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A B S T R A C T

Objective: To study the influence of soft contact lens (SCL) central thickness and material in keratoconus on
visual function after intracorneal ring segment (ICRS) surgery.
Methods: A pilot, experimental, prospective, cross-sectional and double-blind study was performed. Fourteen
keratoconus patients with age range of 34.75 ± 9.22 years (7 males and 7 females) with ICRS implanted were
involved in the study. Two different SCL materials [Hioxifilcon A (G-5X/p-GMA/HEMA) and Lucifilcon A (si-
licone-hydrogel)] with four different central thicknesses (0.1, 0.2, 0.3 and 0.4 mm) were fitted in one eye per
patient, selected randomly. High and low corrected distance visual acuity (CDVA) and contrast sensitivity (CS),
corneal topography and corneal and total aberrometry were measured.
Results: Corneal spherical like, coma like and root mean square (RMS) decreased significantly for 0.3 and
0.4 mm in both SCL materials (p < 0.05). Total RMS decreased significantly for 0.4 mm with both SCL mate-
rials (p < 0.05). High and low CDVA improved for 0.4 mm of thickness for both materials (p < 0.05).
Statistically increasing were found in all thicknesses studied for CS in both materials (p < 0.05).
Conclusion: A central thickness of the SCL equal or superior to 0.4 mm seems to decrease the ocular high order
aberration (HOA) and to improve the visual function in keratoconus patients implanted with ICRS. However, the
modulus of rigidity of the SCL would not influence the HOA correction.

1. Introduction

Keratoconus is the most prevalent corneal ectasia. It is characterized
by a stromal thinning that causes a corneal protusion [1]. The optical
result of this protusion is an increase in both ocular low-order aberra-
tions (LOA), producing high values of myopic sphero-cylindrical errors,
and high-order aberrations (HOA), mainly producing, however, ab-
normal values of coma aberration [2,3]. These HOA reduce visual
function in keratoconic eyes below normative data [4]. Nowadays,
there are two types of optical treatment: contact lenses fitting and in-
tracorneal ring segment (ICRS) implantation.

ICRS implantation is a surgical procedure recommended to re-
establish the corneal regularity [5]. ICRS are implanted in the corneal
stroma in order to flatten the cone and to strengthen the cornea, re-
sulting in a decrease of astigmatism and HOA which increases the visual
function [6]. Despite the fact that the optical quality of the eye im-
proves after the ICRS surgery [7], there is still a residue of HOA, mainly
coma and spherical aberration, often due to partially decentered and
superimposed ICRS on the pupil diameter respectively. This residual
HOA reduces visual function in comparison with healthy eyes. In most

cases after the surgery, the patients need to be compensated with
contact lenses in order to decrease corneal HOA.

Rigid gas permeable (RGP) contact lenses fitting is the gold standard
method for compensating HOA on ICRS implanted corneas [8]. RGP
lenses create a tear meniscus between its posterior surface and anterior
corneal surface that reestablishes the regularity of the optical anterior
segment [9,10]. There are different designs in RGP materials, such as
corneal [10], scleral [11], corneo-scleral [12] and hybrid contact lenses
[13]. Despite HOA correction, patients occasionally report discomfort
with corneal RGP [14,15] and insertion difficulty with scleral lenses.
These factors could induce intolerance to RGP lenses. Therefore, soft
contact lenses (SCL) fitting is an option to improve comfort and visual
satisfaction after ICRS implantation [16].

Apart from spectacles correction, conventional SCL with spherical
and toric designs are usually fitted in incipient keratoconic eyes.
However, in advanced stages or after ICRS implantation, the visual
benefit of conventional SCL fitting is not widely reported [17–19].
Carballo-Álvarez et al. [19] found an improvement in visual function
with spherical and toric SCL after ICRS implantation. High-contrast
corrected distance visual acuity (CDVA) values in these groups were
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similar to the piggy-back system (which includes both SCL and corneal
RGP lenses) group. Furthermore, high thickness SCL is an alternative
option in order to reestablish the symmetry of the optical anterior
segment and decrease the HOA. In addition, high thickness SCL im-
proves comfort during its wear and quality of life on irregular corneas
[20–29]. Fernández-Velázquez and Fernández-Fidalgo [29] demon-
strated an increase in high-contrast CDVA with high thickness SCL after
ICRS implantation, these values being close to normative data.

The influence of SCL thickness in ocular HOA has never previously
been described. For this reason, the purpose of this study was to study
the effect of SCL central thickness and material on HOA correction in
keratoconus after ICRS surgery. Furthermore, its influence on visual
function was evaluated. The hypothesis was that central thickness and
modulus of rigidity of SCL are directly proportional to HOA correction
in keratoconus patients after ICRS surgery.

2. Methods

2.1. Study design

A pilot, experimental, prospective, cross-sectional and double-blind
study was made. The study was conducted in compliance with good
clinical practice guidelines, institutional review board regulations and
following the tenets of the Declaration of Helsinki, reviewed and ac-
tualized in 2008 [30]. All participants were voluntarily included in the
study after signing a written informed consent where complications
associated to SCL wearing were explained. Participants were free to
leave the study at any time. All the trials were performed in the Clinic of
Optometry of the Faculty of Optics and Optometry (Complutense Uni-
versity of Madrid) by two different optometrists. The lenses were pro-
vided to the researchers with a coded label and without lens parameters
data; only what measurement should be done with each lens. Then,
neither the optometrist who perform the trials nor the patient knew the
lens material and central thickness. Ocular wavefront aberrometry,
corneal topography and visual function were measured before (PRE)
and during different SCL wear.

2.2. Sample

Fourteen keratoconus patients (7 males and 7 females) with ICRS
implanted were involved in the study. The measurements were per-
formed in one eye per patient, selected randomly in the case that both
were implanted with ICRS. The average age of participants was
34.75 ± 9.22 years, ranging from 19 to 48 years. The rest of their
demographic characteristics are detailed in Table 1.

Inclusion criteria were keratoconus patients with Keraring®

(Mediphacos, Brazil) ICRS implanted 2.5 mm (5 mm of diameter) from
corneal apex, understanding and signing the informed consent and
knowing the indications and risks of wearing SCL. Exclusion criteria

were any contraindication to wearing contact lens, any ocular pa-
thology (except keratoconus), any other type of ICRS implanted and the
use of systemic or ocular drugs that could affect the results.

2.3. Soft contact lenses fitting

Two SCL different materials [Hioxifilcon A (G-5X/p-GMA/HEMA)
and Lucifilcon A (silicone-hydrogel)] with four different central thick-
nesses (0.1, 0.2, 0.3 and 0.4 mm) and were provided by Lenticon
Laboratories (Madrid, Spain). All contact lenses had a spherical design
in both anterior and posterior surfaces. Their diameters were 14.50 mm
and available base curve radii were 7.10 to 8.90 mm (steps of
0.30 mm). The base curve fitted for lenses of 0.1 and 0.2 mm of central
thickness was Flat K + 0.3 mm. The base curve fitted for lenses of 0.3
and 0.4 of central thickness was Flat K, following manufacturer
guidelines. Then, all patients wore the four central thickness for both
contact lens materials. More technical details of contact lenses are
shown in Table 2.

Before SCL fitting, the healthy state of the anterior surface was
evaluated with a SL-D4 slit-lamp (Topcon, Tokyo, Japan). Ten minutes
after lens insertion, once the tear secretion was normalized, the cen-
tration and movement were assessed. Then, measurements were per-
formed. Two lenses were evaluated in each visit with 2 h of wash out
period between lenses. In total, the patients were evaluated in four
visits.

2.4. Ocular wavefront aberrometry analysis

All the aberrometric variables were expressed by Zernike poly-
nomials according to the pyramidal criteria of the American National
Standards Institute (ANSI) [31]. The analysis of ocular wavefront
aberrometry was carried out from 3rd to 7th order. A 5 mm pupil
diameter was chosen for the analysis, because the diameter of the ICRS
implanted was 5 mm. Before measuring, patients were in a room under
mesopic conditions for ten minutes in order to obtain the largest pupil
size as possible. The device L80 Wave + (Visionix, Chartres, France)
was used for measuring the ocular, both total and corneal, wavefront
aberrations. Total aberrations were measured three consecutive times
with a Hartmann-Shack sensor, which uses near-infrared light of
780 nm wavelength. Corneal aberrations were measured with a Placido
rings topography system. Both measurements were performed two
seconds after blinking.

Aberrometric variables analyzed were spherical like, coma like and
root means square (RMS) HOA. They were calculated by the following
expressions:
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2
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Where Z12 and Z24 are the Zernike coefficients of spherical aberration of
4th and 6th order respectively.
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Table 1
Demographic characteristics of participants in the study.

Parameter (mean (SD)) Keratoconus

Number of eyes (patients) 14 (14)
Age (years) 34.75 (9.22)
Age range (years) [19. 48]
Gender (male/female) [7. 7]
Sphere (D) −4.50 (4.99)
Cylinder (D) −5.19 (2.31)
High contrast BCVA (LogMAR) 0.43 (0.18)
Low contrast BCVA (LogMAR) 0.69 (0.20)
Contrast sensitivity (Log units) 1.03 (0.33)
Mean keratometry (D) 50.52 (3.34)
Flat K (D) 48.54 (3.58)
Steep K (D) 52.49 (3.05)

(p value< 0.05. Wilcoxon for paired samples. For details see Methods.

Table 2
Characteristics of contact lenses used during the study.

Parameter Contact lenses

Material (USAN) Hioxifilcon A Lucifilcon A
Material p-GMA/HEMA Silicone- Hydrogel
Dk (35 °C. Fatt Units) 21 60
% water content 59 69
Modulus index 0.8 1.3
Refractive index 1.401 1.385
Base curve (mm) 7.10 to 8.90 (steps of 0.30)
Central Thickness (mm) 0.1; 0.2; 0.3; 0.4
Diameter (mm) 14.50
Power Plano
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Where Z7, Z17 and Z31 are the Zernike coefficients of vertical coma
aberration and Z8, Z18 and Z32 of horizontal coma aberration of 3rd, 5th
and 7th order respectively.
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Where Zi are the Zernike coefficients from 3rd to 7th order.

2.5. Visual function

Corrected distance visual acuity (CDVA) and contrast sensitivity
(CS) were measured with the best spectacle correction under photopic
conditions (85 cd/m2) and physiological pupil sizes. All the parameters
of visual function were analyzed with logMAR units in order to do the
statistical analysis. CDVA was measured using the Bailey-Lovie high-
contrast (96%) and low-contrast (10%) letter charts (Precision Vision,
LaSalle, Illinois, USA) at 4 m. CS was measured using the Pelli-Robson
chart (Precision Vision, LaSalle, Illinois, USA) at 1 m, which spatial
frequency corresponds to 1 cycle per degree (cpd). To simulate the
lenses available in the market and taking in account that the majority of
manufacturers declare a mean central thickness of 0.40 mm, the mea-
surements of visual function were only performed with the extreme
central thicknesses (0.1 and 0.4 mm).

2.6. Statistical analysis

Statistical analysis was performed using SPSS Statistics 22 software
(IBM, Chicago, Illinois, USA). The sample size calculation was per-
formed with statistical software (Granmo 6.0; Institut Municipal
d’Investigación Medica, Barcelona, Spain). With an accepted two-sided
statistical significance threshold of 0.05 and a risk of 0.20, for a

standard deviation of 1.2 units for the main variable (HOA RMS) and in
order to detect a difference of 1.0 units or more, 14 subjects were
needed to find statistically significant differences. It has been antici-
pated a drop-out rate of 15%. The normal distribution of the variables
was assessed using the Saphiro-Wilk test, resulting in non-normality
because of the heterogeneity of the keratoconus patients after ICRS
surgery. According to these results, the Wilcoxon signed-rank test was
chosen in order to compare the values of ocular wavefront aberrometry,
corneal topography, subjective refraction and visual function before
(PRE) and after fitting the different SCL. A statistical significance of
95% was established (p < 0.05). The results are shown as
mean ± SD.

3. Results

3.1. Ocular wavefront aberrometry

All aberrometric data are summarized in Table 3. The results of
corneal wavefront aberrations are shown in Fig. 1. With the lenses of G-
5X material, there was a statistically significant decrease in the corneal
spherical like for 0.4 mm (p = 0.041) and in both coma like
(p < 0.01) and RMS HOA (p < 0.05 and p < 0.01) for 0.3 and
0.4 mm. With the lenses of silicone-hydrogel material, there was a
statistically significant decrease in corneal spherical like for 0.3 and
0.4 mm and coma like and RMS HOA for all the central thicknesses
(p < 0.05). The results obtained without statistical differences were
also lower than PRE condition. Corneal HOA correction was directly
proportional to central thickness with both SCL materials Fig. 1.

Fig. 2 shows the results of total wavefront aberrations. With the
lenses of G-5X material, there was a statistically significant increase in
total spherical like for 0.1, 0.2 and 0.3 mm (p < 0.01). In contrast,

Table 3
Total and corneal high order aberrations (HOA) for different thicknesses and materials.

Parameter CL Thickness 5GX P Value HiSi P value

Corneal spherical like (μm) (mean (SD)) Pre 0.975 (0.557) – 0,975 (0,557) –
0.1 0.638 (0.512) 0.551 0.656 (0.564) 0.133
0.2 0.636 (0.538) 0.087 0.523 (0.500) 0.198
0.3 0.513 (0.429) 0.363 0.484 (0.434) 0.030*
0.4 0.434 (0.257) 0.041* 0.399 (0.347) 0.013*

Corneal coma like (μm) (mean (SD)) Pre 2.733 (1.348) – 2.733 (1.348) –
0.1 2.725 (1.345) 0.221 2.36 (1.108) 0.007**
0.2 2.582 (1.328) 0.140 2.330 (1.071) 0.001**
0.3 2.136 (1.119) 0.047* 2.327 (1.143) 0.001**
0.4 1.812 (1.033) 0.035* 1.812 (1.011) 0.001**

Corneal RMS (μm) (mean (SD)) Pre 3.375 (2.220) – 3.375 (2.220) –
0.1 3.141 (1.431) 0.064 2.752 (1.288) 0.018*
0.2 2.958 (1.272) 0.096 2.695 (1.313) 0.002**
0.3 2.612 (1.271) 0.05* 2.632 (1.267) 0.001**
0.4 2.257 (1.086) 0.035* 2.235 (1.239) 0.001**

Total spherical like (μm) (mean (SD)) Pre 0.285 (0.203) – 0.285 (0.203) –
0.1 0.492 (0.223) 0.004** 0.564 (0.258) < 0.001*
0.2 0.609 (0.293) < 0.001** 0.564 (0.244) 0.003**
0.3 0.438 (0.295) 0.008** 0.323 (0.258) 0.534
0.4 0.321 (0.224) 0.143 0.345 (0.244) 0.751

Total coma like (μm) (mean (SD)) Pre 1.277 (0.928) – 1.277 (0.928) –
0.1 1.325 (0.843) 0.802 1.682 (0.959) 0.061
0.2 1.715 (0.983) 0.101 1.484 (1.022) 0.058
0.3 1.201 (0.682) 0.750 1.140 (0.751) 0.909
0.4 0.878 (0.611) 0.012* 0.978 (0.720) 0.218

Total RMS (μm) (mean (SD)) Pre 1.597 (0.971) – 1.597 (0.971) –
0.1 1.771 (1.127) 0.524 2.067 (1.182) 0.128
0.2 2.130 (0.995) 0.068 1.863 (1.086) 0.082
0.3 1.556 (0.719) 0.699 1.499 (0.758) 0.713
0.4 1.229 (0.671) 0.024* 1.293 (0.718) 0.038*

*p < 0.05. Comparison post-wear with pre-wear values; Wilcoxon test.
**p< 0.01.
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there was a statistically significant decrease in total coma like and RMS
HOA for 0.4 mm (p < 0.05). With the lenses of silicone-hydrogel
material, there was a statistically significant increase in spherical like
for 0.1 and 0.2 mm (p < 0.01) and a statistically significant decrease
in RMS HOA of 0.4 mm (p = 0.038).

3.2. Corneal topography and subjective refraction

Corneal topography and subjective refraction data, with and
without SCL, are summarized in Table 4. There was a statistically sig-
nificant decrease (p < 0.05 and p < 0.01) in flat K, steep K and
Kmean (D) for all the SCL. The flattening of the anterior surface of the
SCL was directly proportional to their central thicknesses. Regarding
sphero-cylindrical values, there was a statistically significant decrease
in sphere with the lenses of G-5X material for 0.3 (p < 0.05) and
0.4 mm (p < 0.01) and with the lenses of silicone-hydrogel for all the
central thicknesses (p < 0.05).

3.3. Visual function

Visual function results are shown in Fig. 3. The mean, high-contrast
CDVA (logMAR) was 0.43 ± 0.18 for PRE condition. With the lenses of
G-5X material, the mean was 0.41 ± 0.21 for 0.1 mm (p = 0.115) and

0.28 ± 0.13 for 0.4 mm (p = 0.046). With the lenses of silicone-hy-
drogel, the mean was 0.37 ± 0.19 for 0.1 mm (p = 0.345) and
0.29 ± 0.18 for 0.4 mm (p = 0.043). In addition, there was a statis-
tically significant improvement (p = 0.044) in high-contrast CDVA
with 0.4 mm respect to 0.1 mm in G-5X material. The same pattern was
observed for silicone-hydrogel material, despite there being no sig-
nificant differences.

The mean low-contrast CDVA (logMAR) was 0.69 ± 0.20 for PRE
condition. With the lenses of G-5X material, the mean was 0.67 ± 0.18
for 0.1 mm (p = 0.249) and 0.55 ± 0.17 (p = 0.028). With the lenses
of silicone-hydrogel material, the mean was 0.60 ± 0.17 for 0.1 mm
(p = 0.116) and 0.52 ± 0.23 for 0.4 mm (p = 0.046). Comparing the
two central thicknesses, there was a significant improvement in low-
contrast CDVA with 0.4 mm for both G-5X (p = 0.024) and silicone-
hydrogel (p = 0.046).

The mean CS (logMAR) was 1.03 ± 0.33 for PRE condition. With
the lenses of G-5X material, the mean was 1.10 ± 0.40 for 0.1 mm
(p = 0.043) and 1.23 ± 0.29 for 0.4 mm (p = 0.043). With the lenses
of silicone-hydrogel material, the mean was 1.13 ± 0.29 for 0.1 mm
(p = 0.044) and 1.23 ± 0.40 for 0.4 mm (p = 0.043). There were no
statistically significant differences (p > 0.05) in CS between extreme
central thicknesses for both materials.

Fig. 1. Bar graph representing the trend of corneal HOA in function of contact lens
thickness for hydrophilic and hydrogel silicone materials. * p < 0.05. Comparison post-
wear with pre-wear values; Wilcoxon test.

Fig. 2. Bar graph representing the trend of total HOA in function of contact lens thickness
for hydrophilic and hydrogel silicone materials. * p < 0.05. Comparison post-wear with
pre-wear values; Wilcoxon test.
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4. Discussion

In recent years, SCL fitting has proved to be an alternative to RGP
lenses on irregular corneas, including ICRS implanted, in order to im-
prove optical and visual quality [17–29]. SCL are especially re-
commended in patients who want to increase their comfort, assuming a
reduction of visual function compared to RGP wearers [16]. Lathed-SCL
materials have lower values of oxygen permeability than RGP materials
[32]. Therefore, oxygen transmissibility to the cornea is limited with
high thickness SCL, and, even in the case of lenses with normal thick-
ness, the power of the lens also changes significantly the central and
peripheral thicknesses having a significant impact on the oxygen
transmissibility. Then, a reduction in contact lenses continuous wearing
time is often necessary [33]. Corneal hypoxia and edema are risks as-
sociated to high thickness SCL in abusive wearers.

Corneal and total HOA, especially coma and spherical aberrations,
are still uncorrected in keratoconus patients after ICRS surgery as
shown in the results of the present study for PRE condition and other
studies [7], which affects visual function. HOA reduction during SCL
wearing has been demonstrated in keratoconus patients before ICRS
implantation. Jinabhai et al. [17,18] found a correction of between
30% and 40% approximately of total RMS HOA with conventional toric
SCL in keratoconic eyes, mainly associated to a reduction of coma
aberration. There is no other study that shows the influence of con-
ventional SCL in HOA of keratoconus patients. Gumus and Kahraman
[25] found a decrease in total RMS HOA between 15% and 33% in
keratoconus patients fitted with high thickness SCL which central
thicknesses had a range of 0.35-0.59 mm. Conventional SCL, high
thickness SCL and RGP lenses compensate the anterior corneal HOA in
keratoconic eyes. However, a residual value of posterior HOA still ex-
ists, which affects the optical and visual quality [34]. With the aim of
correcting the total HOA in keratoconic eyes with SCL, different studies
designed customized SCL using wavefront-guided technology
[18,35–39] or incorporating differences in superior and inferior thick-
nesses [40]. These results showed a HOA correction similar to RGP
lenses. Despite this HOA correction, López-Gil et al. [35] and Jinabhai

et al. [18] found a reduction in the visual function compared to normal
eyes and RGP keratoconic wearers respectively. In contrast, Sabesan
et al. [37] and Marsack et al. [38,39] found an improvement in high
and low contrast CDVA compared to conventional SCL (the first au-
thors) and RGP keratoconic wearers (both authors). In addition, Kat-
soulos et al. [40] found an improvement in high and low contrast CDVA
compared to spectacles correction in these keratoconus patients.

In the present study, a decrease in corneal HOA, directly propor-
tional to the central thickness of the SCL (Table 3) has been found. With
the G-5X material lenses, the statistical reduction in RMS HOA 22.61%
for 0.3 mm and 33.13% for 0.4 mm. With silicone-hydrogel lenses, the
statistical reduction in RMS HOA was 22.02% for 0.3 mm and 33.88%
for 0.4 mm. These results were associated to a reduction in corneal
coma aberration, mainly, and spherical aberration. In addition, the
flattening of the anterior surface Kmean was also directly proportional
to the central thickness of the SCL (Table 4). Therefore, it can be de-
duced that an increase in the central thickness of the SCL maintains the
shape of these lenses on the ocular surface, reducing the corneal HOA.
Furthermore, no statistical differences between G-5X and silicone-hy-
drogel SCL were found, indicating that the modulus of rigidity of these
lenses would not influence corneal HOA correction.

The pattern of the total HOA measurements does not correspond to
the corneal HOA values. There was an increase in total spherical like for
all the central thicknesses with both lenses. In total coma like, there was
only a statistically significant decrease for the lenses of G-5X material
and 0.4 mm of central thickness. In addition, in total RMS HOA there
was only a decrease in the central thicknesses of 0.4 mm in both ma-
terials (18.66% for G-5X and 19.04% for silicone-hydrogel), lower than
corneal RMS HOA. These differences between corneal and total HOA
values could be explained by different hypothesis which are shown
below.

The corneal HOA measurements with the SCL fitted are taken over
the anterior surface of these lenses. Therefore, the precorneal tear
meniscus, the posterior corneal surface, which is aberrated in kerato-
conus patients [34], and the internal structures does not affect corneal
HOA. Another factor is the influence of the ICRS implanted 2.5 mm

Table 4
Keratometry and refraction values for different thicknesses and materials.

Parameter CL Thickness 5GX P Value HiSi P value

Flat K (D) (mean (SD)) Pre 48.54 (3.58) – 48.54 (3.58) –
0.1 45.84 (5.92) 0.005** 46.16 (4.75) 0.009*
0.2 45.05 (6.03) 0.001** 45.59 (5.23) 0.002*
0.3 44.34 (6.09) 0.002** 44.93 (5.41) 0.001*
0.4 44.69 (6.03) 0.023* 44.28 (5.39) 0.001*

Steep K (D) (mean (SD)) Pre 52.49 (3.05) –- 52.49 (3.05) –-
0.1 49.91 (5.90) 0.003** 50.51 (4.72) 0.002*
0.2 49.18 (6.04) 0.001** 49.18 (4.80) 0.001*
0.3 47.39 (5.11) 0.001** 48.55 (5.48) 0.001*
0.4 47.59 (5.53) 0.011* 47.39 (5.10) 0.001*

Kmean (D) (mean (SD)) Pre 50.52 (3.34) – 50.52 (3.34) –
0.1 47.79 (6.12) 0.003** 48.27 (4.91) 0.002*
0.2 46.99 (6.24) 0.001** 47.12 (5.16) 0.001*
0.3 45.78 (5.64) 0.001** 46.67 (5.63) 0.001*
0.4 46.09 (5.84) 0.023* 45.78 (5.36) 0.001*

Sphere (D) (mean (SD)) Pre −4.50 (4.99) – −4.50 (4.99) –
0.1 −1.68 (4.70) 0.094 −3.36 (5.30) 0.036*
0.2 −2.67 (4.70) 0.087 −3.00 (5.34) 0.034*
0.3 −2.17 (4.56) 0.023* −2.73 (4.59) 0.010*
0.4 −2.04 (3.52) 0.008** −2.47 (4.40) 0.011*

Cylinder (D) (mean (SD)) Pre −5.19 (2.31) – −5.19 (2.31) –
0.1 −4.23 (3.84) 0.041* −4.31 (3.17) 0.021*
0.2 −4.07 (3.23) 0.012* −4.39 (3.56) 0.057
0.3 −3.56 (3.00) 0.002** −3.67 (3.10) 0.008*
0.4 −3.15 (2.48) 0.002** −3.67 (2.97) 0.002*

* p< 0.05. Comparison post-wear with pre-wear values; Wilcoxon test.
**p< 0.01.
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(5 mm of diameter) from the corneal apex. In concordance, the HOA
measurements were taken with a pupil size of 5 mm, so ICRS implanted
would mainly affect total HOA. In addition, the loss of water content in
the material (present in different percentages in G-5X and silicone-hy-
drogel materials) could have generated scattering phenomena [41],
affecting the optical quality of the anterior surface of the SCL and the
eye. Tear film quality disorders reported in keratoconus patients could
also affect total and corneal HOA measurements [42,43], added to the
reduction in the repeatability of the corneal [44] and total [45] HOA in
keratoconic eyes. Finally, the decentering of the SCL after blinking
could have induced coma and spherical aberrations.

High thickness SCL has been shown as an alternative to RGP lenses
to correct the HOA in order to improve the visual function in irregular
corneas, including ICRS implanted keratoconic eyes. Carballo-Álvarez
et al. [19] found an increase in high-contrast CDVA of 0.07 logMAR and
0.14 logMAR in keratoconus patients with ICRS after fitting conven-
tional toric SCL and spherical SCL respectively. The only scientific
evidence of the influence of high thickness SCL in visual function in
keratoconus patients after ICRS implantation was a study of Fernández-
Velázquez and Fernández-Fidalgo [29]. The authors found an increase
in high-contrast CDVA between 0.17 logMAR and 0.30 logMAR after
fitting different designs of SCL with central thicknesses superior than
0.4 mm. In accordance, the results of the present study shows a

statistical increase in high-contrast CDVA with the SCL of 0.4 mm of
central thickness of 0.15 logMAR for G-5X material and 0.14 for sili-
cone-hydrogel material. In low-contrast CDVA, a statistical increase
with the lenses of 0.4 mm central thickness of 0.14 logMAR and 0.17
logMAR for G-5X and silicone-hydrogel materials respectively was also
found. Finally, in CS a statistical increase of 0.20 logMAR with the SCL
of 0.4 mm for both materials was found. These results of the visual
function are consistent with the results of the total RMS HOA correc-
tion, which show a statistically significant decrease of the SCL of
0.4 mm of central thickness for both materials. Again, it becomes clear
that the central thickness is the parameter of the SCL, which improves
HOA correction and visual function instead of the modulus of rigidity.

The present study had some limitations that could be improved
upon in future studies. It would be necessary: to increase the sample
size, to analyze the wavefront aberrometry and to measure the visual
function under photopic and mesopic conditions, to analyze the influ-
ence of the base curve of the SCL in the centration and movement be-
cause it influences the aberrometric values and to increase the wearing
time of the SCL before measuring.

In conclusion, a central thickness of the SCL equal or superior to
0.4 mm seems to decrease the ocular HOA and to improve the visual
function in keratoconus patients implanted with ICRS. However, the
modulus of rigidity of the SCL does not influence the HOA correction.
Taking in account the clinical safety by the loss of oxygen transmissi-
bility, high thickness SCL fitting could be suggested as an alternative to
RGP lenses to partially compensate the residual HOA after ICRS im-
plantation in order to improve the visual function and the comfort.
Therefore, the choice of the high thickness SCL materials should be
prioritized mainly by their oxygen permeability following by the
comfort.
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