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Advances in Non-surgical 
Treatment Methods in Vision 
Rehabilitation of Keratoconus 
Patients
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Abstract

Visual acuity decreases due to progressive irregular astigmatism in keratoconus 
(KC). Although glasses can be useful in the initial stages of vision rehabilitation, 
contact lenses (CL) are needed in many patients due to irregular astigmatism. 
Although rigid gas permeable (RGP) CLs provided the patient with a better visual 
acuity than glasses, their effects on corneal tissues and caused comfort problems. 
Although soft CL produced for KC have solved some of these problems, they could 
not increase visual acuity as much as RGPs in advanced stage KC. For this reason, 
new searches for vision rehabilitation and comfort in KC have continued. In this 
context, piggyback contact lenses (PBCL) have been used in vision rehabilitation. 
Hybrid CLs have gained popularity due to the fact that PBCLs cause corneal neo-
vascularization and giant papillary conjunctivitis. Scleral CLs have been developed 
for limited benefit in some patients with advanced KC. Scleral CLs provided good 
vision rehabilitation. The biggest problem of scleral CLs is the application and 
removal difficulty. All these CL modalities try to improve the quality of life and 
delay surgical procedures by increasing the level of vision in patients with KC.

Keywords: spectacles, rigid gas permeable contact lens, soft contact lens, 
hybrid contact lens, scleral contact lens, piggyback contact lens

1. Introduction

Keratoconus (KC) is the most common ectatic disease of the cornea. It is 
characterized by progressive thinning and protrusion of the cornea [1, 2]. 
Consequently, irregular astigmatism, myopia and a decrease in visual acuity 
occur. Therefore, the disease has a negative effect on vision-related quality of life. 
The disease has become an important public health problem due to the economic 
burden of treatment and vision rehabilitation related processes [3]. KC in children 
may have negative effects on social and educational development. In this respect, 
it is necessary to improve the vision in children at an acceptable level [4].

This disease, which mostly starts in young adults, can also be seen in children. 
It stabilizes in the fourth-fifth decades of life. KC, which usually shows bilateral 
asymmetric involvement, can be asymptomatic at the beginning, and visual acuity 
decreases as the disease progresses [1, 2]. Although some systemic involvement of 
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KC is shown, it is generally known as a local corneal disease [5, 6]. Abnormalities in 
the corneal epithelium, Bowman’s layer and especially the collagen structure of the 
stroma play a role in the pathogenesis of the disease. Although it is suggested that 
various biochemical and genetic factors play a role in the etiology, its exact cause is 
not known exactly. The main diagnostic method of KC is placido disc-based corneal 
topography [2, 5, 7].

While surgical options in KC management aim to change the natural course of 
the disease and increase vision, the main goal of non-surgical options is to improve 
vision without damaging the ocular surface. Classical non-surgical treatment of 
vision rehabilitation in KC is glasses in a small number of patients and CLs in the 
majority of patients. In addition, modern surgical options such as intraocular lens 
implantation, corneal cross-linking (CXL), intra-stromal rings and anterior lamel-
lar keratoplasty are also used in treatment. The common feature of these surgical 
methods is that they increase visual rehabilitation to a certain level due to residual 
refraction after surgery and ongoing irregular astigmatism, even if they are per-
formed very successfully. Therefore, CLs are needed for vision rehabilitation after 
surgical methods [2, 7, 8].

Today, there is a global consensus that CLs play the most important role in the 
visual rehabilitation of KC patients [8]. Later developments in CL design and mate-
rials expanded the application options for KC patients. Considering that CLs cause 
ocular surface changes even in non-KC individuals, the main purpose of CL applica-
tion in KC should be to increase visual acuity without compromising the health of 
the cornea and ocular surface [9]. While the patient should have good vision and 
comfort with the lens, the practitioner must find a suitable lens fitting that does not 
compromise the anterior ocular surface health. Therefore, the process is often time-
consuming and difficult for both the patient and the ophthalmologist. Due to the 
nature of long-term CL use in KC, a careful CL selection should be made consider-
ing the physiological needs of the cornea according to the level of ectasia. Since CL 
movements can cause mechanical effects on the cornea with CL movements during 
millions of blinking, it is necessary to ensure that CL applies minimal contact and 
pressure on the cone in KC patients. In addition, since there are stem cells in the 
limbus region, which are hallmarks of corneal physiology and regeneration, contact 
with the limbal region should be minimized in order to prevent CLs from damaging 
the limbal region [2]. Scheimpflug imaging and anterior segment optical coherence 
tomography, which are frequently used in ophthalmology practice in recent years, 
can be used to evaluate CL fit. These imaging technologies can be used to reduce the 
time we spend evaluating CL fitting and to improve guides for CL fitting [10].

In addition to the severity of the KC, it is decided which type of CL will be 
selected according to the visual demand and comfort of the patient and the CL 
tolerance. With the latest advances in CL features and design, many CL options 
have been developed for patients with corneal irregularities, such as large diameter 
RGP lenses, scleral lenses, hybrid lenses and KC specific soft lenses. New data reveal 
that special design CLs, new design scleral lenses and hybrid lenses provide better 
visual acuity as well as better comfort than traditional RGPs [2, 8, 11].

2.  Advances in non-surgical treatment methods in vision rehabilitation 
of keratoconus patients

2.1 Spectacles

Since astigmatism is mild in the early stages of KC, vision can be corrected with 
glasses. However, as irregular astigmatism increases in the middle and advanced 
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stages, vision decreases dramatically and glasses play a limited role in correcting 
vision. In addition, since the disease is usually asymmetrical, correction with glasses 
can lead to anisometropia and anzioconia. Therefore, it is necessary to evaluate CL 
options for a better vision [8, 11, 12]. Glasses can only be given to selected patients 
who are intolerant to CL and who are not willing to undergo any surgery. Glasses 
can be prescribed on soft CL in some KC patients. Depending on the developments 
in CL technologies, the decrease in side effects due to CL and the effect of increased 
comfort may cause patients in the initial KC stage who can benefit from glasses 
nowadays to turn to CL. Because we can observe that CLs are frequently preferred 
instead of glasses due to esthetic concerns [11–13]. However it has been suggested 
that wearing rigid gas permeable CL (RGP) will increase the irregularities in the 
cornea and cloud the central cornea due to low corneal stiffness in KC patients 
under the age of 20. In order to prevent these problems, it has been stated that 
when visual impairment is detected in KC patients under the age of 20, it should be 
 corrected with glasses as much as possible [14].

2.2 Soft contact lenses

Conventional spherical or toric soft contact lenses (SCL) can provide benefit 
in improving vision by correcting myopia and regular astigmatism in early stage 
or form-frusted KC. Since they transfer the irregularities in the anterior surface of 
the cornea to their anterior surfaces, their ability to correct irregular astigmatism, 
high-order aberrations and vision level is very low in the KC, and therefore it limits 
the use of conventional SCLs in the KC. These conventional SCLs are generally ideal 
for those with a visual acuity of 1.0 with glasses [2]. They may be beneficial in some 
situations where high myopia is associated with KC disease [13]. After CXL treat-
ment, they can assist in early vision rehabilitation. Hydrogel SCLs can be used in 
situations where comfort is more important [2]. The success of these lenses can be 
checked with a topography to be made over the lens. Depending on the needs of the 
patient, hydrogels with high water content and silicone hydrogel lenses with high 
oxygen permeability can be selected.

Developments in production technologies and specific basic curve designs have 
enabled the development of SCL specific to KC [15]. New design SCLs, customized 
hydrogel SCLs and pin-hole SCLs have expanded the usage spectrum of SCLs in KC 
[11]. It has also been found that they have similar quality of life between RGPs and 
SCLs [16]. Because of their good centralization, they can be used in decentralized 
cones and large diameter cones. In KC, it helps to increase visual acuity by making 
the anterior optic surface (front lens surface) more homogeneous topographically 
and by reducing high-order aberrations. In some sophisticated SCLs (customized 
SCL), asymmetric optical correction is performed, aberrations are further reduced 
and a better vision is achieved [17]. These special SCLs designed for KC have a 
greater central thickness than conventional SCLs (between 0.3 mm and 0.6 mm). 
This central thickness helps the CL to have a more stable structure and a regular 
anterior surface is tried to be created by preventing the direct adaptation of the 
lens on the irregular cornea. Increasing CL thickness contributes to the increase 
of visual performance, but also causes a decrease in oxygen permeability. This 
increases the risk of developing possible complications due to hypoxia. Therefore, 
they have a thinner peripheral thickness that can be adjusted independently of the 
silicone hydrogel central part and provides comfort with the movement of the lens. 
Since they are designed for use in KC, options with high spherical and toric values 
are available [12]. HydroCone® (Toris K) (SwissLens, Prilly, Switzerland) and 
KeraSoft® IC (Bausch & Lomb Inc., Rochester, NY) are silicone hydrogel SCLs 
specially designed for KC [18, 19]. It has been reported that with these lenses, visual 
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acuity at a similar degree to RGPs is obtained in KC [15, 19]. It has been shown that 
SCLs increase vision in a significant portion of patients with corneal ring implan-
tation. In cases where satisfactory vision cannot be achieved with SCLs, PBCL 
systems can be used in these patients [20].

It has been reported that visual performance decreases when the movement of 
the SCL exceeds 0.5 mm after blinking. Therefore, the movement of these lenses 
is requested not to exceed 0.5 mm, which may limit the tear change under the lens 
[12, 21]. These lenses, in which a sufficient visual level is obtained, have low infec-
tion rates due to a sufficient tear exchange. Although they provide more comfort, 
low oxygen permeability (excluding silicone hydrogels) compared to RGPs, failure 
to correct severe irregular astigmatism is the biggest disadvantage of SCLs [12]. As 
a result, with the developments in recent years, comfortable use and high visual 
performance have been achieved with SCLs specially produced for KC. However, 
it seems that the use of SCLs in KC will increase with future developments.

2.3 Rigid gas permeable contact lenses

RGPs are the most frequently used CLs in the world to increase the vision level 
in KC. In a study, it was found that RGPs delay surgical interventions in 98.9% 
of KC patients [8, 22]. Today, there are various RGPs developed for KC, includ-
ing multicurve, asferic and quadrant-specific designs [23]. The lens has a steeper 
central curvature, a flatter peripheral curve, and they have a non-fused surface 
appearance. It is indicated in KC patients in whom glasses or SCLs fail to improve 
vision [24]. RGPs provide a better vision in KC patients compared to glasses [25]. It 
has also been reported that it controls the progression of the disease with its mild 
shaping effect [22, 26]. Providing a smooth spherical anterior optic surface, RGP 
helps maintain the shape of the cornea by applying light pressure to the cone area 
(Figure 1). In addition, optically low order astigmatism and high order aberrations 
are corrected with the tear fluid under the lens. Thus, contrast sensitivity and visual 
acuity increases. When the limbal region is desired to be protected, corneal RGPs 
are placed in most cases because they do not have any interaction with the limbal 
region [12, 27, 28].

The tear film under the lens is observed with fluorescent dye and the fitting can 
be evaluated and easily applied by an experienced practitioner. The disadvantage of 
these lenses is that the contrast sensitivity is low due to high-order aberrations, even 
if the visual acuity is good when the centralization is not good or when there is a tilt. 
To overcome this, RGPs with large optical zone (7.50–8.00) have been produced. 
Moreover, lenses with aspherical surfaces that correspond to the ectatic cornea have 
been produced with increased diameter up to 10.00–11.00 mm. Large diameter 
lenses are more complex to fit. Better fittings are obtained with small central or 

Figure 1. 
Rigid gas permeable contact lens on the cornea providing a smooth anterior optic surface.
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light cones [16, 29]. Dynamic and static fit should be evaluated 30 minutes after 
the CL is inserted. In dynamic fit, the centralization of the lens, its movement by 
blinking, and its stability in gaze positions are evaluated. The movement of the lens 
should not be more than 1 mm, it should not pass the limbus and its comfort should 
be maintained. In static fit, fluorescein is used to evaluate apical clearance, apical 
bearing, or three point touch [13]. Corneal astigmatism and higher order aberra-
tions are reduced in all three methods. A larger diameter and flatter base curve is 
selected for apical bearing. The lens is directly supported by the corneal apex, and 
epithelial damage to the cornea secondary to the harsh between the lens and the 
corneal apex may develop an apical scar [30]. In this method, which provides a 
better visual quality, there is a risk of apical scarring. In apical clearance, a lens with 
a steeper base curve and smaller diameter is selected from the cornea, and the lens 
is supported by the cornea paracentral and there is a clear area between the central 
cornea and the lens. In this application where the risk of central corneal scar forma-
tion is reduced, tightening at periphery cornea may restrict tear exchange and may 
lead to hypoxic complications. In the three point touch method, which is the most 
popular method, the lens is supported mostly by the peripheral cornea and very 
little by the corneal apex [23, 31, 32]. In this method, attention should be paid to 
prevent contact of the lens with the corneal apex. Monocurve RGPs are used in mild 
to medium KC, and multicurve CLs are used in advanced KC. However, in some 
advanced KC, fitting of corneal RGPs may be more difficult and lens decentraliza-
tion, dislocation, and disconfort may be encountered [33].

They can lead to a corneal warpage, especially in long-term use [34]. It can be 
a little difficult to get optimum comfort as it is made of rigid material only. There 
are studies showing that there is no relationship between KC severity and patient 
comfort, as well as studies showing that the opposite is valid [35–37]. Special 
cone-designed lenses such as Rose-K enabled RGPs to be very effective in visual 
acuity [38]. It has been reported that RGPs aggravate dry eye signs and symptoms in 
KC patients [39]. Since we may encounter a completely new eye after keratoplasty 
in liver patients, graft characteristics may make corneal RGPs contraindicated 
[40]. PBCL systems or scleral CLs can be used in these situations. RGPs allow for a 
good tear exchange. In advanced cases, a better vision can be obtained than SCLs, 
but discomfort, foreign body sensation and poor fitting in some advanced cases, 
especially in decentralized cones, are disadvantages of difficulty in centralization. 
Despite this, RGPs continue to be the first-line treatment in the visual rehabilitation 
of KC patients [8].

2.4 Piggyback contact lenses

Piggyback contact lenses (PBCL) contain two CLs in one eye, one soft CL on the 
cornea and RGP above the soft CL. Thus, the optical performance of RGP and 
the comfort of SCL are utilized. It is thought that the placement of an SCL under 
the RGP protects the cornea from the excessive pressure of the RGP, thus minimiz-
ing this possible complication of RGP use and increasing comfort. If the patient 
has residual astigmatism, residual astigmatism can be placed in the SCL (toric) in 
the PBCL system and thus a spherical RGP can be used. It has also been suggested 
that the use of SCL with high positive power will help improve the centralization of 
RGP on the keratoconic cornea especially in KC patients with inferior cone [13, 23]. 
PBCLs can be used as an alternative option in patients with intolerance to RGPs 
due to ocular surface disorders, and eyes that cannot be stabilized with RGP and 
staining at 3–9 o’clock. It is also indicated in keratoplasty and KC patients in whom 
rehabilitation cannot be achieved with RGP [13]. It has been detected that 2% of 
KC patients using CL used PBCL [13, 41]. They may also help increase vision in KC 
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patients with a corneal ring [42]. First, a soft CL (preferably a silicone hydrogel 
with minus power) is inserted, in which optimum fitting is achieved. This SCL cov-
ers the entire cornea, providing a bandage effect that helps protect the KC apex and 
a better centralization. Therefore, PBCL systems provide better comfort and longer 
duration of use, although their visual acuity is similar compared to RGP alone [12]. 
The base curve of the RGP is selected according to the values in the topography and 
keratometry applied over this soft CL, and it is inserted over this soft CL. After 
the RGP is inserted, the compatibility of the lenses with each other is evaluated 
using fluorescein dye. By changing the power of the soft CL, the compatibility of 
the RGP can be changed. For example, a positive powered soft CL can be used to 
flatten the RGP, and a negative powered RGP can be used to steep the base curve of 
RGP [13, 43]. Most practitioners use a low positive power SCL as it is considered to 
facilitate the centralization of RGP. However, it has also been suggested that the use 
of negative powered SCLs in the PBCL system results in better oxygen transmis-
sion. Refraction is measured over the two lenses and subjective refraction providing 
the best visual acuity is added to the RGP power [44, 45]. For an optimal fitting, it 
needs to move independently but harmoniously with blinking at the slit lamp and 
have minimal touch in the pattern of fluorescence. This independent movement 
allows tear exchange between the lenses, allowing the use of dissolved oxygen in the 
tear [46, 47]. In order to reduce the risk of hypoxia, care should be taken to ensure 
that both lenses have a high Dk value. In addition, there are custom PBCLs pro-
duced by opening a groove where RGP will sit on the soft CL to increase the central-
ization of RGP. Since the edges of the RGP fit into the groove in these lenses, they 
can provide better comfort [13]. PBCL improves vision and comfort, but potential 
hypoxia-related problems are among its disadvantages due to the application of 
maintenance procedures for both lenses and the double barrier that prevents oxygen 
transmission to the cornea. Today, a combination of high DK silicone hydrogel 
SLC and high Dk RGP is often preferred to prevent hypoxia complications [47, 48]. 
Although the corneal epithelium and endothelium are not affected in this system, 
giant papillary conjunctivitis and corneal neovascularization may develop in some 
patients due to the presence of two lenses on the corneal surface [2].

2.5 Hybrid contact lenses

Hybrid contact lenses (HCL) consist of a combination of a rigid central zone 
and a soft peripheral skirt, manufactured using special technology. In these lenses, 
it tries to benefit from the best features of RGP (better vision) and soft materials 
(comfort). Therefore, HCLs can be an effective alternative to RGP and PBCLs. 
There are many special applications and designs that provide successful results in 
irregular corneas such as KC with these lenses [12, 49]. Modern HCLs are indicated 
when there is RGP intolerance or poor centralization, when an optimal RGP fit 
cannot be achieved, when there is reduced daily wearing time of RGP. They have 
also been shown to help improve vision after keratoplasty [33, 50]. Since these 
lenses with central RGP function and have soft peripheral skirt, they provide com-
fort as well as correcting vision. Therefore, they are preferred by many physicians 
and patients. Due to their design, HCLs distribute the contact equally between 
the cornea and conjunctiva or only touch the conjunctiva and peripheral cornea. 
Hybrid lenses generally consist of an 8.00 mm rigid part in the center and a soft 
hydrogel part with a total diameter of 14.50 mm. Correction principles are similar 
to those of RGPs. A good centralization is achieved in hybrid lenses owing to 
their soft skirt. However, they require special training and practice for  successful 
application [2, 49, 50].
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SynergEyes® Ultrahealth (SynergEyes Inc., Carlsbad, CA) HCLs are the 
next generation hybrid CLs that have been developed with a base curve design 
(KC), stronger RGP/silicone hydrogel coupling, and higher Dk of the central and 
peripheral region. Thus, hypoxia and fusion line tears are prevented. In the KC, the 
Vault of the rigid component and the skirt curvature of the soft component can 
be adjusted separately. In these lenses with a vault value ranging from 100 to 600 
microns, optimum fitting is achieved with a full apical clearance with fluorescein 
dye and without air bubbles under the lens and a soft landing in the fusion area 
[12, 23]. There should be no air bubbles in the middle of the lens and a light touch 
on the rigid-soft junction. Unlike RGP lenses, the hybrid systems centralize the 
optics regardless of the cone position. Therefore it can be used in most central and 
decentralized cones. In this design, a steeper skirt enhances lens movement and 
prevents it from sticking. The data obtained from the corneal topography can be 
used to estimate the parameters when placing these lenses.

It has been shown in some studies that HCLs, which have the most superior 
features of comfort compared to RGPs, provide better visual acuity and contrast 
sensitivity than RGPs. For this reason, it has been stated that they have a higher 
vision-related quality of life score than RGPs. Disadvantages include giant papillary 
conjunctivitis and tearing of the soft skirt, corneal clouding [11, 51, 52]. In summary, 
HCLs serve the purpose of combining the superior features of rigid and soft CLs in a 
single lens. However, since studies in this area are limited, further research is needed.

2.6 Scleral contact lenses

The diameters of full scleral lenses range from 18.1–25.0 mm and have a scleral 
bed and maximum corneal clearance. Miniscleral lenses have scleral bed and 
minimal corneal clearance, with diameters between 15.0–18.0 mm. Semiscleral 
lenses have scleral and corneal beds and their diameters are between 13.6 and 
14.9 mm. The corneoscleral lenses touch the corneal bed and sclera with a diameter 
between 12.9 and 13.5 mm [43]. Existing scleral lenses are produced from materials 
with high oxygen permeability such as fluorosilicon acrylate [53]. As the thickness 
of the lens increases, the oxygen permeability decreases, so nowadays it has become 
possible to make thin lens designs with new software. In addition, the lens surface is 
coated with plasma, increasing the surface wettability, thus increasing comfort and 
daily wearing time. Today, they can be produced with a very smoother surface and 
edge structure and less deficits during construction. Technological developments 
in lens materials, designs and lens production, lens placement techniques have led 
to an increase in interest in these lenses and increased acceptability of lenses in the 
treatment of KC [54, 55].

Scleral lenses rest on the sclera, do not touch the cornea and limbus, and leave a 
clear space between the cornea and the lens. Before the lens is placed in the eye, it 
is filled with a preservative-free saline. The lens consists of three parts: the opti-
cal part, the part extending over the sclera (haptic) and the Vault responsible for 
the corneal and limbal clearance of the lens. The optical part of the scleral contact 
lens (S-CL) is generally desired to be 0.2 mm larger than the horizontal visible iris 
diameter. However, it is also of great importance that the haptic part, which is more 
important in the fitting, and the corneal and limbal vault are appropriate for stabi-
lization of vision [54, 55]. Today, the most commonly used S-CL fitting method is 
performed by the use of fitting trial sets. In addition, lens manufacturers can recom-
mend a suitable guide. S-CLs mask irregular anterior corneal surface astigmatism 
with the fluid reservoir. The most important issue in applying these lenses is their 
alignment to the sclera. In some patients, edge lifts due to the toric structure of the 
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sclera can be observed. Today, S-CLs with quadrant-specific peripheral designs can 
be produced for these KC patients with scleral asymmetry. This increases the com-
fort and lens wearing time of patients [56]. With the advances in CLs, S-CLs are also 
available today for elderly KC patients to rehabilitate near vision [8, 57]. However, 
studies on these are limited. Production of these specially designed lenses is still 
quite difficult, as they require special equipment and training and high cost [54].

Since the S-CL fits on the bulbar conjunctiva, minimal tear change occurs under 
the lens. The generally accepted minimum diameter for the cornea and limbal area 
to be unpressurized is 16 mm. Optical correction in these lenses is provided by the 
liquid under the well centralized lens. Therefore, anterior optical aberrations of the 
keratoconic cornea are neutralized. Front surface eccentricity in S-CLs aims to cor-
rect the optical quality and vision by compensating the back surface anomalies in the 
KC. Front surface eccentricity is zero in a spherical lens. Higher front surface eccen-
tricity values indicate that the lens flattens rapidly from the center to the periphery 
[2, 27, 54, 58]. Providing continuous lubrication of the whole corneal surface ensures 
the stabilization of visual acuity [59]. S-CLs eliminate high grade aberrations and 
provide good centering and improve the visual quality. The complexity of the usage 
procedures and the poor comfort in long-term use limit their use [54]. S-CLs are 
generally not the first CLs to be applied in KC. They are preferred when tolerance 
problems are experienced with other CLs (SCL, RGP, PBCLs) or when acceptable 
vision cannot be obtained [49, 53, 54, 59]. S-CLs are indicated in RGP intolerance, 
very advanced and decentered cones, cornea staining at 3–9 o’clock, vascularization 
with PBCL, advanced KC. The fact that it is indicated in the presence of ocular sur-
face disorder and in severe dry eye further expands the areas of use in the KC [60]. 
Corneal vaulting, centralization and perfect comfort have led to the preference of 
S-CLs in less severe cases, thus widening the indication for use of S-CLs in KC. S-CL 
designs are generally preferred after all corneal surgeries in the liver (CXL, intracor-
neal ring, keratoplasty). In such cases, higher Vault may be preferred if the ring or 
graft junction or sutures are to be protected [61–63]. If success is not achieved with 
these lenses, surgical methods are used. Contraindications are corneal edema due to 
decreased endothelial count, hydrops, and previous filtration surgery. Scleral lenses 
show success in extremely irregular and steep corneas because of their large diame-
ters. Therefore, the role of treatment is increasing in advanced ectatic corneas where 
there is no option other than surgery. In addition, due to their large diameter and 
vaults, they are more comfortable than RGPs since they do not directly contact the 
cornea, which has much more innervation than the sclera. In recent years, new S-CL 
designs have expanded the scope of CL use in KC patients [11, 13].

Miniscleral lenses have less corneal opening than full scleral lenses. Small 
diameter lenses tend to adhere to the cornea due to the suction vacuum, which may 
cause difficulties for the practitioner [54, 64]. It has been shown that S-CLs reduce 
the need for keratoplasty and patients are successfully treated with S-CL instead 
of keratoplasty [65]. When the effect of CL on quality of life was evaluated in liver 
patients, it was seen that RGP, hybrid, soft CL had a similar effect. S-CLs are more 
comfortable than these lenses, but midday fogging continues to limit the quality 
of life in these lenses. In addition, unlike these lenses, S-CLs have been reported to 
reduce dry eye signs and symptoms [60, 66].

Haptic and vault are evaluated under biomicroscope in S-CLs. An acceptable 
fitting is defined by a corneal clearance, no air bubbles underneath, and no com-
pression of the conjunctiva veins. After obtaining the appropriate fit, a trial use 
of 4–6 hours is required to evaluate the KC patient’s comfort and visual quality. A 
400–600 micron Vault is acceptable for scleral lenses. However, a slightly higher 
vault may be prescribed due to the detection of a decrease in the vault after four 
hours of use and also considering that KC may progress over time. A convenient 
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central and peripheral vault ensures patient comfort and tolerability. Feeling suc-
tion while removing the lens after four hours of CL application and the presence of 
staining in the conjunctiva are indicators of choosing a flatter haptic. It is recom-
mended that patients be examined again 3–4 weeks after removing the lens to make 
a final decision [13].

Disadvantages are maintenance procedures, frequent replacement of saline 
bottles, insertion regimes using plungers, which can be more cumbersome than 
other methods, reduced tear exchange, and high costs. S-CLs in KC can cause infec-
tious keratitis or other adverse events. It has been suggested that this may be due to 
inadequate cleaning of the plunger used for inserting and removing the lens and 
improper use of saline solution [8, 67, 68].

3.  The role of new imaging technologies in contact lens fitting in 
keratoconus

First of all, the data on the radii of curvature obtained in the corneal topography can 
be helpful in determining the initial base curve when placing the RGP. By evaluating 
the size and localization of the cone in the KC with the help of tangential maps in the 
topography, a more appropriate RGP diameter and base curve can be selected [69]. It 
has been reported that these data in the topography are also useful in hybrid lens fitting 
in KC [70]. These systems also include CL fitting simulation software to model the 
possible effects of lens designs and changes in parameters on the fitting. Rigid lens fluo-
rescein simulations are based on corneal elevation data modeled on tangential maps. 
There are also studies showing that the video keratoscopic system gives successful 
results from standard methods in RGP fitting when compared to standard procedures. 
It was determined that the virtual sodium fluorescein staining pattern created based 
on the data from the CL simulator in the corneal topography and the actual staining 
pattern observed in the slit lamp were found to be highly matched. These findings show 
the importance of video keratoscopic virtual applications in CL management in KC 
patients and they have the potential to reduce the time we spend for CL [23, 71].

Previously, corneal clearance could roughly be estimated by comparing it with 
the thickness of the cornea. Today, with new technological devices such as anterior 
segment optical coherence tomography (AS-OCT), the amount of corneal clear-
ance can be measured much more accurately (Figure 2). It is stated that the vault 
changed over time after the S-CL was inserted. It is important to follow this with 

Figure 2. 
Anterior segment-optical coherence tomography image showing corneal clearance in a hybrid contact lens 
wearer.
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AS-OCT in progressive diseases such as KC. Because, in patients with KC, with 
the advancement of the cone and the decrease of the Vault, it may cause the touch 
between the cornea and the lens, corneal scarring and decreased vision. Therefore, 
the idea (owing to AS-OCT) that lenses can be used for a long time by increasing 
the vault has emerged in KC patients [54, 72]. The fact that the anterior segment 
AS-OCT provides in vivo information that cannot be obtained with videokeratos-
copy and standard methods in CL applications of KC patients has led to an increas-
ing interest in AS-OCT in CL practitioners. AS-OCT helps to examine the corneal 
midperiphery, the limbus region, the border structure of CL [73, 74]. Although 
OCT can also help evaluate scleral curvature, which will be useful in peripheral 
designs of S-CLs, it is not yet possible to measure scleral shape. OCT also helps to 
accurately evaluate the interaction between the anterior corneal and conjuctival 
surface and CL (Figure 3). It can measure the central and peripheral tear film clear-
ance under the CL and thus provides information about the fitting [75, 76]. Central 
and peripheral vaults of hybrid, scleral and miniscleral lenses can also be measured 
with OCT. This helps us to examine in detail the relationship between asymmetric 
cornea and CL in KC. With using AS-OCT in CL practice, the maximum central 
cone vault values   required to prevent edema due to hypoxia in the cornea under 
the scleral lens have been suggested. OCT also plays a major role in defining the 
 relationship between CL and tears [8, 77].

4. Conclusions

Despite current surgical advances in KC treatment, CLs continue to be impor-
tant for visual rehabilitation (even after surgery) in KC. Advances in CL design 
and materials have significantly expanded the application area of CL in the KC and 
ensured that the majority of patients have a satisfactory visual acuity. Thus, the rate 
of patients undergoing keratoplasty has decreased or the need for keratoplasty has 
been delayed. Although it takes a lot of time to choose the appropriate lens in KC, 
most of the patients with KC can benefit from CL use with the new designs and 
materials developed. CLs offer non-surgical options generally preferred for vision 
rehabilitation in the KC. SCLs, RGPs, PBCLs, HCLs, S-CLs constitute the contem-
porary range of lens types available for the vision rehabilitation of KC patients. This 
wide CL range meets the optometric needs of most of the patients with KC disease 
today and eliminates the need for major surgical procedures such as keratoplasty for 
vision rehabilitation for most of the patients.

Figure 3. 
Anterior segment-optical coherence tomography image showing the interaction between the contact lens corneal 
and the conjunctival surface in a hybrid contact lens wearer.
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Today, while SCL and HCL are the most commonly used in mild KC, the most 
frequently used CL in advanced KC is still RGPs and S-CLs. Since KC is a progres-
sive disease, CL compliance should be controlled dynamically in certain periods of 
the patient’s vision and comfort. If discomfort or intolerance develops in RGP, soft 
toric, PBCL or hybrid lenses may be considered. In the initial stages of the disease, 
SCLs are usually applied before other CLs are tried. Thus, the patient attains a good 
visual acuity and quality of life. When SCLs cannot provide this, secondly, RGPs 
are preferred because they provide a significant improvement in vision quality. 
When unsuccessful results are obtained with these CLs, PBCL or HCLs are used. If 
problems are encountered with these CLs, S-CLs are usually tried before surgery as 
a last option.

Imaging technologies such as corneal topography and OCT have enabled us to 
examine in vivo the relationship between asymmetric cornea and lens in the KC. 
Even with different modern CL treatments, it was found that both the quality of 
vision and life were lower in KC patients compared with the control group (healthy 
individuals without KC disease). This shows that CL treatment options and alterna-
tives in KC treatment still need to be advanced.

Conflict of interest

The authors declare no conflict of interest.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



12

Eyesight and Imaging - Advances and New Perspectives

[1] Serdarogullari H, Tetikoglu M, 
Karahan H, Altin F, Elcioglu M. 
Prevalence of keratoconus and 
subclinical keratoconus in subjects with 
astigmatism using pentacam derived 
parameters. J Ophthalmic Vis Res 2013; 
8(3): 213-9.

[2] Moschos MM, Nitoda E, 
Georgoudis P, Balidis M, 
Karageorgiadis E, Kozeis N. Contact 
lenses for keratoconus- current practice. 
Open Ophthalmol J. 2017;11:241-251. 
DOI: 10.2174/1874364101711010241

[3] Tan JCK, Nguyen V, Fenwick E, 
Ferdi A, Dinh A, Watson SL. Vision 
related quality of life in keratoconus: A 
save sight keratoconus registry study. 
Cornea. 2019;38(5):600-604. DOI: 
10.1097/ICO.0000000000001899

[4] Kankariya VP, Kymionis GD, 
Diakonis VF, Yoo SH. Management 
of pediatric keratoconus - evolving 
role of corneal collagen cross-
linking: An update. Indian Journal of 
Ophthalmology. 2013;61:435-440. DOI: 
10.4103/0301-4738.116070

[5] Bozkurt E, Ucak T. Serum 
inflammation biomarkers in patients 
with keratoconus. Ocular Immunology 
and Inflammation. 2020:1-4. DOI: 
10.1080/09273948.2020.1741648

[6] Bozkurt E, Bagcier F. Keratoconus: a 
potential risk factor for osteoarthritis. 
Int Ophthalmol. 2020;10.1007/
s10792-020-01434-0. doi:10.1007/
s10792-020-01434-0

[7] Shetty R, Kaweri L, Pahuja N, 
et al. Current review and a simplified 
“five-point management algorithm” 
for keratoconus. Indian Journal of 
Ophthalmology. 2015;63(1):46-53. 
DOI: 10.4103/0301-4738.151468

[8] Şengör T, Aydın Kurna S. Update on 
contact lens treatment of keratoconus. 

Turk J Ophthalmol. 2020;50(4):234-244. 
DOI: 10.4274/tjo.galenos.2020.70481

[9] Muhafiz E, Bayhan HA, Şahin S, 
Göçmen AY, Aslan Bayhan S, Gürdal C. 
Evaluation of the ocular surface in 
different contact lens replacement 
schedules. Cornea. 2019;38(5):587-594. 
DOI: 10.1097/ICO.0000000000001870

[10] Marsack JD, Ravikumar A, 
Nguyen C, Ticak A, Koenig DE, 
Elswick JD, et al. Wavefront-guided 
scleral lens correction in keratoconus. 
Optometry and Vision Science. 
2014;91:1221-1230. DOI: 10.1097/
OPX.0000000000000275

[11] Lim L, Lim EWL. Current 
perspectives in the management 
of keratoconus with contact lenses 
[published online ahead of print, 
2020 Jul 8]. Eye (Lond). 2020;10.1038/
s41433-020-1065-z. doi:10.1038/
s41433-020-1065-z

[12] Rico-Del-Viejo L, Garcia-
Montero M, Hernández-Verdejo JL, 
García-Lázaro S, Gómez-Sanz FJ, 
Lorente-Velázquez A. Nonsurgical 
procedures for keratoconus 
management. Journal of 
Ophthalmology 2017;2017:9707650. 
doi:10.1155/2017/9707650

[13] Rathi VM, Mandathara PS, 
Dumpati S. Contact lens in keratoconus. 
Indian Journal of Ophthalmology. 
2013;61(8):410-415. DOI: 
10.4103/0301-4738.116066

[14] Weed KH, MacEwen CJ, Giles T, 
Low J, McGhee CN. The Dundee 
university Scottish keratoconus study: 
Demographics, corneal signs, associated 
diseases, and eye rubbing. Eye (London, 
England). 2008;22(4):534-541. DOI: 
10.1038/sj.eye.6702692

[15] Sultan P, Dogan C, Iskeleli G. 
A retrospective analysis of vision 

References



13

Advances in Non-surgical Treatment Methods in Vision Rehabilitation of Keratoconus Patients
DOI: http://dx.doi.org/10.5772/intechopen.94250

correction and safety in keratoconus 
patients wearing Toris K soft contact 
lenses. International Ophthalmology. 
2016;36(6):799-805. DOI: 10.1007/
s10792-016-0200-0

[16] Yildiz EH, Erdurmus M, Elibol ES, 
Acar B, Vural ET. Contact lens impact 
on quality of life in keratoconus 
patients: Rigid gas permeable versus soft 
silicone-hydrogel keratoconus lenses. 
International Journal of Ophthalmology. 
2015;8(5):1074-1077. DOI: 10.3980/j.
issn.2222-3959.2015.05.38

[17] Jinabhai A, O’Donnell C, 
Tromans C, Radhakrishnan H. Optical 
quality and visual performance 
with customised soft contact lenses 
for keratoconus. Ophthalmic & 
Physiological Optics. 2014;34(5):528-
539. DOI: 10.1111/opo.12133

[18] Gumus K, Kahraman N. A new 
fitting approach for providing adequate 
comfort and visual performance in 
keratoconus: Soft HydroCone (Toris 
K) lenses. Eye & Contact Lens. 
2016;42(4):225-230. DOI: 10.1097/
ICL.0000000000000183

[19] Fernandez-Velazquez FJ. Kerasoft IC 
compared to rose-K in the management 
of corneal ectasias. Contact Lens & 
Anterior Eye. 2012;35(4):175-179. DOI: 
10.1016/j.clae.2012.02.005

[20] Carballo-Alvarez J, Puell MC, 
Cuiña R, Diaz-Valle D, Vazquez JM, 
Benitez-Del-Castillo JM. Soft contact 
lens fitting after intrastromal corneal 
ring segment implantation to treat 
keratoconus. Contact Lens & Anterior 
Eye. 2014;37(5):377-381. DOI: 10.1016/j.
clae.2014.06.001

[21] de Brabander J, Chateau N, Marin G, 
Lopez-Gil N, Van Der Worp E, Benito A. 
Simulated optical performance of 
custom wavefront soft contact lenses 
for keratoconus. Optometry and Vision 
Science. 2003;80(9):637-643. DOI: 
10.1097/00006324-200309000-00008

[22] Bilgin LK, Yilmaz S, Araz B, 
Yüksel SB, Sezen T. 30 years of contact 
lens prescribing for keratoconic patients 
in Turkey. Contact Lens & Anterior 
Eye. 2009;32(1):16-21. DOI: 10.1016/j.
clae.2008.07.001

[23] Downie LE, Lindsay RG. Contact 
lens management of keratoconus. 
Clinical & Experimental Optometry. 
2015;98(4):299-311. DOI: 10.1111/
cxo.12300

[24] Weed KH, Macewen CJ, 
McGhee CN. The Dundee university 
Scottish keratoconus study II: A 
prospective study of optical and surgical 
correction. Ophthalmic & Physiological 
Optics. 2007;27:561-567

[25] Yazar E, Alaçayır F, Asyalı 
Altınok A, Kurtuluş S, Öztürk F. 
Results of application of rigid gas 
permeable contact lenses in patients 
with keratoconus. Turk J Ophthalmol. 
2013;43:432-436

[26] Araki S, Koh S, Kabata D, 
et al. Effect of long-term rigid 
gas-permeable contact lens wear 
on keratoconus progression. The 
British Journal of Ophthalmology 
2020;bjophthalmol-2020-315942. 
doi:10.1136/bjophthalmol-2020-315942

[27] Gumus K, Gire A, Pflugfelder SC. 
The impact of the Boston ocular surface 
prosthesis on wavefront higher-order 
aberrations. American Journal of 
Ophthalmology. 2011;151(4):682-690.
e2. DOI: 10.1016/j.ajo.2010.10.027

[28] López-Gil N, Castejón-Mochón JF, 
Fernández-Sánchez V. Limitations 
of the ocular wavefront correction 
with contact lenses. Vision Research. 
2009;49(14):1729-1737. DOI: 10.1016/j.
visres.2009.04.016

[29] Negishi K, Kumanomido T, 
Utsumi Y, Tsubota K. Effect of 
higher-order aberrations on visual 
function in keratoconic eyes with 



Eyesight and Imaging - Advances and New Perspectives

14

a rigid gas permeable contact lens. 
American Journal of Ophthalmology. 
2007;144(6):924-929. DOI: 10.1016/j.
ajo.2007.08.004

[30] Korb DR, Finnemore VM, 
Herman JP. Apical changes and scarring 
in keratoconus as related to contact 
lens fitting techniques. Journal of the 
American Optometric Association. 
1982;53:199-205

[31] Leung KKY. RGP fitting philosophies 
for keratoconus. Clinical & Experimental 
Optometry. 1999;82:230-235

[32] Mandell RB. Contemporary 
management of keratoconus. Int 
Contact Lens Clin. 1997;24:43-55

[33] Lunardi LH, Arroyo D, Andrade 
Sobrinho MV, Lipener C, Rosa JM. 
Descriptive analysis of the type 
and design of contact lenses fitted 
according to keratoconus severity and 
morphology. Arquivos Brasileiros de 
Oftalmologia. 2016;79(2):82-84. DOI: 
10.5935/0004-2749.20160025

[34] Wilson SE, Lin DT, Klyce SD, 
Reidy JJ, Insler MS. Rigid contact 
lens decentration: A risk factor for 
corneal warpage. The CLAO Journal. 
1990;16(3):177-182

[35] Wagner H, Barr JT, Zadnik K. 
Collaborative longitudinal evaluation 
of keratoconus (CLEK) study: Methods 
and findings to date. Contact Lens & 
Anterior Eye. 2007;30(4):223-232. DOI: 
10.1016/j.clae.2007.03.001

[36] Edrington TB, Gundel RE, 
Libassi DP, et al. Variables affecting 
rigid contact lens comfort in 
the collaborative longitudinal 
evaluation of keratoconus (CLEK) 
study. Optometry and Vision 
Science. 2004;81(3):182-188. DOI: 
10.1097/00006324-200403000-00010

[37] Wu Y, Tan Q , Zhang W, et al. Rigid 
gas-permeable contact lens related 

life quality in keratoconic patients 
with different grades of severity. 
Clinical & Experimental Optometry. 
2015;98(2):150-154. DOI: 10.1111/
cxo.12237

[38] Güneş a, Kubaloğlu A, Bayramlar H. 
Rose K lenses for keratoconus. Turk J 
Ophthalmol 2012; 42: 88-90.

[39] Carracedo G, González-
Méijome JM, Martín-Gil A, Carballo J, 
Pintor J. The influence of rigid 
gas permeable lens wear on the 
concentrations of dinucleotides in tears 
and the effect on dry eye signs and 
symptoms in keratoconus. Contact Lens 
& Anterior Eye 2016 39(5):375-379. 
doi:10.1016/j.clae.2016.04.009

[40] Huang T, Hu Y, Gui M, 
Zhang H, Wang Y, Hou C. Large-
diameter deep anterior lamellar 
keratoplasty for keratoconus: 
Visual and refractive outcomes. The 
British Journal of Ophthalmology. 
2015;99(9):1196-1200. DOI: 10.1136/
bjophthalmol-2014-306170

[41] Zadnik K, Barr JT, Edrington TB, 
et al. Baseline findings in the 
collaborative longitudinal evaluation of 
keratoconus (CLEK) study. Investigative 
Ophthalmology & Visual Science. 
1998;39(13):2537-2546

[42] Uçakhan OO, Kanpolat A, 
Ozdemir O. Contact lens fitting 
for keratoconus after Intacs 
placement. Eye & Contact Lens. 
2006;32(2):75-77. DOI: 10.1097/01.
icl.0000174749.96423.ca

[43] Barnett M, Mannis MJ. 
Contact lenses in the management 
of keratoconus. Cornea. 
2011;30(12):1510-1516. DOI: 10.1097/
ICO.0b013e318211401f

[44] Michaud L, Brazeau D, Corbeil ME, 
Forcier P, Bernard PJ. Contribution 
of soft lenses of various powers to the 
optics of a piggy-back system on regular 



15

Advances in Non-surgical Treatment Methods in Vision Rehabilitation of Keratoconus Patients
DOI: http://dx.doi.org/10.5772/intechopen.94250

corneas. Contact Lens & Anterior Eye. 
2013;36(6):318-323. DOI: 10.1016/j.
clae.2013.02.005

[45] Romero-Jiménez M, Santodomingo-
Rubido J, Flores-Rodríguez P, González-
Méijome JM. Which soft contact lens 
power is better for piggyback fitting in 
keratoconus? Contact Lens & Anterior 
Eye. 2013;36(1):45-48. DOI: 10.1016/j.
clae.2012.10.070

[46] Acar BT, Vural ET, Acar S. Effects 
of contact lenses on the ocular surface 
in patients with keratoconus: Piggyback 
versus ClearKone hybrid lenses. Eye & 
Contact Lens. 2012;38(1):43-48. DOI: 
10.1097/ICL.0b013e31823ff181

[47] López-Alemany A, González-
Méijome JM, Almeida JB, Parafita MA, 
Refojo MF. Oxygen transmissibility of 
piggyback systems with conventional 
soft and silicone hydrogel contact lenses. 
Cornea. 2006;25(2):214-219. DOI: 
10.1097/01.ico.0000178276.90892.ac

[48] Sengor T, Kurna SA, Aki S, 
Ozkurt Y. High Dk piggyback contact 
lens system for contact lens-intolerant 
keratoconus patients. Clinical 
Ophthalmology. 2011;5:331-335. DOI: 
10.2147/OPTH.S16727

[49] Nau AC. A comparison of 
synergeyes versus traditional rigid gas 
permeable lens designs for patients with 
irregular corneas. Eye & Contact Lens. 
2008;34(4):198-200. DOI: 10.1097/
ICL.0b013e31815c859b

[50] Altay Y, Balta O, Burcu A, 
Ornek F. Hybrid contact lenses for 
visual management of patients after 
keratoplasty. Nigerian Journal of 
Clinical Practice. 2018;21(4):451-455. 
DOI: 10.4103/njcp.njcp_103_17

[51] Hassani M, Jafarzadehpur E, 
Mirzajani A, Yekta A. Khabazkhoob M. 
a comparison of the visual acuity 
outcome between Clearkone and 
RGP lenses. J Curr Ophthalmol. 

2017;30(1):85-86. DOI: 10.1016/j.
joco.2017.08.006

[52] Abdalla YF, Elsahn AF, 
Hammersmith KM, Cohen EJ. 
SynergEyes lenses for keratoconus. 
Cornea. 2010;29(1):5-8. DOI: 10.1097/
ICO.0b013e3181a9d090

[53] Pullum KW, Whiting MA, 
Buckley RJ. Scleral contact lenses: 
The expanding role. Cornea. 
2005;24(3):269-277. DOI: 10.1097/01.
ico.0000148311.94180.6b

[54] Rathi VM, Mandathara PS, Taneja M, 
Dumpati S, Sangwan VS. Scleral lens for 
keratoconus: Technology update. Clinical 
Ophthalmology. 2015;9:2013-2018. DOI: 
10.2147/OPTH.S52483

[55] Jaynes JM, Edrington TB, 
Weissman BA. Predicting scleral 
GP lens entrapped tear layer oxygen 
tensions. Contact Lens & Anterior 
Eye. 2015;38(1):44-47. DOI: 10.1016/j.
clae.2014.09.008

[56] Visser ES, Visser R, Van Lier HJ. 
Advantages of toric scleral lenses. 
Optometry and Vision Science. 
2006;83(4):233-236. DOI: 10.1097/01.
opx.0000214297.38421.15

[57] Vincent SJ, Fadel D. Optical 
considerations for scleral contact lenses: 
A review. Contact Lens & Anterior Eye. 
2019;42(6):598-613. DOI: 10.1016/j.
clae.2019.04.012

[58] Hussoin T, Le HG, Carrasquillo KG, 
Johns L, Rosenthal P, Jacobs DS. The 
effect of optic asphericity on visual 
rehabilitation of corneal ectasia with a 
prosthetic device. Eye & Contact Lens. 
2012;38(5):300-305. DOI: 10.1097/
ICL.0b013e3182657da5

[59] Schornack MM, Patel SV. 
Scleral lenses in the management of 
keratoconus. Eye & Contact Lens. 
2010;36(1):39-44. DOI: 10.1097/
ICL.0b013e3181c786a6



Eyesight and Imaging - Advances and New Perspectives

16

[60] Alipour F, Kheirkhah A, Jabarvand 
Behrouz M. Use of mini scleral contact 
lenses in moderate to severe dry 
eye. Contact Lens & Anterior Eye. 
2012;35(6):272-276. DOI: 10.1016/j.
clae.2012.07.006

[61] Visser ES, Soeters N, Tahzib NG. 
Scleral lens tolerance after corneal 
cross-linking for keratoconus. 
Optometry and Vision Science. 
2015;92(3):318-323. DOI: 10.1097/
OPX.0000000000000515

[62] Alipour F, Rahimi F, 
Hashemian MN, Ajdarkosh Z, 
Roohipoor R, Mohebi M. Mini-scleral 
contact lens for Management of Poor 
Visual Outcomes after intrastromal 
corneal ring segments implantation 
in keratoconus. J. Ophthalmic 
Vis. Res. 2016;11(3):252-257. DOI: 
10.4103/2008-322X.188400

[63] Barnett M, Lien V, Li JY, Durbin-
Johnson B, Mannis MJ. Use of scleral 
lenses and Miniscleral lenses after 
penetrating Keratoplasty. Eye & Contact 
Lens. 2016;42(3):185-189. DOI: 10.1097/
ICL.0000000000000163

[64] Rathi VM, Mandathara PS, 
Vaddavalli PK, Srikanth D, Sangwan VS. 
Fluid filled scleral contact lens in 
pediatric patients: Challenges and 
outcome. Contact Lens & Anterior Eye. 
2012;35(4):189-192. DOI: 10.1016/j.
clae.2012.03.001

[65] Koppen C, Kreps EO, 
Anthonissen L, Van Hoey M, 
Dhubhghaill SN, Vermeulen L. Scleral 
lenses reduce the need for corneal 
transplants in severe keratoconus. 
American Journal of Ophthalmology. 
2018;185:43-47. DOI: 10.1016/j.
ajo.2017.10.022

[66] Bergmanson JP, Walker MK, 
Johnson LA. Assessing scleral contact 
lens satisfaction in a keratoconus 
population. Optometry and Vision 

Science. 2016;93(8):855-860. DOI: 
10.1097/OPX.0000000000000882

[67] Bruce AS, Nguyen LM. Acute red 
eye (non-ulcerative keratitis) associated 
with mini-scleral contact lens wear for 
keratoconus. Clinical & Experimental 
Optometry. 2013;96(2):245-248. DOI: 
10.1111/cxo.12033

[68] Zimmerman AB, Marks A. 
Microbial keratitis secondary to 
unintended poor compliance with 
scleral gas-permeable contact lenses. 
Eye & Contact Lens. 2014;40(1):e1-e4. 
DOI: 10.1097/ICL.0b013e318273420f

[69] Sorbara L, Dalton K. The use 
of video-keratoscopy in predicting 
contact lens parameters for keratoconic 
fitting. Contact Lens & Anterior Eye. 
2010;33(3):112-118. DOI: 10.1016/j.
clae.2010.01.002

[70] Downie LE. Predictive 
value of corneal topography for 
ClearKone hybrid contact lenses. 
Optometry and Vision Science. 
2013;90(7):e191-e197. DOI: 10.1097/
OPX.0b013e318297da25

[71] Nosch DS, Ong GL, Mavrikakis I, 
Morris J. The application of a 
computerised videokeratography 
(CVK) based contact lens fitting 
software programme on irregularly 
shaped corneal surfaces. Contact Lens 
& Anterior Eye. 2007;30(4):239-248. 
DOI: 10.1016/j.clae.2007.06.003

[72] Sonsino J, Mathe DS. Central 
vault in dry eye patients successfully 
wearing scleral lens. Optometry and 
Vision Science. 2013;90(9):e248-e1030. 
DOI: 10.1097/OPX.0000000000000013

[73] Luo ZK, Jacobs DS. Current and 
potential applications of anterior 
segment optical coherence tomography 
in contact lens fitting. Seminars in 
Ophthalmology. 2012;27(5-6):133-137. 
DOI: 10.3109/08820538.2012.708814



17

Advances in Non-surgical Treatment Methods in Vision Rehabilitation of Keratoconus Patients
DOI: http://dx.doi.org/10.5772/intechopen.94250

[74] Wolffsohn JS, Drew T, Dhallu S, 
Sheppard A, Hofmann GJ, Prince M. 
Impact of soft contact lens edge design 
and midperipheral lens shape on the 
epithelium and its indentation with lens 
mobility. Investigative Ophthalmology 
& Visual Science. 2013;54(9):6190-6197. 
DOI: 10.1167/iovs.13-12425

[75] Choi HJ, Lee SM, Lee JY, Lee SY, 
Kim MK, Wee WR. Measurement of 
anterior scleral curvature using anterior 
segment OCT. Optometry and Vision 
Science. 2014;91(7):793-802. DOI: 
10.1097/OPX.0000000000000298

[76] Elbendary AM, Abou Samra W. 
Evaluation of rigid gas permeable lens 
fitting in keratoconic patients with 
optical coherence tomography. Graefe’s 
Archive for Clinical and Experimental 
Ophthalmology. 2013;251(6):1565-1570. 
DOI: 10.1007/s00417-013-2271-1

[77] Michaud L, van der Worp E, 
Brazeau D, Warde R, Giasson CJ. 
Predicting estimates of oxygen 
transmissibility for scleral lenses. 
Contact Lens & Anterior Eye. 
2012;35(6):266-271. DOI: 10.1016/j.
clae.2012.07.004


