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Abstract 

Purpose: the aim of the current study is to assess, using new technologies, the interaction of 

four monthly silicone hydrogel contact lenses on the ocular surface and the comfort over 15 

days of use. 

Methods: prospective cross-over, randomized and double-masked study including four 

materials (lotrafilcon-B, samfilcon-A , comfilcon-A and  filcom-V3). Clinical examination was 

performed in the following order: tear meniscus height, first break-up of the tear film, the 

average time of all tear film breakup incidents, bulbar redness, limbal redness (Keratograph 

5M ,Oculus, Germany); central corneal thickness (Pentacam, Oculus, Germany), 

thermography values (FLIR A325; FLIR Systems Inc., USA), and slit-lamp evaluations, 

including ocular surface staining. Finally, subjective comfort was obtained  from Contact 

Lens Dry Eye Questionnaire-8.  

Results: the impact of contact lens wear on the ocular surface didn’t show  statistically 

significant changes over time except for corneal and conjunctival staining grades on day 15 

compared to day 1 for the comfilcon A group (P = .003 and P = .01, respectively). Contact 

lens stability and impact on the ocular surface during contact lens wear didn’t show  

statistically significant changes over time  except in the case of the comfilcon A material with 

respect to the irritation item (P = .01).  

Conclusions: these results suggest that the impact of monthly silicone hydrogel contact lens 

materials on the ocular surface after and during contact lens wear, contact lens stability over 

time, and subjective comfort did not reveal any significant changes over 15 days of use for 

any of the materials. 
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INTRODUCTION 1 

The interactions of contact lenses with the tear film and ocular surface, as well as with 2 

environmental factors, play a critical role, both in successful contact lens wear and the 3 

development of contact lens discomfort. [1, 2]  With contact lens wear, the tear film 4 

undergoes extensive biophysical and biochemical changes, which have the potential 5 

to influence tear function and/or contact lens tolerance. [3] At the same time, it should 6 

be kept in mind that today’s lifestyle exposes millions of individuals worldwide to 7 

artificially-controlled, low humidity, high-velocity airflow environments in office 8 

buildings and automobiles, with extended use of visual display units, such as tablets, 9 

computers and mobile phones. Such exposure may increase the tear film evaporation 10 

rate with the concomitant intensification of contact lens-related discomfort. [4] 11 

Contact lens discomfort is one of the major causes of contact lens wear dropout [1, 12 

2].  The key factors affecting contact lens comfort are the interaction of the contact 13 

lens (material and design) with patients’ ocular surface, and the external 14 

environment. Laboratories are therefore working on new materials, designs and 15 

surface treatments to find the best tolerance for contact lens wearers.[5, 6] Lens type 16 

differences in tear film surface quality have been found in in-vivo measurements.[7, 17 

8]  18 

There is a need for new studies that assess the interaction between new contact 19 

lens materials on the ocular surface and their comfort. These can be carried out with 20 

current technology, that allows the objective and reliable assessment of changes in 21 

the ocular surface, such as ocular redness [9] and tear film stability [10]. 22 

Furthermore, recently it has been published that there is an association between 23 

ocular surface temperature and tear film stability in wearers of soft contact lenses 24 



2 
 

[11], suggesting that ocular surface temperature measurements can be used to 25 

evaluate tear film stability in soft contact lens wearers. 26 

The aim of this crossover prospective study was to assess the interaction of four soft 27 

contact lens materials on the ocular surface by means of classical clinical tests, 28 

using non-invasive ocular imaging and ocular surface temperature measurements to 29 

study the changes, both in the ocular surface and the contact lens, over 15 days of 30 

use. Subjective comfort outcomes were also assessed. 31 

 32 

METHODS 33 

A prospective crossover randomized and double-masked study was carried out at 34 

the Faculty of Optics and Optometry of the Complutense University of Madrid. It was 35 

reviewed and approved by the Institutional Review Board of the Optometry Clinic, 36 

and all the procedures followed the tenets of the Declaration of Helsinki. Informed 37 

consent was obtained from all patients after the purpose and the possible 38 

consequences of the study had been explained to them. Inclusion criteria were an 39 

age range from 18 to 40 years, currently contact lens wearers, with a cylinder 40 

refractive error of <0.50 D and a spherical refractive error ranging from -4.00 to 41 

+4.00 D. Exclusion criteria included an active ocular allergy, refractive surgery or 42 

systemic medication known to affect tear film production. 43 

Contact lenses 44 

The study was carried out using four monthly silicone hydrogel contact lenses. The 45 

materials were lotrafilcon B, samfilcon A, comfilcon A and filcom V3. The lens 46 

parameters are shown in Table 1.  47 

 48 
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Table 1. Contact lens parameters for silicone hydrogel materials used in the study. 49 

Material Lotrafilcon B Samfilcon A Comfilcon A Filcom V3 

Laboratory Alcon Bausch&Lomb CooperVision Mark'Ennovy 

Commercial 

name 

Air Optix 

HydraGlyde 
Ultra Biofinity Blu:gen 

Base curve (mm) 8.60 8.50 8.60 
6.50 - 9.80 

(step 0.30) 

Diameter (mm) 14.20 14.20 14.00 

11.50 - 

16.50 

(step 0.50) 

Oxygen 

Transmissibility 

(Dk/t) 

138 163 160 50 

Water content 

(%) 
33 46 48 75 

Modulus 

(MPa) 
1.0 0.70 0.75 0.25 

 50 

Measurements 51 

Keratograph 5M Automated 52 

All the participants underwent imaging with the Keratograph 5M (K5M; Oculus 53 

GmbH, Wetzlar, Germany) equipped with the modified tear film scanning function. 54 

Three measurements of the tear meniscus height (TMH), the first break-up of the 55 

tear film (NIKBUT-first), the average time of all tear film break-up incidents (NIKBUT-56 



4 
 

avg), the bulbar redness (BR) and the limbal redness (LR) were obtained 57 

automatically from Oculus K5M software according to the manufacturer’s 58 

instructions. This system generates a redness score automatically, which is based 59 

on the area percentage ratio between the vessels and the rest of the analyzed area. 60 

For instance, if the ratio is 16%, then the score is 1.6 [9] 61 

Pentacam 62 

Three measurements of central corneal thickness (CCT) were obtained by a rotating 63 

Scheimpflug camera system for anterior segment analysis (Pentacam, Oculus 64 

GmbH, Wetzlar, Germany). 65 

Thermography 66 

In order to determine the ocular surface temperature, thermography recordings from 67 

the eye and its surroundings were conducted, using a non-contact infrared 68 

thermography camera (FLIR A325; FLIR Systems Inc., USA). This thermal camera 69 

has an image resolution of 320x240 pixels, a thermal sensitivity of 50 mK with an 70 

accuracy of ± 2 % and a temperature range from -20 °C to 120 °C. For tear film 71 

temperature recordings the emissivity was set to 0.975. [12] The camera was 72 

properly mounted on a chin rest with an approximation lens that allowed 73 

measurements to be taken at a distance of 5 cm from the subject’s eye. Data 74 

acquisition was done with a temporal frequency of 20 Hz. In order to perform the 75 

measurements the patient was instructed to rest his or her head on the chin rest, 76 

look straight forward and blink normally for a period of 40 seconds.  77 

Temperature values were obtained using software provided by the FLIR 78 

manufacturer and exported to be analyzed offline using Matlab R2017b (Version 79 

9.3). Those frames that were affected by blinks were removed for the analyses. The 80 
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area where the analyses were performed was manually delineated and kept constant 81 

for each sequence.  82 

In order to characterize dynamic temperature changes in each sequence different 83 

parameters were computed. The variables obtained from the analyses were ocular 84 

surface mean temperature (OSMT), initial ocular surface temperature at zero 85 

seconds of register (Start-OST) and the final ocular surface temperature (End-OST) 86 

during the last seconds of register. 87 

Slit Lamp 88 

Slit lamp evaluations included corneal and conjunctival staining. Slit lamp 89 

examination of the cornea and conjunctiva was performed under diffuse illumination 90 

using x10 – x16 magnification. Staining scores were recorded according to the 91 

Oxford scheme (range 0 to 5).[13] Two minutes after instilling a sodium fluorescein 92 

dye (Bausch and Lomb, Rochester, NY, USA), corneal staining was graded using a 93 

cobalt blue filter over the slit-lamp and Kodak Wratten 12 yellow barrier filter. 94 

Conjunctival staining was assessed using lissamine green with Kodak Wratten 92. 95 

All the participants underwent slit lamp examination to observe the ocular surface 96 

staining. 97 

Symptom questionnaire 98 

The Contact Lens Dry Eye Questionnaire-8 (CLDEQ-8) was applied in order to 99 

quantify discomfort in contact lens wearers. Scoring was calculated for each item 100 

according the authors’ instructions. [14] The items evaluated were comfort, dryness, 101 

blurry vision, irritation, grittiness, foreign body sensation, burning, photophobia and 102 

itching for each contact lens. Changes to the CLDEQ-8 score are considered to 103 

reflect a lens wearer’s global opinion of lens comfort. [15] 104 
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Table 2 shows a summary of parameter abbreviations used in the text.  105 

Table 2.Summary of the abbreviations used 106 

Parameter Abbreviations 

Tear meniscus height TMH 

First break-up of the tear film NIKBUT-first 

Average time of all tear film break-up incidents NIKBUT-avg 

Bulbar redness BR 

Limbal redness LR 

Central corneal thickness CCT 

Ocular surface mean temperature OSMT 

Initial ocular surface temperature at zero seconds of register Start-OST 

Final ocular surface temperature End-OST 

Contact Lens Dry Eye Questionnaire-8 CLDEQ-8 

 107 

Study protocol 108 

The study protocol is shown in Figure 1. The study was conducted over five 109 

consecutive weeks. Previously one week of washout without any contact lens was 110 

required to participants. During the first two weeks, each subject used one contact 111 

lens in the right eye and another different contact lens in the left eye. After a week of 112 

wash-out, another two contact lenses were assigned to the right and left eye for two 113 

more weeks. Contact lenses were assigned randomly. Measurements were taken for 114 

each pair of contact lenses on the first and last day of wear (15 days). On the first 115 

day of wear, measurements were taken before contact lens insertion (baseline), at 116 

20 minutes and 8 hours of wear, and after the lens was removed. On the last day of 117 
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wear (after 15 days of use), measurements were taken at 8 hours of wear and after 118 

the lens was removed. Measurements without contact lenses were registered 20 119 

minutes after the lens was removed. 120 

Clinical examination was performed in the following order to minimize the effect of 121 

the previous measurement: TMH, NIKBUT-first, NIKBUT-avg, BR and LR 122 

(Keratograph 5M ,Oculus, Germany); CCT (Pentacam, Oculus, Germany), 123 

thermography values (FLIR A325; FLIR Systems Inc., USA), and slit-lamp 124 

evaluations, including ocular surface staining. Finally, information on the level of 125 

satisfaction with the contact lens was obtained from a CLDEQ-8 for each eye. A 5-126 

minute interval between each test was established, and all tests were performed in 127 

the same order. All the measurements were performed by the same examiner in a 128 

room with controlled temperature (24±1°C) and humidity (38%±2%).  129 

The Keratograph 5M parameters were taken at every visit established in the study 130 

protocol. CCT was measured on the first day under baseline conditions, and 131 

following lens removal after 8 hours of use on the first and the last day (15 days). 132 

Thermography values were obtained on the first day under baseline conditions, after 133 

20 minutes and 8 hours of wear, and on the last day after 8 hours of wear (after 15 134 

days of use). Ocular surface staining and the CLDEQ-8 were registered after 8 hours 135 

of wear on the first day and the last day (15 days). 136 

Insert Figure 1 137 

All subjects used the same solutions to care for the lenses (Optifree Express Mds, 138 

Alcon Laboratories, Inc., Fort Worth, TX, USA).  139 

The results were grouped into two analyses. One assessed the impact of the contact 140 

lens on the ocular surface by comparing measurements taken without contact lenses 141 
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(at baseline, day 1 without contact lenses after 8 hours of use, and day 15 without 142 

contact lenses after 8 hours of use). The other assessed contact lens stability and 143 

the impact on the ocular surface by comparing measurements taken during the 144 

wearing of contact lenses (day 1 at 20 min and 8 hours of contact lens wear, and day 145 

15 at 8 hours of contact lens wear). 146 

Data analysis 147 

Statistical analyses were performed using SPSS statistic software, version 22.0 148 

(SPSS Inc., Chicago, IL, USA). First, a descriptive analysis was carried out to 149 

establish the mean results and standard deviations for each material and visit. The 150 

Shapiro-Wilks test for normality was applied for each variable analyzed. To analyze 151 

the comparisons of the same subjects under different conditions, repeated measures 152 

(within-subjects) ANOVA test and Friedman test was applied with the Greenhouse-153 

Geisser correction for parametric and non-parametric distributions respectively. The 154 

significance level used was P < .05.  155 

 156 

RESULTS 157 

Fifteen subjects (12 men and 3 women; mean age 24.1 ± 2.2 years; age range 21 to 158 

29 years) were enrolled and all the protocols were completed. 159 

Impact of contact lens wear on the ocular surface 160 

Table 3 shows the results of the ocular surface parameters measured with 161 

Keratograph 5M (TMH, NIKBUT-first, NIKBUT-avg, BR and LR) at baseline and 162 

without the contact lens after 1 day and 15 days of use. There were no statistically 163 

significant differences between the three visits in any ocular surface parameters for 164 

any contact lens.  165 
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 166 

Table 3. Descriptive statistics and comparative analysis for clinical parameters 167 

measured with Keratograph 5M without contact lenses: the first day under baseline 168 

conditions and after the lenses were removed after 8 hours of use on the first and 169 

last day (15 days). Data are expressed as the (mean ± standard deviation). Impact of 170 

the contact lens on the ocular surface. 171 

 Baseline Day 1 - 8 h Day 15 - 8 h  

 TMH P 

Lotrafilcon B 0.27 ± 0.12 0.30 ± 0.15 0.25 ± 0.08 .17 

Samfilcon A 0.30 ± 0.08 0.32 ± 0.13 0.29 ± 0.08 .13 

Comfilcon A 0.28 ± 0.11 0.32 ± 0.19 0.24 ± 0.06 .11 

Filcom V3 0.30± 0.12 0.34± 0.10 0.29± 0.06 .08 

 

 NIKBUT-first P 

Lotrafilcon B 10.64±5.80 9.41±5.74 10.19±5.33 .71 

Samfilcon A 12.09±6.93 10.83±5.37 8.84±4.00 .22 

Comfilcon A 11.78±6.52  9.00±4.71 9.28±5.64 .12 

Filcom V3 9.39±5.17 11.65±4.16 11.71±7.17 .28 

 

 NIKBUT-avg P 

Lotrafilcon B 13.19±5.96 12.19±6.09 12.82±5.33 .30 

Samfilcon A 14.43±6.91 14.03±5.37 12.41±4.48 .46 

Comfilcon A 13.59±5.91 11.84±6.13 12.01±5.56 .08 

Filcom V3 12.72±4.60 14.50±4.83 14.72±6.73 .55 
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 BR P 

Lotrafilcon B 1.91±0.52 2.21±0.66 1.96±0.67 .14 

Samfilcon A 1.74±0.63 2.16±0.78 1.68±0.70 .21 

Comfilcon A 1.89±0.46 2.02±0.58 1.93±0.53 .65 

Filcom V3 1.66±0.51 1.78±0.58 1.83±0.49 .70 

 

 LR P 

Lotrafilcon B 1.16±0.49 1.54±0.77 1.26±0.53 .13 

Samfilcon A 1.15±0.82 1.70±0.98 1.27±0.86 .23 

Comfilcon A 1.21±0.49 1.43±0.62 1.18±0.57 .26 

Filcom V3 1.13±0.71 1.16±0.58 1.28±0.56 .75 

Units: Tear meniscus height (mm); break-up tear film (seconds); redness (ratio 172 

between the vessels and the rest of the analyzed area) 173 

TMH: tear meniscus height; NIKBUT-avg: average time of all tear film break-up; 174 

NIKBUT-first: first break-up of the tear film; BR: bulbar redness; LR: limbal redness 175 

 176 

Figure 2 shows the changes in corneal (Fig 2A) and conjunctival staining (Fig 2B) 177 

over wear time for each contact lens. Corneal and conjunctival staining grades were 178 

only significantly higher on day 15 compared to day 1 for the comfilcon A group (P = 179 

.003 and P = .01, respectively).  180 

Insert Figure 2 181 

Figure 3 shows the CCT values before and after contact lens wear. There were no 182 

statistically significant changes over time. 183 

Insert Figure 3 184 
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 185 

Contact lens stability and impact on the ocular surface during contact lens wear 186 

Table 4 shows the TMH, NIKBUT-first, NIKBUT-avg, BR and LR during contact lens 187 

wear. There were no statistically significant differences in any material over the 188 

contact lens wear time. 189 

 190 

Table 4. Descriptive statistics and comparative analysis for clinical parameters 191 

measured with Keratograph 5M during contact lens wear: at 20 minutes and 8 hours 192 

of use on the first day, and at 8 hours of use on the last day (15 days). Data are 193 

expressed as the (mean ± standard deviation). Contact lens stability and impact on 194 

the ocular surface during contact lens  wear. 195 

 Day 1 - 20 min  Day 1 - 8 h   Day 15 - 8 h  

 TMH P 

Lotrafilcon B 0.27 ± 0.20 0.25 ± 0.08 0.23± 0.07 .43 

Samfilcon A 0.27 ± 0.08 0.29 ± 0.08 0.28 ± 0.08 .55 

Comfilcon A 0.25 ± 0.10 0.24 ± 0.08 0.24 ± 0.06 .77 

Filcom V3 0.31± 0.11 0.28± 0.14 0.27± 0.08 .42 

 

 NIKBUT-first P 

Lotrafilcon B 9.72±5.67 9.64±3.77 9.36±4.28 .91 

Samfilcon A 8.86±5.87 8.94±4.84 8.63±5.00 .93 

Comfilcon A 11.11±6.60 10.93±5.36 12.58±5.49 .42 

Filcom V3 12.78±5.41 13.19±5.63 11.45±7.09 .74 

 

 NIKBUT-avg P 
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Lotrafilcon B 16.21±3.55 14.78±3.99 15.61±3.32 .22 

Samfilcon A 15.09±4.69 15.45±3.69 15.47±3.55 .91 

Comfilcon A 16.48±4.91 15.55±3.63 17.89±3.75 .17 

Filcom V3 18.49±3.20 16.48±5.04 15.92±4.86 .37 

 

 BR P 

Lotrafilcon B 1.83 ± 0.57 2.02 ± 0.60 1.76± 0.55 .50 

Samfilcon A 1.71 ± 0.54 1.91 ± 0.68 1.49± 0.36 .33 

Comfilcon A 1.62 ± 0.58 1.69 ± 0.61 1.72± 0.67 .76 

Filcom V3 1.49 ± 0.37 1.61 ± 0.29 1.54± 0.29 .66 

     

 LR P 

Lotrafilcon B 0.99 ± 0.61 1.16 ± 0.69 0.95± 0.63 .36 

Samfilcon A 0.97 ± 0.75 1.09 ± 0.79 0.80± 0.44 .19 

Comfilcon A 1.00 ± 0.48 1.02 ± 0.56 0.87± 0.57 .61 

Filcom V3 1.26 ± 0.71 1.11 ± 0.42 1.29± 0.55 .81 

     

Units: Tear meniscus height (mm); break-up tear film (seconds); redness (ratio 196 

between the vessels and the rest of the analyzed area) 197 

TMH: tear meniscus height; NIKBUT-avg: average time of all tear film break-up; 198 

NIKBUT-first: first break-up of the tear film; BR: bulbar redness; LR: limbal redness 199 

 200 

Descriptive statistics and the comparative analysis for the clinical parameters 201 

measured, obtained with thermography recordings, are summarized in Table 5. After 202 
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contact lens wear, no changes were found in the OSMT, Start-OST and End-OST for 203 

any of the materials.  204 

 205 

Table 5. Descriptive statistics and comparative analysis for clinical parameters 206 

measured, obtained with thermographic recordings under baseline conditions and 207 

with contact lens wear at 20 minutes and 8 hours of use on the first day, and after 8 208 

hours of use on the last day (15 days). Data are expressed as the (mean ± standard 209 

deviation). Contact lens stability and impact on the ocular surface during contact lens 210 

wear. 211 

 
Baseline Day 1 - 20 min  Day 1 - 8 h   Day 15 - 8 h  

 
Lotrafilcon B P 

OSMT 35.13 ± 0.99 34.54 ± 1.15 34.89 ± 1.17 34.83 ± 1.08 .13 

Start-OST 35.27 ± 0.94 34.74 ± 1.09 35.02 ± 1.07 35.01 ± 0.99 .14 

End-OST 35.08 ± 1.02 34.50 ± 1.19 34.80 ± 1.20 34.80 ± 1.08 .15 

      

 Samfilcon A P 

OSMT 35.31 ± 0.65 34.63 ± 0.85 35.03 ± 0.87 34.91 ± 092 .17 

Start-OST 35.31 ± 0.65 34.73 ± 0.76 35.13 ± 0.75 35.01 ± 0.82 .22 

End-OST 35.31 ± 0.68 34.57 ± 0.89 34.98 ± 0.92 34.86 ± 0.95 .16 

      

 Comfilcon A P 

OSMT 34.82 ± 1.12 34.20 ± 1.12 34.84 ± 1.24 34.47 ± 1.35 .14 

Start-OST 34.91 ± 1.03 34.39 ± 1.05 34.92 ± 1.16 34.63 ± 1.21 .15 

End-OST 34.76 ± 1.13 34.13 ± 1.16 34.78 ± 1.29 34.41 ± 1.37 .10 
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 Filcom V3 P 

OSMT 35.16 ± 0.91 34.63 ± 1.27 35.05 ± 1.27 35.01 ± 1.23 .19 

Start-OST 35.24 ± 0.83 34.81 ± 1.12 35.23 ± 1.15 35.14 ± 1.08 .23 

End-OST 35.12 ± 0.94 34.57 ± 1.32 34.99 ± 1.31 34.93 ± 1.30 .20 

 212 

Units: ocular surface (ºC)  213 

OSMT: ocular surface mean temperature; Start-OST: initial ocular surface 214 

temperature at zero seconds of register; End-OST:  final ocular surface temperature 215 

in the last seconds of register 216 

 217 

The results of the CLDEQ-8 are summarized in Table 6. This shows the descriptive 218 

values for each questionnaire item. There were no statistically significant differences 219 

in any item except in the case of the comfilcon A material with respect to the irritation 220 

item (P = .01). Comfilcon A showed a higher score for irritation after 8 hours of use 221 

on day 15 than on day 1 [(0.17±0.19) vs (0.06±0.12) respectively]. 222 
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Table 6. Descriptive statistics and comparative analysis for each questionnaire item obtained with the Contact Lens Dry Eye 223 

Questionnaire-8 after 8 hours of use on the first day and last day (15 days). Data are expressed as the (mean ± standard 224 

deviation). 225 

 
Lotrafilcon B  Samfilcon A  Comfilcon A  Filcom V3 

 

Day 1 

8 h 

Day 15 

8 h 

P 

 
Day 1 

8 h 

Day 15 

8 h 

P 

 
Day 1 

8 h 

Day 15 

8 h 

P 

 
Day 1 

8 h 

Day 15 

8 h 

P 

Comfort 0.17±0.11 0.16±0.09 .78  0.10±0.09 0.14±0.10 .23  0.10±0.12 0.12±0.10 .61  0.29±0.17 0.22±0.16 .18 

Dryness 0.50±0.56 0.68±0.46 .23  0.55±0.61 0.93±0.78 .08  0.51±0.65 0.66±0.86 .51  0.53±0.73 0.68±0.55 .41 

Blurry vision 0.02±0.03 0.03±0.03 .36  0.04±0.05 0.03±0.04 .69  0.03±0.04 0.04±0.04 .25  0.04±0.04 0.04±0.04 .63 

Irritation 0.17±0.28 0.19±0.19 .82  0.14±0.19 0.20±0.35 .53  0.06±0.12 0.17±0.19 .01*  0.07±0.12 0.07±0.09 .93 

Grittiness 0.03±0.07 0.02±0.03 .41  0.02±0.04 0.02±0.06 .83  0.01±0.03 0.02±0.03 .13  0.08±0.11 0.04±0.06 .22 

Foreign body sensation 0.36±0.43 0.33±0.34 .59  0.09±0.12 0.13±0.17 .41  0.09±0.21 0.12±0.15 .76  0.57±0.45 0.46±0.45 .43 

Burning 0.08±0.13 0.08±0.12 .96  0.05±0.11 0.01±0.04 .24  0.05±0.11 0.07±0.12 .46  0.01±0.04 0.01±0.04 .98 

Photophobia 0.21±0.33 0.13±0.16 .36  0.10±0.15 0.13±0.16 .66  0.23±0.34 0.08±0.13 .11  0.15±0.19 0.09±0.15 .38 

Itching 0.25±0.28 0.25±0.16 >.99  0.21±0.23 0.28±0.18 .20  0.17±0.25 0.22±0.18 .60  0.13±0.19 0.19±0.18 .27 

* statistically significant differences  226 
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DISCUSSION 227 

Wearing contact lenses implies an interaction between the lens and the ocular 228 

surface. This interaction can produce tear film and ocular surface alterations and 229 

discomfort [16, 17] which can be affected by several factors associated with material 230 

characteristics, such as lubricity and water content, and wear time. Silicone hydrogel 231 

lenses for daily wear show significant improvements in clinical signs and subjective 232 

symptoms when compared to conventional hydrogel lens for daily wear. [18, 19] 233 

Therefore, in view of the need to know how silicone hydrogel materials affect the 234 

ocular surface and subjective comfort, the aim of this current study was to evaluate 235 

the impact of four different monthly contact lenses on lens stability, the ocular 236 

surface and contact lens comfort over 15 days of use using new technologies to 237 

determine if they were superior to traditional slit lamp findings. 238 

Tear film volume can be quantitatively assessed by measuring the tear meniscus 239 

height.[3] During contact lens wear, tear meniscus height can be affected by different 240 

factors, and some authors have concluded that tear volume gradually decreases with 241 

lens wear. Chen et al. (2011) monitored tear meniscus volumes (using anterior 242 

segment optical coherence tomography imaging) for long-term daily contact lenses 243 

(etafilcon A) at 2, 4, 6, 8 and 10 hours, and observed a decrease in tear meniscus 244 

volume over 10 hours of contact lens wear [20]. Wolffsohn et al. measured tear 245 

meniscus height by modified topographer for three daily disposable silicone hydrogel 246 

contact lenses over one day at 8, 12, and 16 hours. [21] The findings of this study 247 

with daily contact lenses showed that the interaction of the lenses on the tear 248 

meniscus height differed between lens types, however there was no decrease in the 249 

tear reservoir from 8 to 16 hours of wear overall. The results of the current research 250 

show that the studied contact lenses did not affect tear meniscus height during the 251 
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15 days of contact lens wear. Another interesting factor to consider is whether the 252 

use of contact lenses affects tear production once the contact lens is removed. 253 

Nagahara et al reported decreases in the tear meniscus height 20 min after contact 254 

lens (nelfilcon A and  lotrafilcon A) insertion using anterior segment optical 255 

coherence tomography imaging  [22] . On the other hand, others studies did not find 256 

significant differences in tear meniscus height after contact lens insertion [23, 24] 257 

These results are accordance with  the results of the current study, which did not find 258 

differences in tear meniscus height when this was compared with the baseline 259 

situation, before contact lens wear, and on the first and 15th day of use.  260 

Another important aspect to consider during contact lens wear is tear film stability. 261 

The current study not only asses this parameter from a traditional perspective, 262 

through non-invasive tear break-up time [10], but also from a recently suggested new 263 

approach in which ocular surface temperature is obtained using infrared 264 

thermography [11].  265 

It has been suggested that tear break-up time can be used as a tool to assess pre-266 

corneal and pre-lens tear film quality for prescribing contact lenses. [25] Wolffsohn et 267 

al. showed that tear break-up time over the daily contact lens surface differed 268 

between lens types and may have a role in protecting the ocular surface. [21] 269 

Several authors did not observe any changes over time in contact lens wearers [21, 270 

26, 27] using silicone hydrogel daily contact lenses at 8, 12, and 16 hours of wear on 271 

one day. The findings of this study are in agreement with those found in earlier 272 

studies. However, it is important to note that in the present study the silicone 273 

hydrogel monthly contact lenses were evaluated over 15 days of use and no 274 

differences were found for any material. These findings suggest that the contact 275 
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lenses studied do not have a significant impact on non-invasive tear break-up time 276 

during 15 days of wear.  277 

It is generally accepted that the physical presence of a contact lens disrupts the 278 

normal tear film structure, in particular the lipid layer, and that this facilitates a more 279 

rapid loss of tear fluid by evaporation. [2]  It has therefore been proposed that the 280 

measurement of ocular surface temperature before and during contact lens wear can 281 

be used as an index of tear film stability. [11] It seems that the greatest ocular 282 

temperature changes observed occur when measurements are taken immediately 283 

after contact lens insertion, and that the effect is greater with silicone hydrogel 284 

lenses than with conventional hydrogel. [28] However, there are many occasions 285 

when ocular responses to contact lens wear may initially be minimal, particularly with 286 

the advent of silicone hydrogel contact lenses. [29] 287 

Several authors have measured ocular surface temperature over contact lenses and 288 

reported a decrease in ocular surface temperature with contact lens wear. [16, 21, 289 

28, 30]  A decrease of the order of 0.5 °C was also found in a study performed over 290 

a model eye with 3 materials (lotrafilcon A, balafilcon A and etafilcon A). [31] Itokawa 291 

et al. found lower differences that were not significant. [11] They published results 292 

with a silicone hydrogel material (delefilcon A) that showed differences of 0.15 ± 0.33 293 

ºC between the baseline situation and 15 minutes of contact lens wear in a video 294 

register of 10 seconds. The current results suggest that the pre-lens ocular surface 295 

temperature does not change over time. After 20 minutes of contact lens wear there 296 

was a non-significant decrease in ocular surface temperature, and values were 297 

similar preserved after 8 hours on the first and the 15th days. These findings on non-298 

invasive tear break-up time and ocular surface temperature suggest that the contact 299 
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lens studied does not have a significant impact on tear film stability over 15 days of 300 

wear.  301 

However, reported differences between studies on changes in ocular surface 302 

temperature could be attributed to the material types, modalities of wear and 303 

replacement times used in each one. In fact, Ooi et al. proposed that a contact lens 304 

with a higher water content has a lower steady state temperature than a lens with 305 

lower water content.[31] So, to study different water content wear is of interest and 306 

should be clarified in future studies. 307 

In addition to tear film stability, it is crucial to study the health and integrity of the 308 

ocular surface. The present study assesses redness, ocular staining and corneal 309 

swelling. 310 

In contact lens wearers, redness is related to the extent of oxygen transmissibility of 311 

contact lens materials and may indicate corneal hypoxia. [32, 33] It is well known 312 

that hypoxia and mechanical actions induced by contact lens wear can cause 313 

corneal swelling. Ocular staining is also common in contact lens wearers and several 314 

factors have been identified as being related to this corneal staining. [34]  315 

In the current study, limbal and bulbar redness and central corneal thickness did not 316 

change after 15 days of contact lens wear for any of the lenses. Neither were there 317 

any changes in corneal and conjunctival staining, with the exception of Comfilcom A 318 

after 15 days of use. Both conjunctival staining (which typically presents with 319 

circumlimbal staining along the contour of the lens edge) and corneal staining were 320 

statistically significant. However, the values of 1.00 ± 0.65 and 1.20 ± 0.77 for 321 

conjunctival and corneal staining, respectively, after 15 days of contact lens wear 322 

were not considered clinically significant on a scale of 0 to 5 degrees. 323 
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Some authors reported an increase in bulbar redness after 8 hours of wear with 324 

somofilcon A and narafilcon A material [26]. Other studies showed no changes in 325 

redness. However, greater corneal and conjunctival staining was observed after 16 326 

hours of wear with filcon II-3. [21]  327 

Cheung et al. concluded that levels of corneal staining and limbal and conjunctival 328 

injection were statistically insignificant when silicone hydrogel and hydrogel daily 329 

contact lenses were compared [35]. Vicente et al. reported that silicone hydrogel 330 

lenses have eliminated hypoxia. [36]   331 

The health and integrity of the ocular surface during and after contact lens wear was 332 

therefore maintained throughout the study for all the contact lenses examined. 333 

Finally, the study of comfort allows to obtain a complete report of the effects of the 334 

considered contact lenses on subjective comfort. 335 

Chalmers et al. concluded that users of silicone hydrogel contact lenses have a more 336 

positive use experience compared to users of hydrogel contact lenses [15] ,although 337 

other authors did not find any differences in comfort when both materials were 338 

compared. [35] 339 

In the current study, there seems to be no increase in the severity of symptoms in 340 

silicone hydrogel contact lens wearers after 15 days of use. These results are in 341 

accordance with the study by Dumbleton et al. [29] which examined overall comfort 342 

and any burning or dryness with scales of 0 to 100 (0 = worst rating, 100 =   best 343 

rating) in galyfilcon A , senofilcon A,  lotrafilcon B,  lotrafilcon A and balafilcon A 344 

materials. They concluded from their study that no changes could be found over a 2-345 

week wearing period.   346 

On the other hand, other authors [20, 21] have reported that ocular comfort ratings 347 

decreased with time during the day after 10 hours of daily soft contact lens wear. 348 
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Contact lens wear time may play an important role in subjective symptoms of 349 

discomfort, however in this study no changes were observed when the degree of 350 

comfort was assessed after one day and fifteen days of contact lens wear. Hence, 351 

from a statistical point of view, we cannot know whether there really were no 352 

differences in the subjective outcomes or we do not have enough sample to find 353 

differences “The underpowered studies should be interpreted cautiously and the 354 

‘absence of evidence’ in these studies should not be taken as ‘evidence of 355 

absence’”[37]. But, considering the results at the 1 and 15 day visits for all lenses, it 356 

seems that there really were not differences.  357 

Furthermore, the use of different questionnaires makes it difficult to summarize the 358 

results. The use of normalized questionnaires may be better in this case. The 359 

Contact Lens Dry Eye Questionnaire-8 [15] is therefore useful for identifying soft 360 

contact lens wearers who may benefit from lenses or lens care products designed to 361 

reduce symptoms of dryness with soft contact lens wear, and for tracking their 362 

progress in treatment trials. The results of this study essentially showed no effect 363 

over time considering the pre-lens baseline as control parameters.  In order to study 364 

if new technology tests can quantifying the clinical signs in a superior way to 365 

traditional slit lamp observation, it could be appropriate including a low water content 366 

hydrogel lens.  Another limitation of the current study is an insufficient size of the 367 

sample for symtomatology items, although the rest of variables have >80% power 368 

using a paired t-test with a 0,050 two-sided significance level to detect a difference in 369 

means. 370 

 371 

CONCLUSIONS 372 
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This double masked randomized study with 15 days of follow-up, in which non-373 

invasive techniques such as Keratograph 5M and thermography were used to 374 

evaluate the ocular surface, was developed as an addition to classic corneal staining 375 

tests and comfort assessment with specific questionnaires, in order to understand 376 

the interaction of different silicone hydrogel materials on the ocular surface in more 377 

detail.  378 

In conclusion, the impact of monthly silicone hydrogel contact lens materials 379 

(lotrafilcon B, samfilcon A, comfilcon A and filcom V3) on the ocular surface after and 380 

during contact lens wear, contact lens stability over time, and subjective comfort did 381 

not reveal any significant changes over 15 days of use for any of the materials, 382 

except for comfilcom A on ocular staining and the subjective irritation sensation on 383 

the 15th day of wear. However, these changes were not clinically significant. 384 

The results of the current study suggest that these types of materials are able to 385 

maintain the integrity of different parameters of the ocular surface both during and 386 

after contact lens wear. 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 
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LEGENDS FIGURES 495 

 496 

Figure 1. Clinical protocol. Randomized assigned contact lenses. Repeated 497 

measures for each visit. 498 

CL: contact lens; min: minutes.  499 

 500 

Figure 2.  Comparison of ocular staining (Oxford Scale; grade 0 to 5) after contact 501 

lens wear between the first and 15th day of use. (A) Increased corneal staining at 15 502 

days of use with respect to one day of use for comfilcon A. (B) Conjunctival staining 503 

increased at 15 days of use with respect to one day of use for comfilcon. (*) P < .05 504 

 505 

Figure 3. Impact of contact lens wear on central corneal thickness. Comparison of 506 

central corneal thickness values before and after contact lens wear; baseline 507 

conditions and after contact lens wear on the first and 15th day of use. 508 

 509 
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