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Abstract

Objectives: To evaluate and compare the effects of hybrid contact lenses (HCLs) and mini-scleral contact lenses (MSCLs)
on visual acuity, spherical equivalent, topographic astigmatism, and higher-order aberrations (HOAs) in eyes with advanced
keratoconus.

Methods: We reviewed the medical records of 43 eyes of 27 patients diagnosed with advanced keratoconus fit hybrid
contact lenses (AirFlex®) and mini-scleral contact lenses (Mini-misa®). Pre-fitting examinations included best corrected
visual acuity (BCVA), spherical equivalent, topographic findings (topographic astigmatism, maximum keratometry, mean
keratometry, central corneal thickness, thinnest corneal thickness, and corneal HOAs. Post-fitting examinations included
lens corrected visual acuity, spherical equivalent, topographic astigmatism, corneal HOAs, and contact lens-related dis-
comfort symptoms.

Results: Mean BCVA (log MAR) improved significantly from 0.65£0.27 to 0.14+0.09 with HCL and 0.58+0.25 to 0.15+0.13
with MSCL (p<0.05). The mean spherical equivalent and topographic astigmatism measurements decreased significantly
in both groups (p<0.05). Eight patients in the HCL group experienced lens-related discomfort. Root-mean square HOA
decreased significantly in both groups (p<0.05).

Conclusion: Significant improvements in visual acuity, spherical equivalent, topographic astigmatism, and HOAs were
observed with both lenses. However, higher patient comfort with scleral lenses may lead to higher compliance in patients

with advanced keratoconus.
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Introduction

Keratoconus is the most common noninflammatory corneal
ectasia characterized by corneal protrusion and thinning,
leading to irregular astigmatism and myopia. It has an esti-
mated prevalence of 54 per 100,000 people in the United
States (I, 2). In the early stages of keratoconus, spectacles
can correct regular astigmatism. However, in moderately or
severely affected patients with irregular astigmatism, contact

lenses are considered one of the most effective treatment
options (3).

Contact lenses reduce the irregularity of the cornea and
create a new regular front surface to the optical system in
every stage of keratoconus (4). Rigid gas-permeable contact
lenses (RGPLs) reduce higher-order aberrations (HOAs) and
improve visual acuity by creating a refractive layer between
the lens and the cornea, thus providing a regular refractive
surface in front of the cornea (5). However, initial discom-
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fort, corneal scarring at the contact point of the lens and
cornea, and lens decentration are the main complications
leading to decreased patient compliance (6). Hybrid contact
lenses (HCLs) and scleral contact lenses (SCLs) have been
introduced into clinical practice for the visual rehabilitation
of patients with keratoconus. The main advantage of HCLs
and SCLs over RGPLs is that they allow the anterior surface
of the cornea to the vault, thus preventing apical corneal
touch and providing a better fit (7, 8).

HCLs have a central rigid zone with a circumferential pe-
ripheral soft skirt to utilize the visual performance of hard
lenses and the comfort and stability of soft lenses (9). SCLs
are large-diameter gas-permeable contact lenses designed
to vault over the entire cornea and limbus and rest on the
sclera. The SCLs that are no more than 6 mm larger than the
horizontal visible iris diameter are called mini-scleral con-
tact lenses (MSCLs) (10). This clinical study evaluated and
compared the effects of HCLs and MSCLs on HOAs and
refractive correction in advanced keratoconus.

Methods

Ethical Approval

The study was conducted by the tenets of the Declara-
tion of Helsinki and was approved by the Ethics Commit-
tee of Umraniye Training and Research Hospital (number:
B.10.1.TKH.4.34.H.GP0.01/104; dated: April 8, 2020), istan-
bul, Turkey.

Demographic and Clinical Data

The clinical records of the 43 eyes of 27 patients diagnosed
with advanced keratoconus and who had been selected to fit
HCLs and MSCLs between May 2017 and January 2021 were
reviewed. The diagnosis of keratoconus was based on the
history of decreased visual acuity in one or both eyes caused
by progressive irregular astigmatism and slit-lamp examina-
tion findings (Fleischer’s ring, Vogt’s striae, increased visibil-
ity of the corneal nerves, and/or Rizzuti’s sign and corneal
scarring). Abnormal corneal steepening was confirmed using
Sirius (Costruzione Strumenti Oftalmici, Florence, Italy). Pa-
tients with other corneal disorders and anterior segment
pathologies including vernal keratoconjunctivitis, giant pap-
illary conjunctivitis, dry eye, and previous history of ocular
surgery were excluded from the study.

Examination Protocol

Subjective refraction was conducted with trial frame lenses
under standardized chart illumination conditions. An autore-
fractokeratometer (KR 8000, Topcon, Japan) and Snellen
chart were used to assess the spherical equivalent and vis-
ual acuity levels of the patients. Best corrected visual acuity
(BCVA) and lens corrected visual acuity (LCVA) were as-

sessed using the Snellen chart and were converted to the
logarithm of minimal angle of resolution (log MAR) notation
for statistical analysis. Topographic findings such as topo-
graphic astigmatism, maximum keratometry (Kmax), mean
keratometry (Kmean), central corneal thickness (CCT), and
thinnest corneal thickness (TCT) were recorded before and
after lens fitting.

Sirius Corneal Topography and Abberometry System

Sirius is a combination of Scheimpflug and Placido topogra-
phy. It uses a single 3D Scheimpflug camera and a Placido disk
to measure 30,000 points from the posterior and anterior
corneal surfaces in less than | s. The diagnosis and classifi-
cation of advanced keratoconus were established according
to the Amsler—Krumeich classification. Patients with a mean
central keratometry (Kmax) >55.00, with or without central
corneal scarring of any size, and corneal thickness of <200
pm were included in the study.

Corneal wavefront analysis was performed using the Sir-
ius Corneal Topography and Aberrometry system. Corneal
wavefront errors were analyzed over a 6-mm optical zone and
decomposed into Zernike polynomials to the sixth order (I1).
Among the aberration data expressed in Zernike polynomials,
the following were evaluated before and after lens fitting: total
HOAs (third to sixth order), spherical aberration (Z°4), total
root-mean square (RMS) for coma (Z+3'), total RMS for tre-
foil (Z+33%), and total RMS for astigmatism (Z+2?).

Contact Lens Types

The HCL and MSCL trial procedures were performed ac-
cording to the manufacturer's instructions. Airflex Hybrid
(SwissLens, Prilly, Switzerland) and Mini-misa Mini-scleral
(Misa Scleral Lens-Microlens, Arnhem, The Netherlands)
contact lenses (CL) were fitted to the eyes of the study sub-
jects. A single experienced examiner performed all fittings
according to the manufacturer’s fitting guide (BISA).

Hybrid Lens Fitting Procedure

Airflex hybrid lens features include RGP center (Roflufocon
D, ultraviolet [UV] blocker) and soft skirt [(Filcon V3), DK:
100, water content: 50%, diameter: [4.9—15.5 mm, base
curves: 5.5-10.0 mm in 0.05-mm steps]. The central vault
parameter was chosen according to the steepest K value for
the initial CL fitting. For proper fitting, the CL must cover
the entire corneal surface and have sufficient movement on
the corneal surface with each blink (Fig. 1).

The fitting of the central RGP portion was assessed us-
ing fluorescence pooling. The base curve was flattened with
excessive fluorescence pooling. On the other hand, if the
fluorescence pooling was insufficient, the base curve was
steepened. The base curve of the trial lens was determined
to be 0.2 mm steeper than the mean keratometric value.
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Figure 1. Hybrid lens fitting.

Mini-scleral Lens Fitting Procedure

Mini-misa scleral lens features include fluorosilicone acry-
late with hydrophilic monomers: DK: 122, diameter: 16.5—
|7 mm, sagittal vault: 325—400 um, base curve: 7.8, 8.3, and
8.8 mm, scleral aperture diameter: 13 mm (normal) and
[3.5 mm (wide), scleral curve: standard 3.5 mm, with scle-
ral toricity with 0.75 mm difference. In the first stage of the
trial, the sagittal vault value was selected according to the
steep keratometry readings. Clearance was approximately
0.25 mm (approximately half of the corneal thickness) at
the apex of the cornea. The sagittal vault decreased if ex-
cessive clearance or central bubbles were detected, and
the sagittal depth was increased in case of corneal touch.
The base curve was determined in the second stage of the
lens. The landing zone, which is the part of the lens that
lands on the sclera without touching the limbal area, is de-
termined according to the diameter of the cornea at the
third stage. The normal landing zone of 13.0 mm was used
for the average corneal diameter, and the wide landing zone
(13.5 mm) was used when the corneal diameter was larger
than 11.5 mm. The scleral curve was evaluated in the final
stage after approximately 2 h of wearing the trial lens. The
good alignment between the scleral curve and sclera indi-
cates that the conjunctiva did not move upon rotation of
the lens with the finger, and the patient was comfortable.
The lens power was determined during the last phase of
the trial for both lenses (Fig. 2).

After the lenses were prescribed to the patients, LCVA,
refractive, and topographic measurements were evaluated
with lenses in the first-month follow-up examinations. All
patients were asked about Cl-related discomfort (foreign
body sensation, burning sensation, and watery eyes).

Statistical Analysis

All statistical analyses were performed using SPSS (Statistical
Package of the Social Sciences, SPSS Inc., Chicago, IL), ver-
sion 25.0 software. The data were analyzed using the SPSS
25.0 package program. Using the Kolmogorov—Smirnov test,
it was found that the data were not normally distributed. In
the analysis of the study data, the Mann—Whitney U test was
used to compare nonparametric data between groups in ad-
dition to descriptive statistical methods (mean, standard de-
viation, and frequency). The Wilcoxon signed-rank test was
used for each group to compare the results before and after
lens wear. The p-value of <0.05 was considered significant.

Results

A total of 43 eyes of 27 patients were included in the study. The
mean age was 29.811£9.33 (18-47) years; 16 patients (59.2%)
were male and | | patients were female (40.7%). Thirty-three
eyes were previously treated with CXL. Sixteen patients were
fitted bilaterally (9 patients in the HCL group and 7 patients in
the SCL group), and || (3 in the HCL group and 8 in the SCL
group) patients were fitted unilaterally. There were no statis-
tically significant differences between the groups with respect
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Figure 2. Mini-scleral lens fitting.

to age, sex, and CXL history. The best spectacle corrected
visual acuity, SE, and topographic findings (topographic astig-
matism, Kmax, Kmean, CCT, and TCT) were not statistically
different between the groups (p>0.05). Between-group com-
parisons of the demographic data, BCVA, SE, and topographic
findings including topographic astigmatism, Kmax, Kmean,
CCT, and TCT before lens fitting are presented in Table .

Table I. Demographic data, BCVA, SE, and topographic findings

Mean LCVA (log MAR) improved significantly from
0.65+0.27 to 0.141£0.09 with HCL and 0.58%+0.25 to
0.15£0.13 with MSCL (p<0.05). The mean spherical equiv-
alent (—6.241£3.70 D in HCL and -7.01£4.01 D in MSCL)
decreased significantly with both lenses (1.1£0.4 D in HCL
and —1.24+1.62 D; p<0.001 for both groups). LCVA values
were comparable between the HCL and MSCL groups. To-

HCL group MSCL group Both groups P

(meanSD) (meanSD) (meantSD)
n (eye) 21 22 43 0.352
Sex (female/male) 8/7 6/6 14/13 0.561
CXL history I 12 33 0.321
BCVA (log MAR) 0.65+0.27 0.58+0.25 0.72+0.26 0.307
Spherical equivalent (D) -6.24+3.70 -7.01+4.01 -6.62+3.83 0.265
Topographic astigmatism (D) 4.03%1.39 3.29+1.44 3.66+0.45 0.135
Kmax (D) 63.03£5.19 63.37+3.89 63.20+4.52 0.636
Kmean (D) 53.16£3.18 52.89+3.38 53.02+3.25 0.865
CCT (um) 448+31 45236 440+34 0.269
TCT (um) 440+42 431£35 446+39 0.422

Kmax: Maximum keratometry reading; Kmean: Mean keratometry reading; D: Dioptri; BCVA: Best corrected

visual acuity; CCT: Central corneal thickness; TCT:Thinnest corneal thickness; HCL: Hybrid contact lens; MSCL:

Mini-scleral contact lens; SD: Standard deviation.
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pographic astigmatism measurements decreased significantly
from 4.03+1.39 D t0 0.90+0.80 D in HCL and from 3.29+ | .44
D to 0.6910.12 D in MSCL for both groups (p<0.05). Eight
patients in the HCL group experienced lens-related discom-
forts such as foreign body sensation, burning sensation, and
watery eyes. Between-group comparisons of the LCVA, SE,
topographic findings, and discomfort after the lens trial are
presented in Table 2.

The values of HOAs between the two groups were
comparable before fitting (p>0.05). The RMS of the total
HOAs significantly decreased from 2.14+0.58 to 0.97+0.32
(A: 1.17£0.26) in HCL and from 2.45+0.74 to 1.34£0.62 in
MSCL (A: 1.11%0.12) after fitting (p=0.031, p=0.027, re-
spectively). The RMS of coma decreased significantly after
fitting in the HCL and MSCL groups (A: 1.1£0.13, p=0.027
and A: 1.16+0.19, p=0.01, respectively). Spherical aberration

changed from negative to positive values in both groups.
However, a statistically significant change was found only
in the MSCL group after fitting (A: 0.26, p=0.042+0.1). The
changes in trefoil, quatrefoil, and RMS of secondary astigma-
tism were statistically insignificant. The post-fitting values of
HOAs were comparable between the two groups (p>0.05).
The values of the HOAs before and after fitting for each
group are presented in Table 3.

Discussion

Contact lenses remain to be an effective and safe option
for improving visual acuity in keratoconus. Current designs
and materials have significantly expanded the application
options for patients with keratoconus (12, 13). According
to the 2015 Global Keratoconus Consensus Report, RGP
lenses have significantly improved the visual acuity and three-

Table 2. LCVA, SE, topographic findings, and discomfort after the lens trial

HCL group MSCL group Both groups P
(meantSD) (meanzSD) (meantSD)
LCVA (log MAR) 0.14+0.09 0.15£0.13 0.14£0.11 0.745
Spherical equivalent (D) -1.59%1.21 -1.24%1.62 -1.414%3.21 0.054
Topographic astigmatism (D) 0.90+0.80 0.69+0.12 0.79+0.32 0.078
Discomfort (foreign body 8 0 8 <0.001*

sensation, burning itching,
dryness)

D: Dioptri; LCVA: Lens corrected visual acuity; HCL: Hybrid contact lens; MSCL:
Standard deviation.

Mini-scleral contact lens; SD:

Table 3. Values of the HOAs before and after fitting for each group

HCL group MSCL group P
(meantSD) (meantSD)
Before fitting
RMS of coma (um) 1.66+0.62 2.18+0.77 0.101
RMS of trefoil (um) 0.75+0.42 0.73+0.43 0.458
Spherical abberation (um) -0.07+0.34 -0.09+0.35 0.343
Total RMS of HOA (um) 2.14+0.58 2.45+0.74 0.253
Total RMS for astigmatism (um) 1.08+1.29 0.51+0.94 0.159
After fitting
RMS of coma (um) 0.56+0.86 1.02+0.62 0.207
RMS of trefoil (um) 0.24+0.69 0.13£0.62 0.356
Spherical abberation (um) 0.08+0.47 0.17£0.62 0.923
Total RMS of HOA (um) 0.97+0.32 1.34+0.62 0.101
Total RMS for astigmatism (um) 0.85+0.13 0.62+0.62 0.123

HOA: Higher-order aberration; RMS: Root-mean square; SD: Standard deviation.
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dimensional depth perception than glasses in moderate to
advanced keratoconus (14). However, apical scarring and
lens-related discomfort secondary to RGP lens use may lead
to the noncompliance of this patient group (9, 15, 16). Intol-
erance and complications secondary to RGP lenses have led
to the development of safer and more comfortable designs,
such as scleral and hybrid lenses. This retrospective study
evaluated and compared the topographic parameters and
corneal HOAs between mini-scleral and hybrid lens designs
in patients with advanced keratoconus.

This study has identified that fitting the Airflex Hy-
brid and Mini-misa Mini-scleral lenses improved the CDVA
(0.510.11 log MAR and 0.4410.14 log MAR, respectively),
reduced the cylinder (3.13+£0.13 D and 2.60.1 D, respec-
tively), SE (4.65£1.04 D and 5.77+1.12 D, respectively), and
RMS HOA (1.17 pm and I.11 um, respectively). Kumar et
al. investigated the effects of Rose K2 XL semi-scleral con-
tact lenses on visual acuity and HOAs in eyes with irregular
corneas. They reported that fitting the Rose K2 XL lenses
improved the corrected distance visual acuity by a mean
0.51 log MAR, decreased the cylinder (3.6 D), and reduced
the RMS HOA (1.1 pm). Consistent with our results, they
reported an effective improvement in vision and reduced
ocular aberrations with semi-scleral contact lenses (17).
Romero-Jiménez and Flores-Rodriguez also reported a sig-
nificant improvement in corrected distance visual acuity with
SCLs in a variety of irregular corneal conditions (18).

Increased HOAs are optical consequences of keratoconus
that induce diminished quality of vision in both visual acuity
and contrast sensitivity measurements. Therefore, improving
the HOAs in keratoconus patients is likely to increase the vis-
ual function significantly (19-21). Assadpour et al. compared
corneal HOAs between mini-scleral and hybrid lenses in pa-
tients with keratoconus. They found that the change in RMS
HOA was —-0.33£0.26 in the MSCL group and was —0.41+0.46
in the HCL group. In our study, the change in RMS HOA was
[.17£0.26 in the HCL group and 1.11+£0.12 in the MSCL
group. As our study consisted of advanced keratoconus cases,
the pre-fitting HOA values were higher; and the difference
between the pre- and the post-fitting HOA values was greater.
Similar to our results, they concluded a significant reduction
in the total RMS HOAs and vertical coma after fitting both
lens designs and the RMS of spherical aberration with mini-
scleral lenses (22). Significant coma is particularly relevant for
improving visual quality because coma is the dominant form of
HOA:s in keratoconic eyes (23).

The effect of new generation lenses in improving visual
quality and correcting HOAs can be explained by better cor-
rection of anterior segment irregularities compared to soft
toric or corneal hard gas-permeable lenses because of lesser
decentration and rotation of lenses on the corneal surface.

The main limitation of this study is its cross-sectional de-
sign and short settling time for post-fitting evaluation of out-
comes for both lenses. Long-term studies with a larger num-
ber of patients are recommended to validate the possible
effects of these lenses on topographic parameters, HOAs,
and long-term complications.

There are limited studies comparing HOAs in different
lens designs in patients with advanced keratoconus. This
study appears to be the first to compare the post-fitting
refractive, topographic, and HOA outcomes of hybrid and
mini-scleral lenses. Ve concluded that both lens designs re-
sulted in significant improvement in visual acuity, spherical
equivalent, topographic astigmatism, and HOAs. However,
patients were significantly more likely to express lens-related
discomfort with HCLs than with SCLs. SCLs completely
vault the cornea and limbus and rest on the sclera. This re-
sults in better comfort and stability, leading to higher patient
compliance.

Disclosures

Ethics Committee Approval: The study was conducted by
the tenets of the Declaration of Helsinki and was approved by the
Ethics Committee of Umraniye Training and Research Hospital
(Number: B.10.1.TKH.4.34.H.GP0.01/104; dated: April 8, 2020),
istanbul, Turkey.

Peer-review: Externally peer-reviewed.
Conflict of Interest: None declared.
Authorship Contributions: Involved in design and conduct of

the study (BISA, AK, UL); preparation and review of the study
(BISA, EK); data collection (ADD); and statistical analysis (BISA).

References

I. Rabinowitz YS. Keratoconus. Surv Ophthalmol 1998;42:297-
319. [CrossRef]

2. Kennedy RH, Bourne WM, Dyer JA. A 48-year clinical and
epidemiologic study of keratoconus. Am | Ophthalmol
1986;101:267-73. [CrossRef]

3. McGhee CN, Kim BZ, Wilson P). Contemporary treatment
paradigms in keratoconus. Cornea 2015;34:16—23. [CrossRef]

4. Downie LE, Lindsay RG. Contact lens management of kerato-
conus. Clin Exp Optom 2015;98:299-31|. [CrossRef]

5. Gemoules G, Morris KM. Rigid gas-permeable contact lenses
and severe higher order aberrations in postsurgical corneas.
Eye Contact Lens 2007;33:304—7. [CrossRef]

6. Barr JT, Wilson BS, Gordon MO, Rah MJ, Riley C, Kollbaum
PS, et al., Estimation of the incidence and factors predictive of
corneal scarring in the Collaborative Longitudinal Evaluation of
Keratoconus (CLEK) Study. Cornea 2006;25:16—25. [CrossRef]

7. Rico-Del-Viejo L, Garcia-Montero M, Hernandez-Verdejo JL,
Garcia-Lazaro S, Gomez-Sanz FJ, Lorente-Velazquez A. Non-
surgical procedures for keratoconus management. | Ophthal-
mol 2017;2017:9707650. [CrossRef]


https://doi.org/10.1016/S0039-6257(97)00119-7
https://doi.org/10.1016/0002-9394(86)90817-2
https://doi.org/10.1097/ICO.0000000000000504
https://doi.org/10.1111/cxo.12300
https://doi.org/10.1097/ICL.0b013e318033edde
https://doi.org/10.1097/01.ico.0000164831.87593.08
https://doi.org/10.1155/2017/9707650

Sezgin Akcay et al., Comparison Hybrid and Scleral Lenses

65

Hashemi H, Shaygan N, Asgari S, Rezvan F, Asgari S. ClearKone-
Synergeyes or rigid gas-permeable contact lens in keratoconic
patients: a clinical decision. Eye Contact Lens 2014;40:95-8.
Abdalla YF, Elsahn AF, Hammersmith KM, Cohen E]. Synergeyes
lenses for keratoconus. Cornea 2010;29:5-8. [CrossRef]

.Kim S, Lee JS, Park YK, Lee SU, Park YM, Lee JH, et al. Fitting

miniscleral contact lenses in korean patients with keratoconus.
Clin Exp Optom 2017;100:375-9. [CrossRef]

. Colak HN, Kantarci FA, Yildirim A, Tatar MG, Goker H, Uslu

H, et al. Comparison of corneal topographic measurements and
high order aberrations in keratoconus and normal eyes. Cont
Lens Anterior Eye 2016;39:380—4. [CrossRef]

. Bilgin LK, Yilmaz S, Araz B, Yiiksel SB, Sezen T. 30 years of con-

tact lens prescribing for keratoconic patients in Turkey. Cont
Lens Anterior Eye 2009;32:16-21. [CrossRef]

. Pullum KWV, Whiting MA, Buckley R]. Scleral contact lenses: the

expanding role. Cornea 2005;24:269—77. [CrossRef]

. Gomes JAP, Rapuano CJ, Belin MW, Belin MW, Ambrésio R,

Guell JL, et al. Global consensus on keratoconus diagnosis.
Cornea 2015;34:38-9. [CrossRef]

. Barnett M, Mannis M). Contact lenses in the management of

keratoconus. Cornea 201 1;30:1510—6. [CrossRef]

. Kazanci B, Ozek D, Anayol A, Balikgi A, lleri D, Yilmazbas P.

Applications of different types of gas-permeable contact lens-
es in keratoconus and their visual results. Eur | Ophthalmol

20.

21.

22.

23.

2014;24:835-41. [CrossRef]

. Kumar M, Shetty R, Dutta D, Rao HL, Jayadev C, Atchison DA.

Effects of a semi-scleral contact lens on refraction and higher
order aberrations.bCont Lens Anterior Eye 2019;42:670—4.

. Romero-Jiménez M, Flores-Rodriguez P. Utility of a semi-scleral

contact lens design in the management of the irregular cornea.
Cont Lens Anterior Eye 2013;36:146—50. [CrossRef]

. Rocha KM, Vabre L, Harms F, Chateau N, Krueger RR. Effects

of Zernike wavefront aberrations on visual acuity measured us-
ing electromagnetic adaptive optics technology. | Refract Surg
2007;23:953-9. [CrossRef]

Fernandez-Sanchez V, Ponce ME, Lara F, Montés-Micé R, Caste-
jon-Mochén JF Lopez-Gil N. Effect of 3rd-order Aberrations
on Human Vision. ] Cataract Refract Surg 2008;34:1339—44.
Schlegel Z, Lteif Y, Bains HS, Gatinel D. Total, corneal, and in-
ternal ocular optical aberrations in patients with keratoconus. |
Refract Surg 2009;25:S951—7. [CrossRef]

Assadpour M, Nabovati P, Hashemi H, Rafati S, Yekta A, Jafar-
zadehpur E, et al. Comparison of corneal higher-order aber-
rations between miniscleral and hybrid lenses in keratoconus.
Optom Vis Sci 2020;97:749—53. [CrossRef]

Pantanelli S, MacRae S, Jeong TM, Yoon G. Characterizing the
wave aberration in eyes with keratoconus or penetrating kera-
toplasty using a high-dynamic range wavefront sensor. Ophthal-
mology 2007;114:2013-21. [CrossRef]


https://doi.org/10.1097/ICL.0000000000000016
https://doi.org/10.1097/ICO.0b013e3181a9d090
https://doi.org/10.1111/cxo.12424
https://doi.org/10.1016/j.clae.2016.06.005
https://doi.org/10.1016/j.clae.2008.07.001
https://doi.org/10.1097/01.ico.0000148311.94180.6b
https://doi.org/10.1097/ICO.0000000000000408
https://doi.org/10.1097/ICO.0b013e318211401f
https://doi.org/10.5301/ejo.5000449
https://doi.org/10.1016/j.clae.2019.06.002
https://doi.org/10.1016/j.clae.2012.12.006
https://doi.org/10.3928/1081-597X-20071101-17
https://doi.org/10.1016/j.jcrs.2008.04.017
https://doi.org/10.3928/1081597X-20090915-10
https://doi.org/10.1097/OPX.0000000000001560
https://doi.org/10.1016/j.ophtha.2007.01.008

