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Abstract

Objectives
The purpose of this study was to evaluate the performance (i.e., vision, comfort and fit) of spherical and
front-surface toric scleral lenses in subjects with regular, healthy corneas and regular astigmatism.

Methods
Scleral lenses were fit in the eyes (n = 16) of healthy subjects (n = 9) with regular corneas, absent of
pathology, and studied using an observational, multi-visit design. Lens fit was objectively evaluated by
an experienced practitioner. Following 1 month of successful lens wear, participants completed subjective
satisfaction surveys regarding the scleral lens wearing experience.

Results
According to participant surveys, spherical and front-surface toric scleral lenses were subjectively pre-
ferred over soft toric or gas permeable contact lenses and spectacles in 88% of eyes, including in all eyes
(n = 3) with only prior history of spectacle wear, but no contact lens wear. Seventy-five percent (75%) of
eyes achieved visual acuity of 0.1 logMAR or better and all subjects achieved visual acuity with a scleral
lens within 1 Snellen line of spectacle correction. Seventy-five percent of eyes achieved good subjective
comfort with a scleral lens, including in all eyes (n = 3) with no prior contact lens wear. No participants
reported poor subjective vision and/or comfort.

Conclusions
Our findings suggest that subjects preferred the performance of a scleral lens (spherical or front-surface
toric) compared to previously worn soft toric or gas permeable contact lenses, including subjects (n = 2) with
no prior history of contact lens wear. Moreover, scleral lenses may provide a viable, alternative contact lens
modality option for patients considering discontinuation of traditional soft toric and/or rigid contact lens
wear; so long as the factors associated with hypoxia and increased intraocular pressure remain minimized.
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Scleral lenses are large diameter contact lenses 
designed to completely vault the cornea and rest on 
conjunctival and scleral tissue. In the early 16th cen-
tury, Leonardo DaVinci first conceptualized scleral 
lenses for the purpose of optically neutralizing the eye 
within an enclosed liquid reservoir.1 Early prototypes 
developed in 1887 by F. A. Müller and A. C. Müller, 
included thin, lightweight blown-glass lenses without 
optical correction that demonstrated potential for 
management of ocular surface disorders.2 In 1888, 
Fick, a German ophthalmologist, first described the 
concept of scleral lenses with refractive power to cor-
rect vision.2 Unfortunately, issues of hypoxia during 

lens wear (i.e., Fick’s phenomenon or Sattler’s veil)
3
 

and reproducibility constraints of glass material re-

mained problematic and contributed to the temporary 

decline in scleral lens use. As a result of these clinical 

limitations, manufacturers transitioned to smaller 
lens designs, such as rigid corneal contact lenses, 
made of more durable material, such as polymethyl 

methacrylate (PMMA). Following years of idleness, 

Ezekiel4 published his landmark 1983 manuscript 
describing scleral lenses manufactured from material 
with enhanced oxygen permeability. Rosenthal5 and 
Pullum6 proximately followed by establishing scleral 
lens fabrication and design criteria, fitting techniques 
and therapeutic indications further facilitating renewed 
interest in this lens modality.

Indications for scleral lens utilization in clinical 
practice have experienced tremendous growth in recent 
years. The early literature (prior to 1983) primarily 

focused on scleral lens design and fabrication techniques 
or therapeutic indications.7 The main application for 
scleral lenses, as described at the time, was correction 
of corneal irregular astigmatism due to corneal ectasia 

or treatment of ocular surface disease, including com-

promised corneas.
7
 After 1983, publications described 

expanded indications and visual/functional outcomes 
of scleral lens wear.7 More recently, indications for 

scleral lens use in normal, healthy eyes have grown.
8
 

Scleral lenses have demonstrated potential for corneas 

with a normal, prolate shape and conventional refractive 

error (i.e., myopia, hyperopia, regular astigmatism 
and presbyopia) without disease, ectasia, distortion, 

or irregularities.
9
 To maintain consistency, the term 

regular cornea will be used henceforth. Although the 
advantages of scleral lens use in the eyes of patients 
with irregular corneas and therapeutic indications for 
ocular surface disease are well documented, studies 
investigating the performance of scleral lenses for 
regular corneas remain limited. 

The TFOS International Workshop on Contact 
Lens Discomfort reported that contact lens discom-
fort is a frequent problem experienced by up to half 
of current contact lens wearers worldwide; an issue 
potentially impacting millions.10 Multiple studies sug-
gest that despite advances in contact lens materials 
and design, the contact lens dropout rate continues to 
hover at approximately 15%.11–16 Reasons for dropout 
from traditional soft and/or rigid contact lens wear 
are numerous and complex including, but are not 
limited to: lens discomfort, reduced visual acuity 
and unacceptable presbyopic correction. Fortunately, 
contact lens manufacturers have begun to expand and 
diversify their portfolios by developing novel lens 
designs to address reported deficits. However, contact 
lens parameter and performance limitations remain 
in traditional modalities. Thus, an alternative contact 
lens modality, such as a scleral lens, may provide a 
potential option for patients considering discontinu-
ation of traditional contact lens wear. 

Scleral lenses present multiple, advantageous char-
acteristics for patients with regular corneas. Scleral 
lenses efficiently correct high refractive errors, including 
astigmatism, due to stable optical properties.9 Studies 
have demonstrated that correcting 0.75D or more of 
astigmatism17 can significantly improve visual acuity 
by three to six letters on a Snellen eye chart.18 This 
principle is particularly applicable to patients with 
high astigmatism, as rigid gas permeable contact 
lenses are preferred to soft toric contact lenses to 
improve visual outcomes.19 Scleral lenses also reduce 
higher order aberrations (HOAs) via enhanced lens 
parameter customization and improved centration 
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compared to soft and gas permeable contact lenses. 
The optic zone diameter of scleral lenses can often 
be larger than other types of modalities, including 
corneal gas permeable, soft spherical, soft toric and 
hybrid contact lenses. Expansion of optic zones are 
particularly advantageous for patients with larger 
pupil sizes by reducing visual distortion (i.e., halos 
and glare) and subsequently improving best-corrected 
visual acuity.9 Although HOAs are more prevalent 
in patients with irregular corneas and/or lenticular 
opacities and may compromise visual performance,20 
HOAs in regular eyes are often a result of the inherent 
optics of corrective lenses.9 For example, soft contact 
lenses intrinsically induce HOAs if the lenses are not 
designed to optically compensate for HOAs.21 Also, it 
is recognized that the post-lens tear fluid reservoir and 
wavefront-guided optics of scleral lenses compensate 
for corneal distortion and reduce HOAs.22 

Dry eye disease is one of the most frequent reasons 
for patient visits to eye care practitioners23 and a com-
mon cause for discontinuation of contact lens wear.10 
Due to the post-lens fluid reservoir, the fluid between 
the back of the lens and the front of the cornea, scleral 
lenses uniquely provide continuous hydration to the 
ocular surface. Thus, scleral lenses have the potential 
to benefit patients with regular corneas and associated 
ocular dryness.24 Furthermore, scleral lenses may 
enhance ocular surface stability in presbyopic patients 
with regular corneas. Lafosse et al. compared the ef-
fect of scleral and corneo-scleral lenses on tear film 
parameters and central corneal thickness in healthy, 
presbyopic subjects at baseline, 20 minutes post-
insertion and after 8 hours of continuous lens wear.19 

No clinical difference was observed between lenses, 
including tear osmolarity, throughout a full day of 
continuous wear. 

This study evaluated the performance (i.e., vision, 
comfort and fit) of spherical and front-surface toric 
scleral lenses in subjects with regular, healthy corneas.

METHODS

This study was designed as a preliminary obser-
vational-cohort, prospective, multi-visit investigation. 
The protocol was approved by the University of Cali-
fornia, Davis Institutional Review Board (IRB) and 
conformed to the tenets of the Declaration of Helsinki 

prior to subject enrollment and data collection. This 
study enrolled healthy subjects, absent of corneal 
pathology, including subjects with history of current 
and/or previous contact lens wear or no history of 
contact lens wear in accordance to strict inclusion/
exclusion criteria. Major exclusion criteria included, 
but were not limited to, clinically significant ocular 
surface disease, corneal pathology or irregularity 
and prior eye surgery (e.g., LASIK, PRK, PK, etc.).

The primary goal of the study was to evaluate the 
performance of a scleral lens in the eyes of subjects 
with regular, healthy corneas. The primary outcome 
measure was subjective satisfaction surveys regarding 
the scleral lens wearing experience including: Qual-
ity of vision, lens comfort, lens awareness, wear time 
and overall preference of scleral lens compared to a 
previously favored modality of vision correction (e.g., 
contact lenses or spectacles). Subjects were instructed 
to rate responses on a 0 to 10 scale (0 = extremely poor;  
10 = extremely good). In addition, subjects were asked 
to rate the presence/severity of subjective symptoms for 
each eye on a 0 to 4 scale (0 = absence, 1 =  minimal,  
2 = mild, 3 = moderate, 4 = severe). Symptoms included: 
irritation (i.e., dryness, burning, scratching, grittiness, 
stinging, itching), awareness, redness, cloudy or variable 
vision, light sensitivity/halos. Subjects were instructed 
to rate each eye individually.

Secondary outcome variables included objective 
evaluation of scleral lens fit, including lens position, 
sagittal depth and edge alignment, ocular surface 
assessment, including conjunctival injection, con-
junctival and corneal staining and corneal edema by 
an experienced practitioner. The hypothesis was that 
subjects would subjectively prefer the performance of 
a scleral lens compared to a soft toric or gas perme-
able contact lens.

The secondary goal of the study was to evaluate 
the performance (i.e., vision, comfort and fit) of a 
front-surface toric scleral lens in the eyes of subjects 
with regular, healthy corneas and lenticular / residual 
astigmatism for the use of front-surface toric mini-
scleral lenses. The hypothesis was that subjects with 
lenticular/residual astigmatism for the use of front-
surface toric mini-scleral lenses would subjectively 
prefer the performance of a front-surface toric scleral 
lens compared to a soft toric or gas permeable lens. 
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The initial visit was to determine subject eligibility 
and included a detailed explanation of the procedures, 
including possible consequences, and signing of the 
Informed Consent form and Patient Authorization 
of Use and Release of Health and Research Study 
Information (HIPAA form). If the subject elected 
to proceed, detailed medical and ophthalmic history 
was obtained followed by biomicroscopy examina-
tion including evaluation of the eyelids, cornea and 
conjunctiva, as well as corneal and conjunctival stain-
ing. Qualifying subject eyes were diagnostically fit 
in accordance to manufacturer guidelines using the 
EasyFit scleral lens diagnostic fitting set (AccuLens, 
Denver, CO, USA). 

Scleral lenses were ordered and dispensed following 
successful application/removal training with necessary 
materials and solutions. Subjects were provided with 
0.9% preservative-free sodium chloride solution to fill 
the scleral lens during wear (the only preservative-free 
application product available at the time of the study), 
3% hydrogen peroxide cleaning and disinfecting 
solution for nightly use (Clear Care® Cleaning and 
Disinfecting Solution, Alcon, Fort Worth, TX, USA) 
and an application and removal plunger (DMV® 
Scleral Cup™, DMV Corporation, Zanesville, OH, 
USA) along with detailed instructions. Subjects were 
instructed to proceed with daily wear beginning with 
6 hours of wear per day, while increasing two hours 
of wear time each day, but not to exceed 12 hours 
total of continuous daily wear. No extended wear 
was permitted. Subjects were scheduled to return for 
follow-up in 1 week.

Following 1 week of successful wear, the scleral 
lens fit, over refraction (spherical and/or sphero-cy-
lindrical) and ocular surface health, including corneal 
and conjunctival staining, were evaluated. Scleral 
lens parameters and prescriptions were modified, as 
needed, to provide optimal vision, comfort and fit. 
After 1 month of successful scleral lens wear, sub-
jects completed satisfaction surveys regarding their 
scleral lens wearing experience. Subjects that overall 
preferred scleral lens vision and comfort continued 
with scleral lens wear, while those that did not returned 
to habitual correction (i.e., spectacle and/or soft/rigid 
contact lens wear). Data analysis was conducted after 
subjects completed the study.

RESULTS

Nine (n = 9) subjects completed the study. Sixteen 
(n = 16) total eyes were fit with a scleral lens and 
evaluated. Two (n = 2) subjects were fit with a scleral 
lens in one eye only. The mean objective corneal to-
ricity measured was 2.75D ± 1.25D (range: 1.00D –  
5.75D). The mean age was 32.7 ± 15.8 years (range: 
20 – 62 years). Sex distribution was 6 females and 3 
males. Ethnicities included: 4 Caucasian, 2 Hispanic, 
1 African American, 1 Asian, and 1 Other.

Prior to study enrollment, 78% of subjects had 
a history of previous contact lens wear, including 
some subjects with a history of multiple contact lens 
modalities (i.e., soft and/or rigid). Of participants 
with previous contact lens wear, 78% had worn soft 
contact lenses while 67% had previously worn soft 
toric contact lenses. Thirty-three percent (33%) had a 
history of previous gas permeable contact lens wear. Two  
(n = 2) subjects, three (n = 3) total eyes had history 
of only spectacle wear, but no prior contact lens wear.

Overall, spherical and front-surface toric scleral 
lenses were subjectively preferred over soft toric or 
gas permeable contact lenses and spectacles in 88% 
of eyes, including in all eyes (n = 3) with only prior 
history of spectacle wear, but no contact lens wear. 
Fifty-six percent (56%) of eyes achieved good vs. 
fair/poor subjective vision, and 75% of eyes achieved 
good vs. fair/poor subjective comfort with a scleral 
lens, including in all eyes (n = 3) with no prior con-
tact lens wear (Figure 1). All subjects (n = 2) with 
only prior history of spectacle wear, but no contact 
lens wear overall subjectively preferred scleral lenses 
versus spectacles.

No participants reported poor subjective vision 
and/or comfort in either eye. Seventy-five percent 
(75%) of eyes achieved visual acuity of 0.1 logMAR 
or better and all subjects achieved visual acuity with 
a scleral lens within 1 Snellen line of spectacle cor-
rection. Three (3) eyes 19%) required a front-surface 
toric scleral lens (Table 1). 

These eyes measured a subjective spectacle cylin-
der prescription of 3.25D, 2.50D, and 6.00D and an 
objective corneal toricity of 2.75D, 3.50D, and 5.75D, 
respectively. Overall, all 3 eyes subjectively preferred 
the vision and comfort achieved with a scleral lens 
compared to a soft toric or gas permeable contact lens.
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TABLE 1 Front-Surface Toric Scleral Lens Performance 

Subject Final Spectacle Rx
Lenticular / Residual

Astigmatism Final Scleral Lens Rx Vision Comfort

1     Pl 3 3.25 3 084           2.75D                                  44.00D (7.67 mm) /
     6.75 20.75 3 166 Good Good

2 21.75 12.50 3 095               3.50D                                  
1        0.75 20.75 3 016               Good Good        

3 23.25 16.00 3 098               5.75D                                  
1
42.00D (8.03 mm) /

43.00D (7.84 mm) /

       2.00 20.75 3 012                Fair             Good

FIG. 1 Subjective scleral lens vision and comfort preference.

DISCUSSION

The findings of this preliminary investigation
suggest that subjects with regular, healthy corneas
likely prefer the overall performance of spherical
and front-surface toric scleral lenses after 1 month of

wear compared to previously worn soft toric or gas 
permeable contact lenses and spectacles, as evidenced 
by objective visual acuity measures and subjective 
responses from satisfaction surveys. Overall, scleral 
lenses were subjectively preferred vs. previously 
favored modality of vision correction (e.g., contact 
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lenses or spectacles) in 88% of eyes, including all eyes 
fit with a front-surface toric scleral lens. Seventy-five 
percent (75%) of eyes achieved visual acuity of 0.1 
logMAR or better with a scleral lens and 75% of 
eyes achieved good vs. fair/poor subjective comfort 
reported by participants following scleral lens wear 
(Figure 1, Table 1). Interestingly, only 56% of eyes 
reported good vs. fair/poor subjective vision. A future 
investigation with an increased sample size is neces-
sary to validate this discrepancy. 

Spherical and front-surface toric scleral lenses 
demonstrated improved subjective vision and comfort 
compared to soft toric or gas permeable contact lenses 
in this study. Stable optical characteristics, including 
expanded optical zones and limited lens rotation, likely 
contributed to improved visual quality experienced 
with a scleral lens.9 Large diameter scleral lenses rest 
on conjunctival rather than corneal tissue, compared to 
traditional gas permeable contact lenses, contributing 
to continuous comfort. In addition, the post-lens fluid 
reservoir of a scleral lens provided constant corneal 
hydration throughout the duration of wear, limiting 
dryness symptoms.24 Although this study corroborates 
subjective preference in overall scleral lens perfor-
mance, future investigations should consider correlating 
overall performance of spherical and front-surface 
toric scleral lenses with other modalities (including 
soft toric, corneal gas permeable, and hybrid contact 
lenses) in subjects with regular, healthy corneas with 
an increased sample size. Furthermore, it will be 
necessary to objectively quantify both the short and 
long-term physiological and mechanical impact of 
scleral lens wear on anterior segment health in the 
eyes of subjects with regular, healthy corneas before 
this contact lens modality is accepted as a first-line 
option in this population.7

A common concern among practitioners concern-
ing scleral lens wear are previously reported issues of 
clinically evident corneal edema due to hypoxia.25, 26 
Although no obvious clinical signs of hypoxia were 
observed during this investigation, it has been sug-
gested by theoretical models that scleral lens oxygen 
permeability and fluid reservoir thickness may present 
barriers to oxygen transmissibility.27 Paugh et. al.28 
measured reduced tear exchange rates via fluorometry 
in subjects with scleral lenses, suggesting minimal 

possibility of meeting recommended oxygen resupply 
demands for the anterior segment.27,29,30 Vincent et al.31 
measured trace amounts of central corneal swelling (on 
average <2%) following 8 hours of mini-scleral lens 
wear, in young, healthy subjects with regular corneas. 
Moreover, Giasson et al.32 demonstrated sub-clinical 
alterations to the apical surface of corneal endothelial 
cells shortly after scleral lens insertion and a return 
to baseline following scleral lens removal (i.e., bleb 
response). Thus, acute hypoxic stress (e.g., sub-clinical 
corneal edema) may occur throughout the duration of 
scleral lens wear. Schnornack et al.7 noted that practi-
tioners should not assume that all scleral lens designs 
affect the anterior segment of the eye in the same way. 
Nevertheless, this potential chronic, long-term impact 
on corneal permeability (i.e., corneal barrier function), 
amongst other physiological parameters, is not well 
understood and warrants further investigation.

The status of the cornea prior to fitting a scleral 
lens is a critical factor in determining the impact of 
hypoxic stress, as corneas absent of pathology are more 
resilient to barrier changes compared to compromised 
corneas. Traditionally, the potential refractive benefits 
gained by patients with compromised corneas with a 
scleral lens have outweighed the potential risks from 
hypoxic stress.33 However, this compromise is less 
apparent in patients with regular, healthy corneas. 

In addition, a preliminary study has suggested 
that increases in intraocular pressure (IOP) occur 
throughout the duration of scleral lens wear (average 
7.0 mmHg increase from baseline) due to excessive 
suction forces.34 Conversely, Nau et al.35 evaluated IOP 
via pneumatonometry in 29 neophyte, healthy eyes 
(test: control) following two hours of small-diameter 
scleral lens (15 mm Jupiter scleral lens) wear. Mea-
sures were collected on the cornea centrally and on the 
sclera peripherally. In healthy, neophyte eyes, scleral 
lens wear did not increase IOP after two hours. Also, 
Vincent et al.36 described changes in IOP after scleral 
lens wear using an irregular cornea 16.5 mm Paragon 
Vision Sciences scleral lens design. The initial study 
measured IOP in seven subjects before and three hours 
after scleral lens wear with the Ocular Response Ana-
lyzer (Reichert). The follow-up study evaluated IOP in 
five subjects before and eight hours after scleral lens 
wear with a non-contact tonometer (TX-20P, Canon). 
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Changes in IOP were found following scleral lens wear 
to be consistent with normal diurnal fluctuations. Thus, 
the authors suggested that short-term wear of scleral 
lenses likely does not elevate IOP, despite superficial 
tissue compression near the scleral spur.37

The potential consequences of short and long-term 
IOP elevation during scleral lens wear in regular, healthy 
eyes remain unknown and require additional studies. 
Thus, patient selection by an astute practitioner for 
scleral lens wear is of critical importance to limiting 
potential complications and ensuring success. Future 
investigations should seek to establish the incidence 
and risk factors concerning complications associated 
with scleral lens wear, as well as evidence-based 
guidelines for ideal lens fit characteristics.7

Furthermore, future studies are needed to under-
stand the potential application of scleral lens use for 
presbyopia. Scleral lenses may be a viable option 
for presbyopic patients with either healthy ocular 
surfaces or with concomitant pathology (e.g., dry eye 
disease). As previously described, contact lens dropout 
continues to exist with significant increases occurring 
around age 42.10 A multifocal scleral lens that provides 
acceptable vision at multiple viewing distances may 
be an option for patients with presbyopia, as scleral 
lenses bathe and protect the ocular surface helping 
to manage ocular surface disease. 

In conclusion, our findings suggest that subjects 
preferred the performance of a scleral lens (spheri-
cal or front-surface toric) compared to a soft toric or 
gas permeable contact lens and spectacles. A future 
investigation with an increased sample size will be 
necessary to confirm this trend. Moreover, scleral 
lenses may provide a viable, alternative contact lens 
modality option for patients with regular, healthy 
corneas who are considering discontinuation of tra-
ditional soft and/or rigid contact lens wear. However, 
practitioners will need to continue to routinely monitor 
for potential acute and chronic signs and symptoms 
associated with, but not limited to hypoxic stress and 
elevated IOP. It is critical for these factors associated 
with hypoxia and increased IOP to remain minimized.

GRANT SUPPORT

This work was self-funded. Scleral lens materials 
were provided by Acculens.

CONFLICTS OF INTEREST

No conflicts for any authors.

PRIOR PRESENTATION

This work has not been presented.

REFERENCES

1. Bowen TJ. Contact Lenses: The Story. Kent: Bower
House Publications; 2009.

2. Fick AE. A contact lens. 1888. Arch Ophthalmol
1997;115:120–1.

3. Barnett M, Johns LK. History of Scleral Lenses. In:
Contemporary Scleral Lenses: Theory and
Application. Bentham Science; 2017. ISBN: 978-1-
68108-567-8.

4. Ezekiel D. Gas permeable haptic lenses. J Br Contact
Lens Assoc 1983:158–61.

5. Rosenthal P, Cotter J. The Boston Scleral Lens in the
management of severe ocular surface disease. Ophthal-
mol Clin North Am 2003;16:89–93.

6. Pullum KW, Buckley RJ. A study of 530 patients referred
for rigid gas permeable scleral contact lens assessment.
Cornea 1997;16:612–22.

7. Schornack MM. Scleral lenses: a literature review. Eye
Contact Lens 2015;41:3–11.

8. van der Worp E, Bornman D, Ferreira DL, et al. Modern
scleral contact lenses: A review. Cont Lens Anterior
Eye 2014;37:240–50.

9. Barnett M, Johns LK. Scleral Lenses for the Regular /
Normal / Non-Diseased Cornea. In: Contemporary
Scleral Lenses: Theory and Application. Bentham
Science;2017:133–4.

10. Nichols JJ, Willcox MD, Bron AJ, et al. The TFOS
International Workshop on Contact Lens Discom-
fort: executive summary. Invest Ophthalmol Vis Sci
2013;54:TFOS7-TFOS13.

11. Schlanger JL. A study of contact lens failures. J Am
Optom Assoc 1993;64:220–4.

12. Weed K, Potvin R. Discontinuation of contact lens wear.
Optom Vis Sci 1993;70:140.

13. Pritchard N, Fonn, D, Brazeau D. Discontinuation of
contact lens wear: a survey. Intern Contact Lens Clinic
1999;26:157–61.

14. Young G, Veys, J., Pritchard, N., Coleman, S. A multi-
centre study of lapsed contact lens wearers. Ophthal
Physiol Opt 2002;22:516–27.

15. Richdale K, Sinnott LT, Skadahl E, Nichols JJ. Frequency
of and factors associated with contact lens dissatisfaction
and discontinuation. Cornea 2007;26:168–74.

J Cont Lens Res Sci Vol 2(2):e14-e21; November 22, 2018
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©Barnett et al



Preliminary Clinical Exploration of Scleral Lens Performance on Healthy Eyes

e21

16. Dumbleton K, Woods CA, Jones LW, Fonn D. The 
impact of contemporary contact lenses on contact lens 
discontinuation. Eye Contact Lens 2013;39:93–9.

17. Holden BA. The principles and practice of correcting 
astimgatism with soft contact lenses. Aust J Optom 
1975;58:279–99.

18. Michaud L, Barriault C, Dionne A, Karwatsky P. Empirical 
fitting of soft or rigid gas-permeable contact lenses for 
the correction of moderate to severe refractive astigma-
tism: a comparative study. Optometry 2009;80:375–83.

19. Lafosse E, Romin DM, Esteve-Taboada JJ, et al. Compari-
son of the influence of corneo-scleral and scleral lenses 
on ocular surface and tear film metrics in a presbyopic 
population. Cont Lens Anterior Eye 2018;41:122–7.

20. Maeda N. Evaluation of optical quality of corneas using 
corneal topographers. Cornea 2002;21:S75–8.

21. Roberts B, Athappilly G, Tinio B, et al. Higher order 
aberrations induced by soft contact lenses in normal 
eyes with myopia. Eye Contact Lens 2006;32:138–42.

22. Sabesan R, Johns L, Tomashevskaya O, et al. Wavefront-
guided scleral lens prosthetic device for keratoconus. 
Optom Vis Sci 2013;90:314–23.

23. Craig JP, Nelson JD, Azar DT, et al. TFOS DEWS II 
Report Executive Summary. Ocul Surf 2017;15:802–12.

24. Alipour F, Kheirkhah A, Jabarvand Behrouz M. Use of 
mini scleral contact lenses in moderate to severe dry 
eye. Cont Lens Anterior Eye 2012;35:272–6.

25. Jaynes J, Weissman BA, Edrington T. Predicting scleral 
GP lens entrapped tear layer oxygen tensions. Cont Lens 
Anterior Eye 2015;38:392.

26. Compan V, Oliveira C, Aguilella-Arzo M, et al.  Oxygen 
diffusion and edema with modern scleral rigid gas 
permeable contact lenses. Invest Ophthalmol Vis Sci 
2014;55:6421–9.

27. Compan V, Aguilella-Arzo M, Edrington TB, Weiss-
man BA. Modeling corneal oxygen with scleral gas 
permeable lens wear. Optom Vis Sci 2016;93:1339–48.

28. Paugh JR, Chen E, Heinrich C, et al. Silicone hydrogel 
and rigid gas-permeable scleral lens tear exchange. Eye 
Contact Lens 2018;44:97–101.

29. Michaud L, van der Worp E, Brazeau D, et al. Predicting 
estimates of oxygen transmissibility for scleral lenses. 
Cont Lens Anterior Eye 2012;35:266–71.

30. Bergmanson JP, Ezekiel DF, van der Worp E. Scleral 
contact lenses and hypoxia: Theory versus practice. 
Cont Lens Anterior Eye 2015;38:145–7.

31. Vincent SJ, Alonso-Caneiro D, Collins MJ, et al. Hypoxic 
corneal changes following eight hours of scleral contact 
lens wear. Optom Vis Sci 2016;93:293–9.

32. Giasson CJ, Morency J, Melillo M, Michaud L. Oxygen 
tension beneath scleral lenses of different clearances. 
Optom Vis Sci 2017;94:466–75.

33. Fadel D. Modern scleral lenses: Mini versus large. Cont 
Lens Anterior Eye 2017;40:200–7.

34. Turpin S, Caroline P, Kojima R, et al. Does IOP Increase 
During Scleral Lens Wear? In: Global Specialty Lens 
Symposium (GSLS). Las Vegas, NV; 2018.

35. Nau CB, Schornack MM, McLaren JW, Sit AJ. Intraocu-
lar pressure after 2 hours of small-diameter scleral lens 
wear. Eye Contact Lens 2016;42:350–3.

36. Vincent SJ, Alonso-Caneiro D, Collins MJ. Evidence 
on scleral contact lenses and intraocular pressure. Clin 
Exp Optom 2017;100:87–8.

37. Alonso-Caneiro D, Vincent SJ, Collins MJ. Morphological 
changes in the conjunctiva, episclera and sclera following 
short-term miniscleral contact lens wear in rigid lens 
neophytes. Cont Lens Anterior Eye 2016;39:53–61.

J Cont Lens Res Sci Vol 2(2):e14-e21; November 22, 2018
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©Barnett et al


