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Purpose: Evaluate the knowledge regarding the theoretical calculation of refractometry among
professionals who prescribe eyeglass lenses and develop a new simulator application to assist them in
this task. Methods: A questionnaire was developed and answered by 51 randomly selected professionals
with the purpose of evaluating their level of knowledge about the theoretical calculation of refractometry,
where they were divided into five groups according to their ages. The results regarding the performance
of each group were analyzed and a simulator application (App) named HELPER KERATOCONUS, was
developed, tested and made available at the online Apple store. Results: 18 professionals were female
(35.3%) and 33 (64.7%) were male. 27 (53%) had completed their residency in ophthalmology for more than
15 years and only 4 (7.8%) had completed for 5 to 10 years. The software was then developed and after 30
days of blind and randomly performed simulations involving volunteer specialists, only two faults were
detected and promptly corrected. Conclusion: A need for improvement in the knowledge of professionals
who prescribe eyeglass lenses regarding the theoretical calculation of refractometry was evidenced.
Therefore, a new application software was developed and made available at full functionality to assist
them in this task.

PALAVRAS-CHAVE: RESUMO

Ceratocone; Erros refrativos; Objetivo: Avaliar o conhecimento sobre o célculo teérico da refratometria entre profissionais que

Simulacao; Aplicacdes moveis; . L . R

Informatica médica. prescrevem lentes de 6culos e desenvolver um novo aplicativo simulador para auxilid-los nessa tarefa.
Métodos: Um questionario foi desenvolvido e respondido por 51 profi ssionais selecionados aleatoriamente
com o objetivo de avaliar seu nivel de conhecimento sobre o célculo teérico da refratometria, onde foram
divididos em cinco grupos de acordo com suas idades. Os resultados referentes ao desempenho de
cada grupo foram analisados e um aplicativo simulador (App) denominada HELPER KERATOCONUS,
foi desenvolvido, testado e disponibilizado na loja online da Apple. Resultados: 18 profissionais eram do
sexo feminino (35,3%) e 33 (64,7%) do sexo masculino. 27 (563%) completaram a residéncia em oftalmologia
por mais de 15 anos e apenas 4 (7,8%) completaram por 5 a 10 anos. O software foi entao desenvolvido e
apos 30 dias de simulagdes cegas e aleatérias realizadas envolvendo especialistas voluntarios, apenas
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duas falhas foram detectadas e prontamente corrigidas. Conclusao: Evidenciou-se a necessidade de
aprimoramento do conhecimento dos profissionais que prescrevem lentes de éculos quanto ao célculo
tedrico da refratometria. Portanto, um novo software aplicativo foi desenvolvido e disponibilizado com
funcionalidade total para auxilia-los nessa tarefa.

INTRODUCTION

Keratoconus involves non-inflammatory corneal
ectasia, which results in a gradual and bilateral in-
crease in curvature and asymmetrical thinning of the
stromal?. Its prevalence is variable, reaching 5.2%
in some countries, including India®*. In general, it
occurs in childhood or puberty, and patients may
show progressive presentation until the third or
fourth decade of their life, possibly associated with
atopy and eye allergies!'*7).

The optical effect resulting from keratoconus pro-
gression leads to impairment of visual acuity due to
the emergence of irregular astigmatism''®). Thus, the
presence of this deformity also makes it difficult to
calculate the patient’s refraction, either through re-
tinoscopy (skiascopy) or using an autorefractor!®'!.
Therefore, in some cases, it is difficult to obtain re-
fraction values rapidly and reliably during ophthal-
mological practice. In addition, in such patients, the
results are compromised and inaccurate due to the
interference of high-order aberrations generated both
by irregular astigmatism and altered pupil diameter
and keratoconus location, which further delay refrac-
tometric examinations®®1?),

Theoretical and practical knowledge of the exa-
miner is a primary factor in achieving rapid and
accurate refractometric data of patients with kerato-
conus for whom objective refractometric resources
are inaccurate®®®'9 However, not all professionals
who prescribe glasses or lenses have accumulated
enough experience during the years of clinical prac-
tice. Therefore, the use of technologies that help the
newly specialized professionals and allow the expe-
rienced ones to remain up-to-date is a great advance
in ensuring the accuracy of refraction calculation in
patients with keratoconus!!'*17),

In this context, development of a simulator, which
can serve as a rapid and practical tool for the theore-
tical measurement of refraction based on a patient’s
keratometry results and which can be inserted in
the refractor and refined later by the examiner, will

optimize the refractometric examinations of patients
with keratoconus.

METHODS

The project was developed in partnership with the
company Ciéncia Illustrada studio® housed in the
INOVA metropolis of the Instituto Metrépole Digi-
tal of the Federal University of Rio Grande do Norte
(IMD-UFRN), following a schedule that was divi-
ded into three stages. The first stage included the
assessment of knowledge on theoretical calculation
of refraction based on patients’ keratometry results
among professionals who prescribe glasses in Brazil.
The second stage included graphic development and
programming of a simulator application to assist pro-
fessionals caring for patients with keratoconus, those
in whom skiascopy is difficult, and those with erro-
neous measurements of refraction using an autore-
fractor. Finally, the third stage included testing the
simulator application to detect possible application
failures.

Evaluation of knowledge on the theoretical
calculation of refraction

Fifty-one Brazilian professionals who prescribe
glasses or lenses were randomly selected to answer
a questionnaire with five unprecedented multiple
choice questions, each with five possible answers,
to explore their knowledge on the theoretical calcu-
lation of refraction in patients with keratoconus. The
inclusion criterion was being a practicing ophthal-
mologist, and the exclusion criterion was lack of
this credential. The questionnaire was sent to seve-
ral groups of a communication network. The study
was double-blind. The professionals were instructed
to answer the questions without the assistance of
external consultation. The questionnaire also explo-
red data such as age, sex, and year of completion
of specialization. According to the time of speciali-
zation completion, the professionals were separated
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into four groups: <5 years, 5-10 years, 11-15 years,
and >15 years of specialization. The professionals
were again divided into five groups (A, B, C, D, and
E) according to their age group. Group A comprised
professionals aged 21-30 years, group B comprised
professionals aged 31-40 years, group C comprised
professionals aged 41-50 years, group D comprised
professionals aged 51-60 years, and group E compri-
sed professionals aged >60 years.

A value of 2 points was assigned for each ques-
tion, making a total value of 10 points as the maxi-
mum performance score. At the end, the results were
compiled and analyzed. A score was assigned accor-
ding to the correct responses of each professional,
and means with standard deviation, medians, and
274 and 39 quartiles were calculated for each group.

Qualitative variables were expressed as absolute
and percentage values. Data on continuous quanti-
tative variables were expressed as meanz+standard
deviation or median and 2™ and 3" quartiles. The
qualitative variables were presented as absolute and
relative frequencies.

Initially, the normality assumption was assessed
using the Shapiro-Wilk and Kolmogorov-Smirnov
tests. For the variable “number of correct answers,”
the non-parametric Kruskal-Wallis and Mann-Whitney
tests were used to verify the existence of a statistically
significant difference between different times of com-
pletion of the specialization and sexes, respectively.
The statistical package SPSS® 21 was used. The sig-
nificance level adopted was 5%.

Graphic development and software programming
The HELPER KERATOCONUS software was de-
veloped by the company Ciéncia Illustrada studio®.
Drawings used to illustrate the application were crea-
ted in Corel DRAW® X8 (Corel Corporation, Ottawa,
Canada) by one of the authors (Pinheiro, FI), who is
an ophthalmologist and illustrator; coding was per-
formed by an experienced programmer using XCode
4.6.2 (Apple® Computer, Inc. Cupertino, CA, USA).
The application was created for tablets and smartpho-
nes on the I0S platform (iPhone OS®), with a home
screen containing two basic areas: an upper area and
a lower area. The upper area contains boxes for in-
serting the keratometry values on the left and a fron-
tal schematic eye for the simulation of the corneal
normalized theoretical topography on the right. The
lower area presents both theoretical refraction values

and graphical representation of a standard cornea in
the sagittal view (Figure 1).

Keratometry readings are entered in two boxes
and can range from 30.00 diopters (D) to 70.00 D,
with increases of 0.01 D. The first box, K1, repre-
sents the smallest value or the flattest keratometry
reading, which must be accompanied by the value of
its axis in degrees. The values entered in the axis box
can vary from 0° to 180°, with increases of 1°. When
entering the value of K2 in the second box, the second
axis is automatically calculated considering a diffe-
rence of 90° (perpendicular axes). After entering the
values of K1 and K2, the user can remove individual
values of the boxes using the “Clear” key or remove
all values using the “Clear All” key. The “Next” key
directs the user to the next box to enter the next value.
The “Done” key ends the insertion of the values for
K1, K2, and their respective axes. After this is done,
representation of the dK appears below the K2 box,
which represents the difference between the K2 and
K1 values (K2 — K1), and representation of the simu-

Helper Keratoconus (i

Keratometry:

'Sl 45.50 D@
Kz:@n@ 145 |

dK: +8.50D

Theoric Refraction:
Sph: -11.00D Cyl: +8.50 D @ 145°
Sph: -2.50 D Cyl: -8.50 D @ 55°

Enter the value of the flattest curvature (K1)
and its corresponding axis. Then, enter the
value of the steepest curvature.

Its axis is automatically calculated.

Figure 1. Helper Keratoconus splash screen layout.
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lated topography of the cornea appears in the schema-
tic eye (Figure 2). Theoretical refraction values using
positive and negative cylinder format are shown at
the bottom of the screen, and comparison with the
virtual cornea resulting from the keratometry va-
lues of a spherical standard cornea with K1 and K2 of
43 D appears further below. In this comparison, two
columns are shown joined by a dotted line: one on
the right [D (sph)] and one on the left [K1 (D]]. Co-
lumn D (sph) indicates by how many D the K1 (flat-
test keratometry reading) is more curved or flatter than
the standard cornea, while column K1 (D) represents
the actual value of K1 (Figure 2).

In the upper corner there is an “i” symbol for the
INFO on the application and on where to find the
“How to Use” and “Keratoconus Facts” with a brief
explanation of how they work (Figure 3).

Simulated tests for error detection

After its development, the HELPER KERATOCO-
NUS application was tested in a blind and random
manner by four experienced ophthalmologists who
received the designations I, II, III and IV. For 90 days,
the four ophthalmologists followed a specific script

(Table 1) to detect possible errors through simula-
tions. Once errors were identified, the program was
corrected and retested by the same ophthalmologists
that had detected the errors to confirm that they were
corrected.

RESULTS

The collected data showed that among the 51
professionals who answered the questionnaire, 18
(35.3%) were women and 33 (64.7%) were men.
Groups A, B, D, and E each had 10 individuals
(19.6%), while group C had 11 individuals (21.6%).
Twelve individuals (23.5%) had <5 years of speciali-
zation, four (7.8%) had 5-10 years of specialization,
eight (15.7%) had 11-15 years of specialization, and
27 (53.0%) >15 years of specialization (Table 2).

Analysis of answers to questions related to the
theoretical calculation of refraction showed the follo-
wing means and standard deviations of “number of
correct answers” according to age group: group A
(21-30 years)=5.0 (50.0%=+28.7%) points; group B
(31-40 years)=6.8 (68.0%+39.1%) points; and group
C (41-50 years)=6.9 (69.1%+35.1%) points; group
D (51-60 years)=5.6 (56.0%*+36.3%) points; and

Helper Keratoconus

Keratometry:
«: (o @ &
K2: [ o @ 180 e

dK: 0.00D

Theoric Refraction:
Sph: 0.00D Cyl: 0.00D @ 0°
Sph: 0.00 D Cyl: 0.00 D @ 90°
"DONE

Clear  Clear All Next

ABC DEF

4 5 6
GHI JKL MNO

7 8 9
PQRS Tuv WXYZ

' 0 €

Clear  Clear All Next

Helper Keratoconus

Keratometry:
«: oo €D §
k2: [EXRP D @ 145°

dK: 0.00D

Theoric Refraction:
Sph: 0.00D Cyl:0.00D @ Q°
Sph: 0.00D Cyl: 0.00 D @ 90°

'DONE

Helper Keratoconus (@

Keratometry:
(¢ 52.00 PICHREL °Y

dK: +8.50 D

Theoric Refraction:
Sph: -11.00 D Cyl: +8.50 D @ 145°
Sph: -2.50D Cyl: -8.50 D @ 55°

Disehi Koy

Enter the value of the flattest curvature (K1)
and its corresponding axis. Then, enter the
value of the steepest curvature.

Its axis is automatically calculated.

Figure 2. Sequential screens during the insertion of keratometry and simulation of theoretical refractometry and regularized

theoretical topography.
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Helper Keratoconus

Version 2.0 - 2014

Developed By:
CAMBUI LABS®
CIENCIA ILUS studio®

Credits:
EVANDRO S50UZA - Programmer / Designer
FRANCISCO IRDCHIMA - Illustrations / Designer

[E—
Back

Info

| How to Use Keratoconus Facts

The res se provided by the patient is
compromised by the interference of high order
aberrations generated both by the imegular
astigmatism as by changes in pupil diameter
delaying the exam.

Faced with this, the "Helper Keratoconus®
provides a quickly theoretical calculation from
patient keratometry refraction, which is inserted
into the refractor and refined.

For example, from this keratometry:
Ki=4525D@65°xK2=50.00D@155°

If we consider a comea with 43 diopter as
normal, in this case we will get a more curved
cornea than the reference:

45,250 - 43.00D = 2.25D.

Keratoconus Facts

In this example, t eepest meridian
corresponds to 155 correct it we need a
cylindrical + 4.75D lens located 155 “ora
cylindrical - 4.75 D lens placed perpendicular
to 155 ° (in this case: 65 °).

Theoric Refraction:
Sph: -7.00 D Cyl: +4.75 D
Sph: -2.25 D Cyl: -4.75 D @ 65°

Diseri Kio

HOW TO USE

With the application "Helper Keratoconus" the
ophthalmologist can calculate the patient's
keratoconus refraction (theoretical) in a simple
and quickly way.

KERATOMETRY
First, the user enters the value of the flattest
curvature (K1) and its corresponding axis.

Thus, the theoretical refractive to be inserted
into the refractor would be:
-7.005ph()+4.75cyl@155° or

- 2,25 Sph () - 4.75 cyl @ 65 °

Figure 3. Sequential how to use screens and theoretical content on the theoretical refractometry calculation.

Table 1. Procedure guidelines for seeking failures in the HELPER
KERATOCONUS App

Table 2. Demographic and professional profile of the professionals
who participated in this research

Guidelines for using the helper keratoconus app
HELPER KERATOCONUS

1. Download the helper keratoconus app in the apple store by using
the promocode

2. Proceed to read instructions by clicking the “how to use” button
3. Review the content by clicking the “info” button

4. Simulate the various ceratometries compatible with ceratocone by
inserting the corresponding values in the boxes k1 (with its axle) and
in the k2 box of keratometry, following the steps below:

* Perform 15 keratometry simulations compatible with a normal
cornea without astigmatism (a);

* Perform 15 keratometry simulations compatible with a <1D;

* Perform 15 keratometry simulations compatible with 1D < a <3D;

* Perform 15 keratometry simulations compatible with a >3D;
5. After inserting the values, please check the following:

¢ Coherence of the image presented in the schematic eye of the
frontal power;

* Consistency of the values in the Theoric Refraction;

¢ Coherence of the image presented in the comparison between
the analyzed cornea and the standard cornea.

6. Take note of the type of faults detected

group=4.2 (42.0%=*45.7%) points. When the time
of specialization was taken into account, the results
were as follows: <5 years=50.0%+33.7%; 5-10
years=65.0%%+30.0%; 11-15 years=60.0%=*44.1%,

Variables n (%)
Gender
Male 33 64.7
Female 18 5.3
Age
Group A (21 to 30 years old) 10 19.6
Group B (31 to 40 years old) 10 19.6
Group C (41 to 50 years old) 11 21.6
Group D (51 to 60 years old) 10 19.6
Group E (over 60 years old) 10 19.6

Number of years since completion
of residency in ophthalmology

Less than 5 years 12 235
5 to 10 years 4 7.8
11 to 15 years 8 15.7
More than 15 years 27 53.0

and >15 years=58.5%+39.2%. Considering all pro-
fessionals involved in the study, the overall mean
was 57.3%*37.3%.

There was no significant difference (p>0.05)
between the number of correct answers of the inter-
viewees among groups by age, time of specialization,
or sex (Tables 2 and 3).

eOftalmo. 2019;5(4):173-81.
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Table 3. Level of correctness according to the age to age, time of
completion of residency and gender

Variable Level of correctenss (%) P-value
Age
21 to 30 50.0+£28.7* 0.321%
60 (30-65)t
31 to 40 68.0+39.1*
90 (35-100)t
41 to 50 69.1+35.1*
80 (40-100)t
51 to 60 56.0+36.3*
60 (20-85)t
>60 42.0+45.7*
30 (0-85]t
Years of completion of
residency
<5 50.0+33.7* 0.740¢%
60 (10-75]t
5a1l0 65.0+30.0*
60 (40-95)t
11al5 60.0+44.1*
70 (20-100)t
>15 58.5+39.2*
80 (20-100)t
Gender
Male 60.0x£35.7* 0.5465
80 (30-90)
Female 52.2+40.7*
60 (0-100.0)t

*Mean=standard deviation; "Median Q,-Q); *P-value Kruskal Wallis test; SP-value
Mann-Whitney test.

Regarding development of the new teaching tool,
after 3 months of specialized testing, an error was
reported in the simulation of topography by oph-
thalmologist I and another error was detected by
ophthalmologist III during the comparison with the
standard cornea. The program was corrected and re-
tested by the same ophthalmologists who detected the
respective errors. After the retest and confirmation
of the corrections, the application was made avai-
lable in the Apple® store for download via the link:
https://itunes.apple.com/br/app/helper-keratoconus/
id559759718?mt=8.

DISCUSSION

Need for continuing education and regular upda-
ting of knowledge is justified by the proven decline in
its retention over the years, as reported by Gomez-Pe-
rez and Ostrosky!'®). Using several tests to evaluate

executive and memory functions in adult individuals,
these researchers found that the ability to remember
is sensitive to age, while attention and executive func-
tions are sensitive to years of educational training'?.
Similarly, Carriere et al presented decline in cogniti-
ve performance with the advancement of age!’. In
that study, which analyzed 638 individuals between
14 and 77 years of age, although the authors obser-
ved a better sustained attention to response task per-
formance with advancing age, the speed of response
declined linearly over the years!'?.

During evaluation of the knowledge on theoreti-
cal calculation of refraction by professionals prescri-
bing glasses in the present study, it was found that
neither age nor the time elapsed since specialization
affected the performance. Given these results, it is
plausible to expect that professionals in the older age
group and with more years of specialization, that is,
more experienced, would have the best performan-
ce or a worse result according to premises of cogni-
tive decline with age. However, according to the re-
sults, this would be a mistaken conclusion, because
when the statistical tests were applied no significant
differences were observed. However, the size and he-
terogeneity of the sample may have influenced the
non-statistical difference obtained between the groups
in terms of knowledge. However, because the overall
mean of correct answers was 57.3%+37.3%, it is cle-
ar that this sample of individuals were in need of an
improvement in knowledge regarding the theoretical
calculation of refraction based on keratometry readings.
However, this statement cannot be extrapolated to all
professionals prescribing glasses in the country.

As shown by Leitritz et al (2014), improvement
during the teaching/learning process in ophthalmo-
logy when simulators are used is evident®. Several
other digital tools (software) also have advantages
over conventional teaching methods??'??. The EYE
Exam Simulator (Kyoto Kagaku Co. Ltd., Kyoto, Ja-
pan®), the Eyesi direct ophthalmoscope (VRMagic,
GmbH, Mannheim, Germany®), and the Eyesi indi-
rect ophthalmoscope simulator (VRMagic, GmbH,
Mannheim, Germany®) are the examples of simu-
lators that assist in the teaching/learning process in
ophthalmology by using mannequins and virtual or
augmented reality, respectively??!-23,

Although several educational technologies in the
form of multimedia software and simulators for me-
dical training are already available to be used both
during the teaching of ophthalmology and in the
support of continuing education during the process

eOftalmo. 2019;5(4):173-81.
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of retraining professionals in clinical practice, few
focus on refractometry?'>®l. In addition, the ability
to calculate the theoretical value of refraction from
keratometric readings of a cornea requires knowledge
of mathematics and spatial geometry, which is not
a common skill among professionals who prescribe
glasses. Therefore, the availability of a resource that
facilitates the transmission of this knowledge repre-
sents an unprecedented innovation to consolidate
teaching/!42427),

Few applications are available. Aniseikonia Ins-
pector calculates the difference in image size (anisei-
konia) induced by correction in patients with aniso-
metropy, but there is no reference of any software
that assists in the theoretical calculation of refraction
from keratometry readings of patients with advanced
keratoconus!*$29,

Given the need for practical and agile technologi-
cal tools to help the teaching of refractometry for both
the newly specialized and established professionals,
the authors of this study developed a series of appli-
cations. In the article “A virtual simulator as a tool
for teaching refractometry,” Pinheiro et al. describesd
the development of the application (Eye Refraction)
created for tablets that presents the various refractive
errors (ametropias) of the optical system of the eye in
a totally interactive way, with the possibility of correc-
tion with the most diverse combinations of lenses!®”,
As in the application Eye refraction, the graphic de-
sign of the application developed in the present stu-
dy was the responsibility of one of the experienced
authors, an ophthalmologist and scientific illustrator.
This ensured that the difficulties in the process of
assimilation of information were circumvented
through an optimized graphical presentation®),

Two corrections had to be performed in the appli-
cation software after error detection. The bugs were
fixed, and the application was made available in the
Apple store. However, this procedure will not prevent
future errors from occurring during the use of the
application by users. For this reason, developers have
provided a link in the application itself for users to
point out future errors that require fixing after the
application becomes available.

Because the application has been developed to run
on tablets and smartphones, it can be easily used in
offices and classrooms and even outside the teaching
environment, with high accessibility and mobility
because it does not require internet access. It is less
expensive than other types of simulators available for
teaching ophthalmology, and it is a tool accessible to

all professionals because it has an easy and interac-
tive application/user interface. One disadvantage is
that it is only available on the IOS platform, although
the prospect is to also develop the application for the
Android platform.

Thus, the HELPER KERATOCONUS simulator
represents the second in a series of applications de-
veloped by the authors with an aim to demystify the
teaching of refractometry and contribute directly to
the training of future professionals and, consequently,
to the eye health of the population.
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