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Abstract

Purpose The aim of this study was to assess the impact of

refractive correction [spectacles vs rigid gas-permeable

contact lenses (RGP CLs)] on the vision-related quality of

life (VR-QoL) obtained with the standardized question-

naire, NEI-VFQ-25, in keratoconus patients compared with

healthy myopic subjects.

Methods The Spanish version of NEI-VFQ-25 was

administered two consecutive times to 25 keratoconus

patients (RGP CL wearers) and 25 healthy myopic subjects

(RGP and soft CL wearers). The first time was to assess the

VR-QoL for spectacle wearing, such as those for refractive

correction, and the second time was for CL wearing.

Results Keratoconus patients showed a lower VR-QoL

impairment (P\ 0.01) than healthy subjects in the total

and all subscale score of NEI-VFQ-25 related to wearing

spectacles. With CL correction, keratoconus patients

showed a VR-QoL improvement with statistically signifi-

cant differences (P\ 0.04) in only four subscales,

including distance activities, mental health, color vision

and peripheral vision, compared with healthy subjects. In

the keratoconus group, compared to spectacle use, CL wear

improved the VR-QoL score (P = 0.01) and all subscales

except for ocular pain (P\ 0.01) and mental health

(P = 0.25).

Conclusions The use of the NEI-VFQ-25 to explore the

difference in the VR-QoL between healthy subjects and

patients with keratoconus provides further evidence of

improved VR-QoL with RGP CL wear compared with

spectacles in keratoconus patients. RGP CL management in

keratoconus patients could minimize the impact of the

disease on the patient’s well-being.

Keywords Keratoconus � Quality of Life � Refractive
correction � Rigid gas-permeable contact lens management

Introduction

Keratoconus is a bilateral, asymmetric and progressive

corneal disorder, resulting in myopia, irregular astigmatism

and reduced vision related to central and paracentral cor-

neal thinning, steepening and scarring [1–3]. This ectatic

condition affects between 50 and 230 individuals per

100,000 people [3] and commonly appears during the

second decade of life and puberty, progressing until the

fourth decade of life, when it usually stabilizes [1–3]. In the

early stages, keratoconus can be managed with spectacles

or soft contact lenses, but as keratoconus progresses, the

irregular astigmatism often requires rigid gas-permeable

(RGP) contact lenses (CL) that can improve the best-cor-

rected visual acuity (BCVA) [3].

The National Eye Institute-Vision Function Question-

naire (NEI-VFQ-25) developed by the National Eye

& Raul Martin
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Institute is a specifically developed questionnaire to mea-

sure the vision-related quality of life (VR-QoL) [4]. This

questionnaire is one of the most accepted and used methods

for assessing the impact of different eye conditions, such as

cataracts [5], age-related macular degeneration (AMD) [6],

uveitis [7], post-retinal detachment surgery [8], dry eyes

[9] and others in patients’ VR-QoL.

Using the NEI-VFQ-25, patients with keratoconus show

a significantly disproportional impaired VR-QoL [4, 10,

11] that worsens with time [12]. Moreover, these patients

show similar results in the NEI-VFQ-25 to those reported

for patients with advanced (categories 3 and 4) age-related

macular degeneration [13].

The strongest associations with a lower VR-QoL with

low visual acuity (worse than 20/40) and steeper corneal

curvature ([52 D) have been described to greatly influence

the patient’s attitude toward his/her disease and perception

of its impact on visual function when there is an increase in

the 3 D corneal curvature or a visual acuity decrease of

higher than ten letters occur over time [12].

However, all studies on the VR-QoL in keratoconus

patients consider the BCVA obtained indiscriminately with

spectacles or CL [10, 11, 14–18]. To the best of our

knowledge, no studies have previously examined the effect

of keratoconus correction (spectacles or RGP CL) over the

VR-QoL score.

As keratoconus patients show different visual acuity

corrected with spectacles or with RGP CL wear, the aim of

this study was to assess the impact of refractive correction

(spectacles vs RGP CL) on the VR-QoL obtained with the

standardized questionnaire, NEI-VFQ-25, in keratoconus

patients. As a second objective, we compared the VR-QoL

score obtained with spectacles and CL in healthy myopic

(non-keratoconus) subjects to assess whether refractive

correction shows different impact in keratoconus patients.

These data would be crucial in clinical trials that evaluate

the impact of new treatment modalities for keratoconus,

such as cross-linking, intracorneal rings and corneal grafts,

on the VR-QoL or in future design and validation of

patient-reported outcomes (PROs) to assess the VR-QoL in

keratoconus patients.

Methods

This is an observational and non-randomized study.

Informed consent was obtained from each subject after

approval for the study was granted by the Human Sciences

Ethics Committee of the University of Valladolid. All

subjects were treated in accordance with the Declaration of

Helsinki.

Fifty patients were classified into two study groups

[healthy (n = 25 myopic subjects) and keratoconus

(n = 25)] and were enrolled in the study; the study par-

ticipation was proposed in a scheduled after-care eye

examination. The keratoconus patients were attended at the

IOBA Eye Institute (University of Valladolid, Spain), a

tertiary referral clinic that addresses patients with irregular

corneas and other eye disorders.

The keratoconus group included patients who were

successfully fitted with RGP CLs (KAKC RGP design,

Conoptica-Hecht Contactlinsen GmbH, Baden-Württem-

bert, Germany) in at least 1 year of comfortable use. The

healthy group was recruited in 1 week and included non-

symptomatic myopic contact lens wearers (RGP or soft

lenses) with BCVA C 20/20 (Snellen chart) with myopia

and astigmatism lower than 3.00 D. All subjects in both

groups were aged 18 years or older, free of cognitive

impairment, living independently and Spanish speaking.

Patients with any active ocular surface disease (e.g.,

significant dry eye symptoms or keratitis), corneal opaci-

ties, pellucid marginal corneal degeneration, glaucoma, use

of medication that could affect ocular physiology or a

history of any type of ocular surgery were excluded.

Independent corneal specialists confirmed the diagnoses

of keratoconus after a completed eye examination, which

included Scheimpflug topographical analysis (Galilei,

Ziemer, Port, Switzerland) and biomicroscopy examination

(with a demonstration of at least one biomicroscopic sign,

including Vogt́s striae, Fleischeŕs ring, corneal thinning or

scarring). The keratoconus stage has been identified using

the Amsler-Krumeich classification [19]. The keratoconus

eyes were designated as better and worse eyes based on the

BCVA, simulated keratometry and stage of Amsler-

Krumeich classification.

Each patient responded to the Spanish version of the

NEI-VFQ-25. The questionnaire consists of 25 questions

that are easy to understand and answer, which are oriented

to evaluate 11 vision-dependent domains and one general

health domain, including the following: ocular pain, near

vision, distance vision, vision-specific social function,

vision-specific mental health, general vision, vision-

specific role difficulties, vision-specific dependency,

driving, color vision and peripheral vision. Patients

answered the questionnaire two consecutive times: the

first time was to assess the VR-QoL for spectacle wearing,

such as those for refractive correction, and the second

time was for CL wearing. The general health domain was

answered once because this subscale is the same with

spectacles and CL.

Data analysis

Statistical analysis was performed using the SPSS 15.0

(SPSS, Chicago, Illinois, USA) statistical package for

Windows. A nonparametric distribution of variables was
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verified with the Kolmogorov–Smirnov test (P\ 0.05

indicated that the data were nonparametric-distributed).

The total and subsection scores, ranging from 0 (worst)

to 100 (best), were calculated for the questionnaire VFQ-25

as directed by the National Health Institute (following the

standard method recommended by the developers) [20] for

determining the mean score (±standard deviation) for

healthy and keratoconus patients wearing spectacles or CL.

Additionally, a Rasch analysis with the algorithm proposed

by Massof [20] to be used with small sample sizes that

would not be able to obtain reliable estimates with standard

Rasch analysis software [21] was conducted. The correla-

tion between the standard method recommended by the

developers of the NEI-VFQ-25 [22] and the Massof’s

algorithm [20] for approximating Rasch analysis was cal-

culated with Spearman coefficient. The total standard and

the Massof’s algorithm score obtained with spectacles and

CL in each study group was compared with the Wilcoxon

test (P\ 0.05 considered statistically significant) and

between healthy and keratoconus groups with the Mann–

Whitney U test (P\ 0.05 considered statistically signifi-

cant). Finally, the difference between CL and spectacle

wear total score was calculated with the standard method

and with Massof’s algorithm for each study group and

compared with Wilcoxon test (P\ 0.05 considered statis-

tically significant).

The visual acuity and the subsection standard scores

obtained with spectacles and CL in each study group were

compared with the Wilcoxon test (P\ 0.05 considered

statistically significant). Visual acuity between healthy and

keratoconus groups was also compared with the Mann–

Whitney U test (P\ 0.05 considered statistically signifi-

cant). Subsection standard scores in healthy and kerato-

conus groups were compared with the Mann–Whitney

U test (P\ 0.05 considered statistically significant).

Finally, differences between the degree of keratoconus

(total standard score) was assessed with a nonparametric

Kruskal–Wallis ANOVA (P\ 0.05 considered statistically

significant).

Results

Subjects

Fifty patients (23 women and 27 men) were included in the

study. The mean age of the total sample was 33.7 ± 11.2 years

(range 18–58 years).

Twenty-five subjects (17 women and 8 men) comprised

the healthy group with a mean age of 30.3 ± 11.3 years

(range 18–55 years) and a mean spherical equivalent

refractive error of -3.63 ± 1.69 D (range from -1.50 D to

-8.00 D). The mean of simulated keratometry reading was

7.83 ± 0.40 mm. The BCVA with spectacles was

1.00 ± 0.00, and CL was 1.05 ± 0.08 (Snellen chart)

(P = 0.01). Healthy group showed better BCVA with

spectacles and contact lenses than obtained by the kerato-

conus patients (P\ 0.01). Twenty-four subjects were soft

CL wearers, and one subject was an RGP CL wearer. The

mean number of daily hours of CL use was 8.72 ± 2.93

(range 3–15 h) and 5.44 ± 2.16 days per week (range

1–7 days).

Twenty-five subjects (six women and 19 men) com-

prised the keratoconus group with a mean age of

37.1 ± 10.1 years (range 22–58 years) and a mean spher-

ical equivalent refractive error of -4.56 ± 3.68 D (range

from -0.25 to -11.50 D), and the BCVAs with spectacles

and RGP CLs were 0.60 ± 0.30 and 0.93 ± 0.17 (Snellen

chart), respectively (P\ 0.01). According to the Amsler-

Krumeich classification, there were 13 eyes in the stage 1;

17 eyes in the stage 2; 15 eyes stage 3; and only four eyes

in the stage 4.

All subjects were RGP CL wearers. In the better eye, the

mean of the simulated keratometry reading was 7.35 ± 0.49 mm

and the BCVAs with spectacles and RGP CLs were 0.74 ± 0.26

and 0.96 ± 0.18 (P\0.01) (Snellen visual chart), respectively.

In the worse eye, the mean of the simulated keratometry reading

was 6.99 ± 0.52 mm and the BCVAs with spectacles and RGP

CLs were 0.45 ± 0.26 and 0.90 ± 0.16 (P\0.01) (Snellen

visual chart), respectively. The mean number of daily hours of

CL wear was 9.36 ± 4.73 (range 1–17 h) 6.08 ± 1.53 days per

week (range 2–7 days).

VR-QoL: keratoconus versus healthy subjects

Total score of NEI-VFQ-25 and all subscales scores were

lower in the keratoconus group than in the healthy group

with both refractive corrections (spectacles and CLs)

(Table 1), except the general vision subscale with CLs

when keratoconus patients showed a slightly better score

than healthy subjects (nonsignificant, P = 0.38 Table 1).

Healthy subjects showed a high score (P\ 0.01) in the

VR-QoL than in keratoconus patients in the total and all

subscales for spectacle wear. Nevertheless, these differ-

ences reduced with the use of CL, and there were statisti-

cally significant differences (P\ 0.04) in the VR-QoL in

only the following four subscales: distance activities,

mental health, color vision and peripheral vision.

VR-QoL: spectacles versus CL wear

In the keratoconus group, the total and all subscales scores

for CLs were higher than for spectacles, except in ocular

pain and mental health (Table 1). The ocular pain subscale

with spectacles showed a better score than with CLs

(P\ 0.01) in both study groups, but the peripheral vision
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Table 1 NEI-VFQ-25 total and

subscale scores in healthy and

keratoconus group with both

refractive method corrections

(spectacles vs CL)

Healthy (n = 25) Keratoconus (n = 25) P**

Mean ± SD Min–max Mean ± SD Min–max

General health 70.00 ± 20.41 25–100 65.00 ± 27.01 25–100 0.53

General vision

Spectacles 76.00 ± 20.00 40–100 42.50 ± 21.52 20–100 \0.01

CL 68.00 ± 16.33 40–100 72.00 ± 22.36 20–100 0.38

P* 0.02 \0.01

Ocular pain

Spectacles 92.50 ± 11.97 50–100 75.00 ± 21.80 37.50–100 \0.01

CL 71.00 ± 18.65 37.50–100 63.50 ± 27.46 12.50–100 0.46

P* \0.01 \0.01

Near activities

Spectacles 94.00 ± 14.13 41.67–100 57.67 ± 27.94 0–100 \0.01

CL 91.00 ± 11.51 58.33–100 81.33 ± 20.73 33.33–100 0.13

P* 0.34 \0.01

Distance activities

Spectacles 93.33 ± 9.32 66.77–100 51.66 ± 30.90 0–100 \0.01

CL 91.67 ± 8.33 75–100 80.00 ± 18.79 41.67–100 0.04

P* 0.57 \0.01

Social functioning

Spectacles 96.50 ± 7.67 75–100 71.88 ± 29.32 0–100 \0.01

CL 96.50 ± 7.67 75–100 89.00 ± 17.79 37.50–100 0.13

P* 1.00 \0.01

Mental health

Spectacles 73.90 ± 16.85 25–90 54.33 ± 25.91 7.5–87.50 \0.01

CL 73.35 ± 14.46 25–87.50 50.80 ± 19.40 10–75 \0.01

P* 0.53 0.25

Role difficulties

Spectacles 89.50 ± 12.85 62.50–100 53.00 ± 38.74 0–100 \0.01

CL 90.00 ± 13.50 50–100 75.00 ± 29.97 0–100 0.12

P* 0.65 \0.01

Dependency

Spectacles 96.87 ± 7.27 75–100 68.40 ± 39.70 0–100 \0.01

CL 98.00 ± 5.52 75–100 87.00 ± 25.00 0–100 0.07

P* 0.32 \0.01

Driving

Spectacles 85.78 ± 23.71 0–100 48.75 ± 31.68 0–100 \0.01

CL 82.58 ± 20.77 75–100 79.76 ± 20.34 33.33–100 0.71

P* 0.16 \0.01

Color vision

Spectacles 98.00 ± 10.00 50–100 83.33 ± 26.24 0–100 \0.01

CL 100 ± 0.00 100–100 95.00 ± 10.21 75–100 0.02

P* 0.32 0.01

Peripheral vision

Spectacles 84.00 ± 18.93 62.73–98.86 47.00 ± 31.27 0–100 \0.01

CL 95.00 ± 10.20 75–100 82.00 ± 22.27 25–100 0.02

P* \0.01 \0.01

Total score

Spectacles 88.88 ± 7.64 62.73–98.86 58.31 ± 25.65 6.14–98.18 \0.01

CL 87.38 ± 6.62 69.63–96.48 77.64 ± 16.51 40.83–96.36 0.07
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score was better with CLs (P\ 0.01) than with spectacles

in healthy and keratoconus subjects. The mental health

subscale showed non-statistically significant differences

(P = 0.25) between spectacles and CLs in both groups.

An additional analysis in each keratoconus group

showed a lower score in the spectacles VR-QoL than that

obtained with CLs (Fig. 1). The spectacles score was

significantly worse for a high keratoconus degree

(P\ 0.01 Kruskal–Wallis ANOVA). However, the CL

score was nonsignificantly different (P = 0.06 Kruskal–

Wallis ANOVA) between the keratoconus groups.

Standard and Massof’s algorithm (Rasch analysis)

scoring comparison

High correlation between the Massof’s algorithm and the

NEI-VFQ-25 standard score in contact lens (0.93 Spear-

man correlation coefficient) and spectacle wear (0.97

Spearman correlation coefficient) was found. The differ-

ences between CL and spectacles wear in healthy and

keratoconus patients show the same trend with the standard

method (P = 0.41 in healthy and P\ 0.01 in keratoconus

group) or with the Massof’s algorithm (P = 0.17 in healthy

and P\ 0.01 in keratoconus group). Both study groups

showed statistically significant differences (standard

method P\ 0.01 and Massof’s algorithm P\ 0.01) in

spectacles wear score; however, CL wear score showed

non-statistically significant differences (standard method

P = 0.07 and Massof algorithm P = 0.14).

Finally, the difference between CL and spectacle wear

total score showed statistically significant differences

between healthy and keratoconus patients with the standard

method (P\ 0.01) and withMassof’s algorithm (P\ 0.01).

Discussion

In the early stages of keratoconus, the refractive error can

be corrected with spectacles, but, as it progresses, corneal

irregularities induce higher-order aberrations that cannot be

corrected with traditional ophthalmic lenses. To compen-

sate for these corneal irregularities, it is necessary to pre-

scribe RGP CLs, which reduces visual distortion due to the

tear that remains between the CL and the anterior surface

of the cornea, correcting most of the corneal higher-order

aberration-induced keratoconus and providing a generally

higher BCVA than that obtained with spectacles [2, 3].

Therefore, it is reasonable to think that the VR-QoL of

these patients may be affected by the method of refractive

error correction using (spectacles or CL), but to the best of

our knowledge, there are no previous reports of the effect

of refractive correction in VR-QoL in keratoconus patients.

For this reason, our aim in this study was to explore the

influence of the refractive correction (spectacles or CL) on

the VR-QoL in keratoconus patients assessed with the NEI-

VFQ-25. We compared the VR-QoL in healthy myopic

subjects to evaluate the effect of refractive correction in

non-keratoconus patients. In taking this approach, we may

have detected a significantly understated VR-QoL with the

use of spectacles in the keratoconus group.

There are several reports regarding the impact of kera-

toconus in VR-QoL using NEI-VFQ-25 [10–12, 15, 16,

18]. The National Eye Institute developed the NEI-VFQ to

assess health-related quality of life of patients with visual

impairments [23] showing off a high correlation between

Table 1 continued
Healthy (n = 25) Keratoconus (n = 25) P**

Mean ± SD Min–max Mean ± SD Min–max

P* 0.41 \0.01

P * Wilcoxon test (P\ 0.05 considered statistically significant). P ** Mann–Whitney U test (P\ 0.05

considered statistically significant)

Fig. 1 NEI-VFQ-25 total score in the different grades of keratoconus

with spectacles and CL correction. The CL score was not significantly

different (P = 0.06 Kruskal–Wallis ANOVA) for different kerato-

conus degrees; however, the spectacles score decreased significantly

(P\ .01 Kruskal–Wallis ANOVA) with the stage of keratoconus
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the standard scoring method, Massof approximation and

Rasch analysis in low-vision patients [21] agreeing with

our results. Because the original published scoring has been

criticized [24] (it does not produce interval-scaled esti-

mates of visual ability [25]) and Rasch analysis could be

preferable [26–28], a Rasch analysis using the Massof

approximation [20] was conducted because the small

sample size would not be able to obtain reliable estimates

with standard Rasch analysis software [21]. We found a

great correlation between the standard method recom-

mended by the developers of the NEI-VFQ-25 [22] and the

Massof’s algorithm [20, 21, 28] but the small sample size

included in our study requires that these results could be

interpreted with caution and further studies with high

sample sizes could be necessary.

The use of the NEI-VFQ-25 has some limitations. This

questionnaire has a dysfunctional rating scale to the

response options, using too many categories, long

descriptors for categories, using neutral and conceptually

overlapping categories and a branch questions design in

some items, avoiding the evidence-based guidelines for

rating scales design [29]. Some reports, in AMD patients,

found a weak validation that is not included modern psy-

chometric methods such as item response theory models or

Rasch analysis [30]. Others in patients undergoing cataract

surgery [29] suggest that the NEI-VFQ-25 is more com-

plicated than others (such as VF-14 or CatScale). However,

there are not previous reports that compare the respon-

siveness of the questionnaire in terms of effect size or

difficulty with other questionnaires in keratoconus patients

as have been described in cataract surgery patients [31].

These limitations could influence in the item calibration

and provoke some loss of measurement quality, affecting to

the quality of clinical studies and their results. But because

it is difficult to directly compare research findings using

different PROs [32], we used the NEI-VFQ-25 to assess

VR-QoL in keratoconus patients, and our results agree with

previous reports and the NEI-VFQ-25 could be useful to

assess VR-QoL in keratoconus patients.

Aydin Kurna et al. [10] studied the VR-QoL in 30

patients with keratoconus (total score 75.2 ± 17.2) and 30

healthy subjects (total score 93.2 ± 5.6) and reported

findings that are in agreement with the present study [CL

score of 77.64 ± 16.51 and 87.38 ± 6.62, respectively,

(Table 1)]. However, Aydin Kurna et al. included 20 RGP

CL wearers and 10 spectacles wearers in the keratoconus

group, and the different visual acuity obtained by these two

options may influence the results. Additionally, in this

study, the authors found nonsignificant differences between

the VR-QoL of a group of RGP wearers and another group

of keratoconus patients whose vision was corrected with

spectacles, which may be because of the similar visual

acuity for both methods, contributing to spectacle

correction being indicated in early stage keratoconus.

Additionally, the impact of well-being in the early stages of

keratoconus has been previously reported [11]. Aydin

Kurna et al. did not compare the VR-QoL with both

refractive corrections in the same patient group. Tatem-

atsu-Ogawa et al. [16] evaluated the VR-QoL in 45 kera-

toconus patients divided into three study groups according

to the BCVA and observed a similar impact of the kera-

toconus on the VR-QoL that we found. Nevertheless, they

included patients with RGP, soft CLs and spectacles in the

same group, which can affect the BCVA obtained with

each refractive correction method. Moreover, Kymes et al.

[11] studied the VR-QoL with NEI-VFQ-25 in a large

sample of keratoconus patients, including 75 % who wear

CLs in both eyes, 6 % who wear a CL in one eye only and

19 % who wear spectacles. Jones-Jordan et al. [15]

examined the relationship of keratoconus asymmetry

between both eyes over time on the VR-QoL, including

85 % CL wearers, but this author also does not take into

account the method of refractive correction in their results.

In summary, there are not previous reports of the impact of

refractive method (spectacles vs RGP contact lenses) in

VR-QoL of keratoconus patients.

Other questionnaires were used in the literature to

evaluate the VR-QoL in keratoconus patients. Recently,

Sahebjada et al. [14] used a six-item multi-attribute utility

instrument (MAUI) to assess the impact of keratoconus

disease in the better and worse eyes on the VR-QoL

without any indication of the type of refractive correction

that the included subjects used. A similar example is the

study by Gothwal et al. [17], which assessed VR-QoL with

an Impact of Vision Impairment (IVI) questionnaire in

keratoconus patients, including 21 % spectacle wearers, in

the analysis of the results. McAlinden et al. [33] concluded

that National Eye Institute Refractive Error Quality of Life

(NEI-RQL-42) presents relevant deficiencies in kerato-

conus patients, with only one valid subscale (near vision)

of the 12 assessed subscales and recommend that this tool

should not be used in keratoconus studies. Moreover,

McAlinden et al. [33, 34] highlighted that the NEI-RQL-42

in keratoconus patients had disordered thresholds in three

subscales (symptoms, dependence on correction and sub-

optimal correction), six subscales had misfit items and not

measure what they purport to measure, 11 subscales pre-

sented an inadequate person separation value, and these

subscales could not adequately discriminate between the

individuals in the sample population, and a poor targeting

was found in these patients.

Future studies of VR-QoL in keratoconus patients could

be conducted with other quality-of-life tools. For example,

the Quality of Vision questionnaire (QoV) that analyzes the

quality of life in different refractive correction situations

such as spectacles or contact lenses, requires a Rasch
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analysis validation in these group of patients [35, 36].

Other questionnaires, such as the Quality of Life Impact of

Refractive Correction (QIRC) or The Contact Lens Impact

on Quality of Life (CLIQ) could be proposed [37]. But it

would be necessary a validation and reliability testing with

a large collection of calibrated items that measure a defined

latent trait (specific item bank) in keratoconus patients to

develop better and higher-quality studies of VR-QoL in

these patients, as occur in other eye diseases such as

glaucoma [38].

Our study suggests that the BCVA obtained with

spectacles is an important factor contributing to kerato-

conus patient’s VR-QoL impairment. This is not surpris-

ing, as keratoconus patients prefer RGP CLs due to the

better vision provided. However, the impact of CL use has

a pronounced effect on their overall well-being. All the

previous reports of VR-QoL in keratoconus patients use

the questionnaires without consideration of the spectacles

or contact lens wear, and our results suggest that this

could be an important flaw in quality-of-life studies in

these patients. The optical correction—spectacles or

contact lenses—shows a relevant impact in keratoconus

patient’s answer in the NEI-VFQ-25, so this variable may

be included in the methodology and statistical analysis of

future studies of VR-QoL in keratoconus patients. These

findings could have considerable implications for treat-

ment decisions, as clinicians may need to consider

referring patients to a CL practitioner [14]. In the man-

agement of keratoconus, it is essential to avoid significant

vision loss, which substantially impacts the VR-QoL [14].

Our data suggest that RGP CLs fitting reduces the impact

of the disease on the patients’ VR-QoL. Moreover, there

were nonsignificant differences in the total VR-QoL score

(related to contact lenses wear) between keratoconus and

healthy subjects, but this result will be confirmed in future

studies.

The current data are also now extremely relevant to the

field of research on keratoconus management, where new

treatments are available. de Paranhos et al. [39] evaluated

the impact of intracorneal ring segment (ICRS) implanta-

tion on the VR-QoL in 42 keratoconus patients with CL

intolerance, using the NEI-RQL instrument. They found an

improvement of the VR-QoL postoperatively but did not

describe whether any of the patients were fit with CLs after

the surgery because CLs or spectacles are needed after

ICRS surgery to improve the patient’s visual acuity [40,

41]. Future studies of the efficacy of these therapies will

need to include the same refractive correction before and

after the treatment to avoid the negative bias of the effect in

the VR-QoL of spectacles correction.

The main strength of the present study is its use of a

control group comprising non-keratoconus healthy subjects

in which the VR-QoL is therefore unaffected by refractive

correction (spectacles or CL) to compare with the kerato-

conus patients. So, this approach has permitted to compare

the effect of refractive correction in healthy and kerato-

conus subjects; to the best of our knowledge, these results

have not been previously described. Moreover, we found

significant differences between spectacle and CL use in the

healthy myopic group for general vision, ocular pain and

peripheral vision, which is quite comprehensive, as wear-

ing CLs provides more discomfort than wearing spectacles

[42] and CLs are known to improve the field of view [43]

compared to spectacles [44]. Differences in general vision

between spectacles and CL wear in the healthy group could

be the subject of further research. Potential limitations

include the small sample size of the study groups; however,

the results maintained significant differences between the

healthy and keratoconus groups (previously described) [12,

14, 16, 18]. Other study approach with a cross-sectional

design involving two keratoconus groups (one spectacle

wearers and other RGP wearers) could be of interest to

clarify the role of the refraction correction in VR-QoL in

these patients. However, both groups may be similar in

terms of vision, corneal curvature, age, socioeconomic

status and gender, and these requirements could be very

difficult or impossible to find because the primary indica-

tion for spectacle wearing in moderate and advance kera-

toconus stage patients is the intolerance to CL wear. For

this reason, our study design permits a comparison between

both refractive correction options in the same subjects,

avoiding intrapersonal differences. This is a novel use of

the NEI-VFQ-25, so these results could be interpreted with

caution, and developing and validating (with adequate

Rasch analysis) new PROs that follow the recommenda-

tions to be a psychometrically robust tool to assess VR-

QoL in keratoconus patients [29–32] could be necessary.

Future studies with larger cohorts of keratoconus patients

and longitudinal examinations of the changes in the VR-

QoL are needed to confirm the effect of the method for

correcting the refraction on the quality of life in kerato-

conus and healthy subjects.

Conclusions

The results of this study could support the use of the NEI-

VFQ-25 to explore the difference in the VR-QoL between

healthy subjects and patients with keratoconus as well as

provide further evidence that a higher VR-QoL is obtained

with RGP CLs than with spectacles in these patients.

The results underscore the importance of adopting a

comprehensive approach to the examination and care of

patients with keratoconus, highlighting the need for RGP

CL fitting in the management of keratoconus. Nevertheless,

this study emphasizes the need to consider the optical
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correction—spectacles or contact lenses wear—so a clear

definition of the refractive correction of the patients

enrolled in VR-QoL studies should be included in the

subject description and the results assessment. This infor-

mation must be considered in studies regarding VR-QoL

that aims to collect more reliable, comparable and objec-

tive information about keratoconus patients.
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Success of Rigid Gas Permeable Contact Lens Fitting

Sara Ortiz-Toquero, M.Sc., Mario Martin, O.D., Guadalupe Rodriguez, M.Sc., Victoria de Juan, Ph.D.,
and Raul Martin, Ph.D.

Objectives: To assess the percentage of successful rigid gas permeable
(GP) contact lenses (CLs) fit for both refractive and therapeutic reasons.
Methods: New CLs (soft or GP) fittings were retrospectively analyzed and
divided into refractive and therapeutic prescriptions. A standardized fitting
protocol that included complete CLs information after a first eye
examination, a diagnostic fitting visit, a dispensing visit, and a prescribing
visit was used in all fittings. A GP fitting was defined as successful if full-
time wear and optimal ocular surface physiology were both achieved at the
review assessment 2 to 3 weeks after lens dispensing.
Results: Of 232 new CLs fittings analyzed, 166 were refractive fittings
(71.6%) and 66 were therapeutic (28.4%). Of the refractive fittings, 88
subjects (53%) were initially fitted with GP CLs and 61 (69.3%) of these
met the criteria for successful GP fitting. Within this group, a different
percentage of successful fits were found for neophyte (72%), previous soft
lens wearers (62%), and previous GP wearers (92.3%). Of the therapeutic
fittings, 61 subjects (92.4%) were initially fitted with GP CLs and 59
(96.7%) of these met the criteria for successful GP fitting.
Conclusions: Following a standardized CLs fitting protocol, a relatively
high percentage of successful GP fits was achieved for refractive (7/10
subjects) and therapeutic (9/10 subjects) prescriptions. These results will
improve the information available to patients and aid in their CL choices by
providing them with a realistic attitude. It will also help eye care
practitioners in their clinical activities by providing evidence-based
information.

Key Words: Gas permeable—Contact lenses—Success—Fitting.

(Eye & Contact Lens 2016;0: 1–6)

R igid contact lenses (CLs) have been used to correct refractive
errors since 1888. The lenses were initially designed as large

diameter scleral lenses that used oxygen-impermeable materials
(glass and later, polymethylmethacrylate). Close to a century later,
in the 1970s, small diameter corneal lenses with gas permeable (GP)

materials1 were introduced. These provided rigid GP lenses that
improved patient tolerance and reduced CL-related complications.2

Later advances in manufacturing technology permitted the devel-
opment of high oxygen permeability materials that were approved
for continuous GP wear.
At present, more than 125 million people are estimated to wear

CLs worldwide.1 The GP fitting rate around the world has been
reported to be less than 11% over the past decade.1,3 Nevertheless,
GP lenses present major advantages over soft lenses, such as
greater tolerance in patients with dry eye or giant papillary con-
junctivitis, in addition to more tear turnover, which provides a bet-
ter physiological interaction between the lens and the ocular
surface, and high oxygen transmissibility.4–6 The lenses generally
provide patients with excellent vision and more effectively correct
high astigmatism.4,5

Gas permeable lens wearers experience a lower number of CL-
related complications than soft CLs wearers, and they have a lower
incidence of serious complications such as microbial keratitis.7 The
proportion of GP CLs fittings is clearly low compared with soft
lens prescriptions. The low prescription rate for GP lenses suggests
that these lenses are not the first choice option when fitting CLs for
refractive reasons in healthy eyes (e.g., for myopia, hyperopia, and
regular astigmatism correction).3 It has been suggested that a clini-
cian’s goal should be “to prescribe a CL from a physiologically
adequate material that will have minimal mechanical impact on the
corneal surface while providing the required optical correction.”8 If
practitioners followed this recommendation, a large number of GP
lens prescriptions would be expected, but GP lenses represent less
than 11% of the patients who wear this type of lens, demonstrating
a poor acceptance by practitioners and a substantial failure of pa-
tients to accept this type of lenses, which may be related to initial
discomfort or other problems adapting to the lens.4,9,10 Several
factors can influence a GP CLs fitting, including initial discomfort
with the lenses and the additional time required to successfully fit
and manage a patient, particularly for novice practitioners. Addi-
tionally, large investments on promoting and developing new soft
lens designs and materials9,10 likely affect practitioner’s recommen-
dations toward soft lenses.
However, many eye care practitioners propose GP CLs in

specialty cases and for challenging patients, such as those with
keratoconus or pellucid marginal degeneration, for corneal distor-
tion or irregularity after refractive surgery, or in orthokeratology
treatments,1,3,11 especially for the control of myopia.12

The aim of this study was, therefore, to assess the percentage of
successful GP CLs fits in healthy subjects (refractive prescriptions
fitted for only refractive reasons) and in special subjects (fitted with
a therapeutic objective) to provide evidence for the current
percentage of successful GP lens fits, to aid eye care practitioners
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in their CL clinical activities, and to improve the information
available to patients to help them to select the most adequate lens
for their case.

MATERIALS AND METHODS
A retrospective analysis was conducted that included new

subjects who were evaluated for the first time and fitted with any
type of CL at the Optometry Group of the IOBA Eye Institute
(University of Valladolid, Spain), which is a tertiary referral clinic
that treats patients with irregular corneas and other eye disorders,
during the period from January 2010 through December 2014. The
study was approved by the Human Sciences Ethics Committee of
the University of Valladolid. Informed consent was obtained from
each subject, and all subjects were treated in accordance with the
Declaration of Helsinki.
Subjects who received CLs fittings were divided into two major

study groups: those with a refractive factors, including healthy
subjects fitted just to correct their ametropia (myopia, hyperopia, or
regular astigmatism correction), and those where CLs fitting
involve therapeutic factors, including subjects who presented some
type of ocular pathologic condition (e.g., keratoconus, pellucid
marginal degeneration, trauma, or aphakia), secondary irregular
cornea (e.g., after refractive surgery or eye trauma), pediatric
subjects, cosmetic, or prosthetic fitting and subjects who received
treatment to manage myopia (orthokeratology treatment).
The following data were collected for all subjects included in the

study: age, gender, medical history, previous CLs experience,
refraction, best-corrected visual acuity (BCVA) with spectacles and
CLs, manual keratometry readings (OM-4 keratometer; Topcon
Corp., Tokyo, Japan), type of the first diagnostic lens fitted (GP,
hydrogel, or silicone hydrogel), type of the final lens fitted (GP,
hydrogel, or silicone hydrogel), and maximum number of hours of
wearing time for the GP fitting.
The success of the GP fittings was defined as adaptation to

regular, full-time GP wear (at least 6–8 hours of comfortable wear-
ing time) and an optimal physiology of the ocular surface without
CL-related complications (grade .2; Efron Grading Scale6).
Meanwhile, failed GP fittings were determined as unsuccessful
wearers who were unable to reach either a regular daily wear
schedule or who presented subjective discomfort and/or any
CL-related complication.

GP Fitting Procedure
All the GP CLs fit at this clinic were produced in Spain by one of

the three companies: Conoptica-Hecht Contactlinsen, Lenticon,
and Menicon. All lenses fit were an aspheric design and made of
a medium to high Dk material. The fitting procedure for the GP
lenses involved a standardized protocol to achieve a determination
of successful lens parameters and having the subject wear the
lenses (Fig. 1). At the initial visit, demographic information and the
subject history were collected, and a complete eye examination was
conducted to determine whether the subject was a good candidate
for CL wear by assessing ocular and systemic considerations and
the risk of noncompliance by the subject. The subjects who suc-
cessfully passed the initial examination and accepted the use of
CLs after receiving complete information regarding the different
types of CLs and their wearing schedules and replacement frequen-
cies started the diagnostic CL fitting procedure, in which the

practitioner proposed the most adequate lens design and/or material
to meet the needs of the subject. When GP lenses were chosen, the
parameters of the first diagnostic lenses were selected from a trial
set. The first GP diagnostic lens that was calculated was inserted
into the subject’s eye. After an adaptation period of approximately
30 min, the GP lens fitting assessment was evaluated (static and
dynamic fit), and sodium fluorescein was instilled. An acceptable
fit was achieved when a well-centered lens allowed adequate blink-
ing and when a correct fluorescein pattern was obtained, according
to the ISO 11980.2 (Ophthalmic optics, CLs and CL care products,
Guidance for clinical investigation).13 If any parameter of the diag-
nostic lens evaluation was inadequate, the GP was changed, and
a second diagnostic lens was selected. The fitting assessment was
repeated until a correct lens placement was achieved. Once the
parameters for the lens were determined (back optic zone radius
[BOZR] and total diameter), overrefraction was performed to deter-
mine the power of the GP lens and the BCVA, and the GP lens was
ordered from the manufacturer.
The GP lens that was ordered was provided at the second visit

(dispensing visit). The lens fitting, visual acuity, subject comfort,
and the ocular surface were evaluated. If the GP fit was optimal, the
subject was instructed in the management and care of the CLs and
scheduled for a follow-up visit after 2 or 3 weeks of lens wear.
However, if the GP fit was not adequate, the CL specifications
(BOZR, diameter or power) were modified, and a new GP lens was
reordered.
After 2 or 3 weeks of CL wear, a follow-up visit (prescribing

visit) was conducted to assess whether the GP provided at least 6 hr
of regular comfortable wearing time and whether an optimal ocular
surface physiology was maintained without CL-related complica-
tions (grade ,2, Efron Grading Scale). If all these conditions were

FIG. 1. Flow diagram of GP CLs standardized fitting protocol from
the initial eye examination to the successful fitting of the lenses.
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met, the fit was considered acceptable, the fitting procedure was
concluded and an aftercare plan was scheduled for each subject. If
the GP fit was inadequate or if the subject presented with subjective
discomfort, a new GP was reordered, or the GP fitting was discon-
tinued and another CL material and/or design (soft CL, etc.), de-
pending on the subject’s requirements, was proposed.

Statistical Analysis
Statistical analysis was performed using the SPSS 15.0 (SPSS,

Chicago, IL) statistical package for Windows. A descriptive data
presentation with mean6SD and/or percentages for each studied
variable is provided for both study groups (refractive and therapeu-
tic prescriptions). 95% confidence interval (CI) of percentage of
successful fits was calculated.
Differences from a normal distribution of the variables were

assessed using the Kolmogorov-Smirnov test (P.0.05 indicated
that the data were normally distributed). The effect of a subject’s
previous CL history on GP fitting success was assessed using
a contingency table to compare the type of the first diagnostic lens
with the type of the final prescribed lens. A chi-square test was
used to contrast the frequency of each CL type (GP, silicone hydro-
gels, or conventional soft CLs) to determine diagnostic and final
prescribing lens trends (P,0.05 were considered significant).
Differences in age, refraction (sphere, cylinder, spherical

equivalent), and keratometric readings between successfully and
failed GP subjects with refractive prescriptions were assessed using
nonparametric Mann-Whitney U tests (P,0.05 were considered
significant). The effect of previous CL experience (neophyte CLs
wearers, previous soft, or previous GP CLs wearers) was also
assessed. Percentage of successful and failed GP lens fits between
men and women were compared using a chi-square test (P,0.05
were considered significant).

RESULTS
This retrospective survey included 232 subjects (61.2% women

and 38.8% men) who started a fitting procedure for any type of CL.
Of these fittings, 71.6% were for refractive prescriptions, and
28.4% were for therapeutic prescriptions. The mean age was
33.2612.9 years (range, 1–66 years). Of the included subjects,
34.4% had never worn any type of CL, and 65.6% were previous
CLs wearers (84.1% soft lenses and 15.9% GP lenses).

Refractive Prescriptions (Healthy Subjects)
A total of 166 subjects (68.7% women and 31.3% men) required

a type of CL for refractive reasons. Subjects had a mean age of
32.8612.3 years (range, 11–64 years). The mean spherical equivalent
refractive error was23.2565.29 D (range, +10.00 to223.25 D), the
mean flat meridian was 8.7560.29 mm (range, 7.10–8.75 mm), and
mean steep meridian was 7.6060.29 mm (range, 6.70–8.40 mm). In
all, 31.9% of the subjects had never previously worn any type of
CL, and 68.1% were previous CLs wearers (87.6% had used soft
lenses and 12.4% had used GP lenses). Contact lenses were suc-
cessfully fitted for 94.6% (n¼157) of the subjects (mean BOZR
7.7760.27 mm [range, 7.35–8.45 mm] and mean lens diameter of
9.5560.14 mm [range, 9.20–10.00]), and only nine subjects could
not be fitted with any type of CL. Figure 2 summarizes the fitting
trend revealed by these refractive prescriptions and illustrates the
differences regarding previous subject experience in wearing CLs.

This survey revealed prescribing trends for GP lenses in healthy
subjects, which corresponded to 38.9% of the total fittings con-
ducted during the study period.
Of the 166 subjects analyzed, GP was the first trial lens chosen

option for 88 subjects (53%), followed by silicone hydrogels for 53
subjects (31.9%), and conventional hydrogels for 25 subjects
(15.1%) (P,0.01; chi-square test). Of the 88 subjects who were
initially fitted with GP lenses, 25 subjects (28.4%) had never worn
any type of CL, 50 subjects (56.8%) were previous soft CLs wear-
ers, and 13 subjects (14.8%) were previous GP CLs wearers.
Sixty-one subjects (69.3% successful, 95% CI, 61.6%–75.5%)

of the 88 subjects who were fitted with GP diagnostic lenses were
successful in that they comfortably wore the GP (an average of
7.6161.54 hr per day) and showed an optimal ocular surface phys-
iology. Of the remaining 27 subjects, 4 (4.6% of the refractive
group) were finally fit with silicone hydrogels, 14 (15.9%) with
hydrogels, and 9 (10.2% of refractive group) were unsuccessful in
all CL types. Most of these (six subjects) were previous soft CLs
wearers. When this refractive group was separated according to
previous CL experience, a different percentage in successful fits
were found between neophyte CL wearers (72% successful, 95%
CI, 58.4%–83.8%), previous soft CLs wearers (62% successful,
95% CI, 52.3%–71.7%), and previous GP wearers (92.3% success-
ful, 95% CI, 78.9%–100%) (Table 1).
Sex, age, refraction (sphere, cylinder, and spherical equivalent),

keratometry readings, and BCVA spectacles were compared

FIG. 2. Summary of the final prescribed lens type (silicone hydro-
gel, conventional hydrogel, or GP lenses) for those fittings that met
the successful criteria in the refractive group. Differences depending
on previous CL wear experience between new CLs wearers, previous
soft CLs wearers, or previous GP CLs wearers are shown. (P,0.01, x2

test). The prescribing trend for (A) all refractive fits; (B) new wearers;
(C) previous soft CLs wearers; and (D) previous GP CLs wearers.
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between successful and failed GP fittings (Table 2). The subgroup
with previous soft CLs experience showed statistically significant
differences (P,0.05) between successful and failed fitting for age,
sphere, and BCVA. However, no statistically significant differen-
ces were found in subjects who had never worn any type of CL.

Therapeutic Prescriptions
A total of 66 subjects (42.4% women and 57.6% men) were fitted

with any type of CL for therapeutic reasons (63.6% for irregular
cornea, 56.1% for keratoconus, 4.5% after refractive surgery or
keratoplasty, and 3% for other conditions, such as eye trauma, and
28.8% for orthokeratology, 4.6% for pediatric cases, and 3% for
cosmetics-prosthetic reasons), with a mean age of 34.1614.4 years
(range, 1–66 years). The mean spherical equivalent refractive error
was 23.2863.93 D (range, +3.75 to 217.50 D), the mean flat
meridian was 7.5560.65 (range, 5.50–9.10 mm), and the mean steep
meridian was 7.1360.65 (range, 5.50–9.10 mm). Of these subjects,
41% had never previously worn any type of CL, and 59% were
previous CLs wearers (73% had worn soft lenses, and 27% had
worn GP lenses). Only five subjects (7.6%) were fitted with thera-
peutic soft CLs (for pediatric and cosmetics-prosthetic indications).
Gas permeable lens was the first trial lens option that was chosen

in 61 cases (92.4%, 95% CI, 93.4%–99.9%); 42 of these had an
irregular cornea and 19 were fit for orthokeratology. Fifty-nine
subjects (96.7%) obtained a successful fitting with comfortable
GP wear and optimal ocular surface physiology. Only two subjects
(3%) who displayed irregular cornea (advanced keratoconus stage)
reported significant subjective discomfort with GP lenses and re-
jected their wear.

DISCUSSION
Contact lens prescribing trends are associated with practitioner

misgivings about GP lenses and hence the number of GP fits have
decreased over time, despite the advantages of this type of lens.7,10

They represent approximately 11% of all CLs that have been fit-
ted3,4,9,10 over the world in past 10 years. There is considerable
variance across nations, ranging from 0.2% in Lithuania to 37%
in Malaysia.3 In the United States, only 9.4% of total fittings are
performed with GP lenses,14 and in Europe, the countries with the
highest number of GP fittings are Germany and the Netherlands
(approximately 30%), whereas Spain and the United Kingdom
present trends for GP fittings similar to those seen worldwide
(approximately 10%).3 Taking into account only refractive pre-
scriptions, the trend for GP fittings that was found in our study
(38.9%) is considerably greater than the current trend in Spain and
in the rest of the world when therapeutic prescriptions are included
in the results. This trend could be related to the academic status of
the IOBA Eye Institute (a university center focused in vision sci-
ences teaching and research).
In many practices, GP lenses have a limited role in refractive

fittings, and this type of lens is not considered the first choice
option3,10,14 in healthy patients for correcting refractive errors. In
2010, Cardiff University10 analyzed the effect of practitioner atti-
tudes on GP lens prescribing in the United Kingdom and found that
the practitioners know the benefits provided by GP lenses pertain-
ing to ocular health and refractive correction. However, this report
concluded that initial patient discomfort negatively influenced
practitioner attitudes because the patients prefer the initial comfort
benefit provided by soft lenses. This consequently results in
reduced GP prescribing.10 Nevertheless, there is no previous evi-
dence regarding the percentage of successful GP CLs fits to support
this professional practitioner behavior. For this reason, we studied
the percentage of successful GP CLs fits in refractive (healthy
subjects) and therapeutic prescriptions, because to our knowledge,
no studies have analyzed this issue to improve the objective infor-
mation that is provided to patients regarding the GP fitting process
and to assist eye care practitioners in their CL clinical activities.
Previous studies have attempted to analyze the factors that can

influence the success of GP fittings.4,5,15,16 Regarding the time

TABLE 1. Contingency Table Describing the Initial Proposal and the Final CL Fitted

Final Lens Prescribed

Conventional Hydrogel, % (n) Silicone Hydrogel, % (n) GP Lens, % (n) No CL, % (n)

Refractive prescription (healthy eyes) (n¼166)
Type of initial diagnostic lens
Conventional hydrogel (n¼25) 100 (25) 0 0 0
Silicone hydrogel (n¼53) 1.9 (1) 98.1 (52) 0 0
GP lens (n¼88) 4.6 (4) 15.9 (14) 69.3 (61) 10.2 (9)

No previous CL wear (53)
Type of initial diagnostic lens
Conventional hydrogel (n¼12) 100 (12) 0 0 0
Silicone hydrogel (n¼16) 0 100 (16) 0 0
GP lens (n¼25) 0 20 (5) 72 (18) 8 (2)

Previous soft CL wear (99)
Type of initial diagnostic lens
Conventional hydrogel (n¼12) 100 (12) 0 0 0
Silicone hydrogel (n¼37) 2.7 (1) 97.3 (36) 0 0
GP lens (n¼50) 8 (4) 18 (9) 62 (31) 12 (6)

Previous GP CL wear (14)
Type of initial diagnostic lens
Conventional hydrogel (n¼1) 100 (1) 0 0 0
Silicone hydrogel (0) 0 0 0 0
GP lens (13) 0 0 92.3 (12) 7.7 (1)

Data are presented for the refractive group as a whole and are then divided into subgroups according to previous CL experience (neophyte
CL wearers, n¼53; previous soft CL wearers, n¼99; and previous GP CL wear, n¼14).

CL, contact lens; GP, gas permeable.
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required for successful wearers to adapt to GP lenses, Fujita el al.16

established an average time of 23.0622.1 days. Carracedo et al.4

reported that unsuccessful GP wearers presented an overall trend
for having more unstable levels of tear film and an increasing
intensity of symptoms during the first 7 days, including dryness,
discomfort, foreign body sensation, sand sensation, and irritation.
However, successful GP wearers showed a steep trend toward
increasing comfort and wearing time during the first 7 to 15 days.
Our fitting protocol required a minimum of 2 or 3 weeks of GP CLs
wear to evaluate a patient’s comfort to be considered successful, in
accordance with these previous reports.
Polse et al.5 prospectively analyzed 411 GP fittings and concluded

that younger patients, inexperienced patients with a steeper corneal
curvature and a lower rate of predicted residual astigmatism had
a higher probability of achieving successful GP wear. However,
our results disagree with the conclusions of Polse et al because we
did not find statistical differences in new CLs wearers in any of the
clinical data proposed by Polse to calculate the probability of suc-
cessful of GP wear (Table 2), suggesting that is not possible to make

an accurate prediction of successful GP wear in neophytes. However,
taking into account the previous CL experience of the subject, slight
differences in the successful GP wear between neophyte (72%),
previous soft (62%), and previous GP (92.3%) CLs wearers were
found (Table 1). This could mean that previous soft CLs wear is an
important factor that contributes to unsuccessful GP wear because
these wearers could be accustomed to the initial comfort provided by
soft lenses, and the initial discomfort produced by GP lens could be
greater and unacceptable in these subjects. Moreover, in previous
soft CLs wearers, statistical differences (P,0.05) in age, sphere, and
BCVA with spectacles were found between subjects that achieved
successful or unsuccessful GP lens wear (Table 2). These results
suggest that younger people with a higher refractive error and a lower
BCVA with spectacles are more likely to be successful when refit
with GP lenses.
Moreover, Polse et al.5 found a 69.6% percentage of successful

GP fits when prescribing a spherical lens design in 1999. Nearly two
decades later, even with advances in manufacturing technology that
have permitted the development of new GP lenses with aspherical

TABLE 2. Comparison Between Successful and Failed GP Fittings in the Refractive Group

Total GP Trial Lens Fit Successful GP Wear Failed GP Wear P

Sex, n (men/women)
All wearers 88 (27%/73%) 61 (28%/72%) 27 (26%/74%) ,0.01a

New wearers 25 (32%/68%) 18 (33%/67%) 7 (29%/71%) 0.20a

Previous soft CL wearers 50 (26%/74%) 31 (26%/74%) 19 (26%/74%) ,0.01a

Previous GP CL wearers 13 (23%/77%) 12 (25%/75%) 1 (0%/100%) —
Age, mean 6 SD (range), years
All wearers 33.20612.51 (11 to 64) 31.91613.15 (11 to 64) 36.02610.60 (14 to 60) 0.07
New wearers 23.18611.14 (11 to 46) 21.89611.29 (11 to 46) 26.20610.53 (14 to 41) 0.24
Previous soft CL wearers 35.57610.38 (14 to 60) 33.27611.00 (14 to 50) 39.3268.08 (23 to 60) 0.02
Previous GP CL wearers 43.4869.86 (29 to 64) 43.14610.27 (29 to 64) 47.0060.00 (47) 0.51

Sphere, mean 6 SD (range), D
All wearers 24.3766.43 (223.25 to +10.00) 24.9267.14 (223.25 to +10.00) 23.1964.32 (219.00 to +0.50) 0.04
New wearers 22.0664.92 (217.25 to +7.75) 22.2165.56 (217.25 to +7.75) 21.7363.20 (27.00 to +4.25) 0.75
Previous soft CL wearers 25.1166.44 (223.25 to +10.00) 26.1767.24 (223.25 to +10.00) 23.3664.40 (219.00 to +5.50) ,0.01
Previous GP CL wearers 26.9167.54 (222.00 to +7.00) 26.5467.80 (222.00 to +7.00) 210.8760.17 (210.75 to 211.0) 0.20

Cylinder, mean 6 SD (range), D
All wearers 21.5261.04 (20.25 to 25.00) 21.5561.04 (20.50 to 24.25) 21.4561.07 (20.25 to 25.00) 0.60
New wearers 21.3961.04 (20.50 to 24.25) 21.3360.99 (20.50 to 24.25) 21.5661.14 (20.75 to 23.75) 0.58
Previous soft CL wearers 21.6361.11 (20.25 to 25.00) 21.7761.12 (20.50 to 24.00) 21.3961.09 (20.25 to 25.00) 0.15
Previous GP CL wearers 21.4560.82 (20.50 to 24.25) 21.4260.84 (20.50 to 23.00) 21.7560.00 (21.75) 0.72

Spherical equivalent, mean 6 SD (range), D
All wearers 23.8565.55 (223.50 to +7.25) 23.3565.55 (223.50 to +7.25) 24.9265.46 (220.75 to +4.00) 0.05
New wearers 22.5464.93 (217.75 to +7.25) 22.7166.40 (217.75 to +7.25) 24.9364.75 (27.25 to +2.25) 0.24
Previous soft CL wearers 23.8065.03 (220.75 to +5.50) 23.3064.51 (215.75 to +5.50) 24.6065.73 (220.75 to +4.00) 0.19
Previous GP CL wearers 25.1166.86 (223.50 to +5.25) 24.5866.94 (223.50 to +5.25) 210.7561.76 (29.50 to 212.00) 0.07

Keratometry, steep meridian, mean 6 SD
(range), mm
All wearers 7.5560.27 (7.10 to 8.20) 7.5360.25 (7.10 to 8.20) 7.5860.32 (7.20 to 8.05) 0.12
New wearers 7.6160.29 (7.10 to 8.15) 7.5860.31 (7.10 to 8.15) 7.6660.22 (7.15 to 7.97) 0.38
Previous soft CL wearers 7.5160.28 (7.10 to 8.20) 7.5060.23 (7.10 to 8.20) 7.5460.34 (7.20 to 8.05) 0.36
Previous GP CL wearers 7.5660.19 (7.11 to 7.97) 7.5160.15 (7.11 to 7.70) 7.9560.04 (7.92 to 7.97) 0.01

Keratometry, flat meridian, mean6SD
(range), mm
All wearers 7.7560.27 (7.10 to 8.50) 7.7360.26 (7.20 to 8.50) 7.8060.29 (7.10 to 8.35) 0.09
New wearers 7.8360.28 (7.25 to 8.40) 7.7860.30 (7.25 to 8.40) 7.9560.19 (7.75 to 8.35) 0.05
Previous soft CL wearers 7.7060.27 (7.10 to 8.50) 7.6860.24 (7.20 to 8.50) 7.7360.31 (7.10 to 8.23) 0.53
Previous GP CL wearers 7.7760.22 (7.30 to 8.10) 7.7860.30 (7.25 to 8.40) 8.0460.02 (8.03 to 8.06) 0.04

BCVA with spectacles
All wearers 0.9360.30 (0.05 to 1.50) 0.8560.32 (0.05 to 1.50) 1.0660.21 (0.50 to 1.50) ,0.01
New wearers 1.0060.22 (0.10 to 1.50) 0.9960.27 (0.10 to 1.50) 1.0460.08 (1.00 to 1.20) 0.83
Previous soft CL wearers 0.9360.31 (0.10 to 1.50) 0.8460.31 (0.10 to 1.50) 1.0760.24 (0.50 to 1.50) ,0.01
Previous GP CL wearers 0.7560.36 (0.05 to 1.20) 0.7360.40 (0.05 to 1.20) 0.9060.00 (0.90) 0.95

Factors included are the following: sex distribution, age, refraction (sphere, cylinder, and spherical equivalent), keratometry (steep and flat
meridian) and BCVA obtained with spectacles. Details of the comparisons for the previous CL experienced groups are also summarized.

aChi-square test (gender distribution difference).

BCVA, best-corrected visual acuity; CL, contact lens; GP, gas permeable.
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designs and high oxygen permeability materials, the percentage of
successful GP CLs fits remains similar (69.3% in our study). This
result suggests that successful GP wear may highly depend on a pa-
tient’s attitude and depend less on the relative impact of lens design,
material, and so on, in agreement with the recommendations of
Bennett et al.,15 which highlighted that an important factor that con-
tributes to achieving a successful GP fit is the method by which GP
lenses are presented and the information is provided to a patient.
Bennett et al.15 concluded in their study that information for all

types of CLs should be provided to a patient, including the positive
and negative factors related to each option, and that in the case of GP
lenses, if the practitioners present these lenses with a positive but
realistic attitude, explaining the benefits and the initial awareness that
are produced, then subjects are more likely to succeed in GP wear
during the initial critical period. Our study results provide evidence-
based results that can improve the information provided to subjects
and assist them when they choose a type of CL in clinical practice
because almost 7 of 10 subjects (69.3%) who start a GP lens fitting
process to correct a refractive error (refractive prescription) achieve
regular and comfortable GP lens wear times (Table 1).
However, for therapeutic prescriptions for subjects with kerato-

conus, pellucid marginal degeneration, corneal distortion or
irregularity, or have undergone refractive surgery or orthokeratol-
ogy treatment, the percentage of successful GP fits (96.7%) is
considerably greater than in subjects with healthy eyes (69.3%).
This difference in percentage of successful fits between refractive
prescriptions and therapeutic prescriptions could be related to the
great improvement obtained in BCVA when GP lenses are used in
patients with irregular cornea,17 which can have a great impact on
a patient’s quality of life.18 Orthokeratology subjects exhibit a great
attitude when choosing this type of lens and when wearing them
that may help them to accept the initial discomfort of GP lenses,
which could be limited, especially in overnight wear.
This study is not free of limitations. It is a single-center

retrospective study, and a multicenter, prospective, randomized
clinical trial could be necessary to clarify the percentage of
successful GP fits. This could include an assessment of the way
the information is presented to subjects for different types of
available lenses, a description of their advantages and disadvan-
tages, and the risks of CLs wear-related complications associated
with each CL type, and so on. Moreover, such a study could assess
the possible factors that can influence the success of GP lens wear,
including patient preferences and needs. Moreover, it would be of
great interest to monitor these subjects to know whether they wear
GP lenses over time.

CONCLUSIONS
Our study has revealed that following standardized CLs fitting

protocol, including clear and complete information regarding the

advantages and disadvantages of the different CLs types, a rela-
tively high percentage of successful GP fits could be achieved in
refractive prescriptions. In therapeutic prescriptions, the percentage
of successful GP fits was higher. These results improve the
information that can be provided to subjects at the beginning of
the CL fitting process, which can help subjects to choose a lens
type (by providing a them with positive and realistic attitude) and
help eye care practitioners in their CL clinical activities (by
providing evidence-based information).
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Rigid Gas Permeable Contact Lens Fitting
Using New Software in Keratoconic Eyes

Sara Ortiz-Toquero*, Guadalupe Rodriguez*, Victoria de Juan†, and Raul Martin†

ABSTRACT
Purpose. To determine the repeatability of the back optic zone radius (BOZR) of rigid gas permeable (GP) contact lens (CL)
proposed by new software for fitting in healthy and keratoconus eyes and to compare with the diagnostic CL fitting method.
Methods. Three consecutive corneal topographies (Oculus-Keratograph) were performed and analyzed with APEX new
software CL fitting (Hecht-Contactlinsen, Germany) in 40 healthy and 40 keratoconus eyes fitted with GP using conven-
tional diagnostic method. The coefficient of variation (CV) of the BOZR suggested by APEX was calculated. The BOZR of
both fitting methods (software versus diagnostic) were compared maintaining the same lens diameter.
Results. BOZR proposed by APEX showed good repeatability in healthy (CV = 0.32%) and keratoconus eyes (CV = 0.51%).
APEXproposed flatter BOZR than the diagnosticmethod inhealthy (7.91 T 0.24 and7.84 T 0.26mm,pG 0.01) and keratoconus
eyes (7.34 T 0.38 and 7.23 T 0.37 mm, p G 0.01). A strong linear correlation in healthy (BOZR_Diagnostic_Method =
(BOZR_APEX� 1.06)j 0.53; pG 0.01, R2 = 0.969) and keratoconus eyes (BOZR_Diagnostic_Method= (BOZR_APEX� 0.88) +
0.77; p G 0.01, R2 = 0.825) was found. A detailed analysis showed a similar trend in different keratoconus stages
(Amsler-Krumeich classification); stage 1: 7.42 T 0.30 and7.40 T 0.25mm,BOZR_Diagnostic_Method= (BOZR_APEX� 0.81) +
1.38, R2 = 0.973; stage 2: 7.30 T 0.44 and 7.23 T 0.38mm, BOZR_Diagnostic_Method = (BOZR_APEX� 0.84) + 1.07, R2 =
0.929; and stage 3: 7.33 T0.39 and 7.11 T0.40mm,BOZR_Diagnostic_Method= (BOZR_APEX�0.93) + 0.28, R2 =0.831.
Applying these regression formulas, the BOZR difference could be reduced in healthy (j0.01 T 0.05 mm) and
keratoconus eyes (j0.01 T 0.14 mm) for each keratoconus stage (0.01 T 0.04, 0.03 T 0.10, and 0.02 T 0.16 mm in stages
1, 2, and 3, respectively).
Conclusions. APEX software provides repeatable BOZR in healthy and keratoconus eyes, but it tends to propose flatter
BOZR than the diagnostic method. APEX BOZR should be improved with new equations and helping with the GP fitting
procedure.
(Optom Vis Sci 2016;93:286Y292)

Key Words: keratoconus, rigid gas permeable, contact lens fitting software

R igid gas permeable (GP) contact lenses (CL) are the first
option in keratoconus patient management.1,2 Keratoconus
is a progressive corneal disorder characterized by steepening

and thinning of the central and paracentral cornea,1Y3 which results
in irregular astigmatism and decreased spectacle visual acuity.2

The fitting of GP lenses in keratoconus patients can be con-
sidered challenging4 because the altered corneal topography often
requires long practitioner time and patient chair time, as well as
several diagnostic lenses to achieve a final acceptable GP lens.5Y7

Currently, several corneal topographers, such as Orbscan
(Bausch&Lomb),8,9 Oculus-Keratograph (Oculus Optikgeräte
GmbH),5 EyeSys 2000 (EyeSys Laboratories),10 Atlas (Humphrey),10

TMS1 (Tomey),11 or Medmont-300 (Medmont),12 incorporate
different computerized software-based CL fitting methods, which
employ corneal topography to determine the optimal GP lens pa-
rameters. The objective is to help eye care practitioners and simplify
the fitting procedure, especially in patients with irregular corneas,
such as keratoconus.The goal is to decrease the number of diagnostic
lenses necessary to achieve an acceptable CL fit, reducing the chair
time.5,8 Computerized software displays a simulated fluorescein
pattern, allowing for assessment of the quality of aCL fit andmaking
changes in the parameters or position of the simulated lens to obtain
the correct GP lens.5Y9

However, the repeatability of the GP parameters proposed by
CL fitting software in normal and keratoconus patients has not
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been previously reported; the clinical utility of these tools could
be affected by the decreased corneal topography repeatability
in irregular corneas.13,14 These software programs normally
use topographical keratometry and corneal eccentricity5 to cal-
culate a spherical or toric lens for an initial suggestion. More-
over, low to moderate agreement between software calculated
CL parameters and the final fitted lens has been reported in
keratoconus patients.8,9

APEX is a new CL fitting software developed by Hecht
Contactlinsen GmbH (Baden-Württemberg, Germany), and it is
available in different Oculus devices (Oculus-Easygraph, Oculus-
Keratograph, and Pentacam, Wetzlar, Germany). With this soft-
ware, the user can define the initial lens selection to match the
corneal features as closely as possible. However, the role of APEX
in GP lens fitting in healthy and keratoconus patients had not
been previously reported.

The aim of this study is to analyze the repeatability of the GP
proposed by APEX CL fitting software and compare this back
optic zone radius (BOZR) with the BOZR fit by the conventional
diagnostic methods in healthy and keratoconus eyes.

MATERIALS AND METHODS

Subjects

Eighty eyes in 62 patients successfully fitted with GP lens
were retrospectively analyzed to compare the BOZR of the final
fitted lenses with that proposed by the APEX software. Patients
were classified into two groups, healthy eyes and keratoconus
eyes. Independent corneal specialists confirmed the diagnoses
of keratoconus after a complete eye examination, which in-
cluded Scheimpflug topographical analysis and biomicroscopy

TABLE 1.

CL design description. BIAS-S design was fitted in healthy eyes and KAKC design was fitted in Keratoconus eyes

BIAS-S KAKC

Manufacturer Conoptica-Hecht Contactlinsen Conoptica-Hecht Contactlinsen
Design Rotationally symmetric bi-aspheric Spherical pentacurve
Optical zone Spherical 14- central Spherical 5.5 to 7.00 mm*
Peripheral zone Two aspheric zones Four spherical zones
Power (D) j30.00 to 30.00 (0.25 steps) j30.00 to 30.00 (0.25 steps)
BOZR (mm) 6.50 to 10.00 (0.05 steps) 4.80 to 8.90 (0.05 steps)
Total diameter (mm) 7.00 to 12.20 (0.10 steps) 8.40 to 12.20 (0.10 steps)
Standard total diameter 9.60 9.20
Material Boston ES/EQ/EO/XO/XO2 Boston ES/EQ/EO/XO/XO2
Fit guidelines (BOZR) Flat meridian + 0.05 Horizontal meridian j 0.10

*Optical zone decrease when BOZR decrease.

FIGURE 1.
APEX software screen showing the software menu (A), simulated fluorescein pattern (B), and clinically fluorescein pattern (C) of GP CL in the same
keratoconus eye.
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examination. The keratoconus stage was identified using the
Amsler-Krumeich classification.14,15

Patients with any active ocular-surface disease, corneal opaci-
ties, glaucoma, use of medication that could affect ocular physi-
ology, and a history of any type of ocular surgery were excluded.
Eyes with stage 4 keratoconus, according to the Amsler-Krumeich
classification, were also excluded from the study to guarantee an
optimal quality of corneal topography. Healthy group patients
fitted with any type of GP toric design and those with corneal
astigmatism higher than 1.50 D were also excluded.
Informed consent was obtained from each subject after the

Human Sciences Ethics Committee of the University of Valladolid
granted approval of the study. All subjects were treated in ac-
cordance with the Declaration of Helsinki.

Contact Lens Fitting Procedure

A rotationally symmetric bi-asphericGP lens design (BIAS-SGP;
Conoptica-Hecht Contactlinsen, Baden-Württemberg, Germany)
and spherical pentacurve GP lens design (KAKC GP; Conoptica-
Hecht Contactlinsen) were fitted in healthy and keratoconus

eyes, respectively. Table 1 summarizes both lens designs used in this
study. Four experienced practitioners, belonging to the same eye-care
center (IOBA Eye Institute), performed the GP CL fitting; the
practitioners work at a tertiary referral clinic that addresses patients
with irregular corneas and other eye disorders.

The BOZR of the first trial lens was selected based on the
keratometry value. This selected GP CL was inserted into the
subject’s eye to evaluate the static and dynamic fit after an ad-
aptation period of approximately 30 minutes. Changes in the GP
lens parameters were performed to find an acceptable fit of a well-
centered lens with adequate movement with blinking that pro-
vided a fluorescein pattern recommended by the manufacturer
(three-point touch in the keratoconus and alignment pattern in
the healthy group).1,2 Trials were repeated until an acceptable
static and dynamic fit was achieved. The parameters (BOZR and
lens diameter) of the prescribed GP CLs were analyzed.

Instrumentation

APEX (version 1.1.0.6) is a new CL fitting software developed
by Hecht Contactlinsen in association with Oculus. APEX pro-
poses a first trial lens according to the values of topographical
simulated keratometry readings and corneal eccentricity, and it
displays a simulated fluorescein pattern of the specified design of
CL to help in the GP lens fitting procedure including the specialty
design for keratoconus (KAKC GP lens) and healthy eyes (BIAS S
GP lens) included in this study (Fig. 1).

Three consecutive corneal topographies were performed with
the Oculus-Keratograph (Patient Data Management Software
version 6.02r24 and Examination Software version 1.75r11)
in the baseline visit. Topographic data were exported to APEX
software to determine and record the BOZR of the CL suggested
by APEX (using exactly the same design that was clinically fitted;
BIAS-S design in healthy eyes and KAKC design in keratoconus
eyes) for each corneal topography. The Oculus-Keratograph is
a Placido-based device with 22 rings that evaluate 22,000 points
on the anterior corneal surface. The repeatability of Oculus-
Keratograph topography in healthy and keratoconus eyes has
recently been reported, providing repeatable measurements of
the corneal power.14 The same blinded and experienced opera-
tors performed all Oculus-Keratograph measurements. The
corneal topographer was previously calibrated by the manufac-
turer. The patients were asked to perform a complete blink just
before each measurement to spread an optically smooth tear
film over the cornea. The patients moved their chin from the
chinrest between scans to eliminate the interdependence of suc-
cessive measurements.

TABLE 2.

Summary of the mean of the age (years), spherical equivalent refractive error (D), and maximum (Sim K max) and minimum
(Sim K Min) simulated keratometry (mm) in healthy and keratoconus groups

Healthy group Keratoconus group

Age (years) 29.6 T 9.4 (12 to 48) 35.6 T 10.9 (19 to 55)
Spherical equivalent refractive error (D) j5.30 T 5.37 (j0.25 to j23.00) j3.53 T 4.19 (j0.25 to j13.25)
Sim K max (mm) 7.71 T 0.23 (7.32 to 8.12) 7.10 T 0.41 (6.27 to 7.95)
Sim K min (mm) 7.87 T 0.28 (7.40 to 8.32) 7.44 T 0.42 (6.62 to 8.17)

FIGURE 2.
Bland-Altman plot showing the repeatability of the BOZR suggested by
APEX in keratoconus (top) and healthy (below) eyes. The mean difference
(solid line) of the three repeated measurements was 0.00 T 0.03 mm and
LoA (discontinuous line) were j0.06 to 0.06 mm in both groups.
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Data Analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS,
Chicago, IL, USA) statistical package for Windows. We used the
definition of repeatability from the British Standards Institu-
tion,16,17 as recommended by Bland and Altman.18 A normal
distribution of variables was assessed using the Kolmogorov-
Smirnov test (p values 90.05 indicated that the data were nor-
mally distributed).
The BOZR of the GP CL (BIAS-S and KAKC GP design)

proposed by APEX to each corneal topography conducted in the
same visit was calculated and recorded. The intraclass correlation
coefficient (ICC; classified as follows: less than 0.75 = poor
agreement; 0.75 to less than 0.90 = moderate agreement; 0.90 or
greater = high agreement)19 was calculated and the differences

between the three BOZR were determined with a repeated
measured analysis of variance (RM-ANOVA) (p values G0.05
were considered statistically significant). The coefficient of vari-
ation (CV) of repeatability was calculated by dividing the standard
deviation by the mean value (normalized standard deviation) and
multiplying by 100 to represent the percentage value of the var-
iation [CV = SD/mean � 100 (%)] of the BOZR proposed by
APEX software.

As suggested by Bland and Altman, graphs of the differences
between pairs of BOZR obtained in the same session were plotted
against the average of the means of each pair of values (three data
points per subject) to ensure that there was no relationship be-
tween the differences and ranges of measurement. The limits of
the agreement (LoA) were calculated (mean of the difference T
1.96 � standard deviations).

BOZR differences between APEX and the diagnostic method
were compared with a paired t test. A p value G0.05 was considered
statistically significant. The mean value of the BOZR proposed by
APEX was used as the final value for comparison with the BOZR
prescribed with the diagnostic method. The same lens diameter
was maintained to guarantee the comparison between the BOZR
of the fitted lens (diagnostic method) and the BOZR calculated by
the APEX software.

The arithmetic and absolute mean difference of the BOZRwere
calculated between the APEX and diagnostic fitting method. The
absolute difference was calculated to avoid the effect of positive
and negative differences that could affect the mean value. An
absolute difference could be clearly represented if the BOZR
proposed by the software is close to the final fitted BOZR.

Single linear regression (R2 coefficient) was used to quantify the
correlation between the APEX BOZR and final GP lens that was
conventionally fitted and to propose an equation for improving
the BOZR suggested by the software. A p value G0.05 was con-
sidered statistically significant.

RESULTS

Sixty-two patients (35 women, 27 men) were included in the
study. The mean age of the total sample was 31.8 T 10.3 years
(range 12 to 55). Forty eyes of 40 patients (28 women, 12 men)
comprised the healthy group and 40 eyes of 22 patients (7 women,
15 men) comprised the keratoconus group (Table 2).

Good repeatability was found in the BOZR proposed by APEX
in both groups. The CV of the BOZR was 0.32% (95% CI: 0.24

TABLE 3.

Summary of the mean and standard deviation (SD) of the BOZR calculated by the diagnostic method and BOZR suggested
by APEX

BOZR diagnostic
method (mm)

BOZR
APEX (mm) p value* R2

Arithmetic
difference (mm)

Absolute
difference (mm)

Healthy (n = 40) 7.84 T 0.26 7.91 T 0.24 G0.01 0.969 0.07 T 0.05 0.07 T 0.05
Keratoconus (n = 40) 7.23 T 0.37 7.34 T 0.38 G0.01 0.852 0.11 T 0.15 0.14 T 0.12
Stage 1 (n = 9) 7.40 T 0.25 7.42 T 0.30 0.25 0.973 0.03 T 0.02 0.07 T 0.02
Stage 2 (n = 17) 7.23 T 0.38 7.30 T 0.44 G0.01 0.929 0.07 T 0.12 0.11 T 0.09
Stage 3 (n = 14) 7.11 T 0.40 7.33 T 0.39 G0.01 0.831 0.21 T 0.16 0.22 T 0.16

The arithmetic and absolute mean and SD of the BOZR difference between both methods in healthy and keratoconus eyes are shown.
*Paired t test (p G 0.05 statistically significant).

FIGURE 3.
Bland-Altman plot showing the agreement between the BOZR suggested by
APEX software and the BOZR fit by the diagnostic method in keratoconus
(top) and healthy (below) eyes. The mean difference between APEX and the
BOZR fitted (solid line) were 0.11 T 0.15 mm (LoA (discontinuous line) of
j0.19 to 0.41) in keratoconus eyes and 0.07 T 0.05 mm (LoA of j0.03 to
0.17) in healthy eyes.
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to 0.39%) in the healthy group with ICC of 0.994 (95%CI: 0.991
to 0.997, p = 0.846, RM-ANOVA) and 0.51% (95% CI: 0.38 to
0.63%) in the keratoconus group with ICC of 0.989 (95% CI:
0.982 to 0.994, p = 0.323, RM-ANOVA) (Fig. 2).

The BOZR of GP lens achieved with the diagnostic fitting
method and the BOZRproposed byAPEX in healthy and keratoconus
eyes are summarized in Table 3. The difference between both
BOZR (APEX minus diagnostic method) is plotted in Fig. 3.

FIGURE 4.
Single linear regression analysis between the BOZR proposed by APEX and the BOZR calculated by the diagnostic method in the healthy (left) and
keratoconus (right) group.

FIGURE 5.
Single linear regression analysis between the BOZR proposed by APEX and the BOZR calculated by the diagnostic method in different keratoconus severity
stages (Amsler-Krumeich classification).
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A strong linear relationship was found in the BOZR between
the diagnostic fitting method and APEX in healthy (R2 = 0.969,
pG0.01;BOZR_diagnostic_method(mm)=(BOZR_APEX(mm)�
1.06) j 0.53) and keratoconus eyes (R2 = 0.852, p G 0.01;
BOZR_diagnostic_method (mm) = (BOZR_APEX (mm)� 0.88) +
0.77) (Fig. 4).
We analyzed the sample of keratoconus eyes by the severity

stage and found a similar trend with a strong linear relationship in
stage 1 (R2 = 0.973, p G 0.01; BOZR_diagnostic_method (mm) =
(BOZR_APEX (mm) � 0.81) + 1.38), stage 2 (R2 = 0.929,
p G 0.01; BOZR_diagnostic_method (mm) = (BOZR_APEX
(mm) � 0.84) + 1.07), and stage 3 (R2 = 0.831 p G 0.01;
BOZR_diagnostic_method (mm) = (BOZR_APEX (mm)� 0.93) +
0.28) (Fig. 5).
The BOZR of the GP lens calculated by the APEX software

could be improved with these new formulas in healthy and
keratoconus eyes (Table 4). The absolute differences between the
BOZR calculated by APEX software and the BOZR fitted by
diagnostic method could be reduced.

DISCUSSION

Keratoconus patients can bemanaged with glasses or soft CLs in
the early stages. However, as keratoconus progresses, the irregular
astigmatism often requires GP lenses that can improve the visual
acuity.1,2 Fitting GP lenses in keratoconus often requires several
diagnostic lenses and can be considered more difficult than fitting
GP in healthy patients.5,8,10

Computerized Placido disk-based videokeratography is the
most extensively used technique for keratoconus detection and
monitoring the progression of this condition. It is a valuable tool
for various patient management approaches, including the fitting
of specifically designed CLs.5Y8,20 Moreover, different software
have been designed to help eye care practitioners in CL parameter
selection, proposing a BOZR and lens design and showing a
simulation of the fluorescein pattern.
To the best of our knowledge, this is the first report on the

repeatability of GP lens selections proposed by any CL fitting
software in healthy and keratoconus patients. The BOZR
suggested by APEX in healthy (CV = 0.32%) and keratoconus eyes
(CV = 0.51%) is repeatable. These results could be explained
because Oculus-Keratograph topography provides repeatable mea-
surements of the corneal power (simulated keratometry and

maximumcorneal power) inhealthy (CVe 0.22%) andkeratoconus
(CV e 0.77%) corneal assessment.14 As a result, a single Oculus-
Keratograph topography could be sufficient to fit GP lenses using
APEX software.

The fitting software, provided by different topographers, is
helpful in fitting CLs, but the first lens proposed by the software
usually requires some changes and input from an eye care prac-
titioner before it is considered clinically acceptable, especially in
irregular cornea management.5,7Y9,12 Our results are in agree-
ment with previous reports; we found statistically significant
differences between the BOZR proposed by APEX and the di-
agnostic method in healthy and keratoconus eyes. Using the
software FITSCAN (Orbscan II topography) in a keratoconus
sample,Mandathara et al.8 found that the BOZRprovided by this
software was 0.22 mm flatter (mean difference) than the clinical
fit curve. Bhatoa et al.9 stressed the existence of poor to moderate
agreement between the BOZR calculated by FITSCAN software
and the final BOZR in keratoconus patients. However, the
BOZR calculated with APEX showed a smaller difference with
the final lens fit (0.14 T 0.12 mm; absolute difference) in
keratoconus eyes, advancing the findings from previous reports.
The difference between the BOZR proposed by APEX and the
final fit lens could be related to the effect of the eccentricity
value. In a recent publication that analyzed the repeatability of
the Oculus-Keratograph, the eccentricity value showed lower
repeatability in healthy (CV = 5.79%) and keratoconus (CV =
14.53%) eyes,14 and this value is included in the BOZR calcu-
lation.5 Moreover, the difference between the simulation of the
software and final CL fit may also be related to the repeatability of
the other CL fitting software corneal topographers and with the
effect of the eyelids in the lensmovement or tear film and dynamic
fit assessment.9,12

We calculated the difference between two fitting methods in the
arithmetic and absolute value to improve the data presentation
because the mean value (arithmetic difference) could compensate
the positive (BOZR_APEX 9 BOZR_diagnostic_method) differ-
ences with negative (BOZR_APEX G BOZR_diagnostic_method)
differences, and the absolute difference could show the difference
between the final BOZR and APEX BOZR proposal. In healthy
eyes, we found the same arithmetic and absolute difference (0.07 T
0.05mm) between two fitting methods; therefore, APEX tends to
propose the BOZR of GP at least as flat as the BOZR for the
conventional fitting method (positive difference). This bias could

TABLE 4.

Summary of the mean and standard deviation (SD) of the BOZR calculated by the diagnostic method and BOZR calculated
by new equations to improve the BOZR suggested by APEX software

BOZR diagnostic
method (mm)

BOZR calculated by
new equations (mm) p value* R2

Arithmetic
difference (mm)

Absolute
difference (mm)

Healthy (n = 40) 7.84 T 0.26 7.84 T 0.26 0.48 0.969 j0.01 T 0.05 0.04 T 0.03
Keratoconus (n = 40) 7.23 T 0.37 7.23 T 0.34 0.42 0.852 j0.01 T 0.14 0.11 T 0.09
Stage 1 (n = 9) 7.40 T 0.25 7.39 T 0.25 0.89 0.973 0.01 T 0.04 0.03 T 0.03
Stage 2 (n = 17) 7.23 T 0.38 7.20 T 0.36 0.37 0.929 0.03 T 0.10 0.09 T 0.06
Stage 3 (n = 14) 7.11 T 0.40 7.10 T 0.36 0.55 0.831 0.02 T 0.16 0.13 T 0.09

The arithmetic and absolute mean and SD of the BOZR difference between the diagnostic method and BOZR calculated with new
equations in healthy and keratoconus eyes is shown.

*Paired t test (p G 0.05 statistically significant).
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be minimized using the equation calculated for healthy eyes in
this study [BOZR_diagnostic_method = (BOZR_APEX� 1.06)
j 0.53)].
However, in keratoconus eyes, the difference (arithmetic

and absolute value) between the BOZR of both fitting methods
is higher than in healthy eyes. Generally, APEX suggested
flatter BOZR than the conventional fitting method; conse-
quently, the number of trial lens required for fitting the
KAKC GP lens using this software may be increased. For this
reason, we proposed some equations to improve the sug-
gested BOZR for the total keratoconus sample and for each
severity stage.
With these new formulas, the difference between the BOZR

that was initially proposed by APEX and the BOZR fitted by
diagnostic method (Table 3) in keratoconus eyes could be re-
duced (Table 4), but advanced keratoconus (stage 3) showed
greater differences than the lower disease stage. This could
be related to the high corneal irregularity in the advanced
keratoconus eyes. This may help practitioners select the BOZR
of the GP lens and reduce the number of trials, improving
the practitioner’s chair time and reducing the patient’s discom-
fort associated with multiple trials in the keratoconus GP lens
fitting procedure.
Nevertheless, further clinical research is needed to prove the

usefulness of these new equations in the correlation between the
BOZR proposed by the software and the final BOZR fitted with a
larger sample of keratoconus and healthy subjects. Moreover, a
comparison of the number of trial lens required to achieve the final
BOZR using both methods (diagnostic method versus APEX
software) could be interesting in future studies.
The APEX software for fitting GP CL provides repeatable

BOZR in both healthy and keratoconus eyes in combination
with Oculus-Keratograph topography. This software could be
useful in selecting the BOZR of GP lenses, but the software
tends to propose a flatter BOZR than conventional CL fitting in
healthy and keratoconus eyes. The BOZR suggested by APEX in
keratoconus eyes should be improved with new equations to re-
duce this difference, helping the practitioner in the keratoconus
GP lens fitting procedure.
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A B S T R A C T

Purpose: To compare the current optometric practices and attitudes in the management of keratoconus
patients in the UK and Spain.
Methods: An online survey (adapted to optometric practices) was distributed via a newsletter emailed by
various professional organizations in the UK and Spain.
Results: Four hundred and sixty-four practitioners (126 in the UK; 338 in Spain) who prescribed gas
permeable GP contact lenses (CLs) more than once per month (54.8% of UK practitioners and 28.1% of
practitioners in Spain; p < 0.01) responded to the questionnaire. A combination of multiple factors is
considered necessary in the keratoconus detection (79.4% in the UK, 75% in Spain; p = 0.68), and the use of
classification criteria is considered relevant (67.5% in the UK, 70.7% in Spain; p = 0.49). There is a high
consensus on the consideration that GP CL fitting is more difficult in keratoconus (79.4% in the UK, 80.5%
in Spain; p = 0.79) requiring more diagnostic lenses (3.2 � 1.4 and 3.4 �1.2 in the UK and Spain,
respectively; p = 0.72) than are necessary for healthy eyes. Using corneal topography is uncommon from
both countries (38.1% in the UK, 59.8% in Spain; p < 0.01), with a similar ophthalmologist referral pattern
(at initial diagnosis, 50% in both the UK and Spain; p = 1.00). Few cases of co-management with
ophthalmologists were noted (no co-management reported by 60.3% in the UK and 72.8% in Spain,
p = 0.01).
Conclusion: This study provides initial observations and evidence regarding keratoconus management by
optometrists in the UK and Spain and shows similarity in the professional practices and attitudes of
practitioners in these two countries.

© 2017 British Contact Lens Association. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Keratoconus is a progressive, bilateral and asymmetric corneal
disorder characterized by a thinning of the corneal stroma,
protrusion of the anterior corneal surface, and an irregular
astigmatism [1,2]. Keratoconus commonly appears during puberty,
in the second decade of life, and it progresses until the fourth
decade of life, at which point it generally stabilizes [1,2]. The
estimated prevalence in the general population has been 1 per
2000 [1,2], although a recent study raises this prevalence up to one
case per 375 habitants [3].

There are several ocular symptoms and signs of keratoconus
that are important in the diagnosis of this disease in a routine eye
exam, such as significant loss of visual acuity which cannot be
compensated with spectacles, increasing against-the-rule astig-
matism, appearance of “scissor” shadows while performing
retinoscopy, or presence of biomicroscopy findings (Fleischer’s
ring, Vogt’s striae, corneal scarring or Munson’s sign) [1,2]. In
addition, corneal topography and tomography are of paramount
importance in keratoconus diagnosis [2].

In the very early stages of the disease, spectacles and soft
contact lenses (CL) with toric design are adequate to correct
myopia and regular astigmatism [4,5]. When keratoconus pro-
gresses, rigid gas permeable (GP) CL with specific design to
keratoconic eyes are used to improve visual acuity because the tear
layer between the CL and the anterior surface of the cornea reduces
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visual distortion and forms a new regular optical surface [4,5],
thereby improving patients’ visual acuity. Moreover, in a patient
with advanced keratoconus or who has failed a trial of GP lenses,
other types of CL can be prescribed, as hybrid CL or scleral CL [4,5].

If the condition appears to be undergoing progression,
ultraviolet crosslinking (UV-CXL) has been proposed to halt
keratoconus progression [2,6]. The aim of the UV-CXL is to
increase the corneal rigidity and biomechanical stability of the
cornea to stop the progression of keratoconus and save patients’
vision [2,6] in early and moderate keratoconus patients (with
corneal thicknesses >400 mm younger than 40 years old) [2,6].

Intrastromal corneal ring segments (ICRS) can be indicated
when keratoconus patients have unsatisfactory vision with
spectacles and/or CL or when continued CL wear is intolerable
[2,6]. Finally, corneal transplant is the last option in the
management of keratoconus patients [2,6].

Optometrists are primary health care specialists trained to
examine the eyes to detect defects in vision, signs of injury, ocular
diseases or abnormality and problems with general health, as
highlighted by the College of Optometrists in the UK [7] and the
Spanish Council of Optometrists following Spanish’s regulations
[8]. Furthermore optometrists play a paramount role in the early
diagnosis and management of keratoconus [2,9], but little is known
about the reality of the optometric management of these patients
in Europe. In 2015, Hodge et al. [10] analysed the patterns of
practice and referral criteria of optometrists in Australia regarding
patients with keratoconus. However, there is no reported evidence
regarding the attitudes of optometrists involved in the manage-
ment of keratoconus patients in European countries, such as the
United Kingdom (UK) or Spain.

The aim of this study is to survey a large number of optometrists
and CL opticians in the UK and Spain to explore their current
practices and attitudes regarding the management of keratoconus
patients and describe how current practices and attitudes are
influenced by infrastructure such as corneal topographers and
years of experience.

2. Materials and methods

2.1. Questionnaire design

A questionnaire was specifically designed and adapted to
European (UK and Spain) professional practice, based on previous
questionnaires used to investigate the practice and attitudes of
optometrists in relation to keratoconus patients in other countries
[10] to facilitate results comparison. The questionnaire was
developed using Google Forms (www.google.com/forms/about/)
in English and Spanish languages. Prior to its dissemination, the
questionnaire was revised by five different experts (two from the
UK and three from Spain) to guarantee that the questions were
clear, understandable, and relevant to optometry practice in the UK
and Spain. A consensus was reached between the authors and
experts.

The questionnaire began with a brief explanation of the purpose
of the study and invited optometrists to provide anonymous
responses. The questionnaire comprised 17 questions (Appendix A
in the Supplementary material): Questions 1 to 8 asked about the
general CL practice of respondents. In the remaining 11 questions,
practitioners were asked to consider a statement with respect to
the management of keratoconus; specifically, the statements
related to the detection of the disease, classification of severity, GP
CL fittings, patient management and referral practice. The majority
of questions were multiple choice, with several options provided
for respondents. Just one item (11.c) required an open-ended
response (concerning the disease classification that practitioners
used in their practice). All collected responses remained

anonymous, and the respondents consented to the use of the
data upon completion of the survey.

2.2. Data collection

A link to the online survey was distributed via a newsletter
emailed between April and August 2016 to local optometrists by
various professional organizations: the General Optical Council,
Association of Optometrists (including in the online version of the
journal Optometry Today) and British Contact Lens Association (via
social media) in the UK and The Spanish College of Optometrists in
Spain.

2.3. Data analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS,
Chicago, IL, USA) statistical package for Windows. Deviations of the
variables from a normal distribution were assessed using the
Kolmogorov-Smirnov test (p < 0.05 indicated that the data were
normally distributed). Descriptive data analysis was performed
with the mean � standard deviation (SD) in continuous variables
and/or percentages reported for each question.

Response frequencies were calculated, and the association
between practice variables was assessed with a chi-squared test for
ordinal categorical data.

Differences in years of experience (question 2) and diagnostic
lenses used in GP CL fittings (question 13) between practitioners in
the two countries were analysed for statistical significance using
Student’s t-test. P values <0.05 were considered statistically
significant.

3. Results

3.1. Demographic information

A total of 464 eye-care practitioners (126 practitioners [115
optometrists and 11 CL opticians] in the UK and 338 Spanish
optometrists) responded to the questionnaire. UK practitioners
reported a significantly higher number of years of experience
(21.5 �13.3 years; range from 1 to 48) than did the Spanish
optometrists (16.0 � 9.0 years; range from 1 to 40) (p < 0.01).

Only 38.1% of UK respondents had a corneal topographer in
their practice; however, the majority of Spanish respondents
(59.8%) reported the use of this device in their clinical practice
(p < 0.01). Of all respondents who reported having a corneal
topographer, the most common technology was Placido-based
videokeratography (86.4% for UK respondents and 73.6% for
Spanish respondents), followed by the mixed (combined Plac-
ido-based with Scheimpflug) topographer (6.8% for UK respond-
ents and 13.2% for Spanish respondents), and Scheimpflug
topographer (6.8% for UK respondents and 5.1% for Spanish
respondents). Finally, 8.1% of Spanish optometrists with a corneal
topographer had more than one corneal topographer available.

Additional post-qualification or specific training on cornea and/
or CL was by approximately half of the respondents in each country
(61.1% for the UK and 50.3% for Spain; p = 0.04); however, British
practitioners were more likely to be a member of some contact lens
association (31.0%) than Spanish optometrists (7.7%) (p < 0.01).

3.2. GP CL clinical practice

There was a difference in the rate of prescription of GP lenses
between practitioners in the two countries. UK practitioners
prescribed more GP lenses (54.8% prescribed GP CL once per month
or more) than were prescribed by the Spanish optometrists (28.1%)
(p < 0.01) (Fig.1). The main barriers to fitting GP lenses reported by
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practitioners of both countries were: time, cost to practice, lack of
experience and low demand for this type of lenses by patients who
prefer soft CL due to initial comfort.

More than a quarter of respondents (29.4% in the UK and 25.4%
in Spain) reported that they would fit more GP lenses if they
underwent further training in GP CL fitting. However, nearly a third
of respondents in the UK (31%) and nearly half in Spain (46.4%)
were unsure whether further training may help them to fit more
GP CL (p < 0.01).

3.3. Keratoconus diagnosis and classification

Predominantly, respondents detected less than 5 new patients
with keratoconus per year, and this situation was similar in both
countries (65.1% in the UK and 65.7% in Spain; p = 0.21). Several
practitioners detected between 5 and 10 new cases per year (18.3%
in the UK and 14.8% in Spain), and a small percentage detected
between 10 and 20 (2.4% in the UK and 6.5% in Spain) or more than
20 cases per year (8.7% in the UK and 2.1% in Spain). Finally, 5.6% of
respondents in the UK and 10.9% in Spain did not diagnose any new
cases of keratoconus in the last year.

In regards to investigations necessary to arrive at the diagnosis
of keratoconus, a majority of practitioners (79.4% in the UK and 75%
in Spain; p = 0.68) considered that a combination of multiple
factors is necessary, including history, visual acuity, scissor
shadows in retinoscopy, manual keratometry, corneal topography
and slit lamp signs.

Generally, practitioners reported that the use of keratoconus
severity classification is relevant in clinical practice (67.5% in the
UK and 70.7% in Spain; p = 0.50); however, only 7.1% in the UK and
17.8% of practitioners in Spain (p = 0.01) use some type of
keratoconus classification. The most commonly used were:
Amsler-Krumeich, cone location, mild/moderate/severe or the
KSS (Keratoconus Severity Score) index.

3.4. Keratoconus management with GP lenses

Practitioners tended to consider GP CL fittings more difficult in
keratoconic eyes than in healthy eyes in both countries (79.4% in
the UK and 80.5% in Spain; p = 0.79). The average number of GP
diagnostic lenses used in keratoconus CL fittings was 3.2 � 1.4
(median 3; range 1–10) among UK practitioners and 3.4 �1.2
(median 3; range 1–10) among Spanish optometrists (p = 0.72)
(Fig. 2).

In regards to the method for choosing the back optic zone radius
(BOZR) of the first GP diagnostic lens in keratoconic eyes, the trend
is different between practitioners in the two countries. The
majority of UK practitioners calculate the BOZR of GP lenses using
manufacturer’s guidelines (based on manual keratometry [34.9%]
or based on corneal topography [23.0%]), followed by practitioners
who choose BOZR based on their own experience (22.2%),

practitioners who send the corneal topography to the manufac-
turer (16.7%) and a small number that use CL software (3.2%).
Meanwhile, in Spain, the most common method of calculating the
BOZR is to send the corneal topography to the manufacturer
(39.9%), followed by practitioners that follow manufacturer’s
guidelines (based on corneal topography [32.2%] or manual
keratometry [19.5%]) and a minority that select the BOZR based
on their own experience (5%) or using CL software (3.3%).

3.5. Keratoconus referral practice

In regards to referral patterns for patients with keratoconus, the
majority of respondents did not prefer to refer these patients to
another optometrist for CL fitting prior to consulting an
ophthalmologist for surgical intervention (56.3% in the UK and
50.3% in Spain; p < 0.01), while other practitioners were undecided
(23.8% in the UK and 38.5% in Spain).

Half of the practitioners in each country suggested referring
keratoconic patients to an ophthalmologist upon initial diagnosis
(50% in the UK and 50% in Spain; p = 1.00). Other respondents
would refer to ophthalmologists when signs of progression are
detected (17.5% in the UK and 29.9% in Spain), if the patient shows a
reduction of visual acuity (8.7% in the UK and 5.6% in Spain), or at
the patient’s request (1.6% in the UK and 2.1% in Spain). However,
22.2% in the UK and 12.4% in Spain responded that there was no set
time for a referral to an ophthalmologist.

Finally, the majority of respondents do not participate in co-
management with ophthalmologists after surgical treatment
(60.3% in the UK and 72.8% in Spain; p = 0.01).

Fig. 2. Number of diagnostic lenses used to fit a keratoconic eye with a GP CL in the
two countries (p = 0.18, Chi-Square).

Fig. 1. Percentage of GP CLs prescribed in the two countries in the last 12 months.
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3.6. Practices and attitudes influenced by corneal topographer

Responses of practitioners based on the availability of corneal
topographer are shown in Table 1. It should be noted that
practitioners who have a topographer were more likely to
prescribe GP CL and detect more new patients with keratoconus
per year that those without topographer in both countries. Using
corneal topography did not produce a clinically relevant change in
the number of diagnostic lenses necessary to complete the GP
fitting procedure (p = 0.31 for the UK and p = 0.05 for Spain, Mann-
Whitney U test) (Fig. 3). Finally, practitioners who have a
topographer were more likely to co-manage with ophthalmolo-
gists than respondents without a topographer in UK and Spain.

3.7. Practices and attitudes influenced by optometric experience

Table 2 exhibits the responses of practitioners according their
optometric experience in both countries. There seem no clinically
relevant differences in practices and attitudes in keratoconus
management in UK and Spain based on years of experience.
However, practitioners with <5 years of experience prescribed less
GP CL in Spain who those with more years of optometric practice.
Moreover, optometric experience seems not to influence the
number of diagnostic lenses used to achieve optimal GP CL fitting
in keratoconus in Spain; however, practitioners in the UK with less
experience indicated that a higher number of diagnostic lenses are

necessary (Table 3). Finally, in Spain practitioners with <5 years of
experiences were more likely to refer a keratoconic patient to
another optometrist for contact lens fitting.

4. Discussion

Optometrists are primary health care specialists trained to
examine the eyes with the aim to detect defects in vision or ocular
diseases, such as keratoconus. Currently, a total of 14,975 and
14,642 optometrists were registered in Spain [11] and the UK [12],
respectively. The results of this survey shed light on the current
practice and attitudes in keratoconus patient management in these
countries, being the first investigation of optometric practice in
relation to this type of disease in Europe. The survey had better
reception in Spain, and there were more than three times as many
Spanish respondents as UK respondents; however, as is usual in
this type of survey [10] a low number of responses were received,
and these results must be interpreted with caution. Therefore, the
low level of participation in this survey provides a snapshot that
suggests that optometrists may be unaware of the importance of
investigations to improve their knowledge and their clinical
practice.

Placido disk-based videokeratography is the most extensively
used technique amongst corneal topographic assessments of the
corneal curvature [13,14]. The results suggest that the use of
corneal topographers is more common in Spain (59.8%) than in the
UK (38.1%), with a possible increase of this technology in the last
year, because in 2010, just 9.6% of UK optometrists reported having
a topographer (in a survey of 451 UK optometrists) [15]. Because
corneal topography assessment is highly recommended prior to
keratoconus diagnosis [2], it might be reasonable to assume that
UK practitioners would detect fewer new patients with kerato-
conus than would Spanish optometrists. However, no differences
were found between UK and Spanish respondents in the number of
new keratoconus cases detected. This could be due to several
reasons. For example, due to the prevalence of keratoconus,
practices with high patient turnover have a greater chance to
detect any eye disease; alternatively, because a combination of
multiple factors is necessary to detect keratoconus and not just
corneal topography assessment, clinical data such as the patient's
history, visual acuity, scissor shadows in retinoscopy, manual
keratometry findings, or slit lamp signs are of paramount
importance in optometry practice and keratoconus diagnosis
[1], as the results suggest.

Currently, there are a number of classifications of keratoconus
severity or staging based on morphology, ocular signs, refraction
and index-based systems proposed in the literature [16,17].

Table 1
Responses to several questions for practitioners with and without a topographer in the two countries.

UK (126) Spain (338)

Question Response With Topographer (48) Without Topographer (78) P With Topographer (202) Without Topographer (136) P

#4 Yes 52.1% 30.8% 0.01 58.9% 36% <0.01
No 47.9% 69.2% 41.1% 64%

#5 Yes 45.8% 21.8% 0.04 11.4% 2.2% <0.01
No 54.2% 78.2% 88.6% 97.8%

#6 GP not prescribed 4.2% 15.4% 0.04 13.4% 44.1% <0.01
GP prescribed 95.8% 84.6% 86.6% 55.9%

#9 <5 58.3% 78.2% 0.02 62.9% 96.3% <0.01
>5 41.7% 21.8% 37.1% 3.7%

#12 Yes 64.6% 88.5% 0.02 78.7% 83.1% 0.33
No 35.4% 11.5% 21.3% 16.9%

#15 Yes 8.3% 26.9% 0.01 6.9% 17.6% <0.01
No 77.1% 43.6% 57.9% 39%
Maybe 14.6% 29.5% 35.1% 43.4%

#17 Yes 66.7% 23.1% <0.01 40.6% 7.4% <0.01
No 33.3% 76.9% 59.4% 92.6%

Fig. 3. Mean number of diagnostic lenses used to fit a keratoconic eye with a GP CL
for practitioners with and without a topographer in the two countries.
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Unfortunately, there is no single clinically adequate classification
for keratoconus [2]. This lack of consensus in keratoconus
classification can be seen in the results of this survey. Only a
small percentage of practitioners (7.1% in the UK and 17.8% in
Spain) use some type of classification system in keratoconus
management, whereas most practitioners think that the use of
keratoconus severity classification is relevant in optometric
practice. More research and consensus might be necessary to
define and propose a keratoconus severity classification to be used
by eye-care practitioners.

Currently, the proportion of GP CL fittings in the general
population is clearly low compared with soft lens prescriptions
[18–20] and this type of lens is not considered the first choice
option to correct refractive errors in healthy patients [15,17]. A GP
fitting rate of less than 11% around the world has been reported
over the past decade, despite the theoretical advantages of this
type of lens [15,21]. In this survey a similar trend was found in both
countries, with a low percentage of GP lens fitting relating
primarily to the cost to practice, lack of experience and initial
discomfort. Hodge et al. [10] reported similar trends in an
optometric survey in Australia in which only 9.2% of the 71
respondents prescribed GP lenses daily (approximately 3% in the
UK and Spain), 47.7% prescribed GP lenses less than once per
month (34.9% in the UK and 46.2% in Spain) and 15.4% never
prescribed this type of lens (11.1% in the UK and 25.7% in Spain). It
was found that respondents with a topographer were more likely
to prescribe GP CL, a finding similar to previous reports [10].

In 2010, Gill et al. [15] analysed the effect of practitioner
attitudes on GP lens prescribing in the UK and found that the
practitioners know the benefits provided by GP lenses pertaining
to ocular health and refractive correction. However, Gill et al.
concluded that initial patient discomfort negatively influenced
practitioner attitudes because the patients prefer the initial
comfort benefit provided by soft lenses, and consequently, this
translates to reduced GP prescribing. However, close to a quarter of

the respondents (29.4% in the UK and 25.4% in Spain) indicated that
they would fit more GP lenses if they underwent further training
courses about this type of CL.

Fitting of GP lenses in keratoconus patients is the first option for
visual rehabilitation of these patients [2–5] and improves their
quality of life [22,23]. However, this fitting is described in the
literature as challenging for eye care practitioners and patients,
because the irregular cornea often requires several diagnostic
lenses to achieve a final acceptable GP lens fit, which prolongs
practitioner and patient chair time [1,24,25]. The respondents
agreed with this fact, as a majority of practitioners (79.4% in the UK
and 80.5% in Spain) consider GP CL fittings more difficult in
keratoconic than in healthy eyes.

The average number of diagnostic lenses used by respondents
in keratoconus GP CL fittings was similar in the two countries (in
the UK 3.2 � 1.4 lenses and in Spain 3.4 �1.2 lenses). These results
are similar to those reported by Nosch et al. [24], who
retrospectively analysed the GP lens fits in 68 eyes with irregular
corneal surfaces (75% of keratoconus eyes) and reported that
3.25 �1.70 diagnostic lenses are necessary to complete GP CL
fitting. These results highlight the need to improve the GP fitting
procedure in keratoconus eyes to decrease the number of
diagnostic lenses and reduce the practitioner and patient chair
time that is required to achieve an acceptable GP fit.

Optometrists and other eye-care professionals have a duty of
care to their patients and the results of this survey highlight that
there are no specific guidelines to manage or propose referral
patterns for patients with keratoconus in primary eye care [10].
Half of UK and Spanish practitioners refer the patient to an
ophthalmologist upon initial diagnosis, but only a minority (7.8%)
of Australian optometrists follow this practice [10]. However,
approximately 30% of respondents (20% in the UK) referred
patients to an ophthalmologist when signs of progression are
detected, similar to Australian optometrists [10]. This behaviour
could be influenced by the variety of clinical practice, because
some practitioners have an emphasis on the diagnosis rather than
the management of keratoconus. The American Academy of
Ophthalmology suggests that a keratoconus patient must be
referred to an ophthalmologist when glasses or CL cannot improve
visual function [26]. Hodge et al. [10] found a relative consensus to
refer a keratoconus patient when visual acuity is between 6/9 and
6/12 (an option chosen by 62.9% of surveyed optometrists), in line
with American Academy of Ophthalmology recommendations.
This criterion suggests that a large number of patients could
receive a treatment to reduce keratoconus progression after

Table 2
Responses to several questions for practitioners according to their optometric experience in the two countries.

UK (126) Spain (338)

Question Response <5
(22)

5–10 (12) 10–20 (24) >20 (68) P <5 (55) 5–10 (53) 10–20 (136) >20 (94) P

#4 Yes 22.7% 33.3% 45.8% 42.6% 0.32 43.6% 41.5% 37.5% 75.5% <0.01
No 77.3% 66.7% 54.2% 57.4% 56.4% 58.5% 62.5% 24.5%

#5 Yes 13.6% 33.3% 16.7% 41.2% 0.03 3.6% 3.8% 5.9% 14.9% 0.03
No 86.4% 66.7% 83.3% 58.8% 96.4% 96.2% 94.1% 85.1%

#6 GP not prescribed 9.1% 25% 4.2% 11.8% 0.34 45.5% 28.3% 25% 13.8% <0.01
GP prescribed 90.9% 75% 95.8% 88.2% 54.5% 71.7% 75% 86.2%

#9 <5 59.1% 83.3% 83.3% 67.6% 0.21 81.8% 75.5% 79.4% 69.1% 0.22
>5 40.9% 16.7% 16.7% 32.4% 18.2% 24.5% 20.6% 30.9%

#12 Yes 59.1% 83.3% 83.3% 83.8% 0.08 85.5% 83% 75% 84% 0.22
No 40.9% 16.7% 16.7% 16.2% 14.5% 17% 25% 16%

#15 Yes 22.7% 8.3% 29.2% 17.6% 0.16 18.2% 13.2% 9.6% 8.5% 0.03
No 50% 50% 37.5% 66.2% 32.7% 50.9% 48.5% 62.8%
Maybe 27.3% 41.7% 33.3% 16.2% 49.1% 35.8% 41.9% 28.7%

#17 Yes 40.9% 25% 25% 47.1% 0.18 16.4% 32.1% 27.2% 30.9% 0.21
No 59.1% 75% 75% 52.9% 83.6% 67.9% 72.8% 69.1%

Table 3
Mean number of diagnostic lenses used by respondents in keratoconus GP CL
fittings according to optometric experience.

Spain (n) UK (n)

<5 years 3.22 � 1.07 (55) 3.86 � 1.88 (22)
5–10 years 3.45 � 1.28 (53) 2.67 � 0.98 (12)
10–20 years 3.29 � 0.99 (136) 3.13 � 1.03 (24)
>20 years 3.52 � 1.48 (94) 3.07 � 1.33 (68)
P-Value P = 0.37 P = 0.06
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impairment in their visual acuity that induces a deep impact in
their quality of life [22,23]. Moreover, following this recommen-
dation is highly dependent on the capacity to provide an adequate
CL fitting in these patients [10]. So, evidence-based guidelines to
improve CL fitting in keratoconus could be necessary, because a
lack of consensus was found in the procedure to calculate the BOZR
of the first diagnostic lens (most respondents follow the
manufacturer recommendations, while a minority, less than 4%,
use CL software).

Co-management with ophthalmologists is low in the UK
(39.7%) and in Spain (27.2%) compared with Australian optomet-
rists (42.9%) [10]. These results suggest that there is a need to
increase co-management between optometrists and ophthalmol-
ogists, because new therapeutic options, such as collagen cross-
linking [27] or the insertion of intra-stromal corneal rings [28]
provide new opportunities for optometrists and ophthalmologists
to work together to optimize the treatment of keratoconus and
improve visual care in these patients.

Therefore, the results of this study highlight the great impact
that a routine management guideline for the treatment and
referral of keratoconus patients could have in primary eye care and
optometry practice, as previous reports proposed [10]. Some
clinical issues must be taken into consideration, because patients
under 30 years old could benefit from crosslinking treatment to
reduce keratoconus progression [27], and corneal topography
monitoring is recommended yearly [10] 0.2 D of change in flat
meridian per year has been proposed as a threshold [29] with high
repeatable topographers in keratoconic cornea assessment [13,30].

A limitation of this study is the low number of responses
received from practitioners with an interest in CL practice. It was
not possible with the methodology used to determine an exact
completion rate for the questionnaire. However, a strength of this
study is that it is the first to analyse the current optometric practice
in relation to keratoconus in two European countries with high
standards in optometry practice, namely, the UK and Spain.
Regarding keratoconus disease, there did not appear to be clinically
significant differences between the two countries in the diagnostic
methods and in GP CL management (which is considered more
complicated than in healthy eyes), with a similar number of
diagnostic lenses required to achieve the optimal lens. Respond-
ents from both countries show a reasonable consensus regarding
the lack of clinical guidelines for management and referral of these
patients to ophthalmologists or other eye-care practitioners and
the necessity to increase co-management with ophthalmologists
to improve eye care in these patients. Finally, there is slight
differences in the scope of Optometry practice in the UK and Spain
that it is mainly related with the use of diagnostic drugs and
collaboration with public health care system. However, CL practice
it is similar in both countries, where Optometrists are the qualified
professional to prescribe CL, so the scope differences could be
showed low impact in the results and conclusions.

5. Conclusion

This survey provides initial observations and evidence regard-
ing current optometric practices in keratoconus management by
UK and Spanish practitioners. This study shows reasonably similar
attitudes regarding keratoconus diagnosis, management and GP CL
practice in the two countries, suggesting that keratoconus patient
care could be improved with new evidence-based guidelines for
the management and referral of these patients that would provide
guidance on GP CL fitting procedure, clarify corneal topography
monitoring criteria, determine referral criteria and enhance co-
management between optometrists and ophthalmologists.

Additional research and consensus between ophthalmologists
and optometrists are necessary to provide better eye care to

keratoconus patients, minimizing disease progression and visual
acuity impairment, providing the best treatment and increasing
patients’ quality of life.
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APPENDIX 1 
 
Keratoconic patient management in Optometric practice 
 
Dear Optometrist 
 
We are working on a research project at Plymouth University (UK) and the University of 
Valladolid (Spain), to establish how keratoconic patients are managed in Optometric practice. 
So, we would be grateful if you could spend a few minutes of your time answering this short 
questionnaire about your contact lens practice to help us in our research project. 
 
Thank you very much 
 
Dr. Martin and Ms Ortiz-Toquero  
 
 
General Contact Lens Practice Questions 
 
1. Please choose your qualification 
Optometrist 
Contact lens optician 
Other (Choose): ____________ 
 
2. How many years have you been practising for? 
 
3.a. Does your practice own a corneal topographer? 
Yes 
No 
 
3.b. If you answered “yes” to the previous question, what type of corneal topographer do 
you use in your practice? 
Placido-based videokeratography 
Scheimpflug 
Mixed (combined Placido-based with Scheimpflug) 
Scanning-slit topography 
Other 
 
4. Have you completed any post qualification or specific training on Cornea and/or 
Contact Lens? 
Yes 
No 
 
5. Are you a member of any Contact Lens Association (e.g. British Contact Lens 
Association)? 
Yes 
No 
 
6. In the past 12 months, how often have you prescribed (either fit or refit) rigid gas-
permeable lenses? 
Every day 
Once a week 
Once a month 
Less than once a month 
Not at all 
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7. What, if any, is the main barrier to fitting rigid gas-permeable lenses? 
Time 
Cost to practice 
Experience 
Not applicable 
Other (please specify): 
 
8. Would you consider prescribing more rigid gas-permeable lenses, if you were able to 
undergo further training courses? 
Yes 
No 
Maybe 
Not applicable 
 
 
Keratoconus Related Questions 
 
9. How many new patients would you detect with keratoconus per year? 
None 
<5 
5-10 
10-20 
>20 
 
10. What investigations would you consider most important in making a diagnosis of 
keratoconus? 
History and visual acuity 
Scissor shadows in retinoscopy  
Manual keratometry and slit lamp signs 
Corneal topography and slit lamp signs 
Combination of the above 
 
11.a. Do you think that a keratoconus severity classification seems relevant in the clinical 
practice? 
Yes 
No 
 
11.b. Do you use any classification of the keratoconus based on the cone location? 
Yes 
No 
 
11.c. If yes, please indicate the name of the classification: 
 
12. Do you consider rigid gas-permeable lens fitting more difficult in keratoconic eyes than 
healthy eyes? 
Yes 
No   
 
13. On average, how many diagnostic lenses do you need to use to fit a keratoconic eye 
with a rigid gas-permeable lens? 
1-10 
 
14. How do you choose the back optic zone radius (BOZR) of the first diagnostic lens in 
rigid gas-permeable lens fitting in keratoconic eyes? 
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I calculate the BOZR following manufacturer´s guidelines, based on corneal keratometry 
I calculate the BOZR following manufacturer´s guidelines, based on corneal topography 
I calculate the BOZR using my own experience 
I calculate the BOZR using software for contact lenses fitting 
I do not calculate the BOZR; I send the corneal topography to the manufacturer  
 
15. Would you refer a keratoconic patient to another optometrist for contact lens fitting, 
prior to referring an ophthalmologist for surgical intervention? 
Yes 
No 
Maybe 
 
16. At what stage would you consider referring the patient to an ophthalmologist? 
Upon initial diagnosis 
At patient’s request 
With reduction of visual acuity 
With progression of corneal signs 
No set time 
 
17. Do you currently co-manage patients with ophthalmologists after surgical treatment, 
for example: collagen cross-linking or contact lens fitting following intra-stromal corneal 
rings or penetrating keratoplasty? 
Yes 
No 
 
 
Thank you for your time 



 



CAPÍTULO 4: Estado actual del proceso de adaptación de  

LC RPG en pacientes con queratocono 

 
179 

 
 

 
 
 
 

4.4. Dificultad de la 

adaptación de LC RPG  

en queratocono 



 



Ophthalmology

Open Journal
http://dx.doi.org/10.17140/OOJ-1-e004

 Ophthalmol Open J

Sara Ortiz-Toquero, OD (EC), MSc1; Raúl Martín, OD (EC), MSc, PhD1,2*

1Optometry Research Group, IOBA Eye Institute and Departamento de Física Teórica, 
Atómica y Óptica, University of Valladolid, Valladolid 47002, Spain
2School of Health Professions, Plymouth University, Plymouth PL4 8AA, UK

*Corresponding author
Raúl Martín, OD (EC), MSc, PhD 
Optometry Research Group 
IOBA Eye Institute 
University of Valladolid 
Valladolid 47002, Spain; 
School of Health Professions 
Plymouth University 
Plymouth PL4 8AA, UK 
Tel. 983 184848 
E-mail: raul@ioba.med.uva.es

Article History
Received: August 15th, 2016 
Accepted: August 16th, 2016
Published: August 17th, 2016

Citation
Ortiz-Toquero S, Martin R. Fitting gas 
permeable contact lens in keratoconus, 
still a challenge? Ophthalmol Open J. 
2016; 1(2): e9-e12. doi: 10.17140/OOJ-
1-e004

Copyright
©2016 Martin R. This is an open 
access article distributed under the 
Creative Commons Attribution 4.0 
International License (CC BY 4.0), 
which permits unrestricted use, 
distribution, and reproduction in 
any medium, provided the original 
work is properly cited.

Volume 1 : Issue 2
Article Ref. #: 1000OOJ1e004

Fitting Gas Permeable Contact Lens in 
Keratoconus; Still a Challenge?

Page e9

Editorial

Gas permeable (GP) contact lenses (CL) are of paramount importance in keratoco-
nus patient management1 to rehabilitate vision and improve patients’ quality of life (QoL).2 
Different surgical and non-surgical options are available in keratoconus management. Early 
stages could be managed with conventional optical corrections (spectacles and/or soft CL), 
however if disease progress, and corneal irregularity affects to visual acuity GP (conventional 

-
tion. Other alternative CL options (piggy-back, mini-scleral, semi-scleral, scleral designs etc.) 
have been, also, proposed. If patients show CL intolerance or disease progresses and/or corneal 
integrity could be affected surgical techniques are required.
                  

1 Clear diagnosis of early stage (in oppo-
sition to moderate or advanced disease), subclinical keratoconus, or how distinguish keratoco-
nus from other ectatic diseases imposes greater diagnostic challenges.1,3 A complete eye exam 

keratoconus and differentiate of other ectatic diseases. Anterior eye investigation; based on slit 

corneal surface; and full corneal thickness map analysis (because normal central thickness 
could be present in keratoconus cornea) are mandatory. Anterior topographical analysis (Plac-
ido-based topographers) still plays a relevant role in keratoconus detection, especially in pri-
mary care, because these devices are one of the most extensively used in clinical practice4,5 and 
aid to differentiate between keratoconus and pellucid marginal degeneration (PMD).1 Patients’ 
history may identify major risk factors for keratoconus; such as: down syndrome, relatives of 

-
drome, atopy, connective tissue disorders (Marfan syndrome), and others.1,6

           
-

1 -
tion7,8 and collaborative longitudinal evaluation of keratoconus (CLEK)9

proposes four different levels using refractive, topographic and biomicroscopic corneal signs. 
9 proposes to use the average corneal power and root mean square 

-
rent information and technological advances1

Although, there is a lack of consensus in this issue, high order corneal aberration analysis could 
3 because larger values of vertical coma 

has been founded in these patients.4,9-11 Clinical progression requires changes in at least 2 of 
these 3 parameters; corneal steepening (anterior and/or posterior) and progressive corneal thin-
ning.1 That means that disease progression is directly dependent of the accuracy and reliability 
of the corneal device used in patient assessment.5,10
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After diagnosis and gradation of the keratoconus disease, management and treatment could be the third challenge. Two 
major approaches; surgical and non-surgical management have been proposed, with the objective of halt progression of the disease 

12 
Patient education avoiding eye rubbing is, also, necessary.1,6

Different surgical options are currently available without clear consensus regarding what could be the best surgical ap-
proach for keratoconus. Corneal cross-linking (CXL) has been proposed in patients younger than 40 years to halt disease progression 
with limited evidence provided by properly conducted randomized controlled trial (RCT)13 and requires a well-documented clinical 
progression or risk of progression patient. It is, also, unclear it uses in subclinical keratoconus patients.1 Light improvement of visual 
acuity (1 to 2 Snellen lines) could be expected after CXL.14 Descemetic deep anterior lamellar (dDALK), in patients without Des-
cemet membrane compromise, or penetrating keratoplasty (PK) are the “techniques of choice” when a corneal transplant was needed 
(in advance disease stages; severe corneal thinning; or in non-CL tolerant patients). These techniques achieved best-corrected visual 
acuity of 20/40 or better in 3 of 4 patients,15 16 

Intracorneal ring segment (ICRS) increases corneal stability decreasing the astigmatism asymmetry helping in normalization of the 
corneal contour with slight improvement of patients’ visual acuity,12,17 without clear consensus about its indication.

CXL), so visual rehabilitation of keratoconus patient is of paramount importance.1 Although GP CL raises keratoconus patients’ 
18 achieve the correct lens parameters is a challenge to practitioners and patients19 requiring several 

20,21 but, a lack in clinical studies that analyze the real impact of these software in 
clinical practice exists. Some of these software propose GP lens with systematic bias that could be improve with new equations.22

Recently, a new clinically validated open access web-calculator (www.calculens.com) has been developed with the aim 

and Optometry 2016 Meeting). This new tool will allow that keratoconus patients receive the most adequate lens and help CL prac-

23 Therefore with this new tool, keratoconus management with GP CL will be not a challenge any more; and 

In conclusion, Keratoconus is a multifactorial disease with genetic, biochemical, biomechanical, and environmental patho-
physiology1; that requires a multiprofessional approach for early detection, correct diagnosis, follow-up, monitoring and adequate 
patient management that involve; primary eye care practitioners, optometrists, CL practitioners and ophthalmologists with the last 
aim to provide better care and improve patients’ quality of life.
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Repeatability of Placido-Based Corneal
Topography in Keratoconus

Sara Ortiz-Toquero*, Guadalupe Rodriguez*, Victoria de Juan†, and Raul Martin†

ABSTRACT
Purpose. To determine and compare the repeatability of a Placido-based corneal topography (Oculus Keratograph) in a
sample of healthy and keratoconus eyes.
Methods. The corneal topography, determined using the Oculus Keratograph, of 25 healthy and 25 keratoconus eyes
was assessed three consecutive times. A single randomized eye was included per patient. Coefficient of variation (CV) of
the eccentricity, corneal diameter, index of surface variance, index of vertical asymmetry, keratoconus index (KI), smallest
sagittal curvature radius (Rmin), aberration coefficient, and maximum corneal power and minimum corneal power (di-
opters) in the 3.0-mm zone in addition to the maximum corneal power point (MCPP) (diopters) were calculated and
compared between healthy and keratoconus eyes.
Results. Healthy eyes showed lower topographic values (p G 0.05) than keratoconus eyes, except with regard to the Rmin
value. Corneal diameter (p = 0.45) was similar in both groups. All variables showed good CVs in healthy and keratoconus
eyes (maximum corneal power [0.21 and 0.47%, respectively], minimum corneal power [0.19 and 0.36%], MCPP [0.22
and 0.77%], corneal diameter [0.27 and 0.33%], index of surface variance [4.82 and 3.10%], index of vertical asymmetry
[7.05 and 3.80%], KI [0.29 and 0.72%], Rmin [0.53 and 0.78%], and aberration coefficient [0 and 4.00%]) except for
the eccentricity CV (5.79 and 14.53%, respectively). Statistically significant differences (p G 0.05) between healthy and
keratoconus groups were found for all variables, except with respect to the MCPP, eccentricity, corneal diameter, KI, and
Rmin (p 9 0.07).
Conclusions. The Oculus Keratograph provides repeatable measurements of corneal topography in healthy and kerato-
conus eyes. These results could improve the topographical diagnosis of keratoconus, thus aiding in patient management.
(Optom Vis Sci 2014;91:1467Y1473)

Key Words: keratoconus, Placido diskYbased videokeratography, repeatability, Oculus Keratograph

Keratoconus is a progressive corneal disorder characterized
by the thinning and steepening of the central and para-
central cornea, leading to protrusion.1Y4 This ectatic con-

dition is bilateral and asymmetric and appears during the second
decade of life, normally during puberty, progressing until the
fourth decade of life, when it usually stabilizes.1Y3 Corneal pro-
trusion causes high myopia and irregular astigmatism, affecting
between 50 and 230 subjects per 100,000 population.3

In the early stages, keratoconus patients can be managed with
glasses or soft contact lenses, but as keratoconus progresses, the
irregular astigmatism often requires rigid gas-permeable (RGP)
lenses that can improve visual acuity.3 The surgery management

of keratoconus can be approached through an intrastromal cor-
neal ring segment surgery or cross-linking. In the advanced stages,
corneal transplantation may be necessary.2

Placido diskYbased videokeratography is the most extensively
used technique among corneal topographic assessments of the
corneal curvature. In keratoconus, information on the corneal to-
pography permits an early diagnosis in the absence of slit-lamp
findings.1,4 Grading the keratoconus and monitoring its pro-
gression aid in patient management through different ap-
proaches, including the fitting of specifically designed contact
lenses.5Y8 Moreover, this analysis is of paramount importance in
the preoperative assessment of patients undergoing corneal refrac-
tive surgery to avoid potentially undesirable side effects.8,9

The Oculus Keratograph (Oculus Optikgeräte GmbH, Wetzlar,
Germany) is a computerized Placido-based videokeratography
system that was developed especially for use by eye care practi-
tioners in such procedures as refractive surgery and the fitting of
RGP contact lenses.10
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However, to our knowledge, the repeatability of this device has
been incompletely evaluated to date, with only a few reports pub-
lished on exclusively healthy eyes.11 Moreover, its repeatability in
keratoconus eyes has not been previously described. Understand-
ing the differences in repeatability between healthy and keratoconus
eyes may improve eye examinations and early diagnosis, especially
during preassessments of refractive surgery patients and RGP con-
tact lenses fitting.
Therefore, the aim of this study was to determine and compare

the repeatability of the main topographical indices provided by the
Oculus Keratograph in a sample of healthy and keratoconus eyes.

METHODS

This was a comparative, prospective, and single-masked study.

Subjects

Fifty eyes of 50 patients were randomized, included in the study,
and classified into two groups: healthy eyes (n = 25) and keratoconus
eyes (n = 25). The diagnoses of keratoconus were confirmed after
a completed eye examination, which included Scheimpflug to-
pographical analysis and biomicroscopy examination by indepen-
dent corneal specialists. The keratoconus stage can be identified
using the Amsler-Krumeich classification (Table 1).12 The research
team was blinded to the results of the eye examination conducted
before the diagnosis of keratoconus.

Patients with any active ocular-surface disease (e.g., significant
dry eye symptoms or keratitis), corneal opacities, pellucid mar-
ginal corneal degeneration, corneal astigmatism greater than 2.00
diopters (D) (except in the keratoconus group), glaucoma, use of
medication that could affect ocular physiology, and a history of
any type of ocular surgery were excluded. Eyes with stage IV kera-
toconus, according to the Amsler-Krumeich classification, were
also excluded from the study.

Informed consent was obtained from each subject after ap-
proval for the study was granted by the Human Sciences Ethics
Committee of the University of Valladolid. All subjects were
treated in accordance with the Declaration of Helsinki.

Instrumentation

Three consecutive corneal measurements were performed with
the Oculus Keratograph (Patient Data Management Software ver-
sion 6.02r24 and Examination Software version 1.75r11). The
Oculus Keratograph is a computerized Placido-based videokerato-
graphy device with 22 rings that evaluate 22,000 points on the an-
terior corneal surface with optional computerized corneal topography
software system for the fitting procedure of RGP contact lenses.

The corneal indices resulting from the Oculus Kerato-
graph assessment are summarized in Table 2. The same blinded

TABLE 1.

Amsler-Krumeich keratoconus classification

Stage I Eccentric steepening
Myopia and/or astigmatism G 5.00 D
Mean central K readings G 48.00 D

Vogt striae, no corneal opacities
Stage II Myopia and/or astigmatism from 5.00 to 8.00 D

Mean central K readings G 53.00 D
Absence of scarring

Minimum corneal thickness Q 400 Km
Stage III Myopia and/or astigmatism from 8.00 to 12.00 D

Mean central K readings 9 53.00 D
Absence of scarring

Minimum corneal thickness from 200 to 400 Km
Stage IV Refraction not measurable

Mean central K readings 9 55.00 D
Central corneal scarring
Minimum corneal thickness G 200 Km

TABLE 2.

Corneal indices measured with the Oculus Keratograph

Corneal indices Description

MaxP, D Simulated keratometry in the steepening meridian in the 3.00-mm zone

Calculated according to the formula D = (1.3375 j 1)*(1000)/R mm
MinP, D Simulated keratometry in the flattening meridian in the 3.00-mm zone

Calculated according to the formula D = (1.3375 j 1)*(1000)/R mm
MCPP, D Maximum power point represents the maximum corneal power of the anterior surface

Calculated according to the formula D = (1.3375 j 1)*(1000)/R mm
(in the entire measurement range, not in the 3.00-mm zone)

Eccentricity Degree of corneal peripheral applanation, where 0 is a spherical cornea, positive is a
prolate ellipse, and negative is an oblate ellipse

Corneal diameter, mm Horizontal limbus-to-limbus distance

ISV SD of the axial/sagittal radii of the measured eye from the mean value

IVA Measurement of the symmetry of the corneal radii relative to the horizontal meridian
as an axis of reflection

KI Ratio of the sagittal radii mean values in the top and bottom segments

Smallest sagittal curvatureVRmin Smallest sagittal curvature radius in the entire measurement range
Aberration coefficient, % Value of the aberrations of the cornea calculated with Fourier and Zernike analysis of

the anterior surface
The aberration coefficient is zero if no (single) coefficient deviates from the respective normal value
Healthy eyes have to show the value zero
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and experienced operators performed all Oculus Keratograph
measurements during all visits. The corneal topographer had
been previously calibrated by the manufacturer to be suitable
for use in this study. Patients were asked to perform a com-
plete blink just before each measurement to spread an opti-
cally smooth tear film over the cornea. They move their chin
from the chinrest between scans to eliminate interdependence of
successive measurements.

Data Analysis

Statistical analysis was performed using the SPSS 14.0 (SPSS,
Chicago, IL) statistical package for Windows.

We used the definition of repeatability from the British Stan-
dards Institution,13,14 as recommended by Bland and Altman.15

Repeatability is the condition under which independent test re-
sults are obtained by the same method on identical test items in
the same laboratory by the same operator using the same equip-
ment with the shortest time lapse possible between successive
sets of readings.13We investigated repeatability by obtaining three
Oculus Keratograph measurements in the same study visit; the
differences between three measurements were determined with
one-way analysis of variance (ANOVA) (p values G 0.05 were con-
sidered statistically significant). The intraclass correlation coeffi-
cient was also calculated. The coefficient of variation (CV) of
repeatability was calculated by dividing the SD by the mean value

TABLE 3.

Repeatability data of the Oculus Keratograph in keratoconus (n = 25) and healthy (n = 25) eyes

Group (n = 25) Mean T SD 95% CI ICC CV, % Mean Diff T SD LoA

MaxP, D
Keratoconus 47.84 T 2.87 47.18 to 48.50 0.99 0.47 0.00 T 0.23 0.45 to j0.45
Healthy 43.98 T 1.43 43.93Y44.32 0.99 0.21 0.00 T 0.10 0.20 to j0.20

p* G0.01 V V G0.01 1.00 V
MinP, D
Keratoconus 45.30 T 2.42 44.74Y45.86 0.98 0.36 0.00 T 0.24 0.46 to j0.46
Healthy 43.21 T 1.31 42.91Y43.50 0.99 0.19 0.00 T 0.09 0.17 to j0.17

p* G0.01 V V G0.01 1.00 V
MCPP, D
Keratoconus 56.07 T 5.99 54.69Y57.44 0.96 0.77 0.00 T 0.60 1.17 to j1.17
Healthy 44.68 T 1.31 44.38Y44.98 0.96 0.22 0.00 T 0.35 0.68 to j0.68

p* G0.01 V V 0.22 1.00 V
Eccentricity
Keratoconus 0.57 T 0.31 0.50Y0.64 0.93 14.53 0.00 T 0.07 0.14 to j0.14
Healthy 0.48 T 0.12 0.45Y0.51 0.96 5.79 0.00 T 0.03 0.06 to j0.06

p* 0.02 V V 0.16 1.00 V
Corneal diameter, mm
Keratoconus 11.76 T 0.48 11.65Y11.87 0.99 0.33 0.00 T 0.04 0.09 to j0.09
Healthy 11.82 T 0.49 11.71Y11.94 0.99 0.27 0.00 T 0.04 0.07 to j0.07

p* 0.45 V V 0.43 1.00 V
ISV
Keratoconus 76.95 T 26.74 70.80Y83.10 0.98 3.10 0.00 T 3.01 5.89 to j5.89
Healthy 17.17 T 4.48 16.14Y18.20 0.98 4.82 0.00 T 0.88 1.72 to j1.72

p* G0.01 V V 0.03 1.00 V
IVA
Keratoconus 0.89 T 0.36 0.81Y0.97 0.99 3.80 0.00 T 0.03 0.07 to j0.07
Healthy 0.12 T 0.05 0.11Y0.13 0.97 7.05 0.00 T 0.01 0.02 to j0.02

p* G0.01 V V G0.01 1.00 V
KI
Keratoconus 1.20 T 0.10 1.17Y1.22 0.99 0.72 0.00 T 0.01 0.02 to j0.02
Healthy 1.02 T 0.02 1.01Y1.02 0.97 0.29 0.00 T 0.00 0.01 to j0.01

p* G0.01 V V 0.07 1.00 V
Smallest sagittal curvature radiusVRmin, mm
Keratoconus 6.33 T 0.50 6.22Y6.45 0.98 0.78 0.00 T 0.06 0.13 to j0.13
Healthy 7.59 T 0.23 7.53Y7.64 0.98 0.53 0.00 T 0.04 0.08 to j0.08

p* G0.01 V V 0.64 1.00 V
Aberration coefficient, %
Keratoconus 2.25 T 0.54 2.25Y2.37 0.96 4.00 0.00 T 0.10 0.19 to j0.19
Healthy 0.00 V V 0.00 V V
p* G0.01 V V G0.01 V V

*Kruskal-Wallis ANOVA.
CI, confidence interval; ICC, intraclass correlation coefficient; LoA, limits of agreement.
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(normalized SD) and multiplying it by 100 to represent the per-
centage value of the variation [CV = SD/mean � 100 (%)].
As suggested by Bland and Altman,15 graphs of the differences

between pairs of measurements obtained in the same session di-
vided by the average of the means of each pair of readings were
plotted (three data points per subject) to ensure that there was
no relationship between the differences and the ranges of mea-
surement. The limits of agreement were calculated (mean of the
difference T 1.96*SDs).15

Differences between the healthy and keratoconus eyes in all
the topographic outcomes (maximum corneal power [MaxP] and
minimum corneal power [MinP], maximum corneal power point
[MCPP], eccentricity, horizontal corneal diameter, index of sur-
face variance [ISV], index of vertical asymmetry [IVA], kerato-
conus index [KI], Rmin, and aberration coefficient) and between
theCVswere comparedwith nonparametricKruskal-Wallis ANOVAs
(p values G 0.05 were considered statistically significant). If statis-
tical differences between healthy and keratoconus eyes were detected

in topographic outcomes, a pairwise analysis was conducted to show
the differences with the stages of the keratoconus eyes according to
the Amsler-Krumeich classification (Games-Howell ANOVA; p
values G 0.05 were considered statistically significant).

RESULTS

Fifty patients (28 women, 22 men) were included in the study.
The mean (TSD) age of the total sample was 31.6 (T10.1) years
(range, 19 to 55 years).

Twenty-five eyes of 25 patients (19 women, 6 men) comprised
the healthy group, with a mean (TSD) age of 28.7 (T7.0) years
(range, 20 to 44 years) and a mean (TSD) spherical equivalent
refractive error ofj1.07 (T1.50) D (range, +1.00 D toj4.50 D).

Twenty-five eyes of 25 patients (9 women, 16 men) comprised
the keratoconus group (4 keratoconus eyes in stage I, 14 eyes in
stage II, and 7 eyes in stage III, according to the Amsler-Krumeich
classification) with a mean (TSD) age of 35.6 (T10.5) years (range,

FIGURE 1.
Bland-Altman plot comparing the MaxP and MinP and MCPP repeatability between healthy and keratoconus eyes. The mean difference (solid line) and
limits of agreement (discontinuous line) were represented for the MaxP (A), MinP (B), and MCPP (C).
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19 to 55 years) and a mean (TSD) spherical equivalent refractive
error of j4.33 (T4.23) D (range, j0.50 to j13.25 D).

Corneal Topography Outcomes

All the Oculus Keratograph indices in healthy and keratoconus
eyes are summarized in Table 3. The differences between the
healthy and keratoconus topographical indices were statistically
significant (p G 0.02, Kruskal-Wallis ANOVA), except in the
horizontal corneal diameter (p = 0.45, Kruskal-Wallis ANOVA).
These differences were statistically significant between healthy eyes
and stage I Amsler-Krumeich (p G 0.03, Games-Howell ANOVA)
except inMaxP (p = 0.15),MinP (p = 0.27), eccentricity (p = 0.17),
and Rmin (p = 0.06). Healthy eyes showed statistically significant
differences with stage II Amsler-Krumeich eyes in all variables ex-
cept inMinP (p = 0.12) and eccentricity (p = 0.86). Finally, healthy
eyes showed statistically significant differences with stage III Amsler-
Krumeich eyes in all topographical indices.

Corneal Topography Repeatability

Good repeatability was found in the MaxP, MinP, MCPP
(Fig. 1), eccentricity, horizontal corneal diameter (Fig. 2), ISV, IVA,
KI, Rmin (Fig. 3), and aberration coefficient, without statistically
significant differences between the three measurements (p 9 0.94,
ANOVA) in all topographical outcomes. Keratoconus eyes showed
higher CV and limits of agreement than healthy eyes (Table 3 and
Figs. 1, 2, and 3) except in ISV and IVA coefficients. Eccentricity
showed a CV of 5.79% in healthy eyes and a CV of 14.53% in
keratoconus eyes. The aberration coefficient had a value of zero in
healthy eyes and a good repeatability in keratoconus eyes.
Statistically significant differences in the CV (Table 3) between

groups (p G 0.05, Kruskal-Wallis ANOVA) were found for all
Oculus Keratograph outcomes, except for MCPP (p = 0.22),
eccentricity (p = 0.16), horizontal corneal diameter (p = 0.43), KI
(p = 0.07), and Rmin (p = 0.63).

DISCUSSION

Placido-based anterior corneal topography is an affordable and
valuable tool for the screening and management of keratoco-
nus.1,6,7,16 To the best of our knowledge, the repeatability of the
topographic corneal measurements assessed using the Oculus Kera-
tograph in keratoconus patients has not been previously reported.

Placido-based videokeratography is a reflection-based technique
that is therefore likely to suffer from a similar decrease in repeat-
ability with increased corneal steepness, irregularity, and scarring.
Our study demonstrated that the Oculus Keratograph is a repeat-
able device in both healthy and moderately keratoconus eyes that
can be used to detect keratoconus in addition to a clinical exami-
nation and can be helpful in the management of this disease.

A corneal power higher than 45.00 D is considered a key find-
ing in suspected ectatic conditions9; hence, a repeatable measure-
ment of simulated keratometry is necessary for the assessment of
these patients. Good repeatability was found for Keratograph-
simulated keratometry (MaxP and MinP) in both healthy
(CVG 0.22%) and keratoconus (CVG 0.47%) eyes. The repeatability
of Keratograph in healthy eyes was recently tested by Mao et al.11

who reported similar CV (0.23% in MaxP and 0.22% in MinP),
according with our results.

Wang et al.17 also found a similar CV in the simulated kera-
tometry forMaxP (CV=0.29%) andMinP (CV=0.23%)using the
Allegro Topolyzer (with similar capturing camera and analysis soft-
ware to Keratograph) in 35 healthy eyes, in accordance with our
results. Kawamorita et al.18 found a higher CV (90.35%) in healthy
eyes with the Pentacam (Oculus Optikgeräte GmbH) and Keratron
(Optikon 2000 SpA), whereas Montalban et al.,19 using a Sirius
topographic system (Costruzione Strumenti Oftalmici), found a CV
of 0.36% for the MaxP and MinP of healthy eyes.

However, there is a lack of studies that directly analyze the
repeatability of corneal topographic outcomes in keratoconus eyes.
Szalai et al.20 reported a coefficient of repeatability higher than
1% for simulated keratometry with the Pentacam (1.56 and 2.08%

FIGURE 2.
Bland-Altman plot comparing the horizontal corneal diameter and eccentricity repeatability between healthy and keratoconus eyes. The mean difference
(solid line) and limits of agreement (discontinuous line) were represented for the horizontal corneal diameter (A) and eccentricity (B).
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for the MaxP and MinP, respectively) and the anterior-segment
OCT system (1.09 and 1.27% for the MaxP and MinP, respec-
tively) in 84 keratoconus eyes. McMahon et al.21 reported CVs of
0.80 and 1.22% for theMaxP andMinP, respectively, usingTMS-1
topography. Thus, the Oculus Keratograph has a better repeat-
ability (0.47 and 0.36% for the MaxP and MinP, respectively) in
simulated keratometry in keratoconus eyes than that found in
previous reports.
The horizontal corneal diameter was not different between

healthy and keratoconus eyes (p = 0.45), suggesting a limited
utility in keratoconus detection. Horizontal corneal diameter is
an important parameter in the selection of the diameter of RGP,
and the Oculus Keratograph showed excellent repeatability in both
study groups (CV G 0.36%).
To our knowledge, the repeatability of the eccentricity has not

been reported previously with any topography device in either
healthy or keratoconus eyes. Eccentricity is a relevant parameter in
the selection of initial trial RGP contact lenses.22,23 However, the

high CV suggests that this value should be used with caution in
RGP contact lens fitting using this device.

The Oculus Keratograph provides a variety of corneal indices
developed especially for the detection of keratoconus. Different
cutoff values for each index were proposed to help in the kerato-
conus diagnosis, including a score higher than 37 for the ISV index,
a score higher than 0.28 for the IVA index, a score higher than 1.06
for the KI index, and a score lower than 6.71 mm for the Rmin.24

Our results are in agreement with these values with statistically
significant differences between healthy and keratoconus eyes for all
of these outcomes. Index of surface variance showed greater dif-
ferences than other Keratograph’s corneal outcomes between both
study groups. These topographic indices (especially KI and Rmin
with a CV G 1.00%) are repeatable in both healthy and keratoconus
eyes. These results suggest that these indices may aid in the detec-
tion of keratoconus with the Oculus Keratograph.

Complementary clinical information is provided by refrac-
tive wavefront maps.25 Keratoconus induces severe corneal

FIGURE 3.
Bland-Altman plot comparing ISV, IVA, KI, and Rmin repeatability between healthy and keratoconus eyes. The mean difference (solid line) and limits of
agreement (discontinuous line) were represented for the ISV (A), IVA (B), KI (C), and Rmin (D).
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irregularities and, consequently, elevated corneal aberrations.2

The Oculus Keratograph analyzed Zernike polynomials to de-
scribe several orders of corneal wavefronts, in particular the third-
order values, or coma, as these aberrations are the most affected by
ectatic conditions such as keratoconus.21 Additionally, the soft-
ware calculates the so-called aberration coefficient from Fourier
and Zernike coefficients. Values exceeding a score of 1.0 suggest
an irregular corneal surface with a reduction of the corneal optical
quality.24 The aberration coefficient was higher in keratoconus
eyes than in healthy eyes (with a value of zero). Thus, wavefront
analysis can be beneficial in the early detection, diagnosis, and
management of keratoconus patients.

CONCLUSIONS

The Oculus Keratograph provides repeatable measurements
of the principal corneal indices (simulated keratometry, MCPP,
horizontal corneal diameter, eccentricity, ISV, IVA, KI, Rmin,
and aberration coefficient) in healthy and keratoconus eyes. These
measurements may improve the topographical diagnosis of kera-
toconus when used in combination with a clinical examination and
may also facilitate keratoconus patient management.
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Universitario de Oftalmobiologı́a Aplicada (IOBA Eye Institute)

Paseo de Belén
17-Campus Miguel Delibes

47011 Valladolid
Spain

e-mail: raul@ioba.med.uva.es

Placido-Based Keratoconus Corneal Topography RepeatabilityVOrtiz-Toquero et al. 1473

Optometry and Vision Science, Vol. 91, No. 12, December 2014

Copyright © American Academy of Optometry. Unauthorized reproduction of this article is prohibited.



 



CAPÍTULO 5: Fiabilidad y utilidad de la topografía corneal en el  

proceso de adaptación de LC RPG en queratocono 

 
197 

 
 

 
 
 
 

5.2. Repetibilidad  

de la medida de las 

aberraciones corneales  

en queratocono 

 



 



338 Copyright © SLACK Incorporated

O R I G I N A L  A R T I C L E

avefront aberrations can be defined as differ-
ences from the perfect optical system, in which 
the rays that form the image of a point coincide 

in a single point.1 In the eye, wavefront aberrations can be 
divided into two types: low order aberrations, which can be 
corrected using spectacles (sphere and cylinder), and higher 
order aberrations (HOAs), which cannot be corrected with 
standard methods.1,2 Wavefront analysis allows a detailed 
assessment of the corneal surface (corneal wavefront) or the 
entire eye (wavefront).1

Currently, HOA assessment is important in corneal refrac-
tive surgery in the development of custom ablations based on 
corneal topography,3 intraocular lens implantation,4 contact 
lens fitting,5 myopia control,6 or the diagnosis and follow-up 
of irregular or ectatic corneal conditions (eg, keratoconus, 
pellucid marginal degeneration, or iatrogenic ectasia).7 More-
over, the aberration measurements of the anterior corneal sur-
face have been used in the identification and gradation of the 
severity of keratoconus disease,8,9 particularly in early cases 
without slit-lamp findings.10

The Allegro Topolyzer (WaveLight Technologie AG, Alcon 
Laboratories, Erlangen, Germany) is a computerized Placido-
based videokeratography system that was developed for use 
in refractive surgery procedures. The Allegro Topolyzer cor-

WABSTRACT

PURPOSE: To determine and compare the repeatabil-
ity of anterior corneal higher order aberrations (HOAs) 
using a Placido-based topographer (Allegro Topolyzer; 
WaveLight Technologie AG, Alcon Laboratories, Erlan-
gen, Germany) in a sample of normal and keratoconic 
eyes.

METHODS: Three repeated measurements of each cornea 
of normal and keratoconic eyes were taken with the Allegro 
Topolyzer. Repeatability of the HOAs (3rd- and 4th-order 
individual values and normalized polar Zernike coefficients, 
coma-like, root mean square (RMS) up to 8th-order val-
ues, HOA RMS, and total RMS for 6-mm pupil diameter) 
and central corneal power (3-mm pupil) were analyzed. 
Within-subject standard deviation (Sw), precision, repeat-
ability, coefficient of variation (CV), and the intraclass cor-
relation coefficient (ICC) were calculated.

RESULTS: Zernike coefficients were significantly dif-
ferent between the normal (36 eyes of 36 patients) 
and keratoconus (36 eyes of 36 patients) groups (P  
.03) except in Z+1

3, Z
+3

3, Z
-4

4, and Z+4
4. In the normal 

group, Sw was 0.031 μm or less, CV ranged from 6.49% 
(spherical aberration) to 37.18% (secondary astigma-
tism), and ICC values ranged from 0.227 to 0.982. In 
the keratoconus group, Sw was 0.059 μm or less, CV 
ranged from 2.06% (total RMS) to 25.82% (tetrafoil), 
and ICC values ranged from 0.839 to 0.996. In ana-
lyzing the keratoconus stages (Amsler–Krumeich clas-
sification), the repeatability of the Zernike coefficients 
tended to improve with increasing keratoconus stage.

CONCLUSIONS: The repeatability of corneal wavefront 
aberration provided by the Allegro Topolyzer was better 
in keratoconic eyes (good and moderate repeatability) 
than in normal eyes (moderate and poor repeatability). 
These results are important to eye care practitioners 
and refractive surgeons during refractive surgery plan-
ning or keratoconus detection, classification, and man-
agement.

[J Refract Surg. 2016;32(5):338-344.]
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neal topographer is exportable and can be linked with 
the WaveLight Excimer Laser systems, allowing cus-
tomized, topography-guided surgical treatments.3

The success of clinical applications of wavefront 
analysis depends on the repeatability of the topograph-
ic corneal data measurements.2 Moreover, knowledge 
of repeatability is mandatory to introduce any device 
into clinical practice,11 but, to the best of our knowl-
edge, there are no previous reports on the intrasubject 
repeatability of the Allegro Topolyzer for wavefront 
aberrations in normal and keratoconic eyes. Thus, the 
aim of the current study was to determine and com-
pare the repeatability of the anterior corneal surface 
HOAs provided by the Allegro Topolyzer in a sample 
of normal and keratoconic eyes.

PATIENTS AND METHODS
This study was a prospective, clinic-based, observa-

tional and single-masked investigation.

PATIENTS
The patients in this study were divided into the 

following two study groups: normal and keratoconic 
eyes. A randomly selected single eye of each patient 
was chosen for the study. Independent corneal spe-
cialists confirmed the diagnosis of keratoconus after a 
complete eye examination, which included Scheimp-
flug analysis and anterior eye biomicroscopy assess-
ment. The keratoconus stage was identified using the 
Amsler–Krumeich classification.12

Patients with any active ocular surface disease, cor-
neal opacities, glaucoma, use of medication that could 
affect ocular physiology, or a history of any type of oc-
ular surgery, pellucid marginal corneal degeneration, 
or corneal astigmatism greater than 2.00 diopters (D) 
(except in the keratoconus group) were excluded. Eyes 
with stage 4 keratoconus according to the Amsler–Kru-
meich classification were also excluded from the study 
to guarantee an optimal quality of corneal topography. 
Normal patients showed a corrected distance visual 
acuity of 20/20 and refractive errors of ±5.00 diop-
ters. Contact lens wear was discontinued for at least 2 
weeks before the eye examination.

Informed consent was obtained from each patient 
after the Human Sciences Ethics Committee of the Uni-
versity of Valladolid approved the study. All patients 
were treated in accordance with the tenets of the Dec-
laration of Helsinki.

INSTRUMENTATION
The Allegro Topolyzer is a diagnostic device based 

on the Placido disk system supported by 22 measure-
ment rings with 22,000 elevation points. Its software 

module allows data transfer from the Allegro Topolyz-
er to the WaveLight Excimer Laser systems and enables 
customized topography-guided treatments. A Zernike 
analysis of the anterior corneal surface up to the 8th 
order was computed.

MEASUREMENT PROCEDURE
Three separate measurements of each cornea were 

taken with the Allegro Topolyzer topographer (Ex-
amination Software Version 1.76r45 FW1.19) follow-
ing the manufacturer’s guidelines in a darkened room. 
The patients were asked to perform a complete blink 
just before each measurement to spread an optically 
smooth tear film over the cornea. The patients moved 
their chin from the chinrest between scans to elimi-
nate the interdependence of successive measurements. 
The patients were repositioned and the device was 
realigned after each measurement. Poor quality topog-
raphies with an “Analyze Area” value less than 70% 
were deleted (these included artefacts from tear film 
or movement and shadows from eyelids, eyelashes, or 
nose). The same experienced operator performed all 
measurements and the device was calibrated before 
the study.

MEASUREMENTS OBTAINED
The individual values of Zernike coefficients of the 

3rd [Z-3
3; Z

-1
3; Z

+1
3; Z

+3
3] and 4th [Z-4

4; Z
-2

4; Z
0
4; Z

+2
4; Z

+4
4] 

orders of each corneal assessment were collected from 
the Allegro Topolyzer display (Option Display – Zernike 
Analysis of the Software Version 1.76r45 FW1.19). The 
normalized polar Zernike coefficients (coma [Z±1

3]; trefoil 
[Z±3

3], secondary astigmatism [Z±2
4]; and tetrafoil [Z±4

4]) 
that combine the paired terms in the same order to give 
a single value (ie, the 3rd-order coma [Z±1

3] was obtained 
with the combination of vertical coma [Z-1

3] and horizon-
tal coma [Z+1

3]) were also recorded. Root mean square 
(RMS) (3rd to 8th order), HOA RMS (3rd to 8th order), 
and total RMS (1st to 8th order) also calculated for each 
corneal assessment. Coma-like (3rd, 5th, and 7th order) 
was analyzed for its usefulness in keratoconus classifica-
tion.9 All wavefront measurements were recorded with a 
6-mm optic diameter. Maximum and minimum anterior 
corneal powers in the 3-mm zone were also recorded in 
all patients. The Allegro Topolyzer provided the indi-
vidual values of Zernike coefficients in Malacara nota-
tion,13 but the results are presented in Optical Society 
of America standard notation to compare with previous 
studies.14,15 Malacara notation was converted to Opti-
cal Society of America standard notation following the 
manufacturer recommendations (the orientation of the 
Zernike coefficients were swapped, maintaining the co-
efficient value in microns).
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STATISTICAL ANALYSIS 
Statistical analysis was performed using SPSS for 

Windows software (version 15.0; SPSS, Inc., Chica-
go, IL). The intraobserver repeatability of the set of 
three consecutive measurements of each wavefront 
coefficient was calculated using the following five 
parameters: within-subject standard deviation (Sw),16 
intrasubject precision (1.96 × Sw, which shows the er-
ror range for 95% of the repeated measurements and 
the true value),16 repeatability (2.77 × Sw, which de-
fines the difference between two measurements of the 
same patient for 95% of pairs of observation),16 coef-
ficient of variation (CV; percentage value of the mea-
surement’s variation and defined as the ratio of the Sw 
to the overall mean [CV = Sw/mean × 100 (%)]),16 and 
the intraclass correlation coefficient (ICC; classified 
as follows: less than 0.75 = poor agreement; 0.75 to 
less than 0.90 = moderate agreement; 0.90 or greater = 
high agreement).17 The CV of the individual Zernike 
coefficients was not computed because the mean val-
ues for individual Zernike coefficients can be positive 
or negative.

A normal distribution of variables was assessed us-
ing the Kolmogorov–Smirnov test (P > .05 indicated 
that the data were normally distributed). Differences 
between normal and keratoconic eyes in all HOA data 
and between all calculated repeatability coefficients 
(Sw, precision, repeatability, CV, and ICC) were com-
pared with non-parametric Mann–Whitney U tests (P < 
.05 were considered significant). Differences between 
the aberrometric measurements by the keratoconus 
stage according to the Amsler–Krumeich classification 
were also calculated with a non-parametric Kruskal–
Wallis analysis of variance (P < .05 were considered 
significant) to assess the diagnostic and classification 
utility of the HOAs in management of patients with 
keratoconus. If significant differences between kera-
toconus stages were detected, a pairwise analysis was 
conducted (Mann–Whitney U with Bonferroni correc-
tion was used, and a P value of .05/3 = .0017 was used 
to judge significance).

RESULTS
Intraobserver repeatability was analyzed in 72 eyes 

of 72 patients divided into two study groups (normal 
and keratoconus). In the normal group, 36 eyes of 36 
patients (28 women, 8 men) were included, with a 
mean age of 29.4 ± 8.2 years (range: 19 to 50 years) and 
a mean spherical equivalent refractive error of -1.47 ± 
1.75 D (range: +1.50 to -5.00 D). Thirty-six eyes of 36 
patients with keratoconus (11 women, 25 men) com-
prised the keratoconus group (12 keratoconic eyes in 
stage I, 12 eyes in stage II, and 12 eyes in stage III, ac-

cording to the Amsler–Krumeich classification); the 
mean age of this group was 36.9 ± 10.5 years (range: 19 
to 58 years) and the mean spherical equivalent refrac-
tive error was -4.45 ± 4.25 D (range: -0.50 to -14.00 D). 
Maximum and minimum anterior corneal powers and 
their repeatability assessment by group are shown in 
Table 1.

Table A (available in the online version of this 
article) shows the intraobserver repeatability results 
for the wavefront aberrations in normal and kerato-
conic eyes. All modal pairs were significantly differ-
ent between the normal and keratoconus groups (P 
.03) except in Z+1

3, Z
+3

3, Z
-4

4, and Z+4
4. In the normal 

group, the Sw was 0.031 μm or less, the CV ranged 
from 6.49% for spherical aberration to 37.18% for 
secondary astigmatism, and the ICC values ranged 
from 0.502 to 0.982 for Zernike coefficients and from 
0.227 to 0.925 for RMS values. In the keratoconus 
group, the Sw was 0.059 μm or less, the CV ranged 
from 2.06% for HOA total RMS to 25.82% for tetra-
foil, and the ICC values ranged from 0.943 to 0.996 
for Zernike coefficients and from 0.839 to 0.996 for 
RMS values.

Intraobserver repeatability results of the wavefront 
aberrations analyzed by keratoconus stage are sum-
marized in Table B (available in the online version of 
this article). The mean value of all normalized polar 
Zernike coefficients and RMS values tended to in-
crease (in absolute magnitude) from stage I to stage III 
(Figure 1). The Sw was 0.064 μm or less in three stages 
of keratoconus and the CV decreased (better repeat-
ability) with increasing keratoconus stage in coma, tre-
foil, coma-like, and 3rd- and 4th-order HOAs, and total 
RMS value (Figure 2).

DISCUSSION
In the current study, the repeatability of maximum 

and minimum corneal powers provided by the Alle-
gro Topolyzer were analyzed, and we found excellent 
repeatability and agreement measurements in normal 
and keratoconic eyes (Table 1). Only one study of cor-
neal power repeatability using the Allegro Topolyzer 
has been published and demonstrated similar results 
to our study in a normal sample of patients (CV  
0.29% and ICC   0.993); however, the study did not 
investigate repeatability in keratoconic eyes.18

For the total anterior corneal wavefront measure-
ments, we found that the repeatability tended to be 
better in keratoconic eyes than in normal eyes (Table 
A). In both groups, the repeatability of Zernike coef-
ficients was better at the center of the Zernike pyramid 
than for coefficients along the periphery of the Zernike 
pyramid at the 3rd and 4th order.
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Comparing the results of wavefront aberration re-
peatability with previous studies19-24 is complicated 
because there is no consensus on how to analyze 

the data, as shown in Tables C-D (available in the 
online version of this article). Some studies show 
aberrations as individual values [ie, Z-1

3 and Z+1
3], 

TABLE 1
Intraobserver Repeatability for Maximum and Minimum Corneal Power (D)  

in Normal and Keratoconic Eyes
Parameter Mean ± SD (D) (Range) Sw (D) Precision (D) Repeatability (D) CV (%) ICC (95% CI)

Maximum corneal power (D)

   Keratoconus 47.61 ± 3.16  
(42.70 to 55.57)

0.21 0.42 0.59 0.44 0.998  
(0.996 to 0.999)

   Normal 44.11 ± 1.32  
(41.06 to 46.00)

0.13 0.25 0.35 0.29 0.996  
(0.992 to 0.998)

   Pa < .01 .03 .04 .04 .01 –

   Stage I 45.55 ± 2.10  
(42.70 to 49.10)

0.19 0.38 0.54 0.43 0.994  
(0.985 to 0.998)

   Stage II 47.74 ± 3.06  
(42.90 to 53.80)

0.19 0.37 0.52 0.39 0.998  
(0.994 to 0.999)

   Stage III 49.54 ± 3.06  
(45.70 to 55.57)

0.25 0.49 0.70 0.50 0.997  
(0.992 to 0.999)

   Pb < .01c .51 .51 .51 .66 –

Minimum corneal power (D)

   Keratoconus 45.05 ± 2.79  
(40.33 to 51.93)

0.08 0.16 0.23 0.43 0.997  
(0.995 to 0.998)

   Normal 43.33 ± 1.35  
(40.23 to 45.70)

0.11 0.21 0.30 0.25 0.997  
(0.994 to 0.998)

   Pa < .01 .36 .36 .36 .04 –

   Stage I 44.13 ± 1.97  
(40.33 to 47.87)

0.06 0.12 0.17 0.43 0.994  
(0.985 to 0.998)

   Stage II 45.17 ± 3.15  
(40.43 to 51.00)

0.09 0.17 0.24 0.41 0.997  
(0.993 to 0.999)

   Stage III 45.86 ± 3.06  
(40.70 to 51.93)

0.10 0.20 0.29 0.44 0.998  
(0.994 to 0.999)

   Pb .28 .16 .16 .16 .87 –
D = diopters; SD = standard deviation; Sw = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; CI = confi-
dence interval 
aMann–Whitney U analysis of variance between normal and keratoconic eyes. 
bKruskal–Wallis analysis of variance between stages of keratoconus. 
cMann–Whitney U analysis of variance. Statistically significant difference between stages I and III.

Figure 2. Mean value of coefficient of variation (%) of Zernike coefficients 
in keratoconus stages. CV = coefficient of variation; sec ast = secondary 
astigmatism; SA = spherical aberration; RMS = root mean square; HOA 
= higher order aberration

Figure 1. Mean value of corneal wavefront measurements (μm) in kera-
toconus stages. RMS = root mean square; sec ast = secondary astig-
matism; SA = spherical aberration



342 Copyright © SLACK Incorporated

Wavefront Aberration Measurements/Ortiz-Toquero et al

whereas others show the normalized polar Zernike 
coefficients [ie, Z±1

3] and  analyze the anterior cornea 
surface, the posterior cornea surface, or the entire 
cornea (both surfaces), depending on the device used. 
Furthermore, not all published studies calculated 
the CV of the normalized polar Zernike coefficients, 
which causes a loss of important information. The 
advantage of the CV is that it is a unitless number 
and is consequently independent of the units of ob-
servation in which the measurement has been taken. 
In contrast, the Sw of data (calculated in all studies 
included in Tables C-D) must always be understood 
in the context of the mean of the Zernike data in the 
sample analyzed (ie, keratoconic eyes have a higher 
mean value than normal eyes). Therefore, it is diffi-
cult to compare the results of various published stud-
ies using different samples and devices, and the same 
problem occurs with the precision and repeatability 
values. This comparison of several studies of wave-
front aberration repeatability emphasizes the need 
to establish a consensus to facilitate comparison be-
tween the results of various studies and devices; for 
example, CV of the normalized polar Zernike coef-
ficients should be included to permit a repeatability 
comparison of various devices. Moreover, all devices 
should show the Zernike coefficients in the Optical 
Society of America standard notation to make a com-
parison between results. A limitation of the Allegro 
Topolyzer is that it presents the individual Zernike 
coefficients in Malacara notation and hinders com-
parison with other studies.

In the normal group (Table B), the spherical aber-
ration presented high repeatability (CV = 6.43% and 
ICC = 0.948) except in Z-1

3 and Z+1
3 (ICCs  0.917). 

The trefoil, secondary astigmatism, and tetrafoil (in-
cluding individual Zernike values) showed poor re-
peatability. These trends are in agreement with other 
studies,19,20,22 in which the spherical aberration and 
coma shows higher levels of wavefront repeatability 
than the rest of the Zernike coefficients in normal 
eyes (Table C). Our results were slightly better than 
other previously reported findings11 of the Sirius de-
vice, which analyzes anterior HOAs in spherical ab-
erration (ICC = 0.824) and coma (ICC = 0.856). In 
summary, the Allegro Topolyzer presents repeatabil-
ity values for Zernike coefficients similar to those 
previously reported in normal eyes with better agree-
ment in coma and spherical aberration than trefoil, 
secondary astigmatism, and tetrafoil (individual val-
ues and normalized polar Zernike coefficients).

In regard to aberration wavefront repeatability in 
patients with keratoconus, there are few reports on this 
topic,11,23,24 and only one study has analyzed the ante-

rior corneal surface wavefront, in which keratoconus 
classifications were based on the HOAs of the anterior 
corneal surface9 (Table D). We found a high agreement 
(ICCs   0.905) among all Zernike coefficients (individ-
ual values and normalized polar Zernike coefficients) 
except in 7th- and 8th-order HOAs and total RMS that 
showed moderate agreement (ICCs   0.839) (Table B). 
Bayhan et al.11 reported the repeatability of the Sirius 
topographer in keratoconic eyes (n = 41) and analyzed 
normalized polar Zernike coefficients and found high 
agreement in coma, trefoil, secondary astigmatism, 
and spherical aberration (ICCs  0.930), with the worst 
results in tetrafoil (ICC = 0.809). This finding is consis-
tent with our results, in which the tetrafoil presented 
the highest CV (25.82%).

One of the main contributions of the current study 
is the analysis of repeatability at various keratoco-
nus stages that, to the best of our knowledge, has 
not been previously reported. Generally, the Zernike 
coefficient repeatability tended to be better with in-
creasing keratoconus stage (Table C). This finding 
may be because the HOAs are greater and clearly 
defined with increasing keratoconus stage, so their 
measurement could be more repeatable and useful to 
disease classification.

The Zernike coefficients reveal differences between 
stages I, II, and III of keratoconus (according to the 
Amsler–Krumeich classification) in the mean value of 
coma, vertical coma (Z-1

3), coma-like, 3rd-order RMS, 
HOA RMS, and total RMS (Table C). Further research 
is necessary to determine if these findings can be 
used in diagnosing, managing, and classifying kerato-
conus.9 Currently, this study demonstrated that coma, 
coma-like, vertical coma (Z-1

3), and 3rd-order RMS 
could be the most useful aberration coefficients for 
keratoconus detection25,26 and classification9 because 
these coefficients show statistical differences between 
the three keratoconus stages (Table C). Alió and Sha-
bayek9 proposed a modification in the Amsler–Kru-
meich classification to consider the coma-like (3rd, 
5th, and 7th order) values based on the aberrometry 
analysis of 40 keratoconic eyes (coma-like criteria: 
stage I > 1.50 to 2.50 μm; stage II > 2.50 to  3.50 
μm; stage III > 3.50 to  4.50 μm, and stage IV > 4.50 
μm). However, we found a lower coma-like value in 
all studied stages than in the proposed coma-like val-
ues in these classification criteria. Our results suggest 
that this classification should be used with caution 
in clinical practice because coma-like values could 
depend on the device. More studies with larger sam-
ples of patients with keratoconus would be needed to 
support a classification rule using corneal wavefront 
aberrations. 
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Finally, external factors influenced the measure-
ment of the aberrations and may have significantly re-
duced the repeatability of corneal HOA measurements; 
these factors include saccadic eye movements,27 mis-
alignment of patients’ head in the forehead and chin 
rest that produces variations in pupil center location,28 
and changes in tear film stability after blinking that 
could not be detected by the operator during topogra-
phy acquisition. However, a carefully controlled data 
acquisition could control the quality of the image cap-
ture and minimize the effect of these external factors 
on HOA measurements.29 Consequently, the difficulty 
in obtaining highly repeatable HOA measurements 
might arise from small eye movements and their con-
tinuous adaptation in attaining the best optical image 
rather than the inability of the device to provide re-
peatable measurements.

CONCLUSIONS
For the first time, a HOA repeatability assessment 

with the Allegro Topolyzer was conducted and de-
scribed in keratoconic and normal eyes. The results of 
this study are important to eye care practitioners and re-
fractive surgeons for management of patients who have 
undergone refractive surgery or have keratoconus.

Generally, the HOA repeatability was moderate and 
poor for Zernike coefficients in normal eyes; it was bet-
ter at the center of the Zernike pyramid than along the 
periphery of the Zernike pyramid in the 3rd and 4th 
order.

Keratoconic eyes presented good HOA repeatabil-
ity, except in tetrafoil and RMS up to the 7th-order, 
which had moderate repeatability. Coma, vertical 
coma (Z-1

3), coma-like, 3rd-order RMS, HOA RMS, 
and total RMS would help in keratoconus detection, 
management, and future disease stage classification.
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TABLE A
Intraobserver Repeatability for Total Corneal Wavefront Measurements  

of Allegro Topolyzer (6-mm Optic Diameter)
Parameter Mean ± SD (μm) (Range) Sw (μm) Precision (μm) Repeatability (μm) CV (%) ICC (95% CI)

Coma

   Keratoconus 1.999 ± 1.075 (0.417 to 4.209) 0.055 0.108 0.152 3.74 0.995 (0.992 to 0.998)

   Normal 0.174 ± 0.084 (0.036 to 0.350) 0.026 0.050 0.071 17.91 0.884 (0.809 to 0.934)

   Pa < .01 < .01 < .01 < .01 < .01 –
Z-1

3

   Keratoconus -1.827 ± 1.058 (-4.150 to -0.352) 0.059 0.115 0.162 0.994 (0.990 to 0.997)
   Normal -0.020 ± 0.121 (-0.250 to 0.184) 0.031 0.060 0.085 0.917 (0.861 to 0.953)
   Pa < .01 < .01 < .01 < .01 – –
Z+1

3

   Keratoconus -0.088 ± 0.833 (-1.982 to 1.703) 0.041 0.088 0.113 0.996 (0.993 to 0.998)
   Normal -0.019 ± 0.147 (-0.258 to 0.341) 0.017 0.048 0.046 0.982 (0.969 to 0.990)
   Pa .95 < .01 < .01 < .01 – –
Trefoil
   Keratoconus 0.790 ± 0.521 (0.151 to 2.339) 0.042 0.082 0.116 8.33 0.989 (0.981 to 0.994)
   Normal 0.148 ± 0.048 (0.038 to 0.232) 0.027 0.054 0.076 20.68 0.633 (0.460 to 0.775)
   Pa < .01 .17 .17 .17 < .01 –
Z-3

3

   Keratoconus -0.142 ± 0.718 (-2.065 to 2.029) 0.050 0.098 0.138 – 0.993 (0.988 to 0.996)
   Normal 0.075 ± 0.095 (-0.191 to 0.203) 0.029 0.056 0.080 0.876 (0.798 to 0.930)
   Pa < .01 < .01 < .01 < .01
Z+3

3

   Keratoconus 0.027 ± 0.604 (-1.588 to 1.044) 0.045 0.088 0.124 0.990 (0.983 to 0.995)
   Normal 0.043 ± 0.086 (-0.127 to 0.187) 0.024 0.048 0.067 0.881 (0.805 to 0.933)
   Pa .717 .04 .04 .04
Secondary astigmatism
   Keratoconus 0.498 ± 0.235 (0.081 to 0.899) 0.032 0.063 0.089 8.23 0.965 (0.940 to 0.981)
   Normal 0.043 ± 0.018 (0.016 to 0.092) 0.014 0.027 0.038 37.18 0.504 (0.308 to 0.682)
   Pa < .01 < .01 < .01 < .01 < .01
Z-2

4

   Keratoconus 0.278 ± 0.370 (-0.720 to 0.870) 0.037 0.072 0.102 0.984 (0.972 to 0.991)
   Normal 0.011 ± 0.033 (-0.050 to 0.077) 0.015 0.029 0.041 0.771 (0.643 to 0.866)
   Pa < .01 < .01 < .01 < .01
Z+2

4

   Keratoconus -0.044 ± 0.297 (-0.665 to 0.679) 0.022 0.044 0.062 0.991 (0.985 to 0.995)
   Normal 0.003 ± 0.030 (-0.066 to 0.056) 0.011 0.022 0.031 0.846 (0.751 to 0.912)
   Pa .03 < .01 < .01 < .01
Tetrafoil
   Keratoconus 0.233 ± 0.213 (0.042 to 0.869) 0.041 0.081 0.114 25.82 0.946 (0.909 to 0.970)
   Normal 0.088 ± 0.030 (0.031 to 0.176) 0.020 0.039 0.055 24.00 0.577 (0.392 to 0.736)
   Pa < .01 < .01 < .01 < .01 .69
Z-4

4

   Keratoconus -0.035 ± 0.218 (-0.862 to 0.465) 0.043 0.085 0.120 0.943 (0.903 to 0.968)
   Normal -0.074 ± 0.037 (-0.164 to -0.015) 0.022 0.044 0.062 0.634 (0.462 to 0.776)
   Pa .31 < .01 < .01 < .01
Z+4

4

   Keratoconus 0.049 ± 0.217 (-0.265 to 0.800) 0.037 0.073 0.103
   Normal 0.021 ± 0.032 (-0.050 to 0.068) 0.019 0.037 0.052 0.640 (0.469 to 0.780)
   Pa .31 < .01 < .01 < .01
Z0

4 spherical aberration
   Keratoconus 0.006 ± 0.479 (-1.102 to 0.746) 0.032 0.063 0.089 11.66 0.993 (0.988 to 0.996)
    Normal 0.247 ± 0.065 (0.094 to 0.376) 0.014 0.027 0.038 6.49 0.948 (0.912 to 0.971)
   Pa < .01 < .01 < .01 < .01 .13
Coma like (3rd, 5th, and 

7th order)
   Keratoconus 2.013 ± 1.078 (0.410 to 4.225) 0.054 0.106 0.150 3.62 0.996 (0.992 to 0.998)
   Normal 0.180 ± 0.082 (0.056 to 0.351) 0.025 0.049 0.070 16.23 0.879 (0.801 to 0.931)
   Pa < .01 < .01 < .01 < .01 < .01



TABLE A
Intraobserver Repeatability for Total Corneal Wavefront Measurements  

of Allegro Topolyzer (6-mm Optic Diameter)
Parameter Mean ± SD (μm) (Range) Sw (μm) Precision (μm) Repeatability (μm) CV (%) ICC (95% CI)

3rd-order RMS
   Keratoconus 2.222 ± 1.052 (0.752 to 4.327) 0.049 0.096 0.136 2.61 0.996 (0.993 to 0.998)
   Normal 0.239 ± 0.070 (0.120 to 0.394) 0.030 0.058 0.082 13.02 0.761 (0.629 to 0.860)
   Pa < .01 .10 .10 .10 < .01
4th-order RMS
   Keratoconus 0.731 ± 0.314 (0.216 to 1.651) 0.040 0.078 0.110 6.24 0.974 (0.956 to 0.986)
   Normal 0.269 ± 0.061 (0.151 to 0.393) 0.014 0.027 0.038 5.93 0.925 (0.874 to 0.958)
   Pa < .01 < .01 < .01 < .01 .81
5th-order RMS
   Keratoconus 0.296 ± 0.179 (0.077 to 0.897) 0.025 0.048 0.068 9.76 0.953 (0.920 to 0.974)
   Normal 0.057 ± 0.017 (0.025 to 0.092) 0.016 0.032 0.045 28.51 0.281 (0.078 to 0.499)
   Pa < .01 .34 .34 .34 < .01
6th-order RMS
   Keratoconus 0.141 ± 0.066 (0.045 to 0.327) 0.016 0.031 0.044 11.46 0.905 (0.843 to 0.947)
   Normal 0.037 ± 0.009 (0.022 to 0.059) 0.013 0.026 0.037 24.17 0.382 (0.177 to 0.587)
   Pa < .01 .08 .08 .08 < .01
7th-order RMS
   Keratoconus 0.097 ± 0.053 (0.021 to 0.289) 0.015 0.029 0.041 17.00 0.896 (0.828 to 0.941)
   Normal 0.026 ± 0.009 (0.016 to 0.051) 0.009 0.017 0.024 30.36 0.227 (0.026 to 0.450)
   Pa < .01 < .01 < .01 < .01 < .01
8th-order RMS
   Keratoconus 0.063 ± 0.042 (0.016 to 0.253) 0.014 0.027 0.038 22.69 0.839 (0.741 to 0.908)
   Normal 0.019 ± 0.007 (0.009 to 0.043) 0.008 0.015 0.022 36.90 0.235 (0.029 to 0.458)
   Pa < .01 .02 .02 .02 < .01
HOA RMS (3rd to 8th 

order)
   Keratoconus 2.391 ± 1.052 (0.833 to 4.427) 0.045 0.088 0.125 2.06 0.997 (0.994 to 0.998)
   Normal 0.376 ± 0.053 (0.284 to 0.495) 0.020 0.040 0.057 5.46 0.788 (0.666 to 0.877)
   Pa < .01 < .01 < .01 < .01 < .01
Total RMS (1st to 8th 

order)
   Keratoconus 7.425 ± 3.888 (2.352 to 16.525) 0.217 0.425 0.601 3.62 0.995 (0.991 to 0.997)
   Normal 1.093 ± 0.388 (0.467 to 2.039) 0.102 0.201 0.283 16.23 0.865 (0.779 to 0.923)
   Pa < .01 < .01 < .01 < .01 < .01

SD = standard deviation; Sw = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; CI = confidence interval; 
RMS = root mean square; HOA = higher order aberration 
aMann–Whitney U analysis of variance. 
The Allegro Topolyzer is manufactured by Alcon Laboratories, Erlangen, Germany.
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TABLE B
Intraobserver Repeatability for Total Corneal Wavefront Measurements  

(6-mm Optic Diameter) in Different Stages of Keratoconus
Parameter Mean ± SD (μm) (Range) Sw (μm) Precision (μm) Repeatability (μm) CV (%) ICC (95% CI)

Coma

   Stage I 0.929 ± 0.382 (0.417 to 1.455) 0.054 0.106 0.150 5.99 0.995 (0.986 to 0.998)

   Stage II 1.802 ± 0.564 (0.779 to 2.874) 0.055 0.107 0.152 3.41 0.997 (0.992 to 0.999)

   Stage III 3.265 ± 0.487 (2.610 to 4.209) 0.056 0.108 0.154 1.91 0.993 (0.983 to 0.998)

   Pa < .01b,c,d .56 .56 .56 .01c

Z-1
3

   Stage I -0.861 ± 0.393 (-1.388 to -0.352) 0.062 0.121 0.170 0.993 (0.980 to 0.998)

   Stage II -1.522 ± 0.543 (-2.846 to -0.573) 0.050 0.098 0.139 0.997 (0.991 to 0.999)

   Stage III -3.068 ± 0.619 (-4.156 to -1.973) 0.064 0.126 0.178 0.988 (0.968 to 0.996)

   Pa < .01b,c,d .51 .51 .51

Z+1
3

   Stage I -0.088 ± 0.339 (-0.603 to 0.442) 0.039 0.077 0.108 0.996 (0.989 to 0.999)

   Stage II 0.330 ± 0.879 (-1.746 to 1.703) 0.034 0.066 0.094 0.997 (0.993 to 0.999)

   Stage III -0.505 ± 0.932 (-1.982 to 0.865) 0.049 0.096 0.136 0.996 (0.989 to 0.999)

   Pa < .01b,d .23 .23 .23

Trefoil

   Stage I 0.643 ± 0.288 (0.151 to 1.159) 0.045 0.089 0.129 12.52 0.989 (0.971 to 0.997)

   Stage II 0.712 ± 0.288 (0.181 to 2.339) 0.034 0.066 0.094 7.14 0.986 (0.965 to 0.996)

   Stage III 1.015 ± 0.048 (0.280 to 2.182) 0.046 0.090 0.127 5.32 0.992 (0.979 to 0.997)

   Pa < .01c,d .63 .63 .63 .85

Z-3
3

   Stage I 0.003 ± 0.323 (-0.557 to 0.502) 0.041 0.082 0.156 0.996 (0.988 to 0.999)

   Stage II -0.061 ± 0.605 (-0.575 to 1.716) 0.046 0.090 0.127 0.990 (0.974 to 0.997)

   Stage III -0.374 ± 1.008 (-2.065 to 2.029) 0.062 0.122 0.172 0.992 (0.979 to 0.998)

   Pa < .01c .56 .56 .56

Z+3
3

   Stage I 0.319 ± 0.533 (-0.602 to 1.044) 0.042 0.083 0.017 0.991 (0.977 to 0.997)

   Stage II -0.056 ± 0.683 (-1.588 to 0.716) 0.042 0.082 0.117 0.984 (0.958 to 0.995)

   Stage III -0.180 ± 0.446 (-0.790 to 0.526) 0.050 0.098 0.138 0.994 (0.983 to 0.998)

   Pa < .01c .34 .34 .34

Secondary astigmatism

   Stage I 0.394 ± 0.203 (0.097 to 0.787) 0.029 0.058 0.082 8.83 0.938 (0.845 to 0.980)

   Stage II 0.498 ± 0.245 (0.081 to 0.871) 0.022 0.043 0.061 7.32 0.987 (0.967 to 0.996)

   Stage III 0.601 ± 0.214 (0.194 to 0.899) 0.044 0.087 0.123 8.53 0.954 (0.884 to 0.985)

   Pa < .01c .37 .37 .37 .72

Z-2
4

   Stage I 0.309 ± 0.222 (0.050 to 0.756) 0.033 0.064 0.091 0.952 (0.879 to 0.985)

   Stage II 0.289 ± 0.411 (-0.586 to 0.870) 0.029 0.057 0.081 0.994 (0.986 to 0.998)

   Stage III 0.236 ± 0.444 (-0.720 to 0.856) 0.049 0.096 0.135 0.976 (0.937 to 0.992)

   Pa .80 .21 .21 .21

Z+2
4

   Stage I 0.093 ± 0.212 (-0.219 to 0.407) 0.019 0.037 0.052 0.995 (0.985 to 0.995)

   Stage II -0.055 ± 0.239 (-0.570 to 0.399) 0.017 0.033 0.047 0.993 (0.981 to 0.998)

   Stage III -0.170 ± 0.363 (-0.665 to 0.679) 0.031 0.061 0.087 0.987 (0.966 to 0.996)

   Pa < .01c .08 .08 .08

Tetrafoil

   Stage I 0.140 ± 0.058 (0.051 to 0.217) 0.027 0.052 0.074 23.09 0.879 (0.717 to 0.960)

   Stage II 0.220 ± 0.206 (0.042 to 0.806) 0.042 0.083 0.117 27.28 0.970 (0.924 to 0.991)

   Stage III 0.338 ± 0.270 (0.064 to 0.869) 0.055 0.108 0.153 27.12 0.941 (0.853 to 0.981)

   Pa .01c .33 .33 .33 .80

Z-4
4

   Stage I 0.049 ± 0.062 (-0.091 to 0.164) 0.029 0.057 0.081 0.939 (0.848 to 0.980)

   Stage II -0.050 ± 0.153 (-0.323 to 0.168) 0.044 0.087 0.123 0.973 (0.930 to 0.991)

   Stage III -0.106 ± 0.324 (-0.862 to 0.465) 0.057 0.111 0.157 0.892 (0.744 to 0.964)

   Pa < .01b,c .20 .20 .20

Z+4
4

   Stage I -0.016 ± 0.125 (-0.210 to 0.192) 0.032 0.063 0.089 0.947 (0.868 to 0.983)

   Stage II 0.108 ± 0.229 (-0.115 to 0.738) 0.037 0.072 0.102 0.962 (0.904 to 0.988)

   Stage III 0.056 ± 0.026 (-0.027 to 0.800) 0.057 0.083 0.117 0.948 (0.870 to 0.983)

   Pa .06 .27 .27 .27



TABLE B
Intraobserver Repeatability for Total Corneal Wavefront Measurements  

(6-mm Optic Diameter) in Different Stages of Keratoconus
Parameter Mean ± SD (μm) (Range) Sw (μm) Precision (μm) Repeatability (μm) CV (%) ICC (95% CI)

Z0
4 spherical aber-
ration

   Stage I 0.258 ± 0.252 (-0.206 to 0.585) 0.029 0.057 0.081 11.55 0.978 (0.942 to 0.993)

   Stage II 0.084 ± 0.423 (-0.421 to 0.716) 0.032 0.062 0.088 12.74 0.998 (0.995 to 0.999)

   Stage III -0.323 ± 0.524 (-1.102 to 0.746) 0.035 0.069 0.098 10.69 0.994 (0.985 to 0.998)

   Pa < .01c,d .51 .51 .51 .98

Coma like (3rd, 5th 
and 7th order)

   Stage I 0.938 ± 0.397 (0.410 to 1.471) 0.053 0.104 0.147 5.73 0.952 (0.880 to 0.985)

   Stage II 1.819 ± 0.567 (0.795 to 2.874) 0.054 0.105 0.149 3.28 0.988 (0.968 to 0.996)

   Stage III 3.287 ± 0.505 (2.614 to 4.225) 0.056 0.110 0.156 1.90 0.981 (0.950 to 0.994)

   Pa < .01b,c,d .56 .56 .56 .02c

3rd-order RMS

   Stage I 1.175 ± 0.344 (0.752 to 1.644) 0.044 0.086 0.121 3.61 0.997 (0.991 to 0.999)

   Stage II 2.019 ± 0.555 (1.338 to 2.930) 0.047 0.091 0.129 2.43 0.996 (0.989 to 0.999)

   Stage III 3.473 ± 0.446 (2.805 to 4.327) 0.057 0.111 0.157 1.78 0.994 (0.984 to 0.998)

   Pa < .01b,c,d .27 .27 .27 .30

4th-order RMS

   Stage I 0.555 ± 0.204 (0.216 to 0.839) 0.036 0.071 0.100 7.13 0.943 (0.958 to 0.982)

   Stage II 0.695 ± 0.314 (0.342 to 1.386) 0.163 0.072 0.101 6.92 0.990 (0.973 to 0.997)

   Stage III 0.941 ± 0.286 (0.709 to 1.651) 0.046 0.091 0.128 4.68 0.962 (0.903 to 0.988)

   Pa <.01c,d .55 .55 .55 .86

5th-order RMS

   Stage I 0.204 ± 0.092 (0.081 to 0.348) 0.027 0.053 0.074 11.24 0.972 (0.927 to 0.991)

   Stage II 0.252 ± 0.147 (0.077 to 0.539) 0.017 0.033 0.047 9.01 0.950 (0.875 to 0.984)

   Stage III 0.433 ± 0.193 (0.145 to 0.897) 0.030 0.059 0.083 9.02 0.950 (0.874 to 0.984)

   Pa < .01c,d .06 .06 .06 .99

6th-order RMS

   Stage I 0.103 ± 0.031 (0.045 to 0.149) 0.001 0.017 0.026 8.63 0.951 (0.876 to 0.984)

   Stage II 0.123 ± 0.052 (0.048 to 0.243) 0.016 0.031 0.043 14.72 0.892 (0.745 to 0.965)

   Stage III 0.199 ± 0.067 (0.110 to 0.327) 0.022 0.043 0.061 11.03 0.773 (0.519 to 0.921)

   Pa <.01c,d .05 .05 .05 .68

7th-order RMS

   Stage I 0.067 ± 0.031 (0.021 to 0.137) 0.011 0.021 0.029 16.21 0.861 (0.680 to 0.954)

   Stage II 0.089 ± 0.049 (0.034 to 0.188) 0.015 0.029 0.040 18.37 0.946 (0.866 to 0.983)

   Stage III 0.135 ± 0.052 (0.081 to 0.289) 0.019 0.038 0.053 16.41 0.816 (0.594 to 0.937)

   Pa <.01c,d .08 .08 .08 .96

8th-order RMS

   Stage I 0.044 ± 0.024 (0.016 to 0.082) 0.008 0.016 0.023 19.90 0.943 (0.857 to 0.982)

   Stage II 0.054 ± 0.031 (0.021 to 0.121) 0.013 0.025 0.035 22.58 0.702 (0.406 to 0.892)

   Stage III 0.092 ± 0.052 (0.049 to 0.253) 0.020 0.039 0.055 25.60 0.403 (0.045 to 0.743)

   Pa < .01c,d .03c .03c .03c .67

HOA RMS

   Stage I 1.347 ± 0.359 (0.833 to 1.812) 0.034 0.067 0.094 2.40 0.998 (0.994 to 0.999)

   Stage II 2.178 ± 0.568 (1.430 to 3.276) 0.043 0.084 0.119 2.09 0.996 (0.989 to 0.999)

   Stage III 3.649 ± 0.411 (3.057 to 4.427) 0.058 0.114 0.165 1.70 0.995 (0.987 to 0.998)

   Pa < .01b,c,d .33 .33 .33 .60

Total RMS

   Stage I 3.788 ± 1.295 (2.352 to 5.827) 0.154 0.301 0.426 3.86 0.991 (0.977 to 0.997)

   Stage II 6.427 ± 1.324 (3.516 to 8.841) 0.163 0.320 0.453 2.56 0.998 (0.995 to 0.999)

   Stage III 12.060 ± 2.459 (8.247 to 16.525) 0.334 0.654 0.925 2.39 0.993 (0.981 to 0.998)

   Pa < .01b,c,d .02c .02c .02c .45

SD = standard deviation; Sw = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; CI = confidence interval; 
RMS = root mean square; HOA = higher order aberration 
aStatistically significant differences between the three study groups (Kruskal–Wallis analysis of variance). 
bStatistically significant differences between keratoconus stages I and II (Mann–Whitney U analysis of variance). 
cStatistically significant differences between keratoconus stages I and III (Mann–Whitney U analysis of variance). 
dStatistically significant differences between keratoconus stages II and III (Mann–Whitney U analysis of variance). 
The Allegro Topolyzer is manufactured by Alcon Laboratories, Erlangen, Germany.
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TABLE C
Summary of Previous Reports of Corneal Wavefront Repeatability in Healthy Eyes

Parameter Current Study Wang et al.20 Cerviño et al.19 Aramberri et al.22 Aramberri et al.22 Bayhan et al.11
López-Miguel  

et al.21

Device Allegro Topolyzer Galilei G3 Galilei G4 Pentacam HR Galilei G2 Sirius Topcon KR-1W

Corneal surface Anterior Total Total Total Total Anterior Total

No. of eyes 36 20 25 35 35 30 75

Coma

   Mean 0.174 ± 0.084 0.33 ± 0.15 – – – 0.24 ± 0.08 0.181

   Sw 0.026 0.08 – – – 0.04 0.041

   CV 17.91% 29% – – – – –

   ICC 0.884 0.897 – – – 0.856 0.869

Z-1
3

   Mean -0.020 ± 0.121 -0.06 ± 0.24 -0.068 ± 0.231 -0.04 ± 0.15 -0.04 ± 0.22 – –

   Sw 0.031 0.08 0.076 0.009 0.09 – –

   CV – – – – – – –

   ICC 0.917 0.966 0.849 0.740 0.809 – –

Z+1
3

   Mean -0.019 ± 0.147 0.04 ± 0.26 0.013 ± 0.361 0.00 ± 0.11 0.00 ± 0.34 –
   Sw 0.017 0.10 0.093 0.02 0.13 –
   CV – – – – – –
   ICC 0.982 0.945 0.915 0.961 0.868 –
Trefoil

   Mean 0.148 ± 0.048 0.23 ± 0.10 – – – 0.16 ± 0.07 –

   Sw 0.027 0.09 – – – 0.04 –

   CV 20.68% 37% – – – – –

   ICC 0.633 0.714 – – – 0.750 –

Z-3
3

   Mean 0.075 ± 0.095 -0.11 ± 0.15 -0.051 ± 0.164 0.01 ± 0.06 -0.13 ± 0.15 – –

   Sw 0.029 0.12 0.070 0.08 0.13 – –

   CV – – – – – – –

   ICC 0.876 0.775 0.811 0.478 0.477 – –

Z+3
3

   Mean 0.043 ± 0.086 -0.07 ± 0.11 -0.011 ± 0.128 0.00 ± 0.05 0.00 ± 0.15 – –

   Sw 0.024 0.011 0.076 0.05 0.15 – –

   CV – – – – – – –

   ICC 0.881 0.667 0.552 0.509 0.510 – –

Secondary astig-
matism

   Mean 0.043 ± 0.018 0.09 ± 0.05 – – – 0.04 ± 0.02 –

   Sw 0.014 0.04 – – – 0.05 –

   CV 37.18% 40% – – – – –

   ICC 0.504 0.695 – – – 0.678 –

Z-2
4

   Mean 0.011 ± 0.033 -0.02 ± 0.05 – – – – –

   Sw 0.015 0.05 – – – – –

   CV – – – – – – –

  ICC 0.771 0.682 – – – – –

Z+2
4

   Mean 0.003 ± 0.030 -0.02 ± 0.08 – – – – –

   Sw 0.011 0.05 – – – – –

   CV – – – – – – –

   ICC 0.846 0.864 – – – – –

Tetrafoil

   Mean 0.088 ± 0.030 0.15 ± 0.09 – – – 0.06 ± 0.03 –

   Sw 0.020 0.09 – – – 0.05 –

   CV 24% 53% – – – – –

   ICC 0.577 0.669 – – – 0.568 –

Z-4
4

   Mean -0.074 ± 0.037 0.01 ± 0.06 – – – – –

   Sw 0.022 0.09 – – – – –

   CV – – – – – – –

   ICC 0.634 0.162 – – – – –



TABLE C
Summary of Previous Reports of Corneal Wavefront Repeatability in Healthy Eyes

Parameter Current Study Wang et al.20 Cerviño et al.19 Aramberri et al.22 Aramberri et al.22 Bayhan et al.11
López-Miguel  

et al.21

Z+4
4

   Mean 0.021 ± 0.032 -0.07 ± 0.13 – – – – –

   Sw 0.019 0.10 – – – – –

   CV – – – – – – –

   ICC 0.640 0.819 – – – – –

Spherical aberration

   Mean 0.247 ± 0.065 0.27 ± 0.08 0.121 ± 0.077 0.21 ± 0.06 0.22 ± 0.08 -0.22 ± 0.04 0.085

   Sw 0.014 0.02 0.022 0.03 0.04 0.01 0.033

   CV 6.49% 7% – 13.55% 16.26% – –

   ICC 0.948 0.981 0.857 0.814 0.833 0.824 0.939

Coma-like

   Mean 0.179 ± 0.081 – – – – – –0.283a

   Sw 0.025 – – – – – 0.029

   CV 16.23% – – – – – –

   ICC 0.879 – – – – – 0.883

3rd-order RMS

   Mean 0.239 ± 0.070 0.42 ± 0.16 – – – – 0.246

   Sw 0.030 0.09 – – – – 0.038

   CV 13.02% 23% – – – – –

   ICC 0.761 0.878 – – – – 0.883

4th-order RMS

   Mean 0.269 ± 0.061 0.34 ± 0.09 – – – – 0.168

   Sw 0.014 0.06 – – – – 0.029

   CV 5.93% 14% – – – – –

   ICC 0.925 0.825 – – – – 0.876

5th-order RMS

   Mean 0.057 ± 0.017 0.09 ± 0.04 – – – – –

   Sw 0.016 0.03 – – – – –

   CV 28.51% 24% – – – – –

   ICC 0.281 0.806 – – – – –

6th-order RMS

   Mean 0.037 ± 0.009 0.06 ± 0.02 – – – – –

   Sw 0.013% 0.02 – – – – –

   CV 24.17% 29% – – – – –

   ICC 0.382 0.787 – – – – –

7th-order RMS

   Mean 0.026 ± 0.009 – – – – – –

   Sw 0.009 – – – – – –

   CV 30.36% – – – – – –

   ICC 0.227 – – – – – –

8th-order RMS

   Mean 0.019 ± 0.007 – – – – – –

   Sw 0.008 – – – – – –

   CV 36.90% – – – – – –

   ICC 0.235 – – – – – –

HOAs RMS

   Mean 0.376 ± 0.053 0.56 ± 0.14b – 0.11 ± 0.03 0.59 ± 0.20 0.41 ± 0.06c –

   Sw 0.020 0.09 – 0.03 0.12 0.07 –

   CV 5.46% 14% – 23.96% 20.26% – –

   ICC 0.788 0.858 – 0.564 0.687 0.824 –

Total RMS

   Mean 1.093 ± 0.388 – – – – 0.91 ± 0.37c –
   Sw 0.102 – – – – 0.07 –

   CV 16.23% – – – – – –

   ICC 0.865 – – – – 0.976 –

Sw = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; RMS = root mean square; HOA = higher order aber-
ration 
aComa-like 3rd and 5th Zernike order. 
bUp to the 7th Zernike order. 
c3rd to 6th Zernike order.

(cont’d)



TABLE D
Summary of Previous Reports of  

Corneal Wavefront Repeatability in Keratoconic Eyes
Parameter Current Study Bayhan et al.11 Sideroudi et al.23 Jinabhai et al.24

Device Allegro Topolyzer Sirius Pentacam IRX-3 aberrometer

Cornea surface Anterior Anterior Posterior Ocular

No. of eyes 36 41 33 31

Coma

   Mean 1.999 ± 1.075 2.22 ± 1.33 7.6 ± 4.6 0.85

   Sw 0.055 0.03 0.258 0.06

   CV 3.74% – – –

   ICC 0.995 0.988 0.997 –

Z-1
3

   Mean -1.827 ± 1.058 – -6.653 ± 3.939 –

   Sw 0.059 – 0.209 –

   CV – – – –

   ICC 0.994 0.997 –

Z+1
3

   Mean -0.088 ± 0.833 – -0.154 ± 3.697 –

   Sw 0.041 – 0.236 –

   CV – – – –

   ICC 0.996 – 0.993 –

Trefoil

   Mean 0.790 ± 0.521 0.70 ± 0.36 – 0.54

   Sw 0.042 0.05 – 0.07

   CV 8.33% – – –

   ICC 0.989 0.930 – –

Z-3
3

   Mean -0.142 ± 0.718 – 0.064 ± 1.208 –

   Sw 0.050 – 0.216 –

   CV – – – –

   ICC 0.993 – 0.672 –

Z+3
3

   Mean 0.027 ± 0.604 – -0.178 ± 0.427 –

   Sw 0.045 – 0.127 –

   CV – – – –

   ICC 0.990 – 0.846 –

Secondary astigmatism

   Mean 0.498 ± 0.235 0.45 ± 0.28 – 0.40

   Sw 0.032 0.04 – 0.07

   CV 8.23% – – –

   ICC 0.965 0.976 – –

Z-2
4

   Mean 0.278 ± 0.370 – 0.007 ± 0.220 –

   Sw 0.037 – 0.263 –

   CV – – – –

   ICC 0.984 – 0.952 –

Z+2
4

   Mean -0.044 ± 0.297 – -0.187 ± 0.183 –

   Sw 0.022 – 0.232 –

   CV – – – –

   ICC 0.991 – 0.878 –

Tetrafoil

   Mean 0.233 ± 0.213 0.18 ± 0.09 – 0.33

   Sw 0.041 0.04 – 0.08

   CV 25.82% – – –

   ICC 0.946 0.809 – –

Z-4
4

   Mean -0.035 ± 0.218 – -0.002 ± 0.411 –

   Sw 0.043 – 0.207 –

   CV – – – –

   ICC 0.943 – 0.806 –



TABLE D
Summary of Previous Reports of  

Corneal Wavefront Repeatability in Keratoconic Eyes
Parameter Current Study Bayhan et al.11 Sideroudi et al.23 Jinabhai et al.24

Z+4
4

   Mean 0.049 ± 0.217 – 0.273 ± 0.238

   Sw 0.037 – 0.260

   CV – – –

   ICC 0.954 – 0.988

Spherical aberration

   Mean 0.006 ± 0.479 0.15 ± 0.38 -0.376 ± 1.125 0.34

   Sw 0.032 0.03 0.127 0.09

   CV 11.63% – – –

   ICC 0.993 0.956 0.956 –

Coma-like

   Mean 2.013 ± 1.078 7.677 ± 4.615a

   Sw 0.054 0.262
   CV 3.62% –
   ICC 0.996 0.997

3rd-order RMS

   Mean 2.222 ± 1.052

   Sw 0.049

   CV 2.61%

   ICC 0.996

4th-order RMS

   Mean 0.731 ± 0.314

   Sw 0.040

   CV 6.24%

   ICC 0.974

5th-order RMS

   Mean 0.296 ± 0.179

   Sw 0.025

   CV 9.76%

   ICC 0.953

6th-order RMS

   Mean 0.141 ± 0.066

   Sw 0.016

   CV 11.46%

   ICC 0.905

7th-order RMS

   Mean 0.097 ± 0.053

   Sw 0.015

   CV 17.00%

   ICC 0.896

8th-order RMS

   Mean 0.063 ± 0.042

   Sw 0.014

   CV 22.69% –
   ICC 0.839 –
HOAs RMS

   Mean 2.391 ± 1.052 2.49 ± 1.32b 7.94 ± 0.43b 0.93a

   Sw 0.045 0.03 0.275 0.07

   CV 22.69% – – –

   ICC 0.839 0.979 0.996 –

Total RMS

   Mean 7.425 ± 3.888 4.41 ± 1.77c

   Sw 0.217 0.09

   CV 3.62% –

   ICC 0.865 0.986

Sw = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; RMS = root mean square; HOA = higher order aber-
ration 
a3rd to 5th Zernike order. 
b3rd to 6th Zernike order. 
cUp to the 6th Zernike order.
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Agreement of corneal measurements
between dual rotating

Scheimpflug–Placido system and
Placido-based topography device
in normal and keratoconus eyes

Sara Ortiz-Toquero, MSc, Virginia Zu~niga, OD, Guadalupe Rodriguez, MSc,
Victoria de Juan, PhD, Raul Martin, PhD

PURPOSE: To compare the anterior corneal measurements between Placido-based topography and
dual-Scheimpflug topography in healthy and keratoconus eyes.

SETTING: Optometry Research Group, Instituto Universitario de Oftalmobiolog�ıa Aplicada, Univer-
sity of Valladolid, Valladolid, Spain.

DESIGN: Comparative case series.

METHODS: The mean simulated keratometry (K), flat K, steep K, astigmatism power, corneal astig-
matism axis, J0, J45, maximum corneal power point, and white-to-white (WTW) distance were
collected and compared between healthy eyes and keratoconus eyes.

RESULTS: The study evaluated in 56 healthy eyes and 56 keratoconus eyes. Placido-based topography
underestimated all topographic values except J45 and WTW in healthy eyes and J0, maximum corneal
power point, and WTW in keratoconus eyes, with statistically significant differences in astigmatism
(healthy), flat K (keratoconus), axis (keratoconus), J0, J45, and WTW (P < .05). Healthy eyes
showed better agreement (95% limits of agreement: simulated K �0.13 to 0.40; steep K �0.30 to
0.59; flat K �0.29 to 0.51; astigmatism �0.60 to 0.64; J0 �1.15 to 1.13; J45 �1.10 to 1.20;
maximum corneal power point �0.70 to 1.17; WTW �0.96 to 0.76 mm) than keratoconic eyes
(simulated K �2.84 to 4.55; steep K �2.80 to 5.21; flat K �3.68 to 4.70; astigmatism �1.90 to
2.95; J0 �2.85 to 3.20; J45 �3.21 to 3.05; maximum corneal power point �7.00 to 4.51 D; WTW
�1.00 to 0.88).

CONCLUSIONS: Healthy eyes showed better agreement than keratoconus eyes between Placido-
based and dual-Scheimpflug topography. Both instruments could be used interchangeably with
caution in healthy eyes, but not in keratoconus management.

Financial Disclosure: None of the authors has a financial or proprietary interest in any material or
method mentioned.
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Precise measurements of the anterior corneal surface are
very important in various clinical situations such as
corneal refractive surgery practice, calculation of intraoc-
ular lens (IOL) power in phakic or pseudophakic plan-
ning surgery, contact lens fitting, and corneal disease
detection and follow-up.1,2 The screening of patients
having corneal refractive surgery in preoperative assess-
ment is particularly important to exclude keratoconus or

other corneal disease and to avoid potentially undesir-
able side effects.3,4

Today, multiple imaging techniques for anterior
corneal assessment are available. Placido disk–based
videokeratography analyzes concentric light rings re-
flected on the anterior corneal surface, and it is the
most extensively used technique among corneal topo-
graphic assessments of corneal curvature.5 Scheimpflug
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tomography relies on the reconstruction of corneal im-
ages from a rotating camera and allows analysis of the
anterior corneal surface as well as the posterior sur-
face.3,5 At present, mixed devices combining Placido
disk with Scheimpflug tomography are available.2

However, most agreement studies compare different
Placido-disk and Scheimpflug techniques in healthy
eyes1,5–10 To our knowledge, no previous reports have
evaluated the agreement between the 2 techniques in
cases of corneal diseases, such as in keratoconus for
which corneal topography is mandatory for early diag-
nosis, classification, management, and follow-up.3,11,12

This study evaluated the interdevice agreement be-
tween Placido topography (Allegro-Topolyzer, Wave-
light Technologie AG [Alcon Laboratories, Inc.]) and
dual rotating Scheimpflug–Placido topography (Gali-
lei G4, Ziemer Group) for anterior corneal assessment
in keratoconus eyes and compare the data with those
from healthy eyes.

PATIENTS AND METHODS

In this prospective clinic-based observational single-masked
study, patients were divided into 2 groups: healthy and ker-
atoconus. Informed consent was obtained from each patient
after the Human Sciences Ethics Committee, University of
Valladolid, granted approval for the study. All patients
were treated in accordance with the tenets of the Declaration
of Helsinki.

Healthy patients with active ocular surface disease,
corneal opacities, glaucoma, use of medication that could
affect ocular physiology, a history of any type of ocular

surgery, and refractive error (spherical equivalent [SE])
greater than 6.00 diopters (D) were excluded. Soft and rigid
contact lenses wear was discontinued for at least 2 weeks
and 4 weeks, respectively, before the eye examination. A sin-
gle eye of each patient was randomly chosen for the study.

Independent corneal specialists diagnosed keratoconus
patients after a complete eye examination that included
topographic analysis and anterior eye biomicroscopy assess-
ment based on slitlamp findings (stromal thinning, conical
protrusion, Fleischer ring, and Vogt striae).12,13 Eyes with
previous acute corneal hydrops or a history of ocular surgery
were excluded. Because keratoconus is a bilateral and asym-
metric disease, both eyes of the same patient were included
in the study.

Instrumentation

The Allegro-Topolyzer (Examination Software version
1.76r45 FW1.19) is a noninvasive diagnostic device based
on the Placido disk system supported by 22 rings and gener-
ates high-resolution data of the corneal surface with 22 000
data points. The corneal measurements provided by this
Placido topographer have been shown to have excellent
repeatability in healthy eyes and keratoconus eyes.7,14

TheGalilei-G4 (software versionV6.0.3) is a noninvasive op-
tical diagnostic device that has a rotating dual-Scheimpflug
camera integrated (located 180 degrees apart to compensate
for error associatedwith scans at an oblique angle) with a Plac-
ido disk (20 monochrome rings, 200 mm diameter) to measure
the anterior and posterior corneal surfaces. It is a topographer
and tomographer that integrates data simultaneously obtained
from the Placido and Scheimpflug components to measure the
anterior corneal surface.15 It analyzes more than 122000 data
points per complete scan. This device uses a hypothetical
keratometric index of 1.3375 for the anterior corneal curvature
calculation and has good repeatability of measurements in
healthy eyes and keratoconic eyes.16

Measurements

Corneal topography was performed in all patients using
the Placido topographer and the dual rotating Scheimp-
flug–Placido topographer during the same visit. Both de-
vices were calibrated before the study. The same
experienced operator performed all measurements in a dark-
ened room following the manufacturer's guidelines.

Corneal Topographical Outcomes

The following corneal parameters were collected from
both devices and compared: mean central corneal dioptric
power (simulated keratometry [K]), corneal dioptric power
in the flattest meridian (flat K) and steepest meridian (steep
K) of the simulated K, maximum corneal dioptric power
point of the anterior corneal surface, corneal diameter or
white-to-white distance (WTW), and corneal astigmatism
(diopters and axis of corneal astigmatism). The conversion
to power vectors components J0 and J45, as suggested by
Thibos et al.,17 was performed with the following equations:

J0Z ð�C=2Þ cosð2aÞ

J45Z ð�C=2Þ sinð2aÞ
where J0 is the Jackson cross-cylinder, axes at 0 degrees and 90
degrees; J45 is the Jackson cross-cylinder, axes at 45 degrees

Submitted: January 15, 2016.
Final revision submitted: March 13, 2016.
Accepted: April 26, 2016.

From the Departamento de F�ısica Te�orica, At�omica y �Optica (Ortiz-
Toquero, Rodriguez, Martin), the Optometry Research Group, Insti-
tuto Universitario de Oftalmobiolog�ıa Aplicada Eye Institute, the
School of Optometry (Ortiz-Toquero, Zu~niga, Rodriguez, de Juan,
Martin), University of Valladolid, Valladolid, and the Department
of Ophthalmology (de Juan), Ram�on y Cajal University Hospital,
Madrid, Spain; the Faculty of Health and Human Sciences (Martin),
Plymouth University, Plymouth, United Kingdom.

Supported by Junta Castilla y Le�on (Consejeria de Educaci�on), Pro-
gram: Estrategia Regional de Investigaci�on Cient�ıfica, Desarrollo
Tecnol�ogico e Innovaci�on 2007-2013, co-funding by Social Euro-
pean Fund (Dr. Ortiz-Toquero).

American Journal Experts edited the English grammar of this
manuscript.

Presented in part at the XXXIII Congress of the European Society of
Cataract and Refractive Surgeons, Barcelona, Spain, September 2015.

Corresponding author: Raul Martin, PhD, Instituto Universitario de
Oftalmobiolog�ıa Aplicada Eye Institute, University of Valladolid, Paseo
de Belen, 17, 47011, Valladolid, Spain. E-mail: raul@ioba.med.uva.es.

1199DUAL ROTATING SCHEIMPFLUG–PLACIDO SYSTEM AND PLACIDO-BASED TOPOGRAPHY

J CATARACT REFRACT SURG - VOL 42, AUGUST 2016



and 135 degrees; C is the astigmatism (difference in diopters
between the higher and the lower simulated K readings);
and a is the meridian, expressed in degrees, of the higher
simulated K reading. These measures were also calculated
and compared. Because vectorial analysis of corneal astigma-
tism can be nonclinically intuitive,6 axis data were trans-
formed to ensure that the difference in each pair of
measurementswas corrected by adding or subtracting 180 de-
grees to the axis difference value following the recommenda-
tions of Delrivo et al.6

Statistical Analysis

Statistical analysis was performed using SPSS for
Windows software (version 15.0, SPSS, Inc.). A normal distri-
bution of variables was assessed using the Kolmogorov-
Smirnov test; P values greater than 0.05 indicated the data
were normally distributed. The mean values of the measure-
ments between healthy eyes and keratoconus eyes were
compared with analysis of variance; P values less than 0.05
were considered statistically significant. The mean values
of the measurements between the Placido topographer and
the dual rotating Scheimpflug–Placido topographer were
compared with the paired t test; P values less than 0.05
were considered statistically significant. Linear regression
was used to quantify the r2 correlation coefficient between
measurements of both devices; P values less than 0.05 were
considered statistically significant.

The degree of agreement between the Placido topogra-
pher and the dual rotating Scheimpflug–Placido topogra-
pher in healthy eyes and keratoconus eyes was evaluated
using Bland-Altman analysis.18 The differences between
the measurements of both devices were plotted against the
means of both techniques, and 95% limits of agreement
(LoA) were calculated (mean difference G 1.96 SD).

RESULTS

One hundred twelve eyes were included in the study.
The healthy group comprised 56 eyes of 56 patients
(30 women, 26 men) with a mean age of
30.8 years G 6.2 (SD) (range 18 to 44 years) and a
mean SE refractive error of �3.26 G 2.19 D (range
C1.50 to �6.00 D). The keratoconus group comprised
56 eyes of 33 keratoconus patients (11 women, 22men)
with a mean age of 35.1 G 10.7 years (range 19 to
58 years) and a mean SE refractive error of
�4.85 G 4.35 D (range �0.50 to �14.00 D).

Table 1 shows the Placido topographer and dual
rotating Scheimpflug–Placido topographer measure-
ments in healthy eyes and keratoconus eyes. The simu-
lated K, flat K, steep K, corneal astigmatism, and
maximum corneal power point values were signifi-
cantly different between healthy eyes and keratoconus
eyes with both devices (P! .05). The Placido topogra-
pher underestimated all topographic values compared
with the dual rotating Scheimpflug–Placido topogra-
pher in healthy eyes (except J45 andWTW) and in ker-
atoconus eyes (except J0, J45, maximum corneal power
point, and WTW). All measurements were signifi-
cantly different between the 2 devices in healthy eyes

(except astigmatism, J0, J45, and WTW) and in kerato-
conus eyes (except flat K, axis, J0, J45, andWTW) (both
P ! .05). Healthy eyes showed better agreement than
keratoconic eyes in all topographic parameters; that is,
in simulated K, flat K, steep K, maximum corneal po-
wer point (Figure 1); mean corneal astigmatism, axis
corneal astigmatism, J0, and J45 (Figures 2 and 3);
and WTW (Figure 4).

There was a low, but significant correlation between
the mean simulated K (r2 Z 0.191, P ! .01), steep K
(r2 Z 0.132, P ! .01), and flat K (r2 Z 0.166, P ! .01)
values with a difference in the keratoconus group
measured with both devices. However, there was a
nonsignificant correlation between the difference and
the mean value in healthy eyes. The difference (in abso-
lute value) in the corneal axis between devices was
inversely significantly correlated with corneal astigma-
tism in healthy eyes (r2 Z 164, P ! .01) and keratoco-
nus eyes (r2 Z .139, P ! .01) (Figure 5).

DISCUSSION

Accurate anterior corneal curvature is essential to diag-
noseandmanagekeratoconus in conjunctionwithaclin-
ical examination.4 This study analyzed the agreement of
the anterior corneal topography in healthy eyes and ker-
atoconus eyes between 2 commercially available imag-
ing systems; that is, the Allegro-Topolyzer Placido
topographer and the Galilei-G4 dual rotating Scheimp-
flug–Placido topographer. Toour knowledge, this study
is the first in the literature to compare these 2 devices in
healthy eyes and in keratoconus eyes.

ThePlacido topographermeasuredsignificantly lower
corneal curvature values in healthy eyes and keratoconic
eyes, and thediscrepancy in theagreementbetween the2
devices was greater in the keratoconus eyes, with values
that could be clinically relevant in keratoconus patient
management (classification, contact lens fitting,
intracorneal ring surgery, or topography-guided treat-
ments).19–21 In contrast, healthy eyes showed good
agreement (Figure 1) that could be clinically equivalent
in the management of these patients (refraction, contact
lens fitting, or traditional IOL calculation).6

To our knowledge, no previous reports have
compared Scheimpflug topography and Placido
topography in keratoconus eyes. However, the agree-
ment between a Scheimpflug device (Pentacam,
Oculus Optikger€ate GmbH) and a combined Placido
optical coherence tomography device (Visante Omni,
Carl ZeissMeditec) was recently described.4 The study
found poor agreement in flat K and steep K between
keratoconus eyes (range 95% LoA �1.35 to 1.92 D
and �1.38 to 1.99 D, respectively) and healthy eyes
(range 95% LoA �0.32 to 0.59 D and �0.41 to 0.74 D,
respectively), which is similar to our results.
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The agreement in corneal power between these 2
devices in healthy eyes is consistent results with in pre-
vious reports that compared the corneal power obtained
with the Galilei dual rotating Scheimpflug–Placido
topographer9,10 and the Allegro-Topolyzer Placido
topographer7 with that obtained with other corneal
assessment devices. For example, previous studies
compared the simulated K value provided by Galilei
dual rotating Scheimpflug–Placido topography with
those of Placido disk devices and found good agreement
with Corneal Map Placido-based topographer (Costru-
zione Strumenti Oftalmici) (range 95% LoA �1.11
to 0.58 D)10 and the Humphrey Atlas corneal topogra-
pher (Carl Zeiss) (range 95% LoA �0.35 to 0.19 D)9;
however, in these studies, the Galilei dual rotating
Scheimpflug–Placido topographer underestimated the
corneal power compared with Placido-based devices,
in contrast with our results. In addition, the Allegro-
Topolyzer Placido topographer measured a lower

corneal power (underestimation) with good agreement
with various Scheimpflug camera devices (Pentacam)
(range 95% LoA: simulated K �0.28 to 0.27 D, flat K
�0.23 to 0.22 D, steep K �0.38 to 0.36 D)7 and Sirius
(Costruzione Strumenti Oftalmici) (range 95% LoA:
simulatedK�0.31 to 0.18D, flat K�0.31 to 0.17D, steep
K �0.36 to 0.24 D),7 agreeing with our results.

Corneal astigmatism is an important value in the
management of healthy eyes (in corneal refractive
surgery, toric IOL calculation, or astigmatic contact
lens fitting) and in keratoconus eyes (eg, clinical clas-
sification, intracorneal rings calculation). We found
good agreement in healthy eyes with a low value
(mean 0.02G 0.32 D; LoA �0.60 to 0.64 D) compared
with that reported by Karimian et al.10 (mean
0.09 G 0.34 D; LoA �0.75 to 0.58 D). Karimian et al.
compared corneal astigmatism with the Galilei dual
rotating Scheimpflug–Placido device and Corneal
Map Placido-based device. Delrivo et al.6 concluded

Table 1. Corneal measurements of the 2 devices and agreement between then in healthy eyes and keratoconus eyes.

Parameter/Group

Scheimpflug–Placido Device Placido Device Correlation Difference

Mean G SD 95% CI Mean G SD 95% CI
r2

Value
P

Value Mean G SD 95% LoA
P

Value*

SimK (D)
Healthy 43.73 G 1.40 43.36, 44.10 43.60 G 1.45 43.21, 43.98 0.992 !.01 0.13 G 0.13 �0.13, 0.40 !.01
Keratoconus 47.39 G 3.67 46.40, 48.37 46.53 G 2.88 45.76, 47.30 0.742 !.01 0.86 G 1.89 �2.84, 4.55 !.01

Flat K (D)
Healthy 43.23 G 1.49 42.83, 43.63 43.12 G 1.52 42.72, 43.53 0.982 !.01 0.11 G 0.20 �0.29, 0.51 !.01
Keratoconus 45.89 G 3.53 44.95, 46.84 45.38 G 2.79 44.64, 46.13 0.633 !.01 0.51 G 2.14 �3.68, 4.70 .08

Steep K (D)
Healthy 44.22 G 1.38 43.85, 44.59 44.07 G 1.88 43.69, 44.44 0.975 !.01 0.15 G 0.23 �0.30, 0.59 !.01
Keratoconus 48.88 G 4.02 47.80, 49.95 47.68 G 3.21 46.82, 48.54 0.745 !.01 1.20 G 2.04 �2.80, 5.21 !.01

Corneal
astigmatism (D)
Healthy 0.97 G 0.60 0.81, 1.13 0.95 G 0.54 0.80, 1.09 0.723 !.01 0.02 G 0.32 �0.60, 0.64 .56
Keratoconus 2.98 G 1.77 2.51, 3.46 2.46 G 1.52 2.05, 2.87 0.530 !.01 0.52 G 1.24 �1.90, 2.95 !.01

Corneal axis (�)
Healthy 91.61 G 34.31 82.42, 100.80 87.23 G 34.15 78.09, 96.38 0.894 !.01 4.37 G 11.32 �17.81, 26.56 !.01
Keratoconus 92.36 G 45.63 80.12, 104.58 92.52 G 41.35 81.45, 103.60 0.904 !.01 �0.17 G 14.31 �28.22, 27.89 .93

J0 (D)
Healthy 0.02 G 0.35 �0.51, 1.15 0.01 G 0.42 �1.06, 1.20 0.023 .27 0.01 G 0.58 �1.13, 1.15 .89
Keratoconus �0.14 G 1.26 �3.08, 2.38 0.03 G 0.93 �2.29, 2.32 0.001 .79 �0.17 G 1.54 �3.19, 2.85 .40

J45 (D)
Healthy �0.07 G 0.45 �0.91, 1.36 �0.01 G 0.45 �0.78, 0.74 0.003 .69 �0.05 G 0.59 �1.20, 1.10 .50
Keratoconus 0.00 G 1.20 �0.31, 3.44 �0.08 G 1.11 �3.20, 2.53 0.002 .74 0.08 G 1.60 �3.05, 3.21 .72

MCPP (D)
Healthy 44.64 G 1.44 44.26, 45.03 44.41 G 1.52 44.02, 44.80 0.895 !.01 0.23 G 0.48 �0.70, 1.17 !.01
Keratoconus 52.56 G 5.28 51.15, 53.97 53.81 G 5.09 52.44, 55.17 0.706 !.01 �1.25 G 2.94 �7.00, 4.51 !.01

WTW (mm)
Healthy 11.93 G 0.33 11.84, 12.02 12.03 G 0.40 45.76, 47.30 0.087 .03 �0.10 G 0.44 �0.96, 0.76 .10
Keratoconus 11.90 G 0.38 11.80, 12.00 11.96 G 0.39 11.86, 12.07 0.059 .08 �0.06 G 0.48 �1.00, 0.88 .35

CI Z confidence interval; J0 Z Jackson cross-cylinder, axes at 0 degrees and 90 degrees; J45 Z Jackson cross-cylinder, axes at 45 degrees and 135 degrees;
K Z keratometry; MCPP Z maximum corneal power point; SimK Z simulated keratometry; WTW Z with the rule
*Difference between the 2 devices
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that Pentacam Scheimpflug tomography and iTrace
Placido topography (Tracey Technologies) are inter-
changeable in eyes with astigmatism less than 2.0 D
because they found higher agreement between de-
vices in eyes with low astigmatism. The discrepancies
in the astigmatism value might not be clinically rele-
vant, such as in the final choice of IOL power (usually
available in 0.50 D increments6); therefore, both de-
vices could be used interchangeably with caution in
healthy eyes with previous cataract surgery or high
myopia management with IOL implantation. Hence,
in keratoconus eyes, we found moderate agreement
that suggests that the 2 devices we studied are not
interchangeable in the management of keratoconus
because the difference could be clinically significant.

In contrast, there was poor agreement in the
corneal astigmatism axis measurements in both
groups. In healthy eyes, this finding is important
because in toric IOL implantation, each 1-degree er-
ror in corneal axis determination produces a 3%
reduction in astigmatism correction.6 The absolute

difference in the astigmatism axis between the 2
devices was negatively correlated with corneal
astigmatism in both study groups. Thus, a higher
agreement of axis measurements between the de-
vices was found when astigmatism was more se-
vere. Delrivo et al.6 reported the same correlation
between the Pentacam device and the iTrace
Placido-based device. The accepted statistical anal-
ysis for corneal astigmatism is the decomposition
in vector components (J0 and J45); however, the
clinical interpretation of these data is more difficult
and less clinically intuitive. We found a poor corre-
lation of vector components between the 2 devices.
Nevertheless, the highest J0 difference was 1.57 D
in healthy eyes and �4.60 D in keratoconus eyes;
however, the axis differed only by 5.10 degrees
and 1.30 degrees, respectively. The same situation
occurred with J45; the difference was �1.43 D in
the healthy group and 6.64 D in the keratoconus
group. However, these results translate to 4.90 de-
grees and 4.60 degrees of difference in the

Figure 1. Bland-Altman plots of the agreement in simulated K, flat K, steep K, and maximum corneal power point between the Placido topog-
rapher and dual rotating Scheimpflug–Placido topographer in healthy eyes and keratoconus eyes. The mean difference (solid line) and 95% LoA
(discontinuous lines) are represented (K Z keratometry; MCPP Z maximum corneal power point; SimK Z simulated keratometry).
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astigmatism axis, respectively, between devices.
However, our polar plots improved the data presen-
tation and showed less difference in corneal astig-
matism in healthy eyes than in keratoconus eyes,

providing a better understanding of the J0 and J45
results.

A keratoconus cornea with cone protrusion has a
focal steepeningwith amaximum corneal power point

Figure 2. Bland-Altman plots of the agreement in corneal astigmatism, astigmatism axis, J0, and J45 between the Placido topographer and dual
rotating Scheimpflug–Placido topographer in healthy eyes and keratoconus eyes. The mean difference (solid line) and 95% LoA (discontinuous lines)
are represented (J0 Z Jackson cross-cylinder, axes at 0 degrees and 90 degrees; J45 Z Jackson cross-cylinder, axes at 45 degrees and 135 degrees).

Figure 3. Polar-plot representation
of the astigmatism data. Baseline
data (left) of the dual rotating
Scheimpflug–Placido topographer
(solid triangles) and Placido topogra-
pher (solid diamonds) and (right) the
difference (solid circles) between
both devices plotted for healthy
eyes and keratoconus eyes. The step
size between rings represents 1.0 D.
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surrounded by concentric decreasing power zones.11

This focal steepening in the cone should help confirm
the diagnosis of keratoconus and in general has values
greater than 46.0 to 47.0 D.11 In our study, the
disagreement in the maximum corneal power point
in keratoconus eyes between dual rotating Scheimp-
flug–Placido topography and Placido topography
was greater; therefore, their measurements are not
interchangeable in keratoconus diagnosis, manage-
ment, and follow-up.

The horizontal corneal diameter or WTW distance
did not differ between groups or devices. This finding
was expected because keratoconus does not affect the
corneal diameter. Nevertheless, the WTW distance is
an important parameter in phakic IOL calculation
and implantation inmyopic eyes and even in keratoco-
nus eyes.22 TheWTWvalues provided by the 2 devices
would be not interchangeable because the LoA were
approximately 1.0 mm between devices in both group,
which have an effect in phakic IOL calculation and
postsurgical follow-up. This difference has not been
previously reported.

The major limitations of this study might be related
to the clinical implication of the differences in kerato-
conus management because these differences do not
imply that any device could be considered better
than the other or that the use of 1 device would lead
to better patient management than the other. Underes-
timation of corneal measurements by the Allegro-
Topolyzer Placido topographer and overestimation
by the Galilei-G4 dual rotating Scheimpflug–Placido

topographer must be clarified in further studies. How-
ever, a strength of our study was that to our knowl-
edge, it is the first to show agreement in keratoconus
eyes and healthy eyes between Placido topography
and dual Scheimpflug–Placido topography because
the Galilei-G4 dual rotating Scheimpflug–Placido
topographer integrates data from Placido and
Scheimpflug technology for the anterior curvature
analysis using a proprietary method15 that takes into
account more data from the Scheimpflug cameras in
cases of irregular corneas, for which the Placido disk's
information is less accurate. Another limitation of this
study is related to the use of both eyes in the keratoco-
nus group. However, because keratoconus is an asym-
metric disease with great differences between the eyes
of the same patient, this use would have a negligible
impact on the study results and conclusions. Further
studies should be performed to determine the accu-
racy of corneal power measurements in keratoconus
eyes obtained with various technologies, such as
manual or automated keratometry, scanning-slit to-
mography, optical coherence tomography, partial
coherence interferometry, and point-source color
light-emitting diode topography.23

In conclusion, in this study, the discrepancy be-
tween Allegro-Topolyzer Placido topography and
Galilei-G4 dual rotating Scheimpflug–Placido topog-
raphy measurements was higher in keratoconus eyes
than in healthy eyes, probably because of the irregular
corneal surface associated with keratoconus. There-
fore, these 2 devices are not interchangeable in the

Figure 4. Bland-Altman plot of the agreement in the WTW distance
between the Placido topographer and dual rotating Scheimpflug–
Placido topographer in healthy eyes and keratoconus eyes. The
mean difference (solid line) and 95% LoA (discontinuous lines) are rep-
resented (WTW Z white to white).

Figure 5. Correlation between corneal astigmatism and absolute dif-
ference in axis of corneal astigmatism (degrees) in healthy eyes and
keratoconus eyes (Abs Diff Z absolute difference).
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management of keratoconus patients. However, in
healthy eyes, the corneal curvature measurements
provided by the 2 devices could be used interchange-
ably with caution.

WHAT WAS KNOWN

� In conjunction with a clinical examination, accurate
anterior corneal curvature assessment is essential to
diagnose and manage keratoconus patients because
steepening of the anterior corneal curvature is of great
importance in the early detection, severity, and progres-
sion of the disease.

� Both Placido-disk and Scheimpflug–Placido imaging sys-
tems have been proposed for corneal assessment in
healthy eyes and keratoconus eyes with accurate and
clinically accepted data.

WHAT THIS PAPER ADDS

� Assessment of the anterior cornea showed better
agreement between Placido-disk topography and dual
rotating Scheimpflug–Placido topography in healthy
eyes than in keratoconus eyes, suggesting that these
2 devices are not interchangeable in the management
of keratoconus.
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Introduction 32 

 33 

Keratoconus is a corneal disorder progressive characterized by thinning and steepening 34 

of the central and paracentral cornea, which leads to protrusion [1,2]. This ectatic 35 

condition is bilateral and asymmetric, and it induces high myopia and irregular 36 

astigmatism resulting in impairment in quality of vision [1,2]. Keratoconus commonly 37 

appears during the second decade of life and puberty, and it progresses until the fourth 38 

decade of life, when it generally stabilizes. This corneal disease affects approximately 39 

1/2000 people in the general population [1,2]. 40 

  41 

Currently, Placido disk-based videokeratography is one of the most extensively used to 42 

corneal topographic assessments in keratoconus [3-5]. Several topographic indices have 43 

been developed to introduce objectivity in diagnosis, detection, grading the disease 44 

severity and monitoring progression of the keratoconus [3-5]. Some of these indices are 45 

K-Value and I-S Value (based on the central keratometry and the inferior-superior 46 

asymmetry), SRAX (skewed radial axis; angle between the steepest superior meridian 47 

and steepest inferior meridian), KSS (based on slit-lamp findings, corneal power and 48 

higher order first corneal surface wavefront root mean square error), KPI (derived from 49 

8 quantitative videokeratography indices), KISA% (based on K-Value, I-S Value, the 50 

degree of regular corneal astigmatism and SRAX index) or CLMI (determined by the 51 

location and magnitude of the curvature of the cone) between others [2,3,6]. However, 52 

most of these indexes have been not extensively used in clinical practice. 53 

 54 

Amsler–Krumeich classification permits to classify the keratoconus severity in four 55 

levels using refractive (amount of myopia and astigmatism), topography (eccentric 56 

steepening, central K readings), pachymetry, and biomicroscopic corneal signs 57 

(presence of Vogt’s striae, corneal opacities and corneal scars) (Table 1) [7,8]. Despite 58 

to be a commonly used classification there is some controversial with its clinical use, 59 

because it is possible that the same patient shows keratoconus signs of different stages 60 

making difficult an objective use and a practitioner's full judgment is necessary [9]. To 61 

improve Amsler–Krumeich classification Alió and Shabayek [10] proposed its 62 

modification including coma-like (3rd, 5th, and 7th order) values based on the 63 

aberrometry analysis of 40 keratoconic eyes, however this study lacks of an exhaustive 64 

analysis of sensitivity and specificity. 65 

 66 

Meanwhile, anterior corneal wavefront analysis has been demonstrated to be an 67 

effective tool to management keratoconus eyes, due to larger values of vertical coma, 68 

coma and coma-like root mean square (RMS) founded in these patients [3,10-13]. This 69 

increase of anterior high order aberrations, especially coma, is caused by the irregular 70 

steepening and protrusion of the keratoconus anterior corneal surface [3,12].  71 

 72 

The aim of this study was to analyse anterior coma aberration provided by Placido disk-73 

based videokeratography to improve the Amsler-Krumeich classification and provide 74 

new cut-off values between different stages of severity in keratoconus.  75 

 76 

 77 

 78 
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Materials and methods 79 

Subjects 80 

 81 
The subjects included in this study were divided into the following two groups: normal 82 

subjects and keratoconus patients. Informed consent was obtained from each subject 83 

after the Human Sciences Ethics Committee of the University of Valladolid granted 84 

approval of the study. All subjects were treated in accordance with the Declaration of 85 

Helsinki.  86 

 87 

Independent corneal specialists confirmed the diagnosis of keratoconus after a complete 88 

eye examination, which included topographical analysis (Placido and Scheimpflug) and 89 

anterior eye assessment based on slit lamp findings (stromal thinning, conical 90 

protrusion, Fleischer ring and Vogt striae) [2]. Eyes with previous acute corneal 91 

hydrops or history of ocular surgery were excluded. Because keratoconus is a bilateral 92 

and asymmetric disease, both eyes of the same patient were included in the study. 93 

Keratoconus eyes were classified according to the Amsler-Krumeich classification [8]. 94 

Eyes with stage 4 were also excluded from the study to guarantee an optimal quality of 95 

corneal topography due to that the eyes included in this group have corneal scarring.  96 

 97 

Healthy patients with any active ocular-surface disease, corneal opacities, glaucoma, 98 

use of medication that could affect ocular physiology and a history of any type of ocular 99 

surgery and refractive error (equivalent spherical) greater than 6.00 diopters were 100 

excluded. Soft and rigid contact lenses wear was discontinued for at least 2 and 4 101 

weeks, respectively, before eye examination. A random single eye of each subject was 102 

chosen for the study. 103 

 104 

Measurement procedure 105 

 106 
The Oculus Keratograph (Examination Software Version 1.76r45 FW1.19) is a 107 

diagnostic device based on the Placido disc system supported by 22 measurement rings 108 

with 22,000 elevation points (Oculus Optikgeräte GmbH, Wetzlar, Germany). The 109 

corneal measurements provided by the Oculus Keratograph which is identical Allegro-110 

Topolyzer in terms of hardware and software (WaveLight Technologie AG, Alcon 111 

Laboratories, Erlangen, Germany) have been shown to have excellent repeatability in 112 

normal and keratoconus eyes [5, 13]. 113 

 114 

Three successive corneal topographies of all eyes included in the study were taken with 115 

the Oculus Keratograph following the manufacturer’s guidelines in a darkened room. 116 

The subject’s chin was placed on the chin rest, and the forehead was pressed against the 117 

forehead strap; the eye was aligned to the visual axis, and patients were asked to 118 

perform a complete blink just before each measurement to spread an optically smooth 119 

tear film over the cornea. Poor quality topographies with an “Analyze Area” value less 120 

than 70% were deleted (these included artefacts from tear film or movement and 121 

shadows from eyelids, eyelashes, or nose). The same experienced operator performed 122 

all measurements and the device was calibrated before the study. 123 

 124 

The normalized polar Zernike coefficient of coma [Z(3,±1); 6-mm optic diameter) was 125 

recorder for each eye (Option Display – Zernike Analysis) to determine the cut-off 126 

values to distinguish between normal and keratoconus corneas as well as to define 127 
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severity stages of keratoconus. Oculus Keratograph has demonstrated good repeatability 128 

in coma value measurement in keratoconus patients showing statistically differences 129 

between keratoconus stages (Amsler Krumeich) [13].  130 

 131 

Statistical Analysis  132 

 133 
Statistical analysis was performed using the SPSS 15.0 (SPSS, Chicago, IL, USA) 134 

statistical package for Windows. A normal distribution of variables was assessed using 135 

the Kolmogorov–Smirnov test (P values >0.05 indicated that the data were normally 136 

distributed). Independent Student t-test was used to compare coma value between 137 

healthy and keratoconus eyes (P values <0.05 were considered significant). Differences 138 

between the keratoconus stage according to the Amsler-Krumeich classification were 139 

calculated with an analysis of variance (ANOVA; P values <0.05 were considered 140 

significant) with Games-Howell post hoc comparison after homogeneity of variance 141 

analysis with Levene test (P<0.05 rejects the hypothesis that the variances are equal). 142 

 143 

Receiver-operating-characteristic (ROC) curves of coma value were calculated to obtain 144 

the area under the curve (AUC) that provides a single metric that can be used to judge 145 

the overall discriminative ability of a classification method. Based on the magnitude of 146 

the AUC, the accuracy of a diagnostic test is classified as perfect test (AUC 1.0), 147 

excellent (AUC 0.9 to 0.99), good (AUC 0.8 to 0.89), fair (AUC 0.7 to 0.79) and non-148 

useful test (AUC <0.7) [14]. Sensitivity [true positive/(true positive + false negative)], 149 

specificity [true negative/(true negative + false positive)], and cutoff value that 150 

corresponded to the maximum AUC were calculated.  151 

 152 

Results 153 

 154 

One hundred and forty-seven eyes were included in the study and divided into two 155 

groups (normal and keratoconus eyes). In normal group, 70 eyes of 70 subjects (48 156 

women, 22 men) were included, with a mean age of 28.9 ± 7.6 years (range, 19 to 50 157 

years) and a mean spherical equivalent refractive error of -3.12 ± 2.10 D (range, +1.50 158 

D to -6.00 D). Seventy-seven eyes of 45 keratoconus patients (17 women, 28 men) 159 

comprised the keratoconus group (21 keratoconus eyes in stage I, 30 eyes in stage II, 160 

and 26 eyes in stage III, according to the Amsler-Krumeich classification) with a mean 161 

age of 30.3 ± 7.1 years (range, 18 to 51 years) and a mean spherical equivalent 162 

refractive error of -5.77 ± 3.93 D (range, +1.75 D to -13.75 D).  163 

 164 

The coma value in the keratoconus group (2.294 ± 0.137 m; CI95% from 2.020 to 165 

2.567 µm) was statistically significantly higher (P<0.001) from the value found in the 166 

normal group (0.173 ± 0.009 m; CI95% from 0.154 to 0.193 µm). Moreover, 167 

statistically significant differences (P<0.01, Post Hoc pairwise) between the coma value 168 

between stage 1 (0.948 ± 0.069 m; CI95% from 0.803 to 1.093 m), stage 2 (2.062 ± 169 

0.103m; CI95% from 1.853 to 2.273 m) and stage 3 (3.646 ± 0.135 m; CI95% from 170 

3.368 to 3.925 m) were found (Figure 1). 171 

 172 

ROC curves (Figure 2) and the AUC (Table 2) shows excellent discriminant ability for 173 

coma measurement in all pairwise. In discriminating keratoconus eyes from normal 174 

eyes, coma value presented a cut-off value of 0.377 µm that provided 100% sensitivity 175 

and 100% specificity (Figure 2-A and Table 2). In discriminating severity keratoconus 176 
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stages, coma value showed a cut-off value of 1.466 µm between stage 1 and 2 (90% 177 

sensitivity and 100% specificity, Figure 2-B and Table 2) and 2.790 µm between stage 2 178 

and 3 (92% sensitivity and 83.3% specificity, Figure 2-C and Table 2). 179 

 180 

Discussion 181 

 182 

Topographic analysis of the anterior corneal surface is an excellent tool that has been 183 

used for the keratoconus diagnosis, characterization and progression of the disease 184 

[3,6,15]. Several indices, decision trees, and neural networks based on the corneal 185 

topographic data have been developed to detect suspect corneas affected by ectasia and 186 

grading of the severity of the disease [6,16]. 187 

Amsler-Krumeich classification (Table 1) is commonly used in research and clinical 188 

practice, nevertheless practitioner’s full judgment is necessary because the same patient 189 

could be classifies into two different stages [9] and this classification fails to address 190 

current information and technological advances nowadays available [1]. Keratoconus 191 

Severity Score (KSS) (proposed by McMahon et al. for grading the severity of 192 

keratoconus) [17] utilizes corneal signs (Vogt´s striae, Fleischer ring and corneal 193 

scarring), average corneal power, higher-order first corneal surface wavefront root mean 194 

square error and subjective interpretation of the pattern topography map, resulting in 195 

severity score grading system (between 0 to 5). Smolek, et al. developed the 196 

Keratoconus Severity Index (KSI; also known as Smolek/Klyce index) with a 197 

combination of a neural network and a binary decision-making tree assessing data 198 

collected from TMS-1 videokeratoscope corneal topography (Tomey Technology, 199 

Waltham, MA) [18]. KSI index classifies in three levels: normal cornea (score less than 200 

15%), suspected keratoconus (between 15% to 30%), and manifest keratoconus (score 201 

higher than 30%) [18] Keratoconus Classification Index proposed by Maeda et al. (KCI; 202 

also known as Maeda/Klyce index) combined eight topographic indices derived from 203 

TMS-1 that provide a classification tree being KCI 0–5% a sign for suspecting 204 

keratoconus, and KCI>5% a sign for manifest keratoconus [19]. 205 

 206 

Another option for classification of keratoconus into stages is provided by several 207 

Scheimpflug devices. For example, Pentacam (Oculus Optikgeräte GmbH, Wetzlar, 208 

Germany) has integrated the Belin/Ambrósio Enhanced Ectasia Display that combine 209 

data from anterior and posterior elevation, maximum corneal curvature, and pachymetry 210 

to facilitate the keratoconus diagnosis [20] and recently has included the “Belin ABCD 211 

Keratoconus Classification” that uses the anterior and posterior radius of curvature 212 

taken from the 3 mm zone centred on the thinnest point, the corneal thickness at the 213 

thinnest point and the best corrected distance visual acuity proposing 5 stages (between 214 

0 to 4) [21]. Other devices such as Ocular Response Analyzer using the Keratoconus 215 

Match Index (KMI) and the Keratoconus Match Probability (KMP) to estimate the 216 

probability of the measurement being classified into stages 0–4 based in biomechanical 217 

diagnosis [22]. GALILEI dual Scheimpflug analyzer system use a full range of corneal 218 

indices [surface indices including inferior-superior index (I-S), standard deviation of 219 

corneal power (SDP), surface regularity index (SRI), surface asymmetry index (SAI), 220 

irregular astigmatism index (IAI), differential sector index (DSI), opposite sector index 221 

(OSI), center/surround index (CSI), keratoconus prediction index (KPI), and 222 

keratoconus probability (KProb)] derived from Placido-disc, Scheimpflug technology 223 

and wavefront to distinguish keratoconus from normal corneas [23]. 224 
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However, these grading classifications present several problems due to a high grade of 225 

dependency for the corneal topographer or device for which it has been developed 226 

(TMS, Pentacam, ORA, GALILEI, etc.) and use huge number of data that make 227 

difficult their application in clinical practice without the software designed to data 228 

analysis. This makes difficult to establish an easy keratoconus severity classification to 229 

be used for all eye care practitioners; in primary care (helping in early detection and 230 

diagnosis) and in specialist units (keratoconus management, special contact lens fitting, 231 

surgery, etc.).  232 

 233 

In summary, there is not an accepted clinical classification for keratoconus severity [1], 234 

so new classifications proposals based in current data and technology are necessary to 235 

improve keratoconus diagnosis and patient care. The cut-off values of anterior coma 236 

aberration proposed in this study could permits to improve the classification of 237 

keratoconus stage in a simple and quickly way, with an excellent sensitivity and 238 

specificity that improve previous reports [10,24-26]. Alió and Shabayek [10] modified 239 

previously the Amsler–Krumeich classification introducing coma-like values in a study 240 

involved 40 eyes, founded cut-off values lacking of sensitivity and specificity analysis, 241 

and consequently, without sound evidence of its useful clinical practice. 242 

 243 

The discriminative ability of anterior corneal wavefront data in keratoconus disease is 244 

consistent in the literature [24,26,27]. We found a cut-off coma value of 0.377 µm to 245 

distinguish normal corneas to early keratoconus with 100% sensibility and 100% 246 

specificity. Other authors have analysed the cut-off value of the vertical coma or coma-247 

like to detect keratoconus showing different results. For example, Bühren et al. [24] 248 

reported a cut-off vertical coma of -0.385 µm (100% sensibility and 100% specificity) 249 

and a cut-off coma-like of 0.555 µm (100% sensibility and 98.4% of specificity). The 250 

same author in posterior study founded a cut-off vertical coma of -0.275 µm with poor 251 

results (81.3% sensibility and 80.8% specificity) [27]. Reddy et al. [26] reported a very 252 

different cut-off value of vertical coma of -0.540 µm with 57% of sensibility and 90% 253 

of specificity. However, in these studies analysis were conducted comparing normal 254 

against wide sample of keratoconus eyes, without an independent analysis between 255 

advanced and early cases as we propose in our study. Including advanced keratoconus 256 

eyes allow find high sensitivity and specificity values, but clinically relevant issue in 257 

keratoconus detection is be able to differentiate between healthy and early keratoconus
1
 258 

(stage 1), as we find in our study. 259 

 260 

Our results could be of interest in feature studies involving several therapeutic choices 261 

for the management of keratoconus, such as special contact lens fitting, 262 

thermokeratoplasty procedures, corneal collagen cross-linking (CXL), intracorneal ring 263 

segment (ICRS) implantation, and lamellar and penetrating keratoplasty due to a 264 

proposal of simply classification of the severity disease. For example, in selection of the 265 

adequate patient for ICRS implantation full ophthalmic examination should be 266 

performed including corneal aberrometry however there are not a cut-off value that help 267 

in this clinical decision [28]. Moreover, there are nomograms to decide the number, arc 268 

length, thickness, and position of the ICRS based on anecdotic clinical data or variables 269 

that are subjectively assessed for example subjective refraction or cone pattern 270 

classification [28].  271 

 272 

Meanwhile, corneal collagen cross-linking is a treatment strategy for progressive 273 

keratoconus, however, currently there is no consistent or accepted definition of 274 
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progression of the disease [1]. For this reason, our results could be the initial line of 275 

investigation providing objective assessment in keratoconus management and follow up 276 

that could permit an objective assessment of the disease progression. 277 

The major limitations of this study may be related with the use of a single anterior 278 

Placido-based topographer (Oculus Keratograph). However, the small differences 279 

between different devices in coma value (<0.21 microns in healthy eyes) [29] or in 280 

corneal topography data in keratoconus eyes (ICC >0.930) [30] suggest that this factor 281 

could has a limited effect in our cut off values. The use of an anterior Placido based 282 

topographer could controversial because corneal tomography (Scheimpflug or optical 283 

coherence tomography devices) is the most widely accepted to diagnose early 284 

keratoconus [1]. But, anterior Placido-based corneal topographers are widely used to 285 

corneal topographic assessment [3-5] so the cut off values proposed could be of great 286 

utility in keratoconus screening and early keratoconus diagnosis but never replace a 287 

complete exam that involve corneal tomography and full corneal thickness assessment 288 

to provide a definitive diagnosis [1]. Moreover, we have included a stratified analysis 289 

with different keratoconus stages to guarantee that the classification rule is able to 290 

differentiate between healthy and early keratoconus stage - following the 291 

recommendations of the Global Consensus on Keratoconus and Ectatic Diseases panel 292 

[1] - and to guarantee that advanced stage does not produce any effect in our early 293 

diagnosis cut-off value, as previous reports included. For this reason, severe 294 

keratoconus eyes (Amsler-Krumeich 4 stage) were not included in this study because 295 

eyes in this stage, have corneal scarring that could be influenced in the results and a 296 

good diagnosis criterion may allow early detection and diagnosis as our classification 297 

rule propose. More research with high sample size of keratoconus patients and different 298 

topographers or tomographers could be necessary to support the applicability of this 299 

new keratoconus classification rule with other devices. 300 

 301 

Conclusions 302 

 303 

These results suggest that coma value could be useful to improve Amsler-Krumeich 304 

keratoconus classification and could be of high interest to eye care practitioners and 305 

refractive surgeons, who use wavefront assessment to support clinical decisions in 306 

keratoconus patient management. Therefore, the use of anterior coma aberration may 307 

improve the topographical diagnosis of keratoconus and facilitate keratoconus patients’ 308 

assessment and follow up. 309 

 310 

 311 

Figure Legends 312 

Figure 1. Differences in anterior coma (microns) between healthy and all keratoconus 313 

eyes, (P<0.01) and between healthy with each keratoconus grade (Amsler-Krumeich) 314 

(P<0.01). Moreover, statistically significant differences between stage 1-2 (P<0.001), 315 

stage 1-3 (P<0.01) and stage 2-3 (P<0.01) have been found in coma value, as well. 316 

 317 

Figure 2. Receiver operating characteristic (ROC) curves of coma value for the 318 

discrimination between normal corneas and keratoconus (A); stage 1 and stage 2 (B); 319 

and stage 2 and stage 3 (C). 320 

 321 

 322 
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Highlights

1. Videokeratography is the most extensively used to corneal topography in keratoconus

2. Topographic indices have been developed to detect and grading keratoconus 

3. The clinical use of Amsler-Krumeich classification is controversial 

4. Coma has been demonstrated to be an effective value to management keratoconus 

5. Anterior coma could be useful in keratoconus classification
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Table 1: Amsler-Krumeich keratoconus classification 

 
Stage I Eccentric steepening  

Myopia and/or astigmatism < 5.00 D 

Mean central K readings < 48.00 D 

Vogt’s striae, no corneal opacities 

Stage II Myopia and/or astigmatism from 5.00-8.00 D 

Mean central K readings < 53.00 D 

Absence of scarring 

Minimum corneal thickness ≥ 400 µm 

Stage III Myopia and/or astigmatism from 8.00-12.00 D 

Mean central K readings > 53.00 D 

Absence of scarring 

Minimum corneal thickness from 200-400 µm 

Stage IV Refraction not measurable 

Mean central K readings > 55.00 D 

Central corneal scarring 

Minimum corneal thickness < 200 µm 

 

 

Table 2. Results of ROC analysis of sensitivity and specificity of coma value 

to discriminate between keratoconus and normal eyes and between 

keratoconus stages. 
 

 

Pairwise AUC 95% CI SE 
Cutoff 

Value (µm) 

Sensitivity 

(%) 

Specificity 

(%) 

Normal – Keratoconus 1 1 – 1 0.00 0.377 100% 100% 

Normal – Stage 1 1 1 – 1 0.00 0.377 100% 100% 

Stage 1 – 2 0.97 0.92 – 1.01 0.02 1.466 90% 100% 

Stage 2 – 3 0.97 0.93 – 1 0.02 2.790 92% 83.3% 
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K eratoconus early detection (screening) and diagnosis requires an in-deep corneal analysis with different techniques; slip lamp 
assessment, corneal topography and corneal tomography are the most commonly accepted to detect clinical signs and assess 
anterior and posterior corneal surface and global corneal pachymetry. However, keratoconus early detection and definitive 

diagnosis are two different clinical procedures that require a different approach and goals. The aim of this review is to provide some 
general information about different corneal assessment technology, useful in keratoconus patient assessment; highlighting the differences 
in the adequate investigation techniques to its detection in primary eye care clinic and to conduct the definitive diagnosis (usually in a 
cornea specialist clinic). Information of most extensively available commercial devices and the advantages and disadvantages of their 
use in keratoconus early detection and diagnosis are described. In conclusion, corneal topography (Placido-based keratographers) plays a 
significant role in keratoconus detection, especially in primary eye care clinics. However, corneal tomography (with different slit scanning 
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Keratoconus early detection (screening) and diagnosis requires an in-deep corneal analysis with 

different techniques available.1 Slip lamp assessment and corneal topography/tomography are the 

most commonly accepted techniques in eye examination.

Corneal topography and corneal tomography are useful terms that distinguish between two 

different types of corneal examination, so both will coexist and be complementary.2 In fact, hybrid 

systems, combining Placido disk-based videokeratography and slit-scan images provide reliable 

corneal measurements in keratoconus assessment.3,4 

The aim of this review is to provide general information about different corneal assessment 

technologies useful in keratoconus assessment; highlighting the different investigative techniques 

from its detection in the primary eye care clinic to definitive diagnosis, usually in the cornea 

specialist clinic. Information of most extensively available commercial devices, and the advantages 

and disadvantages of their use in keratoconus early detection and diagnosis, are described.

Method of literature search
We performed an extensive electronic search of the Medline and PubMed databases using 

individual and combinations of key words (keratoconus, keratoconus fustre, subclinical 

keratoconus, keratoconus treatment, keratoconus topography, keratoconus tomography, 

scheimpflug, keratoconus biomechanical properties, and keratoconus anterior OCT) in May 2016 

to identify the relevant publications in this field. We included the references if they focused on 

assessment techniques of the cornea in keratoconus patients. We excluded techniques that are 

considered experimental, non-English publications and case reports.

Keratoconus 
Keratoconus is a multifactorial disease with genetic, biochemical, biomechanical, and environmental 

pathophysiology,5 characterised by a thinning and steepening of the central and paracentral 

cornea, affecting approximately 1/2000 people in the general population.6–8 Commonly, this 

bilateral and asymmetric ectatic condition appears during the second decade of life and puberty 

and it progresses until the fourth decade of life, causing high myopia and irregular astigmatism.5–8 

Keratoconus patient management requires a multi-professional approach for early detection, 

correct diagnosis, follow up, monitoring and adequate management that involve: primary eye care 

practitioners, optometrists, contact lens (CL) practitioners and ophthalmologists with the last aim 

to provide better care and improve patients’ quality of life.9,10
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Keratoconus detection, diagnosis and classification
Keratoconus diagnosis is a challenge.5,7 Early stages of keratoconus, 

where clinical signs are not manifest on biomicroscopy (stromal thinning, 

conical protrusion, Fleischer corneal epithelial iron ring, Munson sign, 

Rizzuti sign, or Vogt striae)7,8 but the cornea demonstrates subtle 

topographic features comparable to those of clinical keratoconus 

receive the name of fruste keratoconus, subclinical keratoconus or 

keratoconus suspect.3,11–13 Therefore, distinguishing between healthy 

cornea and early keratoconus (in opposition to moderate or advanced 

stages), of subclinical keratoconus or other ectatic diseases imposes 

greater diagnostic challenge.5,7 It is of paramount clinical importance in 

primary eye care and in screening refractive surgical patients to avoid 

iatrogenic corneal ectasia after laser surgery.14–16

Clinical keratoconus is reliably detected with Placido disk-based 

corneal topography and even sometimes at slit-lamp examination.16 

Other technologies, such as: corneal tomography (Scheimpflug or 

dual Scheimpflug devices),3,13,17 anterior segment optical coherence 

tomography (AS-OCT),18,19 biomechanical devices20,21 that analyse the 

anterior and posterior corneal surface, full corneal thickness map, 

epithelial mapping, or corneal biomechanical properties are necessary 

to complete keratoconus diagnosis.5,22

Currently, there is no clinically accepted classification allowing eye-

care practitioners to clearly differentiate between healthy and 

keratoconus cornea (especially in early stages), and that could be 

used in patients’ follow-up in suspect (or diagnosed) cases. The most 

common classifications were the Amsler-Krumeich,23 and Collaborative 

Longitudinal Evaluation of Keratoconus (CLEK)24 classifications. However, 

both classifications fail to address current information and technological 

advances5 and a new classification criterion is necessary.

The Amsler-Krumeich classification proposes four different stages 

using refractive, topographic and biomicroscopic corneal signs. The 

CLEK classification proposes to use the average corneal power and 

root mean square (RMS) error for higher-order Zernike terms (derived 

from the first corneal surface wavefront) combined with clinical 

biomicroscopic signs. Because larger values of vertical coma have been 

found in keratoconic corneas, high-order corneal aberration analysis 

could play a relevant role in future keratoconus classification24–28 

Therefore, future keratoconus classifications will be directly 

dependent on the accuracy and reliability of the corneal device used in  

patient assessment.27,29

Corneal topography
Corneal topography is a method of computer-assisted, non-invasive 

examination of the anterior surface of the cornea. It provides a 

qualitative and quantitative description of the morphology of the cornea 

in a topographical map after analysing the reflected image of illuminated 

rings (Placido disk) onto the corneal surface (Figure 1).30

Corneal topography was introduced in the mid-1980s with the developing 

of different algorithms to analyse the Placido photokeratoscope’s 

images, and has represented a true revolution in the diagnosis and 

management of corneal disease,2 including keratoconus. Nowadays, 

corneal topographers are one of the most extensively used devices in 

clinical practice.26,29 

In fact, several mathematical indices have been developed with the aim of 

helping with keratoconus detection, grading the disease and monitoring 

its progression.26,31 For example; central keratometry (K-value)32 with 

different cut-off values to keratoconus suspect (>47.2 D); inferior-

superior asymmetry (I-S value)32 with a cut-off value of 1.4 D difference 

between average inferior and superior corneal powers at 3 mm from the 

centre of the cornea; the steepest radial axes (SRAX)32 calculated with 

the angle between the steepest superior meridian and steepest inferior 

meridian; surface asymmetry index (SAI)33,34; keratoconus severity score 

(KSS)24 calculated with some corneal topography features (axial pattern, 

average corneal power and higher-order RMS) and slit-lamp signs 

(including scarring); keratoconus prediction index (KPI)35 calculated after 

a discriminant analysis of eight quantitative videokeratography indices 

(Simulated K1, Simulated K2, opposite sector index [OSI], centre/surround 

index [CSI], differential sector index [DSI], SAI, irregular astigmatism index 

[IAI] and analysed area [AA]); keratoconus percentage index (KISA%)36 

based on K-value, I-S value, keratometric astigmatism (AST), and SRAX 

indices; or cone location and magnitude index (CLMI),37 calculated with 

the axial and tangential curvature data. 

However, most of these indices depend on the topography software, 

but with sensitivity and specificity controversial, they may be difficult 

to understand38 and have not been extensively used in clinical practice. 

Figure 1: Placido-based topography in a keratoconus patient 

A. Placido image; B. Tangential (power) map. Keratograph (OCULUS, Optikgeräte GmbH, 
Wetzlar, Germany).

A

B
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Therefore, new criteria, easy to use and non-device dependent methods 

would be necessary to improve keratoconus detection, diagnosis  

and classification.27,29 

Gas permeable (GP) CL fitting is the primary keratoconus management 

option.6–8,39 However, fitting of GP lenses in keratoconus patients 

is challenging because the irregular cornea often requires several 

diagnostic lenses to achieve a final acceptable GP lens fit, which 

prolongs practitioner and patient chair time.40–45 However, GP CL fitting 

could be improved with different CL fitting software that analyses 

Placido-based corneal topography curvature data to propose the lens 

parameters, mainly base optic zone radius and lens diameter.40,41,46–49 

Using these software could decrease the number of diagnostic lenses 

necessary to achieve an acceptable CL fit and reduce the chair time in 

keratoconus patients.10,40,41,46

Although, corneal topography is probably the most commonly used tool 

for the diagnosis of keratoconus, it is accepted that this technique may 

lead to false negatives in the subclinical phase. That means that Placido-

based videokeratographers cannot identify very mild forms of keratoconus 

(fruste keratoconus) that would require to be identified, assessing 

corneal thickness and anterior/posterior curvature measurements over 

the entire cornea provided with corneal tomography.22,50 Standard corneal 

topography could be an acceptable technique in primary care but not in 

speciality clinics or in screening refractive surgical patients,14–16 where a 

complete diagnosis is necessary and complete corneal assessment with 

corneal tomography. 

Corneal tomography
The term computed tomography is classically used in medicine, for 

referring to the radiographic technique for imaging a section of an 

internal solid organ, producing a three-dimensional image. Corneal 

tomography allows three-dimensional characterisation of the cornea 

(Figure 2) after anterior and posterior corneal surface analysis, using 

different slit-imaging technologies,2,51,52 such as vertical slit scanning, 53,54 

rotational Scheimpflug imaging,55 arc scanning with very high-frequency 

ultrasound, and optical coherence tomography.56 The first device that 

permitted imaging of the anterior and posterior corneal surfaces, 

was the Orbscan II (Bausch + Lomb, New York, US).53,54 This has since 

been replaced by rotational Scheimpflug devices, such as: Pentacam® 

(OCULUS Optikgeräte GmbH, Wetzlar Germany),57 WaveLight® 

Oculyzer™ (Alcon, Texas, US)56 and Preciso (Ivis Technologies, Taranto, 

Italy). Finally, other devices combine Placido-based topography with 

slit-image analysis and are collectively named hybrid systems, hybrid 

topographers or dual Scheimpflug-Placido tomographers. Highlight 

Galilei G4 (Ziemer, Port, Switzerland),58 TMS-5 (Tomey, Aichi, Japan) and 

SIRIUS (CSO, Firenze, Italy)59 are examples of these devices. In summary, 

corneal tomography defines the spatial relationship between the 

anterior and posterior corneal surfaces and provides a global thickness 

corneal map (Figure 3).

Figure 2: Corneal tomography in a keratoconus patient Figure 3: Anterior and posterior corneal elevation and global 
pachymetry maps achieved with Galilei corneal tomographer 
in a keratoconus patient

A. Scan image (Scheimpflug image); B. Axial (power) map, anterior and posterior 
elevation maps, and global pachymetry map. Pentacam (OCULUS Optikgeräte GmbH, 
Wetzlar, Germany).

A. Scan image (Scheimpflug image); B. Placido image; C. Axial (power) map, global 
pachymetry map, anterior and posterior elevation maps.

A

B

A

C

B
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Corneal tomography has been recognised as a critical diagnostic 

component in keratoconus patients’ assessment,5 helping in diagnosis 

(differentiating between fustre and clinical keratoconus) and monitoring 

progression, because it is necessary to confirm changes on the posterior 

corneal surface and corneal thickness alteration in order to diagnose 

(and monitor) keratoconus.5,13,50,60,61

Anterior segment optical coherence tomography 
The first report of AS-OCT imaging appeared in 1994.62 OCT compares 

the time delay of infrared light (1310 nm) reflected from the anterior 

segment structures against a reference reflection, achieving a high 

resolution cross-sectional image of the anterior segment of the eye 

(from 2 to 20 μm).63

There are three commercial AS-OCT devices; Visante (Carl Zeiss Meditec, 

Jena, Germany), RTVue-OCT (Optovue, California, US) and Casia SS-

1000 (Tomey, Aichi, Japan).64,65 AS-OCT has been proposed to assess 

keratoconus patients (Figure 4);66 helping to investigate corneal thickness 

asymmetry,67 epithelial thickness-distribution characteristics68 and 

monitoring progression.19 AS-OCT could be a promise tool in keratoconus 

diagnosis (helping to differentiate between fustre and clinical forms of 

keratoconus of healthy corneas).

Biomechanical devices
Keratoconus corneas show abnormalities in biomechanical response 

when they are compared to normal corneas in ex-vivo studies.69,70 

However, in-vivo measurement of corneal biomechanics remains a 

difficult task, and just two commercially available instruments have been 

proposed;1,71,72 the Ocular Response Analyzer® (ORA; Reichert, New York, 

US) and the Corneal Visualization Scheimpflug Technology (Corvis® ST; 

Oculus Optikgeräte GmbH, Wetzlar, Germany).

The ORA employs a dynamic bi-directional applanation process with an 

air-pulse, similar to that of traditional air-puff tonometers.1,71–73 The Corvis ST 

is a non-contact tonometer with a dual Scheimpflug, high-speed camera 

that takes more than 4,300 frames per second of the horizontal meridian 

of the cornea, and captures approximately 140 cross-sectional images of 

the cornea during the air-puff induced deformation.1,71,72,74 Both devices 

determine different corneal biomechanical metrics, mainly corneal 

hysteresis (CH) and corneal resistance factor (CRF) with ORA -including 

37 parameters that describe the waveform of the applanation signal- and 

deformation amplitude respectively with CorVis. Intraocular pressure (IOP) 

and IOP value corrected with corneal thickness value is also provided.

Corneal biomechanical metrics are statistically significant between 

keratoconic and healthy corneas using both ORA71,75–77 (keratoconus 

showed lower CH and CRF value) and Corvis71,78–80 (keratoconus showed 

higher deformation amplitude), which could be useful to detect 

subclinical keratoconus.81 

Unfortunately, data provide for these devices have not proven to be a 

definitive keratoconus diagnostic value (able to differentiate between 

Figure 4: Anterior segment optical coherence tomography in 
a keratoconus patient (OCT-SA- Casia; Tomey, Aichi, Japan)

A. Scan image with a scleral lens; B. Anterior and posterior elevation maps, axial 
(power) map and global pachymetry map.

A

B

Table 1: Commercially available methods and instruments 
for corneal assessment 

Technology Method Product (manufacturer)

Keratometry Javal-Schiotz principle Two position keratometer*

Bausch & Lomb principle One position keratometer*

Corneal 

topography

Videokeratoscope ATLAS 9000™ (Carl Zeiss Meditec, 
Jena, Germany) 
Keratograph (OCULUS Optikgeräte 
GmbH, Wetzlar, Germany) 
CA-800 (Topcon, Tokyo, Japan) 
Medmont E300 (Medmont, Victoria, 
Australia) 
TMS-4a (Tomey, Aichi, Japan) 
OPD-Scan III (Nidek Technologies, 
Padua, Italy) 
EyeSys 2000 (EyeSys Vision Inc, 
Texas, US)

Corneal 

tomography

Vertical slit-scan Orbscan II (Bauch&Lomb, EE.UU.)

Rotating Scheimpflug Pentacam® (OCULUS Optikgeräte 
GmbH, Wetzlar, Germany) 
WaveLight® Oculyzer™ (Alcon, 
Texas, US) 
Preciso (Ivis Technologies, Taranto, 
Italy)

Hybrid system Galilei G4 (Ziemer, Port, Switzerland) 
TMS-5 (Tomey, Aichi, Japan) 
SIRIUS (CSO, Firenze, Italy)

Anterior segment optical 

coherence tomography 

(AS-OCT)

Visante (Carl Zeiss Meditec, Jena, 
Germany) 
RTVue-OCT (Optovue, California, US) 
Casia SS-1000 (Tomey, Aichi, Japan)

Arc scanning with 

very high-frequency 

ultrasound

Artemis 3 (ArcScan, Colorado, US)

Corneal 

biomechanical 

Bi-directional 

applanation process

Ocular Response Analyzer® (ORA; 
Reichert, New York, US)

Ultra-high speed 

Scheimpflug camera

Corneal Visualization Scheimpflug 
Technology (Corvis® ST; Oculus 
Optikgeräte GmbH, Wetzlar, Germany)

* Different manufacturers. Non-exhaustive list.
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keratoconus, forme fruste and normal eyes)71 because a substantial 

overlap exists with normal corneas,82,83 and further research is necessary 

to obtain valid cut-off values to use in combination with more clinical 

data.20,72,75,77,80,84,85 In summary, further clinical validation is necessary to 

inderstand the meaning of these biomechanical parameters obtainied 

with ORA and Corvis before they can be used in clinical practice.71

Other technologies or devices have been proposed to measure corneal 

biomechanical properties, for example: acoustic radiation force (ARF),86 

applanation resonance tonometry (ART),87 confocal microscopy,88 optical 

coherence elastography,89 scanning acoustic microscopy (SAM),90 

supersonic shear wave imaging (SSI)91 that must be validated in human.71

Discussion
Keratoconus early detection, diagnosis and classification are a challenge.5 

Both early detection and final diagnosis require a complete eye exam 

and in-depth corneal assessment using different technologies, such as: 

corneal topography, corneal tomography, corneal biomechanics and 

others. However, it is necessary to differentiate between early detection 

of keratoconus and the final or definitive diagnosis. Early detection is of 

paramount importance in primary eye care, when a definitive diagnosis 

is not always required and referral to cornea specialist is necessary to 

conduct final keratoconus diagnosis. In fact, both procedures are slightly 

different and should follow different criteria. 

Unfortunately, primary eye care service is not easy to define,92 but there 

is a reasonable consensus accepting that primary care is the provision of 

first contact care for ophthalmic conditions and the follow up, preventive, 

and rehabilitative care of selected eye conditions,92 in contrast with 

secondary or referral specialist services.93 Related with keratoconus 

screening and diagnosis, in primary eye care, one of the most important 

purposes should be the detection potential keratoconus indicator (mainly 

related with patient’s corneal shape) in a large population generally 

asymptomatic or with unspecific symptoms. This practice requires the 

use of cheap techniques accepted by patients and eye care practitioners 

with a reasonable sensitivity and specificity. The most commonly used in 

these clinics are Placido-based corneal topography. In future, if the price 

of corneal tomographers is reduced, these devices could be introduced 

in primary eye care clinics. A survey to optometrists in Australia showed 

that near of 45% of practitioners have a corneal topographic unit.94 This 

percentage is lower in United Kingdom (26%) and higher in Spain (60%) 

(Author unpublished data). 

Primary eye care practitioners play a relevant role in early detection of 

eye disorders and pathologies.92,95–97 Keratoconus could be suspected 

in risk patients (Down syndrome, relatives of affected patients, ocular 

allergy, Asian or Arabian ethnicity, eye rubbing, floppy eyelid syndrome, 

atopy, connective tissue disorders [Marfan syndrome] and others)5,98,99 

or when certain clinical signs are found in the eye exam, such as: scissors 

reflex during retinoscopy exam, “oil-droplet” reflex (Charleux sign), 

change in astigmatism refraction (in axe or power) or myopia increase 

with asymmetry between both eyes.7,100–103 

In opposition, a definitive diagnose is usually done in specialist clinics, 

for example in cornea units, refractive surgery, etc. This practice requires 

establish keratoconus presence using the necessary techniques, 

which may be expensive but justifiable, such as: corneal tomography, 

AS-OCT and others devices that allow the characterisation of corneal 

biomechanical properties.

Conclusions
In summary, corneal topography plays a significant role in keratoconus 

detection in primary eye care, because anterior Placido-based corneal 

topographers are cheaper devices with great utility in keratoconus 

management (fitting GP CL) and follow up. However, a definitive 

keratoconus diagnosis requires anterior and posterior corneal assessment 

(with corneal tomography and other techniques) and global pachymetry 

investigation able to distinguish between healthy cornea, fustre 

keratoconus and keratoconus. So, corneal tomography is compulsory to 

conduct a definitive diagnosis or in refractive surgery patients screening. 
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A B S T R A C T

Purpose: To calculate and validate a new web-based algorithm for selecting the back optic zone radius
(BOZR) of spherical gas permeable (GP) lens in keratoconus eyes.
Methods: A retrospective calculation (n = 35; multiple regression analysis) and a posterior prospective
validation (new sample of 50 keratoconus eyes) of a new algorithm to select the BOZR of spherical KAKC
design GP lenses (Conoptica) in keratoconus were conducted. BOZR calculated with the new algorithm,
manufacturer guidelines and APEX software were compared with the BOZR that was finally prescribed.
Number of diagnostic lenses, ordered lenses and visits to achieve optimal fitting were recorded and
compared those obtained for a control group [50 healthy eyes fitted with spherical GP (BIAS design;
Conoptica)].
Results: The new algorithm highly correlated with the final BOZR fitted (r2 = 0.825, p < 0.001). BOZR of the
first diagnostic lens using the new algorithm demonstrated lower difference with the final BOZR
prescribed (-0.01 �0.12 mm, p = 0.65; 58% difference � 0.05 mm) than with the manufacturer guidelines
(+0.12 � 0.22 mm, p < 0.001; 26% difference � 0.05 mm) and APEX software (-0.14 � 0.16 mm, p = 0.001;
34% difference � 0.05 mm). Close numbers of diagnostic lens (1.6 � 0.8, 1.3 � 0.5; p = 0.02), ordered lens
(1.4 � 0.6, 1.1 �0.3; P < 0.001), and visits (3.4 � 0.7, 3.2 � 0.4; p = 0.08) were required to fit keratoconus
and healthy eyes, respectively.
Conclusion: This new algorithm (free access at www.calculens.com) improves spherical KAKC GP fitting in
keratoconus and can reduce the practitioner and patient chair time to achieve a final acceptable fit in
keratoconus. This algorithm reduces differences between keratoconus GP fitting (KAKC design) and
standard GP (BIAS design) lenses fitting in healthy eyes.

© 2016 British Contact Lens Association. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Keratoconus is a progressive corneal disorder that is character-
ized by a thinning and steepening of the central and paracentral
cornea [1–4]. This ectatic condition is bilateral and asymmetric,
and it causes high refractive myopia and irregular astigmatism.
Keratoconus affects approximately 1/2000 people in the general
population [1–4]. Keratoconus commonly appears during the
second decade of life and puberty, and it progresses until the fourth
decade of life, when it generally stabilizes [1–4].

The refractive error can be managed with spectacles or soft
contact lenses (CLs) in the early stages of this disease, but corneal
irregularities induce higher-order aberrations that cannot be
corrected with traditional ophthalmic lenses as keratoconus
progresses [2,4]. Gas permeable (GP) CLs represent the best option
for visual rehabilitation of keratoconus [1–4]. This type of CLs
generally improve best corrected visual acuity (BCVA) better than
spectacles or soft CL because the tear layer between the GP CL and
the anterior surface of the cornea reduces visual distortion and
forms a new regular optical surface [2,5,6].

The fitting of GP lenses in keratoconus patients is challenging
for eye care practitioners because the irregular cornea often
requires several diagnostic lenses to achieve a final acceptable GP
lens fit, which prolongs practitioner and patient chair time [7–12].
Manufacturers of GP lenses generally provide guidelines for
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selecting the back optic zone radius (BOZR) of the CL to fit in
keratoconus eyes based on the anterior corneal curvature, but
changes in the parameters of the lens are still needed, which
increases the number of diagnostic and ordered CLs required for
these patients [11].

This study describe the development of a new web-based
algorithm (called Calculens.com) to select the BOZR, peripheral
geometry and total diameter of the initial diagnostic lens in
keratoconus eyes, which will enable practitioners to decrease the
number of diagnostic and ordered lenses that are required to
complete the final GP lens fitting in keratoconus patients.

2. Materials and methods

2.1. Methods

The study was divided into two phases: a retrospective study to
calculate the new algorithm to select the BOZR, peripheral
geometry and total diameter of the initial diagnostic lens and a
second prospective phase to validate the use of this algorithm in a
different sample of keratoconus patients. All patients enrolled in
the study were attended in the Optometry Group of the IOBA Eye
Institute (University of Valladolid, Spain), which is a tertiary
referral clinic that treats patients with irregular corneas and other
eye disorders. The Human Sciences Ethics Committee of the
University of Valladolid approved the study. Informed consent was
obtained from each subject, and all subjects were treated in
accordance with the Declaration of Helsinki.

A complete eye examination was conducted in all participating
subjects, and the following data were collected: demographic
information; CL information (BOZR, power, diameter, design,
manufacturer) in previous CL wearers; BCVA with spectacles and
CLs; topographic assessment (Orbscan II; Bausch & Lomb,
Rochester, NY, USA, version 3.12; Oculus Keratograph, Oculus
Optikgeräte GmbH, Wetzlar, Germany and Galilei-G4, Ziemer

Group, Port, Switzerland) when available; keratometry (OM-4
Topcon, Japan) and anterior eye biomicroscopy.

Patients with any active ocular-surface disease (except kera-
toconus), medication use that could affect ocular physiology or
with a history of acute corneal hydrops, any type of ocular surgery
or any other ocular disease were excluded. Patients with GP
intolerance, unsatisfactory fitting of GP CLs or toric GP CLs were
also excluded.

2.2. Lens design parameters (retrospective and prospective study
phases)

All keratoconus patients were fitted with spherical tetra-curve
GP CLs that were specifically designed for keratoconus eyes (KAKC
GP, Conoptica-Hecht Contactlinsen, Germany). BOZR, periphery
geometry [available in two geometries: N or normal and F or Flat
(with a peripheral curve 0.60 mm flatter than N design according
manufacturer’s instructions)] and total diameter values were
collected to statistical comparison (in cases fitted with different
lens diameter the equivalent lens was calculated to guarantee
same sagittal height and allow BOZR statistical comparison) [13].

A rotationally symmetric bi-aspheric GP lens design (BIAS-GP;
Conoptica-Hecht Contactlinsen, Germany) was fitted in healthy
eyes in prospective phase.

2.3. Retrospective phase: calculation of the new algorithm to select the
first diagnostic lens parameters

Thirty-five GP lenses that were successfully fitted in kerato-
conus eyes were retrospectively analysed.

The patients’ age, refraction, BCVA with spectacles and CL,
corneal topography data (simulated keratometry, astigmatism
power, axis of astigmatism, eccentricity, maximum corneal power
point, central corneal thickness, anterior best fit sphere and
posterior best fit sphere), manual keratometry readings and the

Fig. 1. Fluorescein pattern (left) of the lens proposal by Calculens.com (BOZR 7.00 mm; Diameter 9.20 mm and peripheral geometry N) in a keratoconus patient. OCULUS
Keratograph anterior corneal topography is showed at right top and Placido image at right bottom. Final fitted GP lens was BOZR 7.00 mm; Diameter 9.20 mm and peripheral
geometry N with a back vertex power of +4.00 D that achieved a visual acuity of 1.0 (6/6).
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definitive parameters of GP lens fitted were collected for statistical
analyses.

2.4. Prospective phase: validation of the new predicting algorithm to
select the first diagnostic lens

A new sample of keratoconus eyes was included in the
prospective clinical validation of the new algorithm.

2.4.1. GP fitting procedure in prospective phase
The first diagnostic lens was calculated using the new algorithm

(developed in the retrospective study phase) and it was inserted
into the patient’s eye, and the lens fitting assessment was
evaluated (static and dynamic fit) after an adaptation period of
approximately 30 min using the instillation of sodium fluorescein
(Fig. 1). An acceptable fit was achieved when a well-centred lens
with adequate movement with blinking provided a correct
fluorescein pattern (divided support or three-point-touch: lightly
touch the apex with peripheral alignment in keratoconus) was
obtained [5]. The BOZR was changed if the BOZR of diagnostic lens
was inadequate. The BOZR of the next diagnostic lens was
decreased in 0.10 mm steps if the BOZR of the lens was flattened

(apical touch). In contrast, the BOZR of the next diagnostic lens was
increased in 0.10 mm steps if the BOZR was steepened (apical
bearing). Overall CL diameter and peripheral geometry were
modified to improve CL stability and peripheral fluorescein pattern
if was necessary. The number of diagnostic lens was recorded when
an acceptable BOZR was achieved, and over-refraction was
performed to determine the power of the GP lens that provided
the BCVA. The GP lens was ordered from the manufacturer once the
lens parameters were determined (BOZR, diameter, periphery
geometry and power).

The ordered GP lens was provided in the second visit (i.e., the
dispensing visit), and lens fitting visual acuity and patient comfort
were evaluated. Patients were instructed in CL management and
care if the GP fit was optimal, and a follow-up visit was scheduled
after 2–3 weeks of lens wear. However, GP CL specifications (BOZR,
diameter, edge lift and/or power) were modified if the GP fit was
not adequate, and a second GP was ordered. This process was
repeated until the optimal GP CL fit was achieved, and the number
of ordered CL was recorded.

A follow-up visit was conducted after three weeks of CL wear to
assess whether the GP provided a BCVA that was not improvable
with over-refraction, the GP provided at least 6–8 h of comfortable

Fig. 2. Screenshot of Calculens.com. Refraction, keratometry and corneal diameter are essential to calculate GP CL in keratoconus eyes using Calculens.com. Other fields
improve the GP calculation (i.e. periphery of the lens) but are not mandatory in BOZR calculation.
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wear, and the optimal physiology of corneal surface was obtained
without CL-related complications. The fit was considered accept-
able and finalized if all of these conditions occurred, and the
number of visits was recorded. A new GP was reordered if the GP fit
was inadequate, and a new follow-up visit was scheduled.

A control group formed of healthy eyes (non-keratoconus,
without other eye pathology) was successfully fitted with GP
spherical lenses (BIAS S GP, Conoptica-Hecht Contactlinsen,
Germany) according to manufacturer guidelines to assess differ-
ences between the number of diagnostic lens, ordered lens and
visits that were required to achieve optimal GP lens fit in healthy
and keratoconus eyes.

2.5. Webpage design

In order to work at any place with this new algorithm to
calculate GP CL in keratoconus, we utilized internet-based
technology to facilitate Calculens.com use (www.calculens.com).
HTML (Hypertext Markup Language) was applied to build the basic
structure of web page beside Java Script. This system took the
Apache Tomcat server running on the Java virtual machine (JVM) as
web server. Calculens.com interacts with a MySQL database server,
using Internet as means of transportation through the TCP/IP
protocol. Calculens.com would allow multi-users parallel access at
the same time and at different locations to calculate their GP CL
parameters. Moreover, a Web-based interface allows for a fast and
reliable data entry process (Fig. 2).

2.6. Data analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS,
Chicago, IL, USA) statistical package for Windows. A normal
distribution of variables was assessed using the Kolmogorov–
Smirnov test, and p-values > 0.05 indicated that the data were
normally distributed in both phases of the study. Results were
presented as means � standard deviation (SD), maximum and
minimum range and median and interquartile range (IQR) when
data follows non-parametric distribution.

The new algorithm (retrospective study phase) was calculated
using a multiple regression analysis (stepwise regression) of all
registered biometric variables and the bidirectional elimination
approach to choose the predictive variables to be included in the
equation that provided the best adjusted R-squared value with the
final fitted BOZR, CL diameter and periphery geometry.

To validate the use of our new algorithm we used patients’ data
in the prospective phase to calculate the BOZR of the first
diagnostic lenses with three different methods: a) with our new
algorithm (calculens.com), b) with the BOZR following current
manufacturer’s guidelines (BOZR = horizontal meridian – 0.1 mm)
and c) with the BOZR showed by the APEX software CL fitting
(APEX, version 1.1.0.6, developed by Hecht Contactlinsen in
association with Oculus (Oculus Optikgeräte GmbH, Wetzlar,
Germany), [displays a simulated fluorescein pattern of the
specified GP design to aid the fitting procedure and includes the
specific design for keratoconus KAKC lens]). These three values
were compared with the final fitted BOZR in the prospective phase
using a paired t-test (p-values < 0.05 were considered statistically
significant). A linear regression quantified the r2 correlation
coefficient between the different calculated BOZRs (p-value < 0.05
was considered statistically significant).

The arithmetic and absolute mean differences between the final
fitted BOZR with the BOZR calculated with the new algorithm, the
BOZR calculated following the manufacturer’s guideline, and
showed by APEX were calculated. The absolute difference was
calculated to avoid the effect of positive and negative differences
that could affect the mean value. An absolute difference was clearly

represented when the BOZR proposed by each method was closer
to the final fitted BOZR.

Agreement between the BOZR of the final fitted GP lens with the
BOZR of the first trial lens calculated by the new algorithm,
manufacturer’s guidelines and APEX software was evaluated using
Bland-Altman analysis [14]. Differences between the BOZRs fitted
and proposed by each method were plotted against the means of
each BOZR. The 95% limits of agreement (LoA) were calculated
(mean of the difference � 1.96 � standard deviation).

The mean values of the diagnostic lenses, ordered lenses and
visits were compared between the control group and keratoconus
eyes using a non-parametric Mann-Whitney U test (p-values
< 0.05 were considered significant).

3. Results

3.1. Retrospective phase: calculation of the new algorithm

Thirty-five keratoconus eyes of twenty-one patients (14 men
and 7 women) with a mean age of 33.8 � 12.8 years (range 18–56
years) were included in the retrospective phase. A new predicting
algorithm was defined (r2 = 0.825, p < 0.001) (Fig. 3). The mean
spherical equivalent refractive error was �5.50 � 3.60 D (range
�0.75 D to �12.25 D), and the mean of simulated keratometry
reading was 7.07 � 0.48 mm. The BCVAs (decimal notation Snellen
chart) with spectacles and CL were 0.60 � 0.28 (median 0.60; IQR
0.40) and 0.90 � 0.22 (median 1.00; IQR 0.23), respectively.

The mean of BOZR fitted was 7.12 � 0.46 mm (range 5.80–
7.75 mm), the total diameter of 9.20 mm was the most commonly
fitted (in the 68.6% of the fittings) with a range between 8.80 to
9.40 mm; and the standard periphery geometry (N) was fitted in
the 51.4% of the cases.

3.2. Prospective phase: validation of the new algorithm

Fifty new keratoconus eyes of twenty-eight patients (17 men
and 11 women) with a mean age of 35.5 �10.1 years (range 19–55
years) were enrolled in the clinical validation of the new algorithm.
Three of the initial patients included (6 eyes) were not included in
statistical analyses because they did not achieve a comfortable
wearing of the GP lens. The mean spherical equivalent refractive

Fig. 3. Single linear regression analysis between the BOZR proposed by the new
predicting algorithm and the final BOZR fitted in the retrospective phase. Regression
equation: BOZR calculated with the new algorithm = 1.05 * BOZR fitted � 0.375.
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error was �3.91 �4.10 D (range 0.25 D to �13.25 D), and the mean
simulated keratometry reading was 7.19 � 0.47 mm. The BCVAs
(decimal notation Snellen chart) with spectacles and CL were
0.72 � 0.29 (median 0.80; IQR 0.58) and 0.94 � 0.13 (median 1.00;
IQR 0.20), respectively.

The control group included fifty healthy eyes of fifty patients (15
men and 35 women) with a mean age of 29.1 �12.3 years (range
18–49 years). The mean spherical equivalent refractive error was
�4.01 �6.71 D (range +0.25 D to �14.50 D), and the mean
simulated keratometry reading was 7.82 � 0.27 mm. The BCVAs
(decimal notation Snellen chart) with spectacles and CL were
0.95 � 0.28 (median 1.00; IQR 0) and 1.04 � 0.26 (median 1.00; IQR
0.20), respectively. The mean BOZR fitted was 7.87 � 0.28 mm and
the 76% of the cases were fitted with total diameter of 9.60 mm.
Control group was younger than keratoconus group but not
statistically significant (p = 0.25).

The mean BOZR fitted in keratoconus eyes was 7.21 �0.39 mm
in prospective phase. The total diameter fitted was 9.20 mm in the
76% (range 8.80–9.40 mm) of the fittings and the periphery
geometry N was fitted in the 54% of the cases. Table 1 shows the
mean BOZR of the first diagnostic lens proposed by each method. A
statistically significant difference was found in BOZRs between the
first diagnostic lens suggested by Calculens.com, manufacturer’s
guidelines and APEX software (p < 0.001). The BOZR of the first
diagnostic lens suggested by the manufacturer’s guidelines and
APEX software revealed a statistically significant difference
compared with the definitive BOZR prescribed (p < 0.001).
However, the BOZR proposed by Calculens.com was not signifi-
cantly different (p = 0.65) than the BOZR of the final prescribed CL.

The BOZR of first diagnostic lens calculated by the three
methods correlated with the fitted BOZR (Table 1), but the BOZR
calculated with the new algorithm presented the smallest differ-
ences (arithmetic and absolute) with the final BOZR prescribed.

Fig. 4 shows the agreements between the BOZR calculated by
each method with the final BOZR fitted. The LoA were higher using
the manufacturer’s guidelines (�0.31 to +0.55 mm) than the APEX
software (�0.46 to +0.18 mm), and Calculens.com (�0.24 to
+0.22 mm) exhibited the lower LoA.

The difference rate with the final BOZR prescribed was assessed
to facilitate comparisons between the three BOZR calculation
methods (Fig. 5) showed that the BOZR difference was �0.05 mm
in 58% of the eyes using the new algorithm.

The number of diagnostic lenses, ordered lenses and visits
necessaries to complete the GP fitting procedure in keratoconus
and healthy subjects was compared to assess the clinical impact of
the new algorithm to select the initial diagnostic lens. Statistically
different (p = 0.02) (but with close values) number of diagnostic

lenses were required in both groups. The new algorithm required
between 1 and 4 diagnostic lenses (median 1, IQR 1, mean of
1.6 � 0.8) before the ordering of the first GP lens [1 diagnostic lens
(54%), 2 diagnostic lenses (34%), 3 diagnostic lenses (10%) and 4
diagnostic lenses (2%)]. The control group required between 1 and
3 diagnostic lenses (median 1, IQR 1, mean 1.3 � 0.5) [1 diagnostic
lens (74%), 2 diagnostic lenses (24%) and 3 diagnostic lenses (2%)].

Keratoconus patients required slightly more ordered lenses
(p < 0.001) than the control group. Keratoconus eyes required
order between 1 and 3 lenses (median 1, IQR 1, mean 1.4 � 0.6) [1
ordered lens (64%), 2 ordered lenses (32%), 3 ordered lenses (4%)].
The reasons for lens reordering included changes in lens power to
improve patients visual acuity and changes in BOZR (4 eyes),
diameter (3 eyes) and peripheral edge lift (1 eye) to improve lens
fitting. Healthy eyes required order between 1 and 2 lenses
(median 1, IQR 0, mean 1.1 �0.3) [1 ordered lens (88%) and 2
ordered lenses (12%)]. Six eyes required the reordering of a second
lens to adjust lens power to improve VA.

The mean of number of visits to achieve lens fitting was also
similar between keratoconus and healthy subjects (p = 0.08).
Keratoconus patients required between 3 and 6 visits (median 3,
IQR 1, mean 3.4 � 0.7) and healthy subjects required between 3 and
4 visits (median 3, IQR 0, mean 3.2 � 0.4).

4. Discussion

GP contact lens fitting is the first non-surgical option in
keratoconus management [1,2]. However, fitting is challenging
because an increased number of trial lenses and longer practitioner
and patient chair time are required to achieve a final acceptable fit
compared with healthy eyes [7–12].

In this study we have developed a new predicting algorithm
(Calculens.com) to select the BOZR, peripheral geometry and total
diameter of the first diagnostic GP and reduce the complexity of CL
fitting in keratoconus eyes using a specific keratoconus spherical
tetra-curve GP design (KAKC GP, Conoptica-Hecht Contactlinsen).
We included a prospective study fitting new keratoconus eyes
using this new algorithm to provide sound evidence of the clinical
advantages of its use. Statistical or mathematical comparisons with
previous reports were performed to aid eye care practitioners in
the keratoconus fitting procedure [12,15,16]. A comparison of GP
fittings in a healthy group was included to compare the fitting
procedure between keratoconus and healthy eyes. To the best of
our knowledge, this is the first time that these fitting procedures
were compared.

The number of diagnostic lenses that were required to establish
the first ordered lens using the new algorithm in our sample of

Table 1
Summary of the means and standard deviation (SD) of the CL BOZR proposed by each method. The correlation, arithmetic and absolute means and SD of the BOZR differences
between each method and final BOZR fitted are shown. *Paired T-Test (p < 0.05 statistically significant).

New algorithm Manufacturer’s guidelines APEX software CL fitting

Mean final BOZR fitted (mm) 7.21 � 0.39 (6.2–7.9)

Mean BOZR of first diagnostic lens proposed (mm)
(Min–Max)

7.21 � 0.42
(6.2–8.0)

7.09 � 0.45
(6.0–7.7)

7.34 � 0.42
(6.3–8.1)

Correlation between BOZR proposed and final BOZR fitted r2 = 0.92
p < 0.001

r2 = 0.76
p < 0.001

r2 = 0.85
p < 0.001

*P-Value between BOZR proposed and final BOZR fitted p = 0.65 p < 0.001 p < 0.001

Arithmetic difference between BOZR proposed and final BOZR fitted (mm) �0.01 � 0.12
95%CI

�0.03 to +0.04

+0.12 � 0.22
95%CI

�0.18 to �0.06

�0.14 � 0.16
95%CI

+0.09 to +0.18

Absolute difference between BOZR proposed and final BOZR fitted (mm) 0.09 � 0.08 0.20 � 0.14 0.16 � 0.14
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patients was small (median 1 lens and mean of 1.6 � 0.8 lenses).
Notably, only a 2% of keratoconus eyes required 4 diagnostic lenses,
and no keratoconus required 5 or more diagnostic lenses. The
number of diagnostic lenses found in our study was lower than
previous reports that used traditional diagnostic lens method
fitting [10,11]. Nosch et al. [7] analysed GP lens fits of the same
manufacturer of our study (Hecht Contactlinsen) in 68 eyes with
irregular corneal surfaces (75% keratoconus eyes) using a
traditional empirical fitting procedure and diagnostic lenses and
concluded that a mean of 3.25 �1.70 trial lens were required,
however they used several toric and quadrant-specific back surface
designs. These investigators achieved the fitting procedure using 3
diagnostic lenses or less in 70.7% of eyes [7]. Romero-Jiménez, et al.
[11] proposed a standardized method to fit GP lens (Rose K2 design,
Menicon Inc.) in 119 keratoconus eyes using the first definite apical
clearance lens (FDACL) as a starting point to achieve an optimal
lens and compared two different CL fitting techniques (three-
point-touch versus apical touch) to reduce chair time. He find a
mean of 2.3 � 1.7 diagnostic lenses to obtain the FDACL, but
another extra trial lens was necessary to obtain the three-point-
touch (0.10 mm flatter than FDACL) or apical touch (0.30 mm flatter
than FDACL) fittings. Therefore, the Romero-Jiménez et al.
approach requires more diagnostic lenses (3.3 lenses) than our
findings to achieve the three-point-touch fluorescein pattern. Zhou
et al. [10] retrospectively identified keratoconus GP fits in 38
patients using several CL designs (Rose K, McGuire and standard
spherical GP) and find a number of diagnostic lenses (1.8 � 0.9)
similar to our results. However, they did not describe the fitting
method that they follow in these patients. In summary, our new
algorithm reduces the number of diagnostic lenses that were
necessary in our sample of keratoconus eyes to a number that is
close to non-keratoconus GP fittings. A statistically significant

difference between the number of diagnostic lenses was found
between keratoconus (median 1, IQR 1) and healthy eyes (median
1, IQR 1), but this difference may be of limited clinical impact
helping to reduce the complexity of GP fitting in keratoconus eyes.

A small number of ordered CLs were necessary to achieve an
optimal fit (median 1, IQR 1, mean 1.4 � 0.6), and a 64% optimal CL
fit rate was found with the first ordered CL. The major reason (20%)
for reordered CLs was a change in the power of the GP. However,
perform the over-refraction is difficult in keratoconus eyes because
of the initial discomfort of the GP CL and the irregular tear
meniscus that forms between the back surface of the GP CL and the
anterior corneal surface. The CL fit rate could increase from 64% to
84% with the first CL ordered if optimal over-refraction is obtained
during the first visit. These results are relatively consistent with
FDACL starting point method fitting [11], which permitted that 77%
of the eyes achieves an optimal lens fit with the first ordered CL
(83% with three- point-touch and 71% with apical touch fitting
approaches). However, we found a lower mean number of ordered
lenses than Zhou [10], who reported that 2.3 � 1.4 CLs were
required to finalize the fitting procedure in keratoconus eyes. In
summary, our fitting approach may reduce the number of ordered
CLs to a value that was close to healthy GP fitting (median 1, IQR 1,
mean 1.1 �0.3). A statistically significant difference between
healthy and keratoconus eyes was observed (with the same
median value (1 lens) in both groups), but this difference was likely
clinically acceptable.

The number of professional visits required to complete the
fitting using the new algorithm (3.4 � 0.7) was considerably lower
than visits reported by Zhou (5.8 � 1.6 visits) in a retrospective
study [10]. Our results suggest a trend to simplify the fitting
procedure using the new algorithm to calculate the first diagnostic
lens because the number of required visits was similar (P = 0.08 and

Fig. 4. Bland-Altman plot showing the agreement between the BOZR proposed by each method and the final BOZR fitted.
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same median value) to visits necessary to GP fitting in our sample
of healthy subjects (3.2 � 0.4, median 3).

The results of Calculens.com suggest a significant improvement
compared to actual manufacturer’s recommendations or APEX
software CL fitting. Calculens.com produced lower differences with
the definitive BOZR fitted in our sample of keratoconus patients.
The lowest modification of GP BOZR is 0.05 mm, and the new

predicting algorithm remained less than two BOZR steps (absolute
difference) from the definitive BOZR fitted. However, the APEX
software was three BOZR steps, and the manufacturer’s guidelines
was four BOZR steps from the definitive BOZR fitted in our study.
Notably, the APEX software and manufacturer’s guidelines
produced differences between the proposed and fitted BOZR
greater than 0.30 mm (approximately 20% of studied eyes), but the
new algorithm never produced these values.

This study is not free of limitations. The inclusion of both eyes in
the keratoconus group in both retrospective and prospective
phases could be criticized. However, it is acceptable to include both
eyes in this type of studies because keratoconus is an asymmetric
disease [6–8,11,12] and the fluorescein pattern in one eye could be
different of the fellow eye. Moreover the study design and data
analysis follow the recommendations of Armstrong [17] to
minimize the effect of both eyes inclusion. This study was also
conducted in a single centre (IOBA Eye Institute) and the same CL
practitioners assessed the fluorescein pattern in each patient (of
the first diagnostic lens and of the final fitted lens) when other
different practitioner calculated the first diagnostic lens param-
eters using the new algorithm. So, differences between CL
practitioners could affect to final fluorescein pattern, but the
research team has a wide experience working together, and most of
the patients were co-managed; so they present a shared fitting
philosophy that could minimize the impact of these differences in
the study results. Further clinical research with blind and
multicentre design is necessary to clarify the influence of
practitioners’ expertise in the usefulness of this new algorithm.
A single and specific design of spherical GP lenses was used in each
study group (BIAS in healthy corneas and KAKC in keratoconus
patients), so a translation of these results to other GP CL designs or
toric/quadrant specific designs, manufacturers or fitting philoso-
phies must be interpreted with caution and requires future studies
and research.

5. Conclusions

The selection of the BOZR, peripheral geometry and total
diameter of the first diagnostic lens in keratoconus GP fittings
using our new algorithm (included in Calculens.com) may improve
the results provided by the actual manufacturer’s guidelines and
APEX software CLs fittings. This algorithm may decrease the
number of trial CLs and may reduce practitioner and patient chair
time that is required to achieve a final acceptable fit in keratoconus
eyes using a comparable approach to standard GP fitting in healthy
eyes.
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1 

Introduction 1 

2 

Rigid gas permeable (GP) contact lenses (CL) are the first option in keratoconus patient 3 

management [1-3] because of provide better visual rehabilitation and improve quality of 4 

life of these patients [1-5]. Fitting of GP lenses in keratoconus patients and achieving an 5 

acceptable fit can be considered challenging for eye care practitioners; owing to 6 

keratoconus is a progressive corneal disorder characterized by central and paracentral 7 

corneal steepening, corneal thinning, irregular corneal topography and irregular 8 

astigmatism provoking spectacle visual acuity impairment [1,5,6]. So, this procedure often 9 

requires a long practitioner and patient chair time in order to achieve optimal centration, 10 

minimum impact on ocular surface, best comfort and vision with final GP lens fit [7-10].  11 

12 

Classically, three GP corneal design fitting philosophies for keratoconus have been 13 

described in the literature [11]:
 
steep or apical clearance (lens support or bearing on the 14 

peripheral cornea), flat or apical touch (lens support or bearing on the apex of the cornea), 15 

and three-point-touch or divided support (lens support or bearing is shared between the 16 

apex and the paracentral cornea) being this last philosophy the safest technique of GP 17 

fitting in keratoconus [11]. 18 

19 

Nowadays, there are several methods or guidelines to select the parameters of the GP lens 20 

in keratoconus eyes to achieve three-point-touch fitting based on the corneal curvature 21 

values (K readings). Each CL manufacturer provides specific fitting-guideline according 22 

to lens geometry, besides different “CL fitting software programmes” have been proposed 23 

to simplify this procedure [2,12-18]. However, an analysis of the accuracy of most of 24 

these recommendations has not been reported previously to provide evidence based 25 

information that permit improve GP lens fitting in keratoconus eyes.  26 

27 

The aim of this study is to compare the agreement between the back optic zone radius 28 

(BOZR) proposed by different manufacturers’ guidelines, nomograms or CL fitting 29 

software programmes designed to fit spherical GP CL in keratoconus eyes, with the 30 

BOZR final fitted in a sample of keratoconus eyes. 31 

32 

Materials and methods 33 

34 

Fitting Guidelines search 35 

36 

We performed an extensive electronic search of the Medline and PubMed databases, 37 

Google Scholar database, Science Direct database, Cochrane database, metaRegister of 38 

Controlled Trials (mRCT) (www.controlled-trials.com) and ClinicalTrials.gov 39 

(www.clinicaltrials.gov) using individual and combinations of key words (“Keratoconus 40 

contact lenses”, “Keratoconus fitting guideline”, “Keratoconus GP fitting”, “Keratoconus 41 

GP management”) in May 2016 to identify the relevant publications in this field. We did 42 

not use any date or language restrictions in the electronic search. We also included 43 

additional references (from different sources, books, books chapters, manufactures 44 

websites, etc.) that were cited or included in these articles. In total, we identified 10 45 

guidelines or general recommendations to select/calculate the BOZR of the spherical GP 46 

lens to fit in keratoconus eyes. We choose any reference only if they included a clear 47 



2 

 

description of the formula to choose or calculate the BOZR of the diagnostic lens to start 48 

with. Case reports were not assessed. 49 

 50 

Study population 51 

 52 

Clinical records of eighty-one keratoconus eyes of forty-six patients [(25 men and 21 53 

women) with a mean age of 38.6 ± 11.7 years (range 19-66 years)] who were successfully 54 

fitted with spherical GP CLs specifically designed for keratoconus eyes (spherical tetra-55 

curve; KAKC GP, Conoptica-Hecht Contactlinsen, Germany) were used. All patients were 56 

attended in the Optometry Group of the IOBA Eye Institute (University of Valladolid, 57 

Spain), which is a tertiary referral clinic that treats patients with irregular corneas and 58 

other eye disorders. Three different experienced CL practitioners conduct all GP CL 59 

fitting. The Human Sciences Ethics Committee of the University of Valladolid approved 60 

the study. Informed consent was obtained from each subject, and all subjects were treated 61 

in accordance with the Declaration of Helsinki. 62 

 63 

Records of patients with any active ocular-surface disease (except keratoconus), 64 

medication use that could affect ocular physiology or with a history of acute corneal 65 

hydrops, any type of ocular surgery or any other ocular disease were excluded. 66 

 67 

The following data were collected for all eyes included in the study: patients’ age, 68 

refraction, best corrected visual acuity (BCVA) with spectacles and with CL, manual 69 

keratometry readings (OM-4 Topcon, Japan), corneal topography data (simulated 70 

keratometry, astigmatism power, axis of astigmatism; achieved with Placido-based 71 

topographer (Oculus Keratograph, Oculus Optikgeräte GmbH, Wetzlar, Germany), 72 

Amsler-Krumeich keratoconus severity stage, and definitive BOZR of GP lens fitted.  73 

 74 

BOZR GP Fitting Guidelines comparison 75 

 76 

Ten guidelines were identified after literature review (Table 1). BOZR following each 77 

spherical GP fitting guideline was calculated and compared with the final BOZR fitted in 78 

each patient’s eye.  79 

 80 

Data analysis 81 

Statistical analysis was performed using the SPSS 15.0 (SPSS, Chicago, IL, USA) 82 

statistical package for Windows. A normal distribution of variables was assessed using the 83 

Kolmogorov–Smirnov test, and P-values>0.05 indicated that the data were normally 84 

distributed. 85 

 86 

The difference between BOZR proposed by each guidelines and the BOZR final fitted was 87 

calculated using a paired t-test (P-values <0.05 were considered statistically significant). A 88 

linear regression quantified the R
2
 correlation coefficient between the BOZR proposed and 89 

finally fitted (P-value <0.05 was considered statistically significant). The same lens 90 

diameter was maintained to allow comparisons between the BOZR of the fitted lens and 91 

the BOZRs calculated by each guideline. 92 

 93 

The arithmetic and absolute mean difference between the BOZR calculated by each 94 

guideline and the BOZR finally fitted were calculated. The absolute difference was 95 

calculated to avoid the effect of positive and negative differences that could affect the 96 

mean value. An absolute difference was clearly represented when the BOZR proposed by 97 

each method was closer to the final fitted BOZR. We calculated a success rate of the GP 98 
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guideline fitting when the difference between the BOZR of the diagnostic lens proposed 99 

with the final BOZR prescribed was ≤0.05 mm. Also, we calculate this success rate of the 100 

GP guideline fitting in different keratoconus stage according to Amsler-Krumeich 101 

classification and were compared using a chi-square test (P-value of <0.05 were 102 

considered significant). 103 

 104 

Agreement between the BOZR of the final fitted GP lens with the BOZR of the first 105 

diagnostic lens calculated by guidelines was evaluated using Bland-Altman analysis [19]. 106 

Differences between the BOZR fitted and proposed by each method were plotted against 107 

the means of each BOZR. The 95% limits of agreement (LoA) were calculated (mean of 108 

the difference ± 1.96 x standard deviation). The relationship between mean value (x) and 109 

the difference (y) was determined using linear regression analyses, R
2
 correlation 110 

coefficient was calculated to test-retest reliability (P-values of < 0.05 were considered 111 

statistically significant). 112 

 113 

Results 114 

 115 

The mean spherical equivalent refractive error was -4.20 ± 3.82 D (range 0.25 D to -13.25 116 

D), with a mean keratometry (Kmean) reading of 7.16 ± 0.47 mm. The flattest corneal 117 

curvature (Kf) was 7.43 ± 0.42 mm and the steepest corneal curvature (Ks) was 7.04 ± 118 

0.44 mm. The BCVAs with spectacles and CL were 0.67 ± 0.29 and 0.96 ± 0.15 (Snellen 119 

chart), respectively. According to Amsler-Krumeich classification were included 18 eyes 120 

in stage 1; 35 eyes in stage 2 and 28 eyes in stage 3. 121 

 122 

The mean BOZR fitted in keratoconus eyes was 7.19 ± 0.38 mm. Table 2 shows the mean 123 

BOZR of the diagnostic lens proposed by each guideline. The BOZR of diagnostic lens 124 

proposed by all guidelines well correlated with the final fitted BOZR (r
2
>0.71; P<0.01). 125 

However, statistically significant difference was found between the BOZR suggested by 126 

all guidelines analysed with the BOZR prescribed (P<0.05), except in Guidelines #4, #8 127 

and #10 (P≥0.11). 128 

 129 

The arithmetic and absolute mean difference between the BOZR proposed by each 130 

guideline and BOZR finally fitted (Table 2) revealed the best agreement with Guideline 131 

#10 (0.00 ± 0.12 mm and 0.09 ± 0.08 mm, respectively) and the higher difference with 132 

Guideline #5 (-0.38 ± 0.22 mm and 0.39 ± 0.21 mm, respectively).  133 

 134 

Figure 1 summarized the agreement between the BOZR proposed by each guideline with 135 

the final fitted BOZR being the Guideline #10 which exhibited the lower LoA.  136 

 137 

Guideline #10 showed the best successful rate proposing a BOZR with a difference ≤0.05 138 

mm in 50.6% of cases (Figure 2, Table 2) with lower difference with final BOZR fitted 139 

(no one case with a difference higher or 0.30 mm). Rest of guidelines (except Guideline 140 

#2 and Guideline #8 with a successful rate of 41.3% and 34.6% respectively) showed a 141 

successful rate lower than 30% and Guideline #5 presents a successful rate of 3.8% with a 142 

difference higher of 0.30 mm in more than 60% of cases. According to Amsler-Krumeich 143 

classification the successful rate of GP calculation was better with Guideline #10 in stage 144 

1 (61.1%), Guideline #2 and #10 in stage 2 (40%) and Guideline #10 in stage 3 (57.1%) 145 

(Figure 3). In contrast, the worst results were presented by Guideline #6 (0%) in stage 1, 146 
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Guideline #3 and #5 in stage 2 (8.6%) and Guideline #5 in stage 3 (0%). No statistically 147 

significant difference was found between stages of keratoconus in successful rate with any 148 

guideline (P≥0.10), except in Guideline #3 (P<0.01). 149 

 150 

Discussion 151 

 152 

Keratoconus is a bilateral and asymmetric ectatic condition affecting approximately 153 

1/2000 people in the general population [1,5]. This disease commonly appears during the 154 

second decade of life and puberty and progresses until the fourth decade of life, when it 155 

generally stabilizes.  156 

 157 

In the early stages of keratoconus, the refractive error can be managed with spectacles or 158 

soft CL, but when it progress the corneal irregularities induce higher-order aberrations that 159 

cannot be corrected with traditional ophthalmic lenses [1,5]. For this reason, GP CL are 160 

the first option in keratoconus patient management being that supply an adequate visual 161 

correction by providing a smooth optical surface to correct irregular astigmatism. 162 

However, fitting GP CL in keratoconus eyes is considered a challenge because 163 

development of irregular astigmatism increase the number of diagnostic lenses and 164 

practitioner time or patient chair time required to achieve a final acceptable fit compared 165 

with healthy eyes [6,8,9]. 166 

Manufacturers of GP lens or recently investigations published in the literature provide 167 

different guidelines to select the BOZR in keratoconus fittings, nevertheless, it is 168 

uncommon that these guidelines include an analysis of their accuracy or precision of the 169 

suggested BOZR. To the best of our knowledge, this is the first report those different 170 

fitting guidelines to select BOZR of GP lens in keratoconus eyes were compared in order 171 

to provide evidence based information of the accuracy of its recommendations. 172 

 173 

Guideline #10 (CALCULENS.com) showed better agreement with BOZR final fitted 174 

compared with others guidelines. This open-access website allows the CL parameters 175 

calculation in a simple way with clinical data of keratoconus eyes (corneal keratometry or 176 

topography) and has been clinically validated with a sample of 50 keratoconus eyes, 177 

different of the patients used to its calculation [14]. The BOZR calculated on this website 178 

shows a difference with BOZR final fitted equal or less than 0.05 mm in 50.6% of the 179 

fittings with no one case with differences higher than 0.30 mm. Next, Guideline #2 [13] 180 

used the BOZR proposed by APEX software achieved a successful rate of 41.3% doubling 181 

the APEX software (Guideline #1) successful rate (26.3%). Nevertheless, both guidelines 182 

(#1 and #2) require the use of APEX software CL fitting (Oculus – Hecht Contactlinsen) 183 

and corneal topography achieved with Oculus topographers (Pentacam, Keratograph or 184 

Easygraph) that could be not easy to follow for all CL practitioners and have not been 185 

clinically validated with keratoconus eyes. In contrast Guideline #10 is an open access 186 

website easy to use for any CL practitioner and has been clinically validated [14]. 187 

 188 

Based on the absolute difference with the final BOZR fitted, Guideline #8 showed a 189 

successful rate of 34.6% of the fittings. Guideline #8 is proposed to fit several GP lenses 190 

design for keratoconus that share the same recommendation to calculate the BOZR of the 191 

first diagnostic lens, with a BOZR halfway between Ks and Kf readings, or Kmean. 192 

Following this recommendation, better results are obtained than other manufacturer 193 

guidelines that propose a starting point with Ks (Guideline #9 with success rate of 28.7%), 194 

based on Km-0.20 (Guideline #6 with success rate of 12.3%), based on Kf-195 
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(
1

3
*Astigmatism) (Guidelines #7 with success rate of 23.7%) or horizontal K–0.10 196 

(Guidelines #3 with success rate of 19.8%). Is important highlighted that no one of these 197 

guidelines provided by manufacturers of GP lens included information about its clinical 198 

validation with keratoconus patients to bring objective and evidence information of their 199 

usefulness.  200 

 201 

Other methods to calculate the BOZR of the first diagnostic lens in GP keratoconus fitting 202 

have not been proposed by CL manufactures. The Centre of Contact Lens Research of 203 

University of Waterloo (Canada) published in 2010 the manual book “Correction of 204 

keratoconus with GP lenses” [15] which proposed a brief guideline to select the BOZR in 205 

keratoconus eyes (Guideline #4). This guideline presented low difference between BOZR 206 

suggested and BOZR final fitted (0.14 ± 0.11 mm) with a successful rate of 26.3%. On the 207 

other hand, Rajabi et al. [12] proposed in 2011 a new predicting formula to calculate the 208 

BOZR based on manual keratometry (Guideline #5). This predicting formula was 209 

calculated retrospectively after 400 GP CL fitting assessment, in keratoconus eyes. 210 

Although Guideline #5 was calculated with a great keratoconus sample, their BOZR 211 

proposed are very far to BOZR final fitted (0.39 ± 0.21 mm) and only 3.8% of the fittings 212 

achieve a successful rate. To the best of our knowledge, these formulas were not validated 213 

with a new sample of keratoconus eyes to double-check their precision. 214 

Evaluation of fluorescein pattern in keratoconus GP fittings requires experience, practice 215 

and knowledge of CL design parameters by practitioners [20]. It is generally accepted that 216 

three-point-touch, provides acceptable vision and is the safest technique to fit in 217 

keratoconic eyes [11,21]. There is evidence that apical touch induced by too flat BOZR 218 

may cause staining or scarring [11]. On the other hand, excessive apical clearance (too 219 

steep BOZR) could be interfere with comfort and acuity due to bubbles may be trapped in 220 

the optic zone area [11].  221 

 222 

The Collaborative Longitudinal Evaluation of Keratoconus (CLEK) study describe the 223 

concept of the First Definite Apical Clearance Lens (FDACL) as the flattest lens that 224 

shows an apical clearance fluorescein pattern in keratoconus developing an standardized 225 

protocol to fit GP lenses in keratoconus [22]. In CLEK study the initial BOZR matched 226 

the steeper keratometry reading (Guideline #9), and adjusted flatter or steeper until the 227 

FDACL was reached. The use of FDACL was a valid and reliable standardized method to 228 

GP CL and monitoring the disease progression [23]. However, requires practice and long 229 

practitioner time to archive FDACL due that the starting point (Guideline #9) shows wide 230 

limits of agreement range (0.87 mm) and provided a successful rate less than 30%. 231 

 232 

Other guidelines or protocols to fit GP CL in keratoconus have been proposed and could 233 

not be analyzed due to the nature of our study. Romero-Jiménez, et al. [21] follow the 234 

CLEK study standardized method to fit GP lens (Rose K2 design, Menicon Inc.) in 119 235 

keratoconus eyes using the FDACL as a starting point to achieve an optimal lens and 236 

compared two different CL fitting techniques (three-point-touch versus apical touch) with 237 

BOZR 0.10 mm and 0.40 mm flatter than FDACL. Following this protocol, 77% of the 238 

eyes achieved an optimal lens fit with the first lens ordered (83% with three- point-touch 239 

and 71% with apical touch fitting approaches). However, no comparison of the BOZR of 240 

the first diagnostic lens were conducted, but 2.3 ± 1.7 diagnostic lenses were necessaries 241 

to obtain the FDACL, with another extra trial lens to obtain the three-point-touch (0.10 242 

mm flatter than FDACL) or apical touch (0.40 mm flatter than FDACL).  243 

 244 
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Mandathara et al. [24] proposed a formula to calculate the BOZR in keratoconus using the 245 

software FITSCAN (Orbscan II topography) [BOZR = (BOZR suggested by FITSCAN 246 

(mm) × 0.86563) + 0.78738]. Nevertheless, this study has not been clinically validated and 247 

it is conditioned to use specific corneal topographer (Orbscan) and software, so it is not 248 

possible included in our study.  249 

 250 

Our study presents different limitations. Firstly, it is not a clinical study when different 251 

patients will be fitted using different guidelines in random and masked way. Because 252 

conduct this clinical research could be expensive and require a long sample of keratoconus 253 

we conduct a comparison of the BOZR calculated by different guidelines proposed to fit 254 

GP lens specifically designed to keratoconus eyes. This approach could provide relevant 255 

information to eye care and CL practitioners who fit GP lens in keratoconus patients to 256 

improve choosing of the BOZR of the first diagnostic lens. Moreover, the use of a single 257 

design of spherical keratoconus GP CL could influence in the fitted BOZR because 258 

different philosophies of fitting GP in keratoconus exist, making difficult found definitive 259 

end point of the GP fitted. So, small variation in final BOZR would be clinically accepted 260 

and practitioner practice and expertise should be necessary. However, this study 261 

demonstrated a lack of evidence to support some of the guidelines recommended by 262 

manufacturers or some research reports. In fact, just Guideline #10 has been clinically 263 

calculated and posteriorly validated with a new sample of keratoconus patients [14] and 264 

the comparison with final BOZR fitted shows better agreement and best successful rate 265 

that all compared guidelines. These results will be of great interest to help CL practitioners 266 

to reduce chair time and the number of trial lenses; providing best vision rehabilitation to 267 

keratoconus patients, improving their vision and quality of life [14]. 268 

 269 

Conclusions 270 

 271 

Several guidelines have been proposed to choose the BOZR of the first diagnostic lens to 272 

fit in keratoconus eyes with a lack in clinical validation of their recommendations. The 273 

selection of the BOZR of the first diagnostic lens with CALCULENS.com provides better 274 

start point to GP CL fitting in keratoconus than other methods or guidelines assessed; 275 

showing a difference ≤0.05 mm with final BOZR in 50.6% of patients. This study 276 

provides evidence-based information to CL practitioners who fit or prescribe GP lens in 277 

keratoconus patients. 278 

 279 

Figure Legends 280 

 281 

Figure 1. Bland-Altman plot showing the agreement between the BOZR proposed by each 282 

guideline and the final BOZR fitted. Guideline #1 Limits of agreement (LoA) from -0.42 283 

to 0.13 (R
2
<0.01 P=0.50); Guideline #2 LoA from -0.3 to 0.24 (R

2
=0.07 P=0.02); 284 

Guideline #3 LoA from -0.36 to 0.65 (R
2
=0.17 P=<0.01); Guideline #4 LoA from -0.31 to 285 

0.37 (R
2
=0.03 P=0.12); Guideline #5 LoA from -0.82 to 0.05 (R

2
=0.51 P<0.01); Guideline 286 

#6 LoA from -0.12 to 0.58 (R
2
=0.25 P=<0.01); Guideline #7 LoA from -0.51 to 0.28 287 

(R
2
=0.03 P=0.15); Guideline #8 LoA from -0.32 to 0.38 (R

2
=0.25 P<0.01); Guideline #9 288 

LoA from -0.29 to 0.58 (R
2
=0.07 P=0.02) and Guideline #10 LoA from -0.23 to 0.23 289 

(R
2
=0.03 P=0.12). 290 

 291 
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Figure 2. Cumulative percentage of differences between the BOZR proposed by each 292 

guideline and the final BOZR fitted. 293 

 294 

Figure 3. Success rate of the GP guideline fitting (difference between the BOZR of the 295 

diagnostic lens proposed with the final BOZR prescribed was ≤0.05 mm) according to 296 

Amsler-Krumeich classification.  297 
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Table 1 

Guideline Description 

Guideline #1 Suggested by the APEX
 
software CL fitting (APEX, version 1.1.0.6, developed 

by Hecht Contactlinsen in association with Oculus, which displays a simulated 

fluorescein pattern of the specified GP design to aid the fitting procedure). 

Guideline #2 BOZR = (BOZRAPEX*0.88)+0.77 

Improvement of BOZR proposed by APEX software CL fitting.
13

Guideline #3 BOZR = Horizontal K (mm) – 0.10  

Recommended by Conoptica-Hecht Contactlinsen, (Germany) to fit KAKC 

lens. 

Guideline #4 If corneal astigmatism < -3.75 D: BOZR = Kf (D) – 0.61 x Astigmatism 

If corneal astigmatism -4.00 to -7.50 D: BOZR = Kf (D) – 0.50 x Astigmatism 

If corneal astigmatism > -7.50 D: BOZR = Kf (D) – 0.35 x Astigmatism 

*Calculated to diameter of 9.40 mm

Proposed by Centre of Contact Lens Research (University of Waterloo, 

Canada).
15

Guideline #5 If Kf < 7.00 mm: BOZR = 0.211*Kf (mm) + 5.904 

If Kf 7 to 8 mm: BOZR = 0.465*Kf (mm) + 4.16 

Recommended by Rajabi MT et al.
12

Guideline #6 BOZR = Km (mm) – 0.20 

Recommended to fit RoseK2 GP lens (Menicon, Co., Ltd.)
21

Guideline #7 BOZR = Kf (mm) – [
1

3
astigmatism (mm)]

Proposed by Bausch & Lomb to fit their keratoconus lens design or OP8 GP 

lens (Soflex, Israel). 

Guideline #8 BOZR = Kmean (mm) 

Recommended to fit ACL KERA lens (Australian Contact Lenses, Australia), 

FlexCone (SwissLens, Switzerland), Keracon (Gelflex, Australia), McGuire 

lens (Ultravision, United Kingdom) and Nissel K2 lens (Cantor+Nissel, United 

Kingdom).
18

Guideline #9 BOZR = Ks (mm) 

Proposed to fit Comfort Kone lens (MetroOptics, USA) or iKone lens (Valley 

Contax, USA). 

Guideline #10 Calculens.com 

Algorithm developed by our research group.
14

Table 1. Description of guidelines used in the study. Kmean = Mean corneal curvature; 

Kf = Flattest corneal meridian; Ks = Steepest corneal meridian 



Table 2 

Table 2. Summary of the means and standard deviation (SD) of the BOZR proposed by 

each guideline. The correlation, arithmetic and absolute means and SD of the BOZR 

differences between each guideline and BOZR fitted are shown.  

*Paired T-Test (P<0.05 statistically significant). ** Percentage of cases with a

difference ≤0.05 mm with definitive BOZR fitted.

N = 81 

Guideline 

BOZR 

proposed 

Correlation 

between 

BOZR 

proposed and 

BOZR fitted 

Mean 

difference 

between 

proposed and 

fitted BOZR 

(mm)* 

Absolute 

difference 

between 

proposed 

and fitted 

BOZR (mm) 

Successful 

Rate** 

(95% CI) 

Guideline #1 7.34 ± 0.39 
R

2
=0.869

(P<0.01) 

-0.14 ± 0.14 

(P<0.01) 
0.16 ± 0.12 

26.3% 

(16.5 to 36.0 %) 

Guideline #2 7.23 ± 0.34 
R

2
=0.869

(P<0.01) 

-0.03 ± 0.14 

(P=0.04) 
0.10 ± 0.10 

41.3% 

(30.4 to 52.1 %) 

Guideline #3 7.05 ± 0.48 
R

2
=0.719

(P<0.01) 

+0.15 ± 0.26 

(P<0.01) 
0.23 ± 0.18 

19.8% 

(11.0 to 28.5 %) 

Guideline #4 7.16 ± 0.40 
R

2
=0.822

(P<0.01) 

+0.03 ± 0.17 

(P=0.11) 
0.14 ± 0.11 

26.3% 

(16.5 to 36.0%) 

Guideline #5 7.58 ± 0.23 
R

2
=0.714

(P<0.01) 

-0.38 ± 0.22 

(P<0.01) 
0.39 ± 0.21 

3.8% 

(0.2 to 9.7%) 

Guideline #6 6.96 ± 0.47 
R

2
=0.870

(P<0.01) 

+0.23 ± 0.18 

(P<0.01) 
0.24 ± 0.16 

12.3% 

(5.1 to 19.6%) 

Guideline #7 7.31 ± 0.41 
R

2
=0.765

(P<0.01) 

-0.11 ± 0.20 

(P<0.01) 
0.16 ± 0.16 

23.4% 

(15.2 to 34.1%) 

Guideline #8 7.16 ± 0.47 
R

2
=0.870

(P<0.01) 

+0.03 ± 0.18 

(P=0.15) 
0.13 ± 0.12 

34.6% 

(24.1 to 45.0%) 

Guideline #9 7.04 ± 0.44 
R

2
=0.740

(P<0.01) 

+0.15 ± 0.22 

(P<0.01) 
0.20 ± 0.18 

29.6% 

(19.6 to 39.6%) 

Guideline 

#10 
7.19 ± 0.40 

R
2
=0.912

(P<0.01) 

0.00 ± 0.12 

(P=0.95) 
0.09 ± 0.08 

50.6% 

(39.7 to 61.6%) 
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Key to evidence statements and recommendations  

Preferred practice patterns provide guidance for the pattern of practice, not for the care of a 

particular individual.1 Different levels of evidence have been proposed [a scale based on the 

Scottish Intercollegiate Guideline Network (SIGN)]2 to allow for the recommendations, made 

throughout the guidelines, to be graded as defined by Grading of Recommendations 

Assessment, Development and Evaluation (GRADE).3-7 Some recommendations can be made 

with more certainty than others. The wording used in the recommendations in these 

guidelines denotes the certainty with which the recommendation is made (the ‘strength’ of 

the recommendation). The ‘strength’ of a recommendation takes into account the quality 

(level) of the evidence. Although higher-quality evidence is more likely to be associated with 

strong recommendations than lower-quality evidence, a particular level of quality does not 

automatically lead to a particular strength of recommendation. 

 

Levels of evidence 

Level Type of Evidence 

I++ 
High-quality meta-analyses, systematic reviews of randomized controlled trials 
(RCTs), or RCTs with a very low risk of bias 

I+ 
Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of 
bias 

I- Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias 

II++ 
High-quality systematic reviews of case-control or cohort studies 
High-quality case-control or cohort studies with a very low risk of confounding or bias 
and a high probability that the relationship is causal 

II+ 
Well-conducted case-control or cohort studies with a low risk of confounding or bias 
and a moderate probability that the relationship is causal 

II- 
Case-control or cohort studies with a high risk of confounding or bias and a 
significant risk that the relationship is not causal 

III Non-analytic studies (e.g., case reports, case series) 

IV 
Evidence obtained from expert committee reports or experts´ opinion and/or clinical 
experiences of respected authorities 
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Grades of Recommendations 

Grade Recommendation 

Good Quality (GQ) 
Further research is very unlikely to change our confidence in the 
estimate of the effect 

Moderate Quality (MQ) 
Further research is likely to have an important impact on our 
confidence in the estimate of the effect and may change the 
estimate 

Insufficient Quality (IQ) 

Further research is very likely to have an important impact on 
our confidence in the estimate of the effect and is likely to 
change the estimate 
Any estimate of the effect is very uncertain 

 

Key recommendations for care  

Grade Recommendation 

Strong 
recommendation (SR) 

For ‘strong’ recommendations on interventions that ‘should’ be 
used, the guidelines development group is confident that, for the 
vast majority of people, the intervention (or interventions) will do 
more good than harm. 

Discretionary 
recommendation (DR) 

For ‘conditional’ recommendations on interventions that should be 
‘considered’, the guidelines development group is confident that 
the intervention will do more good than harm for most patients.  

The choice of intervention is therefore more likely to vary 
depending on a person’s values and preferences, and so the 
healthcare professional should spend more time discussing the 
options with the patient. 

 

Good-practice points (GPP) 

Recommended best practice is based on the clinical experience of the guideline development 

group.   
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I. Introduction  

A. Scope and purpose 

The overall objective of these guidelines is to successfully achieve a GP CLs fit in keratoconic 

patients whilst reducing the patient and practitioner chair time and ensuring a safe fitting 

procedure that provides better visual rehabilitation of these patients. In these guidelines we 

describe the appropriate eye-examination, fitting and evaluation procedures to enable this 

The guidelines contain recommendations for the choice and calculation of the parameters of 

the first diagnostic corneal GP CLs for keratoconic patients. For the assessment and 

management fitting procedures following a standardized schedule, defining the visits required 

to achieve an optimal GP fit.  

To apply these guidelines correctly in clinical practice it is necessary to use a trial GP set, a 

manual keratometer and/or a corneal topographer and the use of the open-access website 

Calculens.com. 

 

B. Statement of the problem 

Keratoconus is a progressive corneal disorder that is characterized by thinning and steepening 

of the central and paracentral cornea.8-11 This ectatic condition is bilateral and asymmetric, 

causes high myopia and irregular astigmatism and affects approximately 1/2000 people in the 

general population.8-11 The etiology of this disease is uncertain but is likely to be multifactorial, 

involving a combination of genetic, biochemical and/or environmental factors.8, 9 Keratoconus 

commonly appears during puberty, in the second decade of life, and it progresses until the 

fourth decade of life, at which point it generally stabilizes.8-11 

There are several ocular symptoms and signs in keratoconus that are important in the 

diagnosis of this disease; such as significant loss of visual acuity which cannot be compensated 

with spectacles, increasing with-the-rule astigmatism, appearance of “scissor” shadows while 

performing retinoscopy, or presence of biomicroscopy findings (Fleischer’s ring, Vogt’s striae, 

corneal scarring and Munson’s sign). Corneal topography or tomography play a paramount 

role in keratoconus diagnosis.8, 9 
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In early stages of the disease, spectacles and soft CLs with toric design are adequate to correct 

myopia and regular astigmatism.8, 11, 12 However, when keratoconus progresses, the corneal 

irregularities induce higher-order aberrations that cannot be corrected with traditional 

ophthalmic lenses.8, 13 GP CLs are of paramount importance in keratoconus management to 

rehabilitate vision and improve patients’ quality of life (QoL). GP lenses present the best option 

for visual rehabilitation in keratoconus.8, 14, 15 This type of CLs generally improve the visual 

acuity because the tear layer between the CL and the anterior surface of the cornea reduces 

visual distortion providing a new regular optical surface.11, 14 Fitting GP lenses in keratoconus 

patients and achieving an acceptable fit are considered a challenge by eye care practitioners,16 

requiring more trial lenses than standard GP fitting,17 due to central and paracentral corneal 

steepening, corneal thinning, irregular corneal topography and irregular astigmatism.12, 18-22 

Thus, this procedure often requires longer chair time in order to achieve optimal centration, 

minimum impact on ocular surface, best comfort and vision with final GP CLs fit.18, 21 However, 

the use of the open-access Calculens.com to calculate the parameters of the first diagnostic 

lens reduces the number of trials and visits improving the GP fitting procedure in keratoconic 

eyes.23 

Alternative options for fitting patients with advanced stages of keratoconus or who have failed 

with standard GP lenses design for keratoconus have been documented: these include piggy-

back, corneal-scleral, semi-scleral, mini-scleral, scleral or hybrid designs.8, 9, 11 If patients 

develop CL intolerance or the disease progresses and/or corneal integrity is affected, 

ultraviolet crosslinking (UV-CXL) or intrastromal corneal ring segments (ICRS) may be 

indicated.9 Descemetic deep anterior lamellar (dDALK), in patients without Descemet 

membrane compromise, or penetrating keratoplasty (PK) are the techniques of choice when a 

corneal transplant is needed in these patients.9 
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II. Key recommendations 

The following recommendations were highlighted by the guidelines development group: 

 GP CLs are the first choice for visual rehabilitation of a patient with keratoconus. (SR; GQ, 

Level II++) 

 

 GP CL fitting in keratoconic patients should take places in three visits: initial or diagnostic 

visit, dispensing visit and prescribing visit. (DR; MQ, Level II-) 

 

 The use of Calculens.com to determine the first diagnostic GP lens allows a reduction 

in the number of trials and visits necessary to achieve a successful GP CL fitting in 

keratoconus. (SR; GQ, Level II+) 

 

 The “three-point-touch” (divided support) pattern is the most widely-accepted and safest 

modality of GP CL fitting in keratoconus (SR; GQ, Level I-) 

 

 Apply changes of back optic zone radius (BOZR) in steps of 0.10 mm to refine fluorescein 

pattern until achieve “three-point-touch” fluorescein pattern. (DR; MQ, Level III) 

 

 Patient education in the correct maintenance and handling of GP CLs and hand hygiene is 

essential in reducing CL complications and adverse effects. (SR; GQ, Level II-) 

 

 After dispensing the GP CLs, a wearing schedule starting with 1-2 hours per day and 

adding 1-2 hours each day until eight hours per day is achieved, during the 2-3 weeks 

before the prescribing visit. (GPP, DR; IQ, Level IV) 

 

 During first year of GP CLs wear keratoconic patients should be checked every three 

months. After this six-monthly visits should be acceptable to check CL wear and disease 

evolution (with biomicroscopy, fluorescein pattern assessment and corneal topography). 

(GPP, DR; MQ, Level IV) 

 

 Keratoconus patients should be advised to remove their GP CLs whenever redness, 

tearing, visual loss or pain occurs and to consult their eye-care professional at once. (SR; 

GQ, Level IV) 
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III. Care process 

A.- Pre-fitting considerations 

A.1. Detection of keratoconus 

a) Symptoms and biomicroscopic signs 

Clinical data provides a foundation for the diagnosis and contact lens (CL) management of 

keratoconus.8, 12, 24 The characteristic symptoms and biomicroscopic signs indicators of 

keratoconus are well established (Table 1).8, 9, 25, 26 Patients’ history may identify major risk 

factors for keratoconus; such as: Down Syndrome, relatives of affected patients, ocular allergy, 

eye rubbing, floppy eyelid syndrome, atopy, connective tissue disorders (Marfan syndrome), 

and others.8, 9, 26 

Table 1. Clinical signs in keratoconus detection 

Refractive indicators:  

 Myopia and irregular astigmatism (usually with-the-rule or oblique).  

 Reduction of spectacle-corrected visual acuity at distance and near. 

 Change in cylinder axis and power of astigmatic correction.  

 Monocular diplopia and image ghosting. 

Ophthalmoscopy and retinoscopy signs: 

 Irregular or scissoring retinoscopic reflex. 

 Visualization of the shadow of the cone in the red reflex within the pupil area during 
ophthalmoscopy (Charleaux’s oil droplet sign). 

Biomicroscopy signs:  

 Prominent corneal nerves. 

 Vogt’s striae, which disappear transiently on digital pressure. 

 Fleischer’s ring (iron ring). 

 Corneal scarring. 

 Focal thinning. 

 Munson’s sign, inferior displacement of the lower lid on down gaze. 

 Corneal hydrops (late stages), a breakdown in endothelial function causing acute 
epithelial corneal edema followed by scarring. 

 Rizzuti’s sign, a bright reflection on the nasal area of the limbus when light is directed to 
the limbus temporal area. 
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b) Corneal topography and keratoconus classification 

One of the most important tools in detecting and managing keratoconus is videokeratography 

(Placido-based topographers), especially in primary care.27 These devices are one of the most 

extensively used in clinical practice.18, 19, 24, 28-30 Scheimpflug imaging is also potentially useful 

for corneal assessment in keratoconus. Imaging systems that do not rely upon the quality of 

the surface image, such as optical coherence tomography (OCT) can also be.9, 24, 31 Diagnosis of 

forme fruste keratoconus, early forms of keratoconus or subclinical keratoconus is a challenge 

and a lack of consensus exists in the exact diagnosis criteria but anterior and posterior corneal 

topography analysis and patient follow up is mandatory.9, 32, 33  

Corneal topography can help to identify the type or shape and the severity of the keratoconic 

cornea. The location or shape of the cone has been classified into: nipple or central type (cone 

diameter <5mm), oval or inferior-temporal (cone diameter >5mm), and globus or generalized 

type (cone comprises 75% of the cornea).8, 29, 34 There is no clinically adequate classification 

system for the severity of keratoconus.9, 31  The Amsler-Krumeich classification35, 36 and the 

Collaborative Longitudinal Evaluation of Keratoconus (CLEK) classifications34 are the most 

commonly used to classify the keratoconus severity.9 However, both classifications fail to 

consider current information and technological advances and new classification criterion are 

necessary.9  

Clinical progression requires changes in at least 2 of these 3 parameters; anterior and/or 

posterior corneal steepening and progressive corneal thinning.9 The assessment of disease 

progression is directly dependent on the accuracy and reliability of the corneal device used in 

patient assessment.9 

 

A.2. Contact lens management 

Non-surgical procedures are the primary method of clinical management in keratoconic 

patients.9 Spectacles or soft CLs can be useful to correct the visual distortion in early stages, 

but corneal GP CLs are the first choice in a keratoconic patients´ management and their visual 

rehabilitation.9, 14, 15, 37, 38 There are numerous commercial corneal GP CLs designs available for 

keratoconus, including multicurve (spherical) and aspheric designs (Table 2).  
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In a patient with keratoconus who has failed a trial of conventional corneal GP CLs, the 

alternative CL options available would be: piggy-back (soft CL is used in conjunction with GP 

CL), hybrid CL (GP centre, soft skirt) or large diameter GP CLs designs such as corneal-scleral or 

semi-scleral (between 3.0 to 6.0 mm larger than horizontal visible iris diameter or 12.9-14.9 

mm), mini-scleral (up to 6 mm larger than horizontal visible iris diameter or 15-18 mm) or 

scleral (more than 6 mm larger than horizontal visible iris diameter or 18.1-25 mm).8, 14, 39 

Table 2. Several GP CLs designs and manufacturers for keratoconus* 

Proprietary 
name 

Manufacturer Back Optic Zone 
Radius (BOZR) 
(mm) 

Total Diameter 
(mm) 

Power (D) 

KAKC Hecht Contactlinsen 
(Germany) 

4.80-8.90 8.40-12.20 ±30.00 

ROSE K2 Menicon (Japan) 4.30-8.60 7.90-10.40 Any Power 

Queratokon Lenticon (Spain) 5.30-8.00 9.00-9.80 +10 to -30 

KeraKone No7 (UK) 4.50-7.50 8.70-9.30 ±25.00 

iKone Valley Contax (USA) Any BOZR 8.80-10.40 ±30.00 

Comfort Kone Metro Optics (USA) 4.50-8.00 7.50-9.50 Any Power 

McGuire UltraVision (UK) 5.00-8.60 8.50-11.00 ±30.00 

FlexCone SwissLens (Switzerland) 5.70-9.00 7.50-12.00 ±40.00 

OP8 Soflex (Israel) 5.80-7.60 8.50-10.20 Any Power 

* Non-extensive table. 

 

A.3. Pre-fitting eye examination 

The initial steps to determine a GP CL prescription for keratoconus include a full history, 

symptoms and a comprehensive eye examination. The patient will be asked structured 

questions relating to the reason for the visit, the nature of the presenting problem, their visual 

and ocular history. General health, medication and allergies, their family eye and medical 

histories and vocational visual requirements will also be covered.40 

Clinical recommendation (SR; GQ, Level II++) 
Gas permeable contact lenses are the first choice for visual rehabilitation of a 

patient with keratoconus 
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A complete eye examination should be conducted to determine whether the patient is a good 

candidate for CL wear.41 This examination should include: visual acuity and vision for distance 

and near measured monocularly and binocularly, retinoscopy, subjective refraction, baseline 

quantification of corneal curvature (manual keratometry and/or corneal topography ) and 

careful assessment of the anterior segment and tear film with slit-lamp biomicroscopy and 

documentation of all pre-fitting abnormalities which must be considered and managed when 

appropriate.42, 43 Posterior eye exam is also recommended.42, 43 

 

B.- Schedule and GP fitting clinical procedure 

GP CL fitting in keratoconus patients takes place in three different visits: initial or diagnostic 

visit, dispensing visit and prescribing visit (Figure 1). The practitioner's aim is to prescribe a GP 

CL in a physiologically adequate material that will induce minimal mechanical impact on the 

corneal surface while providing the required optical correction to improve the patient´s quality 

of vision and QoL.15, 44 

 

 

B.1. Initial or diagnostic visit 

The purpose of the initial visit is to determine whether a patient is a good candidate for GP 

CLs, to calculate the first diagnostic GP CL and to determine the parameters of the first GP CL.  

A complete patient history and symptoms and an exhaustive eye examination should be 

performed. The eye care practitioner will provide full information on GP CLs including the 

wearing schedules and replacement frequency suggesting the best lens design and/or material 

to meet the needs of the patient. If the patient passes the initial examination and accepts GP 

CL wear, the first diagnostic GP CL will be calculated (see Section C) and evaluated (see Section 

D). Once the parameters for the GP CL are determined (BOZR, periphery, total diameter and 

power) the GP lens is ordered from the manufacturer.  

Clinical recommendation (DR; MQ, Level II-) 
The GP CL fitting in keratoconic patients should take place in three visits:  

initial or diagnostic visit, dispensing visit and prescribing visit 
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Figure 1. Flow chart of GP CL standardised fitting protocol from the initial eye examination to 

the successful fitting of the GP in keratoconus. Modified from Ortiz-Toquero et all, 2016.41 
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The patients who are not good candidate for CL wear drop out of the CL fitting process. 

However, for patients who are good candidates for CL wear but are not happy with GP CL 

fitting, the eye care practitioner can suggest other options regarding CLs (soft, scleral or hybrid 

lenses following manufacturer or other fitting guidelines) or other non-CLs related options. 

 

B.2.   Dispensing Visit  

The purpose of the dispensing visit is to assess the ordered GP CL and double check that this 

lens shows correct movement, centration, fluorescein pattern and vision (See Section D). If all 

is correct, the patient should be trained in correct lens handling and care systems of the GP CLs 

(See Section E). The eye care practitioner must schedule the patient for a follow-up visit after 2 

or 3 weeks of lens wear. 

If the GP CL fit is not adequate, the CL specifications (BOZR, periphery, total diameter or 

power) must be modified, and a new GP CL reordered. This new GP CL should be re-evaluated 

in a new dispensing visit following the same procedure as above. 

 

B.3.   Prescribing Visit 

The purpose of the prescribing visit is to guarantee that the dispensed GP CL is correct and 

safe. So, after 2-3 weeks of wear the GP CL fit should be assessed considering lens movement, 

centration, and fluorescein pattern, vision and ocular surface health. The GP CL fit is 

considered to be good if all these conditions are acceptable: the GP CL provides good vision 

that cannot be improved with over-refraction, enough comfortable daily wear (6-8 hours per 

day or more), and optimal physiology of corneal surface without CL-related complications. The 

eye care practitioner must provide follow up recommendations and a schedule of aftercare 

visits (see Section F). 

If any parameter of the GP fit is found to be inadequate, a new GP CL should be reordered and 

a new dispensing visit should be scheduled. Finally, if an optimal GP CL fit is not achieved, the 

eye care practitioner should suggest other CL options such as scleral lens, hybrid lens or piggy 

back system or not CL related options (surgical management).  
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C.- Calculation of first diagnostic lens parameters 

To calculate the first diagnostic GP CL for keratoconic eyes with Calculens.com23 

(www.calculens.com) (Figure 2) only the corneal curvature obtained with a manual 

keratometer or corneal topography is necessary. Total diameter and peripheral geometry of 

the lens is also provided by the robust algorithm of Calculens.com, Additional corneal 

parameters could be used to improve the Calculens.com suggestion; for example, maximum 

corneal power or back vertex distance among others.  

 

Figure 2. Screenshot of Calculens.com. Corneal curvature is essential to calculate GP CL in 

keratoconic eyes using Calculens.com and set trial GP CL. Other fields improve the GP 

calculation (i.e. to gain a suggestion for peripheral geometry or diameter of the lens) but are 

not mandatory in BOZR calculation. 
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This guideline encourages the use of a trial lens set. The minimum parameters necessary to 

define the first diagnostic lens is the BOZR. Calculens.com allows BOZR calculation with 

keratometry or simulated keratometry (achieved after corneal topography) and provides a 

diameter value and peripheral geometry. The practitioner may choose the closest lens to the 

Calculens´ suggestion from the trial lens set. Using this recommendation more than one 

diagnostic lenses can be fitted in the same session. Using Calculens.com no more than 2 trial 

are expected to achieve final BOZR and diameter (median of 1 trial lens).23 An alternative could 

be to order the first diagnostic lens from the manufacturer but this option delays the fitting 

procedure. 

 

 

 

D.- First diagnostic lens assessment. 

The first diagnostic GP lenses is selected from a trial set, based on the suggested parameters. 

Usually, the GP trial set has lenses with the same power and a standard diameter but different 

BOZR. The first GP diagnostic CL calculated (see Section C) is inserted into the patient’s eye and 

the eye care practitioner must allow the GP diagnostic CL to settle on the eyes for 

approximately 20-30 minutes.21, 41, 45 The use of topical anaesthetic may improve the patient’s 

comfort in the first trials and visits.46 

After 20-30 minutes of wear, the GP diagnostic CLs are evaluated.41, 45 Optimal static and 

dynamic fit will be achieved with good centration of the lens and correct movement to allow 

tear exchange under the lens during the blink. GP lenses usually centre at the apex of the cone 

(usually displaced inferior and nasal relative to pupil in nipple cone and inferior-temporal in 

oval cones).42,47 

The total diameter should be evaluated to determine if it is adequate (covering pupil diameter, 

correct lens centration, etc.) and is dependent on any lid interaction (lid attachment or 

interpalpebral fitting) in providing correct lens positioning, stability and centration.45  

Clinical recommendation (SR; GQ, Level II+) 
The use of Calculens.com to determine the first diagnostic GP lens allows a 

reduction in the number of trials and visits necessary to achieve a successful 
GP CL fitting in keratoconus. 
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The fluorescein pattern is assessed in three different areas; central, mid-periphery and edge. A 

standard fluorescein strip should be wetted with saline solution or multi-purpose solution and 

applied to the eye by applying the tip of the fluorescein strip onto the temporal superior 

bulbar conjunctiva to maximise longevity on the ocular surface. The fluorescein pattern should 

be assessed with a slit-lamp using a cobalt filter and a Wratten 12 or Tiffen 2 yellow filter48 1 to 

3 minutes after fluorescein instillation.49 Alternatively a Burton lamp can be used.50 The eye 

care practitioner may use the patient’s eyelids to position the CL over the corneal apex and to 

prevent the patient from blinking. The fit is judged to be one of the following fluorescein 

patterns: flat or “apical touch”, optimal or “three-point-touch” and steep or “apical 

clearance”.51 This guideline encourages the three-point touch fitting philosophy as the optimal 

fluorescein pattern.51, 52 (Figure 3) 

Figure 3. Fluorescein patterns of the three fitting philosophies. A: Apical touch; B: Three-point-

touch; C: Apical clearance 

 

“Three-point-touch” (divided support) pattern is the most widely-accepted and safest modality 

of GP CL fitting in keratoconus.51, 52 In this fitting philosophy the GP CL has light touch on the 

apex with peripheral alignment. Lens support and bearing is shared between the apex and the 

paracentral cornea. The location of this touch is dependent on the location of the apex of the 

cone. “Apical touch” is induced by excessive flat BOZR and the GP CL supports or bears on the 

apex of the cornea. This flat fit may increase corneal staining or abrasion, apical scarring and 

distortion of vision. When the BOZR is too steep (“apical clearance”) the GP CL is supported by 

or bears on the peripheral cornea and may lead to poor visual acuity, flare, poor or non-

existent tear exchange, trapped bubbles and dimple veiling. 

 

Clinical recommendation (SR; GQ, Level I-) 
The “three-point-touch” (divided support) pattern is the most widely-accepted 

and safest modality of GP CL fitting in keratoconus. 
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Central flat (“apical touch”) or steep (“apical clearance”) fluorescein patterns indicate that the 

BOZR must be changed. If any parameter of the diagnostic lens is inadequate, the GP CL must 

be changed, and a second diagnostic lens selected. It is advised adjustments of at least 

0.10mm are made to modify the BOZR; for example the next diagnostic lens is decreased by 

0.10mm steps if the BOZR of the lens was too flat.53 In contrast, the BOZR of the next 

diagnostic lens will be increased 0.10mm steps if the BOZR was too steep.53 Fitting 

assessments should be repeated until a correct lens fit is achieved (Figure 4). Special attention 

should be paid to the mid-peripheral fluorescein pattern because mid-peripheral alignment is 

necessary to avoid a flat or tight lens fit. Finally correct peripheral alignment with a narrow 

band of edge clearance at the periphery is recommended to enable adequate tears exchange 

and comfort, avoiding an excess or reduced edge clearance. 

Once the BOZR and peripheral design are determined, over-refraction should be performed to 

determine the power of the GP lens and the BCVA and the GP lens will be ordered from the 

manufacturer. 

Figure 4. Flow chart of diagnostic lens selection and BOZR evaluation at the first visit. 
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E.- Dispensing and patient education. 

The eye care practitioner must verify the accuracy of the ordered GP CLs which should be free 

from defects and all parameters of the GP CLs must be within accepted tolerances. Before 

dispensing the GP CL, the eye care practitioner must check the fit of the ordered GP CL on the 

patient’s eyes.41 Following the recommendations of this Guideline 64% of keratoconus patients 

will be fitted with the first ordered lens and just a small number of patients (32% of cases) may 

require a second ordered lens (mainly related to lens power refinement).23 

The patient should be trained in the care, maintenance, and handling of GP CLs.44, 54 The eye 

care practitioners must highlight the importance of proper hygiene (washing hands, the 

cleaning, storing and disinfecting of GP CLs with appropriate solutions), compliance with CL 

care techniques, and warnings, precautions, and directions for use of CLs to avoid patients 

developing risky behaviour.55  

 

The eye care practitioner prescribes wearing schedule starting with 1 - 2 hours the first day 

and then adding 1-2 hours each day until a minimum of eight hours of wear each day (with a 

maximum of 12 hours per day) is achieved in new GP CLs wearers. It is suggested that the 8-

hour wearing period is not exceeded until the eye care practitioner has checked the fit in the 

prescribing visit and provides the information about normal adaptive symptoms and signs. 

 

Clinical recommendation (DR; MQ, Level III) 
Apply changes of BOZR in steps of 0.10 mm to refine fluorescein pattern until 

achieve “three-point-touch” fluorescein pattern. 

Clinical recommendation (SR; GQ, Level II-) 
Patient education in the correct maintenance and handling of GP CLs and hand 

hygiene is essential in reducing CL complications and adverse effects. 

Clinical recommendation (GPP, DR; IQ, Level IV) 
After dispensing the GP CLs, a wearing schedule starting with 1-2 hours per 

day and adding 1-2 hours each day until eight hours per day is achieved, 
during the 2-3 weeks before the prescribing visit. 
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Finally, the eye care practitioner should provide each patient with all the information 

necessary for GP CL wear, follow up, possible complications and warnings encourage patient 

education. 

F.- Follow up visits. 

Follow-up visits are important for the proper management of the keratoconus patient with GP 

CLs. After the prescribing visit, consider a three-month visit, followed by six-month visits for 

follow-up except if the patient requires shorter follow up care intervals (high risk of 

progression or anterior eye complication). Visit frequency may decrease in subsequent years 

depending on the severity of the disease and case evolution. At all follow-up visits, the eye 

care practitioner must check the visual acuity with GP lens, comfort, over-refraction, corneal 

topography (if is available), GP lens surface (e.g. polishing, scratches, chips, fogging) and fit 

assessment with fluorescein (attention should be paid to the apical touch and changes in the 

fluorescein pattern, which can be indicate keratoconus progression, and the GP CL should be 

refitted)48 and biomicroscopy with and without GP CLs. The eye care practitioner should 

recommend additional visits whenever the GP CL keratoconus patient experiences an 

unexpected problem in vision or ocular condition. The manufacturers of GP CLs usually 

recommended replacing the lens yearly however lens replacement frequency should be 

adapted to each patient. 

 

The most effective way to address the complications of CL wear is to prevent them from 

occurring.56 Lid diseases such as blepharitis, Meibomian gland dysfunction, and dry eye, are 

many of the complications of CL wear. Lid hygiene or the use of artificial tear drops is helpful in 

these cases.57 

GP CL wear can lead to warpage of the corneal surface, which results in a reversible loss of 

good visual acuity.57 There are a number of different causes of corneal staining that may be 

observed by the eye care practitioner.  The most common complication of GP CL wear is 3 and 

9 staining, resulting from inadequate lid closure and leading to localized corneal desiccation.58 

Keratoconus patient may have dry eye associated with atopic disease, which contributes to 

Clinical recommendation (GPP, DR; MQ, Level IV) 
During first year of GP CLs wear keratoconic patients should be checked every 

three months. After this six-monthly visits should be acceptable to check CL 
wear and disease evolution (with biomicroscopy, fluorescein pattern 

assessment and corneal topography). 
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peripheral staining. To optimize the position of the CL, the eye care practitioner should 

increase the diameter of the lens to decrease the distance between the cornea and the lens.57 

Eye care practitioners may also observe apical staining if the GP CL is too flat with apical touch 

and excessive lens movement. The constant irritation of the flat GP CL may lead to scarring. To 

manage this problem it is necessary to decrease the pressure of the GP lens on the apex of the 

cone (refit the GP CL with a steeper BOZR).57 When bubbles of air are trapped between GP CLs 

and the ocular surface, it produces “dimple veiling” in epithelial depressions with associated 

symptoms of discomfort. If the bubbles are located in the centre, is recommended to decrease 

apical clearance (refit GP CL with flatter BOZR). However if bubbles are located in the 

periphery, reducing the axial edge clearance is recommended.57 

The eye care practitioner must inform the keratoconus patient that any episodes of severe 

pain, tearing, visual loss or redness need to be reported and extra visits may be required. 

Conditions with differing severity require different management; for example infiltrates, 

infectious keratitis59 or corneal hydrops secondary to GP CL wear57 could occur in keratoconus 

patients wearing GP CLs. 

 

 

 

IV. Conclusions 

GP CLs are the primary method for clinical management of the keratoconic patient. This 

Clinical Practice Guideline describes the fitting process of GP CLs in keratoconus eyes. It 

includes three different visits (diagnostic, dispensing and prescribing visit) supported by an 

online tool to calculate the first diagnostic GP lens’ parameters (Calculens.com). Following this 

guideline, a minimum of three visits, one diagnostic and one ordered lens should be all that is 

necessary to complete corneal GP fitting in keratoconus eyes.  

 

Clinical recommendation (SR; GQ, Level IV) 
Keratoconus patients should be advised to remove their GP CLs whenever 

redness, tearing, visual loss or pain occurs and to consult their eye-care 
professional at once. 
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APPENDIX: GUIDELINE DEVELOPMENT PROCESS 

 

I. Implementing the guideline 

A. Guidelines audience and stakeholder involvement 

These guidelines are aimed at CL practitioners who fit or prescribe gas permeable contact lens 

for keratoconic patients.  

These guidelines help to focus the GP CL fitting procedure, the selection of the parameters of 

the GP CLs, and provide a detailed procedure to help choose/calculate the first diagnostic lens. 

The guidelines also describe a schedule required to achieve an optimal gas permeable CL 

fitting as eye-care practitioners find GP CL fitting in keratoconus more challenging and time-

consuming than in healthy corneas.  

 

B. Implementation strategy  

These guidelines are easy to implement in clinical practice by eye-care practitioners who fit or 

prescribe gas permeable CLs in keratoconic patients, because it recommends standardised 

patient care and visits with a simple, efficient and economical way to the calculate first trial 

lens parameters using an open-access web tool (www.calculens.com). However, because gas 

permeable contact lens fitting on irregular corneas could require small changes of the first 

suggested trial lens, it is highly recommended that eye-care practitioners use a trial set of gas 

permeable designed to fit keratoconic corneas. This will facilitate the fitting procedure 

reducing the number of visits necessary to achieve an ideal gas permeable contact lens fit. 

 

C. Auditing current practice  

Due the characteristics of these guidelines it is not necessary to have an audit or monitoring 

process. 
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II. Development of the guideline  

 

A. Systematic literature review  

The development group have performed an extensive search of the Medline and PubMed 

database, Google Scholar database, Science Direct database, Cochrane database, metaRegister 

of Controlled Trials (mRCT) (www.controlled-trials.com) and ClinicalTrials.gov 

(www.clinicaltrials.gov) using individual and combinations of key words (“Keratoconus contact 

lenses”, “Keratoconus fitting guideline”, “Keratoconus gas permeable fitting”, “Keratoconus 

gas permeable management”) from 1990 to 2016 to identify the relevant publications in this 

field. It also included additional references (from different sources, books, books chapters, 

manufactures websites, etc.) that were cited or included in these articles.  

Inclusion criteria: These guidelines include recommendations for fitting corneal gas permeable 

contact lens in keratoconus patients. English and Spanish results were collected. 

Exclusion criteria: Recommendations for fitting soft CL, piggy-back, corneo-scleral, semi-scleral, 

mini-scleral, scleral or hybrid CL designs were excluded. Case reports were not assessed.  

When the search was complete, the development team summarised the results found using a 

focus group and conducted different discussion rounds. Consensus among the development 

team was reached.  

 

B. Review and updating 

These guidelines will be updated every 5 years to include results of high quality research and 

well-designed studies that provide evidence based results that improve the Guidelines 

recommendations. 

 

C. Guideline development group 

These guidelines have been developed by the Optometry Research Group of the IOBA Eye 

Institute of the University of Valladolid (Spain). The development team was supported by: 

- Raul Martin: Head of Optometry Research Group, IOBA Eye Institute University of 

Valladolid (Spain). PhD in Visual Science from the University of Valladolid (2010). He has 

over 20 years of clinical experience, teaching and research. He is responsible for more 

than 75 publications, 5 books, >100 presentations in national and international meetings 

etc.  
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Role: Guideline coordinator. Research supervisor, selecting and reviewing/rating the 

evidence, formulating the final recommendations, guideline writer and authorization. 

- Sara Ortiz-Toquero: IOBA Eye Institute University of Valladolid (Spain). Master in Research 

Vision Sciences (2012); Master in Optometry (2011) and Degree in Optometry from the 

University of Valladolid (2010). She is a specialist in gas permeable contact lens fitting and 

is conducting her PhD in contact lens fitting in keratoconus. 

Role: Research and bibliography revision, selecting and reviewing/rating the evidence, 

formulating the final recommendations, guideline writer.  

- Guadalupe Rodríguez: IOBA Eye Institute University of Valladolid (Spain). Master in 

Education Research (2010); Master in Research Vision Sciences (2007) and Master in 

Optometry (2006); Degree in Optometry from the University of Valladolid (1999). She is a 

contact lens expert with extensive experience in specialist contact lens fitting (irregular 

cornea, cosmetic, paediatric, etc.) 

Role: Bibliography revision, selecting and reviewing/rating the evidence, formulating the 

final recommendations, guideline writer. 

- Victoria de Juan: Department of Ophthalmology, Ramón y Cajal University Hospital, 

Madrid (Spain). PhD in Vision Science from the University of Valladolid (2013); Master in 

Research Vision Sciences and Master in Optometry (2008); Degree in Optometry from the 

University of Valladolid (2003). She is an expert in contact lens and the ocular surface. 

Role: Bibliography revision, selecting and reviewing/rating the evidence, formulating the 

final recommendations, guideline writer. 

 

D. Consultation and peer review  

This guideline has been externally revised by Dr. Luisa Simo (Plymouth University) who revised 

the understandability of the guideline, the coherence between its steps and procedures, etc. 

after receiving a draft of the guideline and an open-questionnaire to detail her assessment. 
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Hoja de información 

 

Estudio : “Cálculo de un nomograma de adaptación de lentes de contacto con 

geometría especial para queratocono” 

 

El queratocono es una patología progresiva de la córnea que se caracteriza por 

presentar un adelgazamiento corneal central con un aumento de curvatura. La 

curvatura excesiva y anormal de la córnea, afecta a la visión por miopía progresiva y 

astigmatismo, que se va haciendo cada vez más irregular.  

 

En estadíos precoces de queratocono, se puede corregir el defecto refractivo (miopía y 

astigmatismo) con gafas y lentes de contacto blandas. Sin embargo, cuando progresa 

suele provocar distorsión en la visión incluso corregida con gafas por lo que es 

necesario el uso de lentes de contacto permeables al gas para mejorar la visión 

(agudeza visual).  

 

El objetivo del presente estudio es calcular un nomograma de adaptación, esto es una 

regla de cálculo de los parámetros (medidas) de las lentes de contacto que facilite la 

adaptación reduzca el número de pruebas y de visitas al adaptador.  

 

Para cumplir el objetivo del estudio, se le realizará a Ud. una adaptación 

completamente gratuita de lentes de contacto semirrígidas con geometría especial 

para queratocono, llevando a cabo las pruebas necesarias para completar la 

adaptación.  

 

Las posibles complicaciones de este estudio son las mismas que se derivan del uso de 

lentes de contacto como queratitis, conjuntivitis, úlceras y más grave y 

excepcionalmente el caso de infección corneal, si bien es muy improbable que estas 

puedan aparecer en grado significativo. Pero, en el caso hipotético de que Ud. 

presentara alguna complicación ésta será tratada en el IOBA según los protocolos 

clínicos adecuados.  

 

Si quiere consultarnos alguna duda o pregunta no dude en consultar con cualquier 

miembro del equipo.  

 

Muchas gracias por su colaboración.  

 

 

Dr. Raúl Martín Herranz 



 



Consentimiento informado para el estudio “Cálculo de un nomograma de adaptación de 
lentes de contacto con geometría especial para queratocono”. 

 
 

D/Dña ______________________________________ con DNI ____________________ y 
________ años de edad residente en _______________________________________ provincia 
de __________________________ manifiesto que he sido informado/a por 
_________________________________________ sobre los siguientes aspectos en cuanto a 
mi participación en el estudio arriba mencionado.  
 

1. He leído la hoja de información que se me ha entregado.  
2. Mi participación en este estudio es de forma voluntaria. 
3. Acepto que se me realicen las exploraciones oftalmológicas y optométricas 
necesarias para el desarrollo del estudio (adaptación de lentes de contacto).  
4. Conozco y asumo los efectos secundarios que se puedan derivar de este estudio y 
que me han explicado los investigadores.  
5. He podido hacer preguntas sobre el estudio y he recibido suficiente información 
sobre el estudio.  
6. He hablado con el equipo investigador abajo firmante.  

 
Por lo que declaro que todas mis dudas y preguntas han sido aclaradas, que he comprendido 
que mi participación es voluntaria y que comprendo que puedo retirarme del estudio cuando 
quiera, sin tener que dar explicaciones y sin que esto repercuta en mis cuidados médicos. Por 
ello doy mi consentimiento para participar en el estudio.  
 
 

En Valladolid, a _______ de ____________________ de 201_  
 
 
 
 
 
 
Firma del sujeto                                   Firma del Testigo                          Firma del Investigador 
 

Estoy de acuerdo en que mis datos personales relativos a este trabajo sean almacenados, 
procesados electrónicamente y transmitidos, con propósitos de análisis de los datos 
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