single- or double-masked CLs in the study groups. The reason for the preference to continue or not 
continue using the CLs was not investigated. Assessment of the NIBUT over time ended at 12 h. However, most 
individuals wore their CLs over 12 h daily. Therefore, it would be better to evaluate the long-term results of the NIBUT 
scores.

Conclusion
The results of the current study conducted the superiority of SiHy DDCLs of verofilcon A and senofilcon A CLs in terms 
of PLTF stability and visual performance against Hy DDCL nesofilcon A in prolonged use with facial masks. However, 
verofilcon A showed a better performance with respect to senofilcon A as determined by NIBUT and HoAs scores at 12 
h and CS measurements at higher spatial frequencies. Thus, the verofilcon A lens may be one of the best options for those 
seeking stable visual performance with prolonged facial mask usage in challenging environments. Moreover, our results 
suggest a safety profile for the three CLs without remarkable adverse events. Further clinical trials are warranted to 
evaluate the long-term prolonged use of DDCLs.
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