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IntroductIon
Keratoconus (KCN) is a noninflammatory eye disease in which 
the cornea becomes thin and distorted. In this disease, due to 
increased irregular astigmatism and high myopia, patients’ 
vision declines quantitatively and qualitatively.1 There are 
several options for the management of KCN such as spectacles, 
contact lenses, implantation of intracorneal segment rings, 
phakic intraocular lenses (IOL), corneal collagen cross‑linking, 
and keratoplasty.2 In the early stages of KCN, spectacles can 
improve patients’ vision. However, as the disease progresses, 
rigid gas permeable (RGP) contact lenses play an important 
role in patients’ refractive correction.3

Contact lenses fitting for patients with KCN are challenging3 
and require several diagnostic RGP fitting sets. Although 
corneal topography plays a substantial role in monitoring of 
KCN and determining the parameters required to administer 
contact lenses,4,5 one must consider the cost and application 
of routine instruments when prescribing lenses.6,7 Hand-held 
keratometer is commonly used in contact lens clinics. They 
are less expensive and available to people living in more 
disadvantaged areas.7,8 Furthermore, it has been found that 
among five corneal topography devices including Pentacam, 
EyeSys, Orbscan, IOL Master, and Javal keratometer, the 
reproducibility and accuracy of Javal keratometer following 
Pentacam were greater than those of the other devices.9
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The power of contact lenses is usually calculated based on the 
patients’ refractive error and over‑refraction while considering 
the vertex distance. Various studies have confirmed that 
refractive errors are related to the axial length of the eye and 
corneal power.10‑13 One of important causes of contact lenses 
reorder in KCN patients is the changes in contact lens power, 
but with an optimal over‑refraction along with other parameters 
of contact lens fit, the chance of a successful fit could increase 
from 64% to 84%.14 While over‑refraction in patients with 
KCN is difficult due to the initial discomfort with RGP lenses 
and the presence of an irregular tear film between the lens and 
the cornea,14 it is helpful and time‑saving to use regression 
models to estimate the initial lens power in the fitting process 
of KCN patients, especially those who do not have necessary 
cooperation.

To facilitate the fitting process in terms of patient comfort 
and time reduction, predicting the initial parameters (such as 
base curve, diameter, and lens power) is essential. One way 
to achieve this purpose is to take advantage of those models 
and formulas proposed by researchers and lens manufacturers.7 
Due to the important role of determining the accurate power 
of contact lens to enhance vision in KCN patients, the aim 
of this study was to find an appropriate regression model for 
predicting the initial power of corneal RGP contact lenses. This 
was done using routine measuring instruments and considering 
patients’ corneal power and refractive errors. It is hoped that the 
results of this study will be effective in facilitating the process 
of contact lens fitting, as well as directing future research.

Methods
This retrospective study was performed on 121 eyes of 
69 patients with KCN who referred to a private optometry office 
between 2005 and 2011. This study followed the Declaration 
of Helsinki and was approved by the Vice Chancellor for 
Information Technology of Mashhad University of Medical 
Sciences with the ethical code IR.MUMS.REC.1396.166.

The KCN diagnosis for all patients was based on the results of 
slit‑lamp examination, corneal topographic, and pachymetric 
assessments and the definitive opinion of an ophthalmologist. 
The diagnosis criteria were central corneal power above 
47.2 diopters, inferior–superior corneal power asymmetry 
above 1.4 diopters, and a slope above 21° on asymmetric 
astigmatic axes. Having non‑KCN corneal pathologies such as 
trauma, contact lens intolerance, ocular abnormality because of 
wearing contact lens, lack of accurate keratometry because of 
deviation and deformation of mires, and corneal edema before 
fitting were considered exclusion criteria.

Before contact lens fitting, keratometry was performed using 
Javal Keratometer to determine corneal power and corneal 
astigmatism. Refractive errors of patients were diagnosed 
using Topcon autorefractometer (RM‑A2000) and confirmed 
by Heine beta 2000 retinoscope. Subjective refraction was also 
performed for the best vision, which was recorded using the 
E chart at a distance of 6 m.

A trial set of multicurved corneal RGP contact lenses with 
aspherical edge design (Wohlk type RGP, Conflex KE, 
Germany) was used for all patients. The trial lens set included 
a number of lenses with the overall diameter and power of 
9.50 mm and − 3.00 diopter, respectively, and the base curves 
ranged from 6.40 to 7.90 mm in 0.1 mm steps. The correct fit of 
the lenses was performed diagnostically by only one examiner, 
taking into account all the effective dynamic and static factors 
that lead to sufficient quantitative and qualitative vision for 
the patient. The corneal RGP contact lenses were fitted mostly 
based on the standard “three‑point touch” fluorescein pattern 
with an appropriate centration, acceptable stability, desirable 
lens movement, and patient comfort.  Patients with advanced 
KCN who required corneal contact lenses with lower base 
curves and lower overall diameters were excluded from the 
study.

The “three‑point touch” is the most common fitting method 
used for patients with KCN. In this method, a well‑distributed 
pressure is developed between the center of the cone and the 
peripheral cornea. Furthermore, it is associated with a lower 
risk of apical scar and a higher amount of tear exchange.3,15 
After obtaining a convenient contact lens fitting, we performed 
over‑refraction. Then, the final power of the contact lenses 
was determined based on the results of over‑refraction and the 
lens power of the trial set. All of the above procedures were 
performed by one experienced optometrist.

Data were analyzed in SPSS version 15 (Chicago, SPSS Inc). 
Simple and multiple linear regression analysis were used 
to investigate the relationship between lens power – as an 
outcome variable and corneal power and refractive errors – as 
predictive variables. P < 0.05 was considered statistically 
significant.

results
In this study, we analyzed 121 eyes of 69 KCN patients (59 men) 
with a mean age of 23.59 ± 8.21. The results of paired 
t‑test indicated a significant difference in the spherical and 
astigmatism refractive error before and after contact lens 
fitting (P < 0.001).

Simple linear regression confirmed that lens power has a 
significant direct relationship with spherical (P < 0.001) and 
equivalent spherical refractive errors (P < 0.001); however, 
no significant relationship was found between corneal power 
in steep and flat meridians, total refractive astigmatism, and 
corneal astigmatism (P > 0.05).

Table 1 presents the results of linear regression models of lens 
power in relation to the studied parameters.

Variables with a P < 0.2 were included in the multiple 
regression analysis. These variables were total corneal power, 
corneal power in steep and flat meridians, spherical refractive 
error, and equivalent spherical refractive error because the 
total corneal power and astigmatism are calculated based 
on flat and steep corneal power. In addition, equivalent 
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spherical refractive error is calculated based on spherical 
refractive error and astigmatism. Therefore, to simplify the 
regression model, equivalent spherical refractive error and 
total corneal power were excluded from the model. The results 
of stepwise regression model demonstrated that the power 
of contact lens has a significant relationship with spherical 
refractive error (P < 0.001) and the power of corneal flat 
meridian (P = 0.001). Furthermore, this model excluded steeper 
cornea power due to lack of direct relationship with the lens 
power (P = 0.930). The estimated model of contact lens was 
developed as follows:

Power of contact lens = −14.368 (constant of the final 
multiple regression model), +0.475 (spherical refraction), 
and + 0.275 (flatter corneal power).

The mean and standard deviation (SD) of the power of 
prescribed contact lenses and the predicted power according 
to the regression model were − 3.77 ± 1.89 and − 3.80 ± 1.18, 
respectively. There was no significant difference in the power 
of prescribed contact lenses and the predicted power of the 
regression model (P = 0.875).

dIscussIon
Contact lenses as a nonsurgical option in KCN patients have a 
major role in directing the treatment process. However, fitting 
of corneal RGP lenses in these patients is challenging due 
to possible frequent replacement of trial lenses and the long 
duration of finding the proper fitting lens. In this study, an 
attempt was made to develop an appropriate regression model 
to estimate the power of corneal RGP contact lenses based 
on patients’ refractive errors and corneal power. The results 
showed that for KCN patients with astigmatism −10.00 to −0.75 
fitted with Wohlk RGP lenses (Wohlk type RGP, Conflex KE, 
Germany), the spherical refractive error exerts the highest 
impact on the power of the contact lens, so by increasing each 
diopter of spherical refractive error (in myopic KCN patients), 
the power of contact lens will increase 0.475 diopters.

Previous studies support the role of biometric parameters in 
predicting the initial power of contact lens in patients for whom 
it is not possible to accurately determine the refractive error 
on the lens.16 The results of the present study also showed a 
significant relationship between power of corneal flat meridian 
that was measured by Javal keratometer and the power of 

contact lens. In this keratometer, the central 3 mm of the cornea, 
i.e., approximately 8% of the total cornea, is examined. It is 
the main area of corneal refraction and has a considerable 
relationship with refractive errors.10,17,18 It is also considered an 
effective area for fitting of RGP contact lenses.19 Furthermore, 
in KCN patients with corneal power equal or <55 diopters, 
Javal keratometer exhibited a greater repeatability than did 
IOL master, Orbscan, and Placido disc.9 Therefore, in private 
offices and in remote areas, the power of contact lenses can 
be predicted by Javal manual keratometry of KCN patients 
with the proposed regression model. According to the results 
of this study, the effect of corneal flat meridian on predicting 
the power of contact lens was 0.275.

The results of this study showed a significant relationship 
between the patients’ refractive error and the power of the 
contact lens. A notable relationship has been reported between 
corneal power and refractive errors, so a 0.11 diopter change 
in corneal power causes the refractive error to change by 1 
diopter.10 In this regard, the significant relationship we found 
between contact lens power and refractive error as well as 
flatter corneal power can be due to the correlation between 
flatter corneal power and refractive error that is consistent 
with previous studies.10

The results of this study showed that there is no significant 
relationship between the power of contact lenses and the steep 
power of the cornea and corneal astigmatism. The difference 
in the flat and steep keratometric value of cornea indicates 
the extent of corneal astigmatism, which in KCN patients is 
corrected by a tear film located below the posterior surface 
of the RGP contact lens, not power of contact lenses. While 
the results of this study showed that patients’ astigmatism 
decreased from 5.263 ± 2.27 diopters to −0.804 ± 2.27 with 
corneal RGP lenses due to the role of the tear layer between 
the contact lens and the cornea, it also confirmed that corneal 
astigmatism does not play an important role in predicting 
the power of contact lenses. This finding, together with the 
reduction of spherical refractive error obtained thanks to 
contact lens as a predictive criterion, among others, indicates 
the proper fitting of contact lenses in KCN patients.

The results of this study indicated a significant relationship 
between the power of RGP lenses and the power of the flat 
corneal meridian and spherical refractive error in patients with 
KCN. The obtained regression model can be used to shorten 

Table 1: Mean and standard deviation of studied variables and the results of simple linear regression analysis between 
lens power and other variables

Variables Mean±SD Range Coefficient (95% CI) P
Total corneal power (diopter) 49.94±4.18 42.50‑59.50 −0.075 (−0.163, 0.013) 0.094
Steeper corneal power (diopter) 52.48±4.68 44‑64 −0.056 (−0.135, 0.024) 0.167
Flatter corneal power (diopter) 47.40±4.05 38‑59 −0.085 (−0.175, 0.005) 0.065
Corneal astigmatism (diopter) −5.08±2.62 −12.50 ‑ −0.25 −0.029 (−0.169, 0.111) 0.682
Spherical refraction (diopter) −5.16±3.63 −15.25‑+0.25 0.252 (0.166, 0.337) <0.001
Refractive astigmatism (diopter) −5.56±2.27 −10.00 ‑ −0.75 0.089 (−0.069, 0.247) 0.266
SD: Standard deviation, CI: Confidence interval
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patients’ chair time and optometric examination for predicting 
the power of contact lens. This research is in line with studies in 
which algorithms and softwares are designed for contact lenses. 
Indeed, the obtained models can be effective in improving the 
guidelines of lens manufacturers for simplifying the fitting 
procedure of contact lenses.

It is recommended that similar studies should be performed 
with other brands of RGP trial sets in different severities of 
KCN, as the characteristics of each lens type or even the 
brands play an important role in the final lens power. It is also 
recommended that future studies evaluate the accuracy of 
the regression model obtained in this study in other samples, 
especially in hyperopic patients with KCN.
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