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a  b  s  t  r  a  c  t

Scleral  contact  lenses  (ScCL)  have  gained  renewed  interest  during  the last  decade.  Originally,  they  were
primarily  used  for severely  compromised  eyes.  Corneal  ectasia  and  exposure  conditions  were  the  primary
indications.  However,  the indication  range  of  ScCL  in  contact  lens  practices  seems  to  be  expanding,  and
it  now  increasingly  includes  less  severe  and even  non-compromised  eyes,  too.

All  lenses  that  partly  or  entirely  rest  on the sclera  are  included  under  the name  ScCL  in this  paper;
although  the  Scleral  Lens  Education  Society  recommends  further  classification.  When  a lens  partly  rests
on the  cornea  (centrally  or peripherally)  and  partly  on  the  sclera,  it  is  called  a  corneo-scleral  lens.  A  lens
that  rests  entirely  on  the sclera  is classified  as  a scleral  lens  (up  to 25  mm  in diameter  maximum).  When
there  is  full  bearing  on  the sclera,  further  distinctions  of the  scleral  lens  group  include  mini-scleral  and
dverse events large-scleral  lenses.
This  manuscript  presents  a review  of the current  applications  of  different  ScCL  (all types),  their  fitting

methods,  and  their  clinical  outcomes  including  potential  adverse  events.  Adverse  events  with  these  lenses
are  rare,  but the  clinician  needs  to be aware  of  them  to  avoid  further  damage  in  eyes  that  often  are  already
compromised.  The  use of  scleral  lenses  for  non-pathological  eyes  is  discussed  in  this  paper.

© 2014  Published  by Elsevier  Ltd on  behalf  of British  Contact  Lens  Association.
. Introduction

Scleral contact lenses (ScCL) were linked to the first applications
f contact lenses at the end of the nineteenth century [1,2]. How-
ver, corneal lenses and later soft contact lenses made ScCL nearly
bsolete for a long period of time. The therapeutic advantages of
cCL continued to be reported in the peer-reviewed literature in
he 1960s [3,4] but only a few specialized practitioners were fitting
cCL on a regular basis.

However, in the last few years, more companies have entered
he ScCL market, and this was reflected in the research activity
n this area. These lenses demonstrated therapeutic potential in
heir ability to successfully fit most patients with distorted corneas
hat were intolerant to other forms of vision correction including
Please cite this article in press as: van der Worp E, et al. Modern scl
http://dx.doi.org/10.1016/j.clae.2014.02.002

iggyback, hybrid or corneal gas permeable lenses [5]. For these
easons, these lenses are also known as “medically necessary con-
act lenses.” Tan et al. showed that 69% of their 517 eyes fitted with
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ScCL had previously failed with other contact lenses [6,7]. Most
of these patients would probably have been referred for a corneal
transplant. Several reports show the potential of ScCL to delay or
prevent surgery [8,9], which has an important impact on the costs
involved in the health care of these patients [10]. Modern ScCL are
an increasingly important part of the rigid gas permeable fittings
in several countries.

2. Search criteria

A search was performed in PubMed on the 18th of November
2013 using different combinations of keywords as searching crite-
ria. The outcomes are presented in Table 1. The most specific
combination was represented by the junction of several keywords
and reported a total of 102 papers, of which 86.7% were directly
related to the field of ScCL. However, the sensitivity was  quite low,
retrieving only 36.7% of those references of interest. Instead, using a
eral contact lenses: A review. Contact Lens Anterior Eye (2014),

more generic combination of “scleral contact lens,” a total of 458 ref-
erences were retrieved. In this case, despite a low specificity (only
36.7% of the references were relevant for the field of clinical appli-
cation of ScCL), the sensitivity was  higher because up to 68 papers

.

dx.doi.org/10.1016/j.clae.2014.02.002
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Table 1
Different combinations of searching criteria, number of articles retrieved and speci-
ficity (% of articles directly related with the field) and sensitivity *assuming 162 as
the 100% of interest.

Search criteria N % Related
(specificity)

% Related not
detected
(sensitivity)*

“Scleral lenses” 2495 N.R N.R
“Scleral contact lens” 441 36.7% 100%*
“Semiscleral contact lens” or

“semiscleral contact lenses”
5 100% 96.9%

“Semiscleral lens” 5 100% 96.9%
“Mini scleral contact lens” 7 100% 95.7%
“Corneoscleral contact lens” 29 100% 82.1%
“Corneoscleral contact lens” or

“Corneoscleral contact lenses”
29 100% 82.1%

“Scleral contact lens” 39 100% 75.9%
“Scleral contact lens” or “scleral

contact lenses” or “corneoscleral
contact lenses”

98 86.7% 60.5%

“Scleral contact lens” or “scleral
contact lenses” or “corneoscleral
contact lenses” or “mini scleral

102 83.3% 62.9%
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.R: not reported.

elevant to the field and not retrieved in the previous search were
ow obtained. Main confounders in the search were phakic lenses
nd vitreo-retinal surgery topics that included the words “scleral”
nd “lenses” simultaneously.

Using the combination suggested as the most sensitive and spe-
ific, almost 100 publications were retrieved. Fig. 1 illustrates the
early rate of publications among those retrieved in the PubMed
atabase during the last 50 years using this combination of terms.

. Historical overview

The origins of contact lenses are intrinsically linked to scleral
enses. In fact, the first known contact lenses fitted to the eye were
cleral lenses produced 125 years ago and made of blown glass
hells [1]. The introduction of molding techniques for the glass
enses by Dallos in 1936 and the introduction of plastics for contact
enses in the 1940s by workers such as Feinbloom, Obrig and Gyof-
ry were important breakthroughs for the development of this lens

odality, according to Tan et al. [6].
Please cite this article in press as: van der Worp E, et al. Modern scl
http://dx.doi.org/10.1016/j.clae.2014.02.002

These lenses could now be lathe-cut in a much more accurate
anner to mimic  the anterior shape of the eye. The use of oxygen

ermeable lenses, as first described by Ezekiel in 1983 [11], was
nother breakthrough, since these brought major improvements

ig. 1. Publication rate (yearly) in the field of scleral contact lenses as retrieved
rom the National Library of Medicine search engine (www.pubmed.com) by April
013 using the following combination of keywords: “scleral contact lens” and after
xcluding the non-related references (n = 162).
 PRESS
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in ocular health. Lyons et al. developed the impression-molded
process for fitting rigid gas permeable ScCL in the late 1980s [12].
The subsequent development of the smaller, corneal gas permeable
lenses and later of soft lenses temporarily stopped further develop-
ment of ScCL fitting. But the ScCL is now fully back on the agenda
as an option for more challenging eyes, with many ScCL designs
currently available to practitioners including back toric, quadrant
specific and bifocal lens designs.

A few years ago, only a handful of very specialized lens fitters
around the world were capable of fitting ScCL successfully, and only
a few manufacturers were making ScCL. Now many contact lens
manufacturers offer ScCL designs. Improved manufacturing pro-
cesses allow for better design, more reproducibility and decreased
costs. Additionally, better lens materials contributed to better ocu-
lar health, longer wearing time and ease of lens fit. Recently intro-
duced special websites and organizations are devoted to ScCL. Con-
ferences and the ophthalmic literature are frequently reporting on
ScCL fitting. It is in the interest of the patient that more practition-
ers familiarize themselves with the ScCL modality to provide best
optical correction and fit available for the more challenging eyes.

4. Scleral lens designs

4.1. Oxygen supply to the cornea

ScCL are presently manufactured in highly oxygen permeable
rigid gas permeable materials [13]. Current materials allow high
levels of oxygen to pass through the lens compared to early PMMA
lenses [14]. Despite this, ScCL create a stagnant, thick tear layer
depending on the lens type. Typically, the larger the lens design,
the more tear clearance behind the lens is – or can be – created.
Corneal edema is not commonly reported in ScCL wear. Pullum and
Stapleton looked at central corneal swelling in four normal subjects
wearing sealed scleral contact lenses for three hours. The lenses
used were of Dk 32, 59, and 115 with thicknesses of 0.15, 0.30,
0.60, and 1.20 mm.  For a scleral lens thickness of 0.6 mm in a mate-
rial with a Dk of 115, the mean central corneal swelling induced
was less than 3%, they concluded [14]. But according to theoret-
ical estimations, tear film layers thicker than 250 �m may  induce
edema under open eye conditions [15], in combination with a given
thickness (350 �m)  and the maximum Dk value of the rigid gas per-
meable lens material available (Dk 150>. Following this estimation,
as well as clinical experience, overnight wear of ScCLs should not be
considered. Exceptions include if the state of the condition allows
no other alternative, and the limitation of hypoxia is accepted as a
risk factor [16]. Post-radiotherapy complications, Stevens–Johnson
disease, and congenital or post-surgical lid defects have been some
of the conditions contemplated by Tappin et al. for overnight ScCL
wear [17], or persistent epithelial defects as reported by Rosenthal
et al. [18].

4.2. Classification and nomenclature

Several different classification schemes for ScCL have been used
in recent years, which have induced a similar diversity of names
assigned to the different large diameter rigid gas permeable lenses.
Van der Worp [19] and Jedlicka et al. [20] used similar criteria
for mini-scleral (15.0–18.0 mm)  and large-scleral/full-scleral lenses
(18.1–25.0 mm and over), but not for the smaller semi-scleral and
corneo-scleral lenses.
eral contact lenses: A review. Contact Lens Anterior Eye (2014),

Recently (August 2013), the Scleral Lens Education Society (SLS)
has recommended internationally recognized nomenclature for
describing scleral lenses according to size and fit characteristics.
Below is the recommendation of the SLS, which is summarized in

dx.doi.org/10.1016/j.clae.2014.02.002
http://www.pubmed.com/
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Table  2
Nomenclature for describing scleral contact lenses according to size and fit
characteristics.

Lens type Subdivision Bearing

Corneal Lens rests entirely on the
cornea

Corneo-Scleral Lens rests partly on the
cornea, partly on the sclera

Scleral Mini-scleral
Lens is up to 6 mm larger
than HVID

Lens rests entirely
on the sclera

Large-scleral
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Lens is more than 6 mm
larger than HVID

VID: horizontal visible iris diameter.

able 2. Within the scope of the present review, the aim is to adhere
o this nomenclature.

After considering input from a number of sources, the
SLS recommends internationally recognized nomenclature for
describing scleral lenses according to size and fit characteris-
tics. This task is difficult due to the large number of naming
schemes by individuals, manufacturers, and distributors. The
goals are to simplify and generalize the nomenclature. Accord-
ing to the SLS recommendations, the bearing of the lens is the
defining feature in scleral lens terminology. Simply put, if a
lens rests completely on the cornea, it is called a corneal lens.
A lens that partly rests on the cornea (centrally or peripher-
ally), and partly on the sclera is called a corneo-scleral lens. A
lens that rests entirely on the sclera, is a scleral lens no matter
how large that lens is. The Scleral Lens Education Society advises
against using diameter classification in scleral lens nomencla-
ture, to avoid confusion (for instance in cases of extremely large
or small eyes). Lens designs that are classified as corneo-scleral
by diameter, sometimes rest entirely on the sclera. In the recom-
mended nomenclature, these are referred to as “scleral lenses”
even though they have relatively small diameters. When there
is full bearing on the sclera, further distinctions of the scleral
lens group include mini-scleral and large-scleral lenses. These
distinctions emphasize differences in central corneal clearance
and other fitting characteristics. As an example, a lens that is
6 mm larger than the horizontal visible iris diameter (e.g. has
up to 3 mm of bearing on the sclera on each side of the lens) is
classified as a mini-scleral lens. A lens that is more than 6 mm
larger than the visible iris diameter is classified as a large-scleral
lens. An 18 mm lens that bears exclusively on the sclera is a mini-
scleral lens on an eye with a corneal diameter of 12 mm.  A lens
larger than 18 mm for the same eye is a large-scleral lens.

From Table 1 it is evident that the most frequent single nomen-
lature is “scleral contact lens;” this term represents only 24.1% of
he publications of interest in the field. Within the scope of the
resent review, we aim to adhere to this nomenclature. It is fol-

owed by “corneo-scleral contact lens”, “mini scleral contact lens”
nd “semi scleral contact lens”. “Large scleral” will be considered as
quivalent to the term full scleral used previously by other authors.
he term semi-scleral is not considered in this new definition by
he SLS.

. Fitting approaches

Scleral lens fitting requires a totally different approach from that
Please cite this article in press as: van der Worp E, et al. Modern scl
http://dx.doi.org/10.1016/j.clae.2014.02.002

f other lenses. Compared to corneal lenses, corneal topography
s not very useful as the lens rests entirely in the scleral region
21]. In the absence of quantitative information, several strategies
ave attempted to overcome this limitation. Impression techniques
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Anterior Eye xxx (2014) xxx–xxx 3

were first introduced by Lyons et al. in the late 1980s to mold
PMMA  plastic lenses and later rigid gas permeable materials. Mean-
while, several qualitative techniques have attempted to define the
corneoscleral transition shape, but this region was  not accurately
defined until recently with the advent of anterior segment optical
coherence tomography (OCT) [22,23].

5.1. Impression techniques

Although not very commonly used in modern contact lens
practice, impression techniques have been utilized successfully for
many years [12,24]. With this technique, a mold is made of the
anterior ocular surface (the positive cast). Specialized equipment
is needed to perform this procedure, whereby local anesthetics are
normally required. Of this impression, a negative mold is created.
Typically dental material, or an alternative, is used in recreating
the anterior ocular surface shape. This positive cast can be sent to
a specialized manufacturer to produce a scleral lens. These lenses
follow the shape of the anterior surface precisely, and the impres-
sion retains its shape indefinitely so the lens can be reproduced at
a later time.

In the past, ocular plaster molding techniques were described
as invasive, messy and time consuming. The biggest downside of
the method may  be that heat was  required in manufacturing the
lens, which basically limited this technique to PMMA  materials.
Recently, however, ocular molding is having a resurgence as con-
tact lenses are getting bigger and the desire for scleral information
is not met  with current imaging technology. An updated version
of molding, using a special type of polyvinyl siloxane polymer, has
re-entered the market. It is a relatively fast procedure that does
not hurt the eye. The mold is then digitized and used in fitting the
contact lens.

The fact that impression lenses may  closely follow the shape of
the anterior eye has been described as an advantage (a reported on
in Section 5.3 in this paper). Another advantage of the system is that
the practitioner does not need expensive fitting sets. In addition,
there still may  be a need to perform impression molding in cases
of markedly disfigured eyes or for custom-fitted ocular prostheses.

5.2. Preformed lenses

At present, using a trial set to fit ScCL is the most commonly used
method. This usually involves applying several lenses with vary-
ing vault, radius, power or diameter. Pecego et al. have recently
reported an average of 3 lenses (range 1–8) needed to success-
fully fit the Jupiter Scleral Lens with diameters ranging from 14.8
to 20.2 mm in 107 patients with irregular corneas [5]. The periph-
ery of the ocular surface has been found to be quite complex, and
the use of toric haptic zones could potentially improve fitting suc-
cess. Visser et al. were the first to report on toric scleral lens designs,
showing that a marked increase in patient satisfaction was reported
after switching from spherical to back-surface toric designs [25].
Additionally, toric lenses provide better rotational stabilization
[26], which might improve comfort and allow for the incorpora-
tion of astigmatic and higher order aberration correction with these
lenses. Others have tried to correlate corneal topographic data with
sclera base curve, but the resulting correlations were too weak to
significantly improve the predictability of scleral contact lens fit-
ting [21]. New techniques, such as the aforementioned OCT [22]
and wide field ocular surface height topographers [27], should sig-
nificantly improve our knowledge of the corneo-scleral junction.

Another consideration in the fitting process is the option of
eral contact lenses: A review. Contact Lens Anterior Eye (2014),

incorporating fenestrations. The early designs made of PMMA
needed to be fenestrated, and even some current corneo-scleral
and scleral lenses include fenestrations. Fenestrations are gener-
ally considered as more of a source of complications such as bubble

dx.doi.org/10.1016/j.clae.2014.02.002
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Table 3
Sample size and main indications for scleral lenses used in some of the larger studies published in the last 10 years in the peer-reviewed literature.

No. eyes Ectasia (KC, PMD) PK Post-RS/irregular astigmatism Scar OSD  Other

Visser et al. (2013) [36] 213 56.8% 13.6% 13.1% 14.6% 1.9%
Dimit  et al. (2013) [42] 51 27.5% 17.6% 49% 5.9%
Baran  et al. (2012) [38] 118 72% 18% 10% – – –
Pecego et al. (2012) [5] 107 53% 30% 7% 3% 3% 4%
Visser et al. (2007) [25,39] 284 50.4% 19.7% 12.6% 8.8% 8.5%
Rosenthal and Croteau (2005) [8] 875 34% 15% 4% 2% 38% 7%
Pullum et al. (2005) [28] 1560 59.9% 18

KC, keratoconus; PMD, pellucid marginal degeneration; OSD, ocular surface disease.
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Recently, Hall et al. published two papers investigating the
ig. 2. Transition profiles from cornea to sclera (Courtesy of Daniel Meier/die Kon-
aktlinse).

ormation than as a problem solving technique [28] and are not
sed on a regular basis. Table 3 shows a summary of different stud-

es addressing different types of large diameter contact lenses for
ifferent conditions, their parameters and main outcomes.

.3. The role of limbal and anterior scleral shape in scleral lens
tting

To fit scleral lenses, knowledge of the limbal and anterior scleral
hape, which is the landing zone of scleral lenses, may  be of inter-
st, but relatively little has been reported on this topic. One of the
ew articles on limbal and scleral shape can be found in a German
ontact lens journal. Meier, a Swiss eye care practitioner, defines in
ie Kontaktlinse in 1992 different transition profiles from cornea
o sclera. He describes five different models: a gradual transition
rom cornea to sclera, in which the scleral portion is either convex
profile 1) or tangential (profile 2), or a marked transition in which
gain the scleral portion can be either convex (profile 3) or tangen-
ial (profile 4). As a fifth option, he describes a convex corneal shape
ith a concave scleral shape (profile 5) in Fig. 2 [29].

The profiles in the Meier scale are decreasing in sagittal depth, in
hich profile number 1 has the highest sagittal height and profile
umber 5 has the lowest sagittal height – an important param-
ter for fitting scleral lenses. The studies by Meier, and another
tudy published in die Kontaktlinse by Rott-Muff et al., tried to iden-
ify how often the different profiles were observed in the general
opulation. The study results were remarkably similar: profile 2
gradual-tangential) followed by profile 3 (marked-convex) were
espectively the number one and two in occurrence, followed by
rofile 1 (gradual-convex) [30]. Profiles 4 and 5, marked-tangential
nd convex–concave, were seen minimally, with the latter almost
onexistent. The question of how accurately these profiles can be
ubjectively rated by practitioners was also addressed in an arti-
le in die Kontaktlinse by Bokern et al. a few years later [31]. The
uthors found a repeatability of only 54% using 73 investigators.
or some profiles, the repeatability was much lower.

Current scleral lens designs have benefited from the knowledge
f the ocular surface topography obtained from optical coherence
omography (OCT) [23], which can describe the ocular surface
eyond the 9 mm usually covered by conventional corneal topog-
aphers or the 12 mm covered by Scheimpflug cameras. Studies at
Please cite this article in press as: van der Worp E, et al. Modern scl
http://dx.doi.org/10.1016/j.clae.2014.02.002

acific University College of Optometry investigated the shape of
he anterior surface of the eye in eight meridians in normal eyes by
sing the Visante (Zeiss) anterior segment OCT to develop an aver-
ge eye model. A limitation of OCT in its standard modality is that
.7% – – 11.3% 10.1%

it can measure only up to 16.0 mm of the anterior ocular surface.
But if the instrument is slightly decentered, easily up to 20.0 mm
and further can be imaged [32,33].

The Pacific University studies measured the corneal–scleral tan-
gential angle between 10.0 mm and 15.0 mm  (defined in this study
as the limbal angle) as well as the angle from 15.0 mm to 20.0 mm
(the scleral angle) in 96 eyes of 48 normal subjects, all taken in
reference to the horizontal plane (1289 angles were measured in
total); see Fig. 3 for a graphical display of the results.

The results from the Pacific University study indicate that eye
care practitioners should not expect the limbal area and the ante-
rior sclera to necessarily have the concave/convex shapes that
would be expected based on theoretical consideration when fit-
ting/designing a scleral lens. It is suggested that using tangent
angles rather than using curves (or using very flat curves) may
be appropriate in many cases when fitting scleral lenses. But large
individual limbal and anterior scleral shape differences occur, even
within the same eye, among meridians.

What these results also indicate is that on the average eye, the
ocular surface beyond the cornea is non-rotationally symmetri-
cal in nature. It appears that in the average eye, the entire nasal
portion typically is flatter compared to the rest (see Fig. 4). Marriott,
a British optometrist, in 1966 was  probably the first to describe
this after looking at molds taking from eyes to manufacture haptic
lenses [34]. From the Pacific studies, it is evident that this effect
(of a flatter nasal appearance) is less for the limbal angles than
for the scleral angles. The limbal angles are in roughly the same
range and were not found to be statistically significantly differ-
ent from each other. But in the scleral ring this is not the case:
especially between the nasal region and the temporal-inferior sec-
tion, remarkable differences exist. It appears that on the scleral
angles, the inferior segment is almost the “benchmark,” while the
nasal angles are lower in comparison and the temporal angles are
higher, with statistically significant differences between those. The
increasing peripheral asymmetry may  be related to the insertion
of the extra-ocular muscles following the “spirale de Tillaux” [35],
the authors hypothesize.

Based on the results described above, it appears that for the
average eye, non-rotationally symmetrical lenses such as toric and
quadrant specific lenses, both of which are commercially available,
could be necessary to optimally respect the shape of the eye. This
is especially the case if the ScCL diameter goes beyond the 15.0 mm
mark. The same effect has been reported based on clinical expe-
rience: the non-spherical nature of the sclera has been described
previously by Visser et al., using large-scleral lenses [26]. Visser
et al. also recently published a paper on a new lens design, a toric
scleral lens with a tangential periphery that they successfully fitted
in 213 eyes of 144 patients. The fitting and performance character-
istics of this new lens were clear and effective for both the health
professional and the patients, the authors concluded [36].
eral contact lenses: A review. Contact Lens Anterior Eye (2014),

corneo-scleral junction (CSJ) in normal eyes and found similar
results. First, the mean CSJ tended to be sharpest at the nasal
side (and became progressively flatter at the inferior, temporal

dx.doi.org/10.1016/j.clae.2014.02.002
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ig. 3. (A) mean limbal and scleral angles of 96 normal eyes; (B) summary of the av
he  mean (center line) and 84% confidence intervals (kindly provided by Pacific Uni

nd superior junctions in their studies), while in many cases they
eported that the CSJ angles were within 1◦ of 180◦, indicating
lmost tangential extensions of the peripheral cornea to form the
clera [22,37].

Gemoules published the first paper on using OCT data to
esign scleral lenses. This option may  be the preferred method in
he future considering the large individual differences and non-
otationally symmetrical nature of the sclera [23]. Certainly the
uture is promising in using such technologies to optimize the fit-
ing of ScCL over the complex and highly variable perilimbal and
cleral areas (Fig. 5).

. Indications of scleral contact lenses

ScCL are usually not a first option, but are typically prescribed
hen other lenses do not provide adequate visual acuity or are
ot well tolerated. In a study by Baran et al., patients dispensed
ith the Boston prosthetic device (PROSE) had a visual acuity with
abitual correction of 20/70 on average [38]. While the main goal

s to improve visual acuity when fitting ScCL, it is accepted that the
ncrease in visual acuity is significantly higher for eyes with corneal
urface irregularities compared to those with ocular surface disease
OSD) [39].

The motivation for fitting ScCL is typically divided into vision
mprovement, ocular surface protection and support, and a seg-
Please cite this article in press as: van der Worp E, et al. Modern scl
http://dx.doi.org/10.1016/j.clae.2014.02.002

ent that includes fitting ScCL for sports and cosmetic purposes.
hile some studies report only on the application of these lenses

n severe ocular surface disease for surface protection [40], others
nclude only the application for corneal irregularities [41]. Finally,

ig. 4. Right eye with nasally (N) a flatter appearance (limbal angle 28.8◦ scleral angle 26.
 limbal and sceral angle measurements in different meridians – the bars represent
y – the Scleral Shape Study).

others report on a wider scope of ocular conditions including
irregularity of the ocular surface such as in keratoconus, post-
surgical ectasia or post keratoplasty, among others as illustrated in
Table 3. Pullum reported in 2005 an increase in cases with primary
corneal ectasia, corneal transplants and OSD from the 1980s and
1990s, while other former indications for ScCL such as high myopia
and aphakia have decreased steadily in the literature during the
last three decades [28].

6.1. Vision improvement

Severe stages of corneal ectasic disorders have been reported
as an indication for large scleral lens designs. Indeed, those peer-
reviewed publications presenting the larger samples clearly show
that corneal ectasia is the primary indication for ScCL fitting, fol-
lowed by post-penetrating keratoplasty patients [5,25,28]. Despite
this, the use of ScCL for the keratoconus correction in the general
population is still low. Shneor et al. in 2012 reported that in a large
cohort of 244 keratoconic patients, 78.7% wore contact lenses, of
whom 4.2% wore scleral lenses [8]. Table 2 shows a comparison
of the percentage of fittings by conditions for the 5 larger studies
conducted in the last 10 years.

Post-surgical contact lens fitting can be challenging when severe
irregularities are present. This is the case with penetrating kerato-
plasty and severe corneal ectasia. In these cases, the vault afforded
eral contact lenses: A review. Contact Lens Anterior Eye (2014),

by corneo-scleral lenses is usually insufficient, and mini-scleral
or large-scleral lenses are often required. Large sclerals are also
needed for the most severe cases in which high vault is required due
to excessive corneal elevation or severe corneal irregularities and

9◦) versus temporally a steeper appearance (limbal angle 36.9◦ scleral angle 40.7◦).

dx.doi.org/10.1016/j.clae.2014.02.002
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ig. 5. Different Scheimpflug images of penetrating keratoplasty, showing regular
tted, to very irregular and asymmetric profiles (bottom right), where miniscleral o

symmetries (Fig. 2). Mini-scleral and large-scleral lenses provide
he advantage of maximizing the vault over the cornea, which is
aramount in penetrating keratoplasty to protect the suture area
rom excessive touch. This might also be an advantage in intra-
orneal segment implantation for keratoconus; in such cases as the
ault achieved prevents excessive compression of the thin corneal
issue over the implant, which can lead to recurrent corneal ero-
ions when lenses are applied that touch the corneal surface.

ScCL contribute to a decrease in higher-order aberrations (HOA)
n irregular corneas with different etiologies including keratoconus,
ost-penetrating keratoplasty and post-refractive surgery. Patients
ith ocular surface disease, also showed a significant reduction in
OA but lower than that observed in the other groups, as their base-

ine values were also much lower than in the groups of irregular
orneas [43]. ScCL also offer very stable platforms for fine adjust-
ent of design to improve visual quality. This was the approach in

 recent case report of a keratoconus patient in whom the authors
bserved a visual improvement related to a decrease in higher order
berrations by adjusting the front surface eccentricity of the lens
44,45]. More sophisticated compensation of higher order aberra-
ions might be possible with contact lenses, although decentration
nd movement are usually a limitation [46]. The limited movement
f scleral lenses made them adequate platforms for the correction
f highly aberrated eyes.

More recently, corneo-scleral and mini-scleral lenses have also
een fitted in less severe cases to take advantage of the excellent
omfort, corneal vaulting and centration afforded by these lenses.
cCL present several advantages over other contact lens correction
ptions that also make them interesting platforms for the non-
iseased eye. The large diameter of these lenses can potentially
rovide better comfort than corneal rigid gas permeable contact
Please cite this article in press as: van der Worp E, et al. Modern scl
http://dx.doi.org/10.1016/j.clae.2014.02.002

enses. Their large diameter also results in excellent centration
nd stability, which makes these lenses good options when incor-
orating complex optical designs such as multifocal correction
or presbyopia or customized visual corrections addressing higher
ymmetric profiles (top left), where corneoscleral and miniscleral lenses could be
e scleral lenses are usually needed.

order aberrations. Furthermore, scleral lenses also might be useful
in high-tech applications such as augmented reality and other
“future” applications (see also Section 6.3). However, in this
domain of fitting the non-diseased eye, the balance between risk
and benefit is less clear considering the unknown consequences
of long-term tear stagnation [47] and perilimbal conjunctival
compression in the normal eye.

6.2. Ocular surface protection

Severe ocular surface disease has been one of the primary indi-
cations for large ScCL for many years [24,40]. The rationale for
using theses lenses is to provide ocular surface protection against
dehydration while keeping the ocular surface moistened [48]. This
approach has been successful even in pediatric patients with severe
ocular surface disease [49].

Many exposure keratitis/ocular surface disease patients can
particularly benefit from ScCL because of the retention of a fluid
reservoir behind the scleral lens [42]. Sjögren’s syndrome is a
common ScCL indication. Under this category also fall conditions
such as persistent epithelial corneal defects, Stevens–Johnson syn-
drome, graft versus host disease, ocular cicatricial pemphigoid,
neurotrophic corneal disease and atopic keratoconjunctivitis. Sur-
face disorders caused by chemical and thermal burns have been
another indication for large ScCL.

Also, if lid closure is incomplete such as in eyelid coloboma,
exophthalmus, ectropion, nerve palsies and after lid retraction
surgery [28], a scleral lens may  be a good option. In addition, in
cases of trichiasis and entropion, ScCL have shown to be effective
in protecting the ocular surface. In symblepharon, a ScCL can act as
a device to maintain the fornix, for instance after chemical burns.
eral contact lenses: A review. Contact Lens Anterior Eye (2014),

More recently, ScCL have also been used to deliver phar-
maceuticals to the anterior surface for different reasons. One
such indication is the application of antibiotics while the ocular
surface recovers/heals, such as the treatment of persistent corneal

dx.doi.org/10.1016/j.clae.2014.02.002


 ING Model
C

ens & 

e
J
d
A
m

6

p
b
t
r
b

s
w
e
u

t
f
r
s
t
[

i
u
p
d
o
a
p
t
s

7

l
t
i
m
r
f

r
fi

o
d
a
d
O
p
fi
V
s
g
r
c
d
d
t

ARTICLELAE-686; No. of Pages 11

E. van der Worp et al. / Contact L

pithelial defects with a ScCL and an antibiotic adjunct [18,50].
acobs et al. [51] discussed the possibility of using ScCL as a novel
rug delivery system for bevacizumab for neovascularization.
lso, the application of ScCL with low levels of sodium channel
odulators has been proposed as a form of pain mediation [52].

.3. Cosmetics, sports and other indications

Hand painted scleral lenses have been used for cosmetic pur-
oses in a variety of cases [53], and painted lenses have also
een used to reduce glare in aniridia and albinism [54], although
his would technically fall under the vision improvement category
ather than under cosmetic indications. Scleral lenses have also
een used for cosmetic reasons in cases of a ptosis [55].

Scleral lenses may  be helpful for those involved in active water
ports such as water-polo or canoeing, diving and water skiing as
ell as for other vigorous sports activities or for those that involve

xposure to dusty environments. Scleral lenses also are frequently
sed by the film industry to create special eye effects.

Another relevant aspect of scleral lens fitting is the possibility
o reduce photophobia. Some patients with severe ocular sur-
ace diseases present a high degree of photophobia potentially
elated with the increase in light scattering at the damaged corneal
urface. Romero-Rangel et al. have documented a marked reduc-
ion in photophobia in 75% of their patients treated with ScCL
40].

Finally, new applications for ScCL are under development,
ncluding augmented reality devices and magnifying devices for
se in the military field or in the visual rehabilitation of low vision
atients. The authors of this invention describe a 1.6 mm thick
evice containing a reflection system that, combined with the use
f polarizing glasses, warrants a 2.8× magnification. The authors
cknowledge the limitations of this approach in terms of oxygen
ermeability, and they declare they are investigating new solu-
ions for gas transmission. They specifically refer to “air-channel
tructures for gas-permeability in future contact lens designs” [56].

. ScCL performance

Defining success with ScCL fitting can be quite variable. When
enses are prescribed to correct irregular corneas, visual acuity is
he primary goal. In this regard, several studies report significant
ncreases in visual acuity with ScCL fitting. Table 4 presents a sum-

ary of the characteristics and main outcomes of several studies
eported in the peer-review literature that evaluated anywhere
rom under 10 eyes up to over one thousand eyes.

Pullum et al., in one of the largest studies ever reported on ScCL,
eported a visual acuity of 9/6 or better in 78.7% of their patients
tted with ScCLs for ectatic and post-surgical irregular corneas.

Conversely, when the primary goal is surface protection in
cular surface disorders, visual acuity might be poorer but the con-
ition will be considered successfully managed if providing pain
nd discomfort relief and preventing further worsening of the con-
ition. The same study reported that only 29.9% of patients with
SD presented visual acuity ≥9/6 [28]. Schornack et al., recently
resented a study in which they evaluated the visual success of
tting ScCL in different ocular surface diseases. While the average
A improved in all conditions, this improvement was statistically
ignificant for neurotrophic keratopathy, exposure keratopathy,
raft versus host disease and limbal stem cell efficiency. For the
emaining conditions including Salzmann’s nodules, cicatrizing
Please cite this article in press as: van der Worp E, et al. Modern scl
http://dx.doi.org/10.1016/j.clae.2014.02.002

onjunctivitis, post-refractive surgery dry eye and Sjögren’s Syn-
rome, the statistical power of the sample was not enough to
emonstrate a significant improvement [57]. The Boston Founda-
ion for Sight published a prospective study in which 80 patients
 PRESS
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of 101 recruited were successfully fitted; visual acuity data was
reported for 79 patients (141 eyes) including 66 eyes with OSD and
75 eyes with ectasia/astigmatism. Up to 19% improved visual acu-
ity by 2 or more lines in the OSD group while 55% improved by
two or more lines in the ectasia/astigmatism group. Visual acuity
results were confirmed subjectively by the National Eye Institute
Visual Functioning Questionaire (NEI FVQ-25) collected from 69
eyes [58].

Wearing time may  be considered a good indicator of toler-
ance and success of the contact lens correction. Most of the
studies listed in Table 4 report wearing times between 8 and
16 h/day [40,41,59,60], although some report inferior times for
some patients [61]. Considering the condition of most of the
patients wearing these lenses, the need for the correction means
that the time of “comfortable wear” could be a better indicator
than solely the “time of wear” to account for the satisfaction of
the patients. Subjective satisfaction and self-reported quality of life
most likely best endorses the satisfactory performance of ScCL from
the patients’ standpoint [25,40,38].

8. Potential adverse events of scleral contact lenses

8.1. Non-severe adverse events

Tan et al. reported several adverse events in their retrospec-
tive study of 517 eyes, most of them fitted with molded PMMA
lenses. Adverse events included edema (7.4%), corneal vasculariza-
tion (13.3%), abrasion (3.1%) and papillary conjunctivitis (1.7%) [6].
Despite being successfully used by many patients, complaints with
modern ScCL are still quite common. Pecego et al. reported 20% of
patients complained of difficulties with lens insertion or removal,
10% with visual disturbances including haze, blurriness or halos
and 10% with discomfort or pain, among others [5].

It is also relevant to point out the potential effect of the absence
of tear turnover. Rathi et al. have recently reported a decrease of 2
or more lines of visual acuity after 4 h of lens wear due to tear debris
trapped behind the Boston Scleral Lens [62]. Gungor et al. described
peripheral channels in that lens design to improve tear turnover
[49]. Another alternative to deal with these issues is to remove
the lenses once or twice a day and reinsert them, filling the tear
reservoir with fresh non-preserved saline. Although this is some-
what inconvenient for the patient, the benefits in comfort, vision
and safety might overcome such difficulties. Although this seems
to be an approach followed by several clinicians, the peer-review
literature does not report this strategy as frequently as might be
expected, with only one of the papers reviewed reporting the need
for a break from lens wear during the day as a way to improve lens
performance [25].

8.2. Severe adverse events

It is unclear at this point whether the oxygen permeability of
current materials used to manufacture ScCL is sufficient (see Sec-
tion 4.2). In addition, the tear stagnation behind these lenses might
contribute to higher rates of adverse events such as microbial ker-
atitis, especially considering the already compromised status of
most of the corneas. Rosenthal and Croteau reported the occur-
rence of four cases of microbial keratitis in patients wearing the
Boston Scleral lens on an extended wear basis [8]. Compliance has
also been implicated as the cause for a case of MK  in a patient
wearing ScCL for visual rehabilitation because of neurotrophic ker-
eral contact lenses: A review. Contact Lens Anterior Eye (2014),

atitis secondary to herpes simplex [65]. Other case reports included
acute red eye in a keratoconus patient wearing a mini-scleral lens
(diameter: 16.0 mm)  [66] and the event of infection in the form of
polymicrobial keratitis [67].

dx.doi.org/10.1016/j.clae.2014.02.002
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Table 4
Lens characteristics and main outcomes of different studies addressing the fitting of ScCL.

Author (year) Condition(s) number of
eyes age female:male

Brand
(manufacturer)

Lens type
(diameter)

Follow-up
(mean)

Baseline VA Post-fitting VA Additional information

Dimit et al.
(2013) [42]

Keratoconus, DES PROSE (Boston
Foundation for
Sight)

Large scleral Improve 3 logMAR lines in
the DES group

51  eyes Improve 2 lines in the
keratoconus group

Visser  et al.
(2013) [36]

Keratoconus, PK, OSD,
irregular astigmatism

Visser
bitangential
scleral

20.5–21.5 mm
(5%) (20.0 mm
(76%)

3 weeks to 1
year (9.4
weeks)

N.R. ≥0.8 in 62.9% Lower Dk materials in
smaller lenses, patients with
protein deposits and scratch
surfaces

213  eyes 18.5–19.5 mm
(19%)

0.6–0.8 in
17.8%

Smaller sagittal depths to
improve insertion and
reduce post-lens debris

47.7  years 0.4–0.6 in
10.8%

77% of lenses rated 4 or 5 in a
1–5 scale

64:80
Romero-Jiménez
(2013)  [41]

Irregular cornea Rose K2 XL
(Menicon)

Mini-scleral
(13–16 mm)

6–9 months 0.14 (with
habitual CL)

0.10 8–12 h of wear

30  eyes 1 patient with corneal
abrasion on insertion

33.8  ± 13.8 years 1 eye with conjunctival
injury during removal

Alipour  et al.
(2012) [61]

Moderate-to-severe dry
eye

MSD
(Blanchard
Contact Lens
Inc.)

Mini-scleral 15–20 months
(18.25 months)

0.89 logMAR 0.21 logMAR 8 patients continued

19  eyes 15.8 mm 5 patients discontinued
42.4  12–14 h wear in 6 eyes
8:5  5–7 h in 2 eyes

Baran  et al.
(2012) [38]

Keratoconus, PMD,
post-RSE

PROSE (Boston
Foundation for
Sight)

N.R. N.R. 20/70 ≥20/40 in 93% 15 non-dispensed

118  eyes Significant increase in quality
of life Score NEI VFQ-25

44  ± 14.5 years
26:33

Kalwerisky et al.
(2012) [59]

Ocular burns PROSE (Boston
Foundation for
Sight)

N.R 4 months to 4.5
years

– 8 ≥ 20/70 Scleral lens allows for
functional lid replacement
until reconstructive surgery
can be made

8  eyes 4 ≥ 20/20 Wearing time: 16 ± 5 h/day
21–52 2 eyes developed MK
N.R.

Rathi  et al.
(2012) [62]

Keratoconus and OSD in
pediatrics

PROSE (Boston
Foundation for
Sight)

15.5–18.0 mm N.R. 25% improved 2 lines 9 h of wear

20  eyes
12.8 ± 2.7 years

75% improved more than 2 lines VA decrease in 45% after 4 h
due to tear debris

Rathi et al.
(2011) [63]

Keratoconus,
post-surgery and
Stevens–Johnson (43
eyes)

PROSE (Boston
Foundation for
Sight)

N.R. 1–60 months
(20.7.6 ± 21.2)

1.13 decimal 0.29 decimal 3–6 sessions to train
handling
5 out of 15 children were
dependent on parents to
insertion and removal

Shah-Desai et al.
(2011) [55]

Blepharoptosis
14 eyes
4:6

Unknown N.R. 1–40 years Palpebral aperture increased
from 4.9 to 9.5 mm

22–64% considered good or
moderate cosmetic
improvement

Pecego et al.
(2012) [5]

Keratoconus, post-PK,
scarring,. . .

Jupiter scleral
lens (Visionary
Optics)

14.8–20.2 mm 3–17 N.R. Improved by
3.2 lines

1–8 lenses needed

107  eyes 23% abandoned over 3
months

47.5  years
Stason et al.
(2010) [58]

Ectasia/astigmatism, OSD PROSE (Boston
Foundation for
Sight)

N.R. 6 months ≥20/30 (30%) Improved by 2
or more lines in
19% (OSD) and
55% (ectasia)

Visual improvement more
likely in ectasia/astigmatism
and with better baseline VA.

141  eyes 20/40–20/60
(32%)

21 not fitted due to fitting
problems or not
improvement of VA.

44  years ≤20/70 (38%)

dx.doi.org/10.1016/j.clae.2014.02.002
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Table  4 (Continued)

Author (year) Condition(s) number of
eyes age female:male

Brand
(manufacturer)

Lens type
(diameter)

Follow-up
(mean)

Baseline VA Post-fitting VA Additional information

Gungor et al.
(2008) [49]

Pediatrics Jupiter scleral
lens (Visionary
Optics)

Mini-scleral 0–85 months
(24)

N.R. N.R. 3 peripheral channels to
promote tear exchange

Ocular surface disease
43 eyes
7.8 years
16:15

No events of infection.

Margolis et al.
(2007) [64]

Atopic
keratoconjunctivitis (10
eyes)

14–32 months 0.65 0.24 logMAR 1 eye improved 1 line

logMAR 9 eyes improved 2 or more
lines

Visser  et al.
(2007) [25,39]

Keratoconus, post-PK,
284 eyes
45 ± 15 years
97:81

Procornea 18–25 mm 5 months 0.2 (0.003–1.0) 0.7 (0.05–1.2) Average increase in VA by
0.45

Rosenthal and
Croteau (2005)
[8]

Ectasia, post-surgery,
OSD

Boston
Foundation for
Sight

15.5–23.0 mm 2–18 years N.R. N.R. Reported adverse events:

(875  eyes) 2 eyes in daily wear
N.R.  4 of 22 eyes with extended

wear
N.R.

Pullum  et al.
(2005) [28]

Ectasia, post-surgery,
OSD (1560 eyes)
15–85
371:631

Pullum scleral
lens

N.R. N.R ≥6/9 in 78.7% in post-PK Increasing cases of PCE,
corneal transplant and OSD
and decrease of cases with
Myopia and aphakia

≥6/12 in 41.4% in OSD
Romero-Rangel
et  al. (2000) [40]

Ocular surface disease
(76 eyes)
44.6 ± 14.5 years
31:18

Boston scleral
lens (Boston
Foundation for
Sight)

15.0–23.0 mm 2–144 months
(33.6 ± 28.1)

Improved 2 or more lines in 53% Extended wear in 15 eyes of
14 patients

Wearing time: 13.7 (4–18 h)
92% reported improved
quality of life
Photofobia reduction in 75%

Vreugdenhil et al.
(1998) [60]

(29 eyes)
42 ± 12

N.R. Semi-scleral
(17.2 mm)

1–15 months
(7.3 ± 3.8)

0.59 ± 0.28 0.75 ± 0.19 Wearing time: 15 h

Tan  et al. (1995)
[6]

Keratoconus, Aphakia,
post-PK, 517 eyes

Molded PMMA 11.8 years 71% continued wearing after
11.8 years

N.R. Reported different adverse
events

N.R.  Successful refit from PMMA
to GP in 99 eyes
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EGEND: OSD, ocular surface disorders; DES, severe dry eye syndrome; PMD, pe
enetrating keratoplasty; PCE, primary corneal ectasia; MK,  microbial keratitis.

In a case series of five patients in a US Army burn unit who
uffered severe ocular burns, the authors reported two cases of
icrobial keratitis related to Pseudomonas and MRSA [59]. How-

ver, this is considered a non-standard situation in which many
ther co-morbidities are implicated. The occurrence of adverse
eactions in uncompromised eyes wearing ScCL has not been com-
only reported in the peer-review literature.

. Conclusion and future directions

Most of the reports in the peer-review literature agree that ScCL
re a good option for diseased corneas and ocular surfaces. How-
ver, limitations still exist that affect the widespread use of these
ontact lenses. Their fitting is mostly based on a steep learning
urve, and the practitioner’s experience plays a great role in success.
herefore, the fitting approach needs to be enhanced by developing
ore reliable instrumentation to define the pericorneal ocular sur-

ace topography with the aim of providing more objective pathways
or fitting ScCL.
Please cite this article in press as: van der Worp E, et al. Modern scl
http://dx.doi.org/10.1016/j.clae.2014.02.002

Most of the evidence developed so far is limited to relatively
mall clinical studies conducted by independent researchers, or
o large cohort studies from practitioners and entities develop-
ng and fitting their own designs [68]. Thus, the actual efficacy
marginal degeneration; post-RSE, post-refractive surgery ectasia; post-PK, post-

and safety of modern ScCL in the hands of the average (or
even the experienced) contact lens practitioner are unknown.
For the domain of fitting the non-diseased eye, the balance
between risk and benefit is less evident at this point than in
diseased eyes, considering the unknown consequences of long-
term scleral lens wear for the normal, healthy, eye versus the
benefits in visual acuity gain or comfort. Although unavoid-
able possibly in certain conditions, extended wear of ScCL
seems to be related with an increasing risk of bacterial kerati-
tis.

ScCL represent a different paradigm in terms of physiological
interaction with the ocular surface compared to other types of con-
tact lenses as they limit the tear exchange underneath the lens [47].
In this domain a deeper knowledge of the biochemical changes in
the homeostasis of the ocular surface during ScCL wear in the short-
and long-term is desired. Assessment of the biochemical response
at the ocular surface to monitor the inflammatory response in an
objective manner might provide additional insight into the safety
and efficacy of these devices.
eral contact lenses: A review. Contact Lens Anterior Eye (2014),

Although desirable in certain conditions, extended wear of ScCL
seems to be related with an increasing risk of bacterial keratitis.
Other risks include non-compliance with care regimens. Compli-
ance with care instructions seems to be paramount with ScCL,

dx.doi.org/10.1016/j.clae.2014.02.002
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onsidering the already compromised nature of the cornea and
he stagnant tear environment between the contact lens and the
ornea.

New and fascinating applications for scleral lenses are awaiting
he confirmation of their physiological compatibility with the ocu-
ar surface, not only for the diseased eye but also for healthy eyes.
hese include both new technological applications to be developed
nd also the optimization of visual outcomes by adjusting not only
he compensation of lower order aberrations but also higher order
berrations.
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