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Abstract

General Objective. To create a suitable Index, based on Pythagoras’ 
hypotenuse, to represent any refractive state and to facilitate statistical 
analyses of ametropic patients. Methods. 3964 patients from a data-
base of OPTILASER (Refractive Surgery Center in Bogotá, Colom-
bia) for the year 2014 were selected to demonstrate the applicability of 
the proposed Index of Ametropia. The patients had not been previous-
ly subjected to any kind of surgical procedure. Another example to 
illustrate the applicability of the proposed Index of Refraction comes 
from a database of an investigation “Madre Canguro Integral” (Inte-
gral Kangaroo Mother), carried out between 2013 and 2014 at Hospi-
tal San Ignacio, Bogotá in which 311 healthy prematurely-born babies 
were evaluated Principal meridians of ametropias are taken as catheti 
of a right triangle in order to calculate the Hypotenuse which will be 
taken as the Index of Ametropia. Spearman Correlation, between the 
Index of Ametropia and the Visual Acuity expressed as the Minimum 
Angle of Resolution (MAR), are determined. Results. Spearman Co-
rrelation between the Index of Ametropia and the Minimum Angle of 
Resolution is 0,834 statistically significant (p: < 0,001) ample enough to 
validate the proposed Index of Ametropia. Conclusions. The Index of 
Ametropia is a valid instrument for the assessment, management and 
statistical analysis of ametropias.
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LA HIPOTENUSA DE PITÁGORAS COMO ÍNDICE DE 
AMETROPÍA
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Argüello3 

Resumen

Objetivo General. Crear un Índice, con base en la hipotenusa de Pitá-
goras, para representar cualquier estado refractivo y facilitar los aná-
lisis estadísticos de los pacientes amétropes. Métodos. 3964 pacientes 
de una base de datos de OPTILASER (Centro de Cirugía Refractiva en 
Bogotá, Colombia) del año 2014, fueron seleccionados para demos-
trar la aplicabilidad del Índice de Ametropía propuesto. Los pacientes 
no habían sido sometidos a ningún tipo de procedimiento quirúrgico. 
Otro ejemplo para ilustrar la aplicabilidad del Índice de Ametropía, 
viene de la investigación “Madre Canguro Integral” llevada a cabo 
entre 2013 y 2014 en el Hospital de San Ignacio, Bogotá, en la cual 
311 bebés nacidos prematuramente y en buen estado de salud, fue-
ron evaluados. Los Meridanos Principales de las ametropías se toman 
como catetos de un triángulo rectángulo para calcular la Hipotenusa 
que será tomada como Índice de Ametropía. Seguidamente, se deter-
minó la correlación de Spearman entre el Índice de Ametropía y el 
Ángulo Visual expresado con Mínimo Angulo de Resolución (MAR).
Resultados. La correlación de Spearman entre el Índice de Ametropía 
y el Mínimo Ángulo de Resolución es 0,834 lo cual es estadísticamen-
te significativa (p:< 0,001) y suficiente para validar el Índice propues-
to. Conclusiones. El Índice de Ametropía es un instrumento válido 
para la evaluación, manejo y análisis estadístico de las ametropías.

Palabras Clave: Índice de Ametropia, hipotenusa de Pitágoras, Meridianos 
Principales.
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LA HIPOTENUSA DE PITÁGORAS COMO ÍNDICE DE 
AMETROPÍA

Gabriel Merchán Mendoza1, María Susana Merchán Price2, Jairo Emilio Mejía 
Argüello3 

Resumo

Objetivo geral. Criar um índice, com base na hipotenusa de Pitágo-
ras, para representar qualquer estado de refração e facilitar a análise 
estatística dos pacientes ametrópico. Métodos. 3964 pacientes de um 
OPTILASER banco de dados (Centro de Cirurgia Refrativa em Bogo-
tá, Colômbia) em 2014, foram selecionados para demonstrar a aplica-
bilidade da proposta Índice Ametropia. Os pacientes não foram sub-
metidos a nenhum tipo de procedimento cirúrgico. Outro exemplo 
para ilustrar a aplicabilidade do Índice Ametropia, vem da pesquisa 
“Mãe Canguru Integral”, realizado entre 2013 e 2014, o Hospital de 
San Ignacio, Bogotá, onde 311 bebês nascidos prematuramente e com 
boa saúde,eles foram avaliados. Principais Meridanos de ametropia 
são tidos como as pernas de um triângulo retângulo para calcular 
a hipotenusa para ser tomado como índice Ametropia. Em seguida, 
foi determinada a correlação de Spearman entre o Índice de Ametro-
pia e o Ângulo Visual expresso com o Ângulo de Resolução Mínima 
(MARM). Resultados. A correlação de Spearman entre a ametropia 
e índice de ângulo mínimo de resolução é de 0,834, que é estatistica-
mente significativa (p <0,001) e suficiente para validar o índice pro-
posto. Conclusões. O índice de ametropia é um instrumento válido 
para a avaliação, gestão e análise estatística da ametropia.

Palavras chave: Índice de Ametropia, hipotenusa de Pitágoras, Meridianos 
Principais.
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Introduction

Epidemiological research, in the field 
of visual health, strives continuously to 
find new knowledge and new methods 
of analysis based on studies performed 
on populations of individuals. The data 
collected from such studies should be 
susceptible of analysis with the appro-
priate statistical tools on the assumption 
that such data are trustworthy. 
 
Ametropias are considered spherical 
when the Principal Meridians have the 
same refractive power, otherwise they 
are considered astigmatic ametropias. In 
the case of spherical Ametropias, their 
magnitudes provide sufficient informa-
tion to appraise its severity and   diag-
nose and prescribe the corresponding 
correcting lenses. This is not the case in 
astigmatic ametropias. An astigmatism 
of, say, 2,50 diopters, does not provide 
enough information since it only repre-
sents the difference between the Prin-
cipal Meridians but fails to identify the 
nature and magnitude of the underlying 
Ametropia. 
 
Spherical ametropias are easily classified 
as low, median and high, regardless of 
whether they are myopic or hyperopic. 
Astigmatic ametropias, on the contrary, 
are classified in many ways such as lo-
cation of principal meridians relative to 
the retina; the location, vertical or ho-
rizontal, of the most affected meridian; 
the frequency of a given orientation of 
astigmatism in the general population; 
the quality of the corneal surface, and 
the harmony of astigmatisms in the two 
eyes.  
 

In clinical practice, measuring an Ame-
tropia and its visual acuity, usually cons-
titutes enough information to establish 
diagnosis of the refractive state inclu-
ding severity of symptoms and proper 
disposal of patient. A very different si-
tuation arises when dealing with epide-
miological studies in which you must 
handle large numbers of refractive data. 
 
Any research on any field of science, may 
need several tools for analysis such as 
description of variables, comparison of 
samples, variance analysis, correlations, 
regressions, Z tests, t tests, etc.1 Whate-
ver the case, clarity and precise defini-
tion of data and tools are required. It is 
necessary, therefore, to have an Index 
or Indicator, that condenses in a single 
number, any refractive state, spherical o 
astigmatic, and summarizes all variables 
to severity and serves as guide to define 
proper clinical and general visual heal-
th actions that can apply to the general 
population.  
 
According to The Free Dictionary “an 
Index is a number, that results from a 
formula, that is used to characterize an 
array of data and permits drawing con-
clusions”.2 
 
There are many indexes in medicine to 
evaluate diverse types of situations, e.g.: 
Apache I and II for disease classification, 
Triage guide for Hospital Emergency 
Units, ICU patient care, evaluation of di-
sasters, medical classification for specific 
diseases according to severity. All these 
indexes are based on objective physio-
logical measurements independently 
of therapeutic guidelines and they are 
intended to maximize the effectiveness 
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of patient care and, to diminish wasted 
efforts and resources. 

The proper use of statistics in ametro-
pias, before and after any intervention, 
has always been a problem. The com-
bination of “spheres” and “cylinders” is 
more complex than generally thought 
since the cylindrical component of as-
tigmatic ametropias represents a diop-
tric difference between the principal 
meridians and not an ametropic entity 
like myopia or hyperopia. Some of the 
alternatives currently used by resear-
chers to perform statistical analyses are 
the following: 
 
Recently, Merchán and Merchán3, clas-
sified ametropias into categories accor-
ding to severity with a purely clinical 
criterion. Severity was taken as the de-
gree by which a refractive error jeopar-
dizes the ability of a person to function 
in everyday life. Categories of Ametro-
pias are amenable to statistical analyses 
by non-parametric methods. 

Holladay4, pretended to evaluate the 
relation between refractive error, visual 
acuity and pupil size, in patients after 
radial keratotomy. For that purpose, 
He proposed the Defocus Equivalent 
consisting of adding the absolute value 
(+) of half the cylinder to the absolute 
Spherical Equivalent in case of myopia 
(-) or hyperopia (+) under cycloplegia. 
He only gives one example of his DE. 
Keating5 in 1980, deals with the use of 
matrices for adding spherocylindrical 
lenses in the case of a patient wearing 
some prescription that needs to be mo-
dify by over-refraction procedure.

Later, Keating6 in 1983, illustrates the 
“use of matrices for the mean value of 
refractive errors” emphasizing the ad-
vantage of the dioptric power matrix 
which plays the same role for sphero-
cylindrical lenses as the dioptric power 
plays for spherical lenses. His equations 
allow to convert sphero-cylinders into 
matrices which, in turn, can be added 
and averaged. Harris, in 19887, using 
Long’s equations, shows the Refractive 
Surgical Effect of various surgical proce-
dures by means of matrices to represent 
sphero-cylinders. He also mentions, but 
does not dwell into, the possibility of 
statistical analyses.

Long8, in 1991, develops matrices to re-
present sphere, cylinder and axis of con-
ventional prescription lenses and adding 
the traces of two or more power matri-
ces, the equivalent sphere is obtained. 
Kaye9 later in 2002, describes how ma-
trix algebra can represent sphero-cylin-
ders and refractive errors and in so 
doing, sphero-cylinders can be added, 
subtracted, multiplied, inverted and rai-
sed to powers. 

Thibos10 based their investigation on 
Fourier analysis of the three elements of 
astigmatism. Spheres, cylinders and axes 
of multiple ametropias are converted 
into power vectors that are then, subjec-
ted to statistical analyses to finally con-
vert the results back into sphere, cylin-
der and axis notation. Miller,11 follows 
the same approach to illustrate how to 
obtain an average refraction from mul-
tiple cases of ametropias. Gartner12, 
provides the mathematical formulae to 
calculate cylinder vectors. Raasch13, 
correlates visual acuity with the vector 
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length of sphero-cylinders and found a 
significant correlation between spheri-
cal myopia, compound myopic astigma-
tism and mixed astigmatism.

Purpose

To calculate.the Index of Ametropia to 
facilitate the statistical handling of re-
fractive states based on Pythagoras 
Theorem. 

Material and Methods 

When the Principal Meridians of the eye 
are taken as legs of a right triangle, the 
hypotenuse of such triangle can be de-
termined. Such hypotenuse will repre-
sent the refractive state of the eye with 
a single number that embraces all pos-
sible variations of ocular refraction. We 
call it Index of Ametropia.  To validate it, 
it must have a significant correlation to 
Visual Acuity since ametropias are the 
principal cause of blurring of images on 

the retina (defocus). Considering that 
Snellen fractions are not real mathema-
tical expressions,8 Snellen Visual Acuity 
has been substituted by the widely used 
Log of the Minimum Angle of Resolu-
tion (LogMAR). If the Index of Ametro-
pia increases, LogMAR increases and 
visual acuity decreases. 

In the illustration (Fig. 1) we see a right 
triangle in which a and b are called the 
sides (catheti) and c the hypotenuse. 
The sides are independent and perpen-
dicular from each other, thus, the mag-
nitude of one side does not affect the 
magnitude of the other. The hypotenu-
se on the contrary, is not independent 
and its magnitude is determined by the 
magnitude of both sides. This charac-
teristic of the hypotenuse is precisely 
the reason to assimilate it as Hypote-
nuse of Refraction which is also de-
pendent, in a similar fashion, to the 
independent Principal Meridians of 
the ocular refraction perpendicular 
to each other. 

Figure 1 Right Triangle. a and b are the sides (catheti) and c is the Hypotenuse.

Hypotenusa

O
pp

os
ite

Adjacent

a

b

c = √ a2 + b2

Pythagoras Theorem simply states that the square of the hypotenuse is equal to the 
sum of the squares of the sides. 
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Since the Index of Ametropia is deter-
mined by adding the square of each of 
the Principal Meridians, which turns 
them all positive, followed by the squa-
re root of the total, it becomes irrelevant 
whether refractive data comes from the 
spectacle correction of the Ametropia or 
from the dioptric powers of the refracti-
ve error. Hyperopic and myopic ametro-
pias have the same Index of Ametropia 
since both have the same defocus and 
the same circle of diffusion provided ac-
commodation is at rest. 

In relation to the cylinder Axis, it must 
be said that it has no bearing on the se-
verity of ametropias and need not be in-
cluded in statistical studies of visual and 
refractive conditions. An axis at 180° 
is no more significant than axis at 60°. 
The axis becomes important only when 
the object of interest is formed by hori-
zontal, vertical or oblique components, 
such as print letters or city buildings. 
Otherwise, it is not important when ob-
serving landscapes or other objects de-
void of linear elements. However, it does 
have a key role in prescribing lenses to 
correct astigmatic defects. 

3964 patients from a database of OP-
TILASER (Refractive Surgery Center 
in Bogotá Colombia) for the year 2014 

were selected to demonstrate the appli-
cability of the proposed Index of Ame-
tropia. The patients had not been pre-
viously subjected to any kind of surgical 
procedure. Optometric evaluations were 
conducted by Carmen Cecilia Villa, op-
tometrist of the Institution. 

Another example to illustrate the appli-
cability of the proposed Index of Re-
fraction comes from a database of an 
investigation “Madre Canguro Integral” 
(Integral Kangaroo Mother), carried out 
between 2013 and 2014 at Hospital San 
Ignacio, Bogotá in which 311 healthy 
prematurely-born babies were evalua-
ted. The general Objective was to descri-
be the development of premature babies 
by obtaining the normative values for a 
test based on Bayley scales for develop-
ment of breast-feeding infants (3rd edi-
tion) and a test based on Griffiths scales 
of mental development (revised edition) 
at 3, 6, 9 and 12 months corrected gesta-
tional age.

As part of such investigation, optome-
tric refraction was performed at 3 and 
9 months to find possible relationships 
between whole development and visual 
development of the child. It is, at this 
point, where the Index of Ametropia can 
be used to determine media, median, 

	 Hypotenuse2 = side a2 + side b2

Thus,	 Hypotenuse = √ (side a2 + side b2)
	 Applying the same principle to the ocular refraction, we can write:
	 Hypotenuse of Refraction 2 = Primary Meridian2 + Secondary Meridian2

and	 Hypotenuse of Refraction = √(Primary Meridian2+Secondary Meridian2)
Example:	 Given: Rx: + 3.00 sph (-1.25 cyl axis 0°), thus,
	 Primary Meridian: +3.00 Dpts.   Secondary Meridian: +1.75 Dpts.
	  Index of Ametropia = √ (+3.002 + 1.752) = 3,47 
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mode and standard deviation of the 
ametropias involved at 3 and 9 months 
of age. 
Type of Statistical Analysis:  Quantitati-
ve, descriptive and correlational.

Results

Descriptive Statistics for the Index of 
Ametropia and LogMAR are shown 
in Table 1 and table 2. Skewness and 
Kurtosis for Index of Ametropia clearly 
show an abnormal distribution whereas 

Skewness and Kurtosis for LogMAR in-
dicate nearly normal distribution. Con-
sequently, correlation between those va-
riables must be tested by Spearman’s rho 
rather than Pearson’s r. Correlations hi-
gher than 0,4 are considered high. In our 
case rho is 0,834 indicating a very high 
correlation (near perfect). R2 is 0,695 
meaning that 69,5% of LogMAR fin-
dings are directly correlated to Index of 
Ametropia. The remaining 30,5% shows 
the influence of accommodation exerted 
by hyperopes, among other factors.

Index of Ametropia LogMAR

N
Valid 3964 3963

Lost 3981 3982

Media 4,4196 ,7477

Median 3,3600 ,6020

Mode ,25 ,89

Standard Deviation 4,09374 ,52961

Asimetry 2,509 ,695

Asimetry standard error ,039 ,039

Kurtosis 9,544 ,247

Standard error of Kurtosis ,078 ,078

Table 1 Statistics of the sample

Índice de 
Ametropía LogMAR

Spearman Rho

Index of Ametropía

Correlation 
coefficient

1,000 ,834

Sig. (bilateral) ,000

N 3964 3963

LogMAR
Correlation 
coefficient 

,834 1,000

Sig. (bilateral) ,000

N 3963 3963

Table 2 Correlation between Index of Ametropia and LogMAR
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A comparison between the Index of 
Ametropia and Power Vector methods 
is shown in Table 3 and 4 which deals 
with the evolution of refractive state in 
premature babies at ages 3 months (294 
eyes) and 9 months (329 eyes). The first 
column, Index of Ametropia, shows the 
results for media, median, mode and 
standard deviation of the data (data 

not shown). The second column shows 
results of the same functions, previous 
conversion of the data clinical notation 
to power vectors (C2V) according to 
Miller11. In the third column we see the 
re-conversion of power vectors back to 
clinical notation (V2C), positive cylin-
der, and the final column, the negative 
cylinder clinical notation. 

Index of Ametropia C2V V2C (+Cylinder) V2C (-Cylinder)

Media 1,90 0,86 -0,61 0,00 0,24 1,23 90 1,47 -1,23 180

Median 1,58 1,00 -0,50 0,00 0,50 1,00 90 1,50 -1,00 180

Mode 1,00 1,00 -0,50 0,00 0,50 1,00 90 1,50 -1,00 180

Standard Deviation 1,38 1,27 0,35 0,00 0,92 0,70 90 1,62 -0,70 180

Index of Ametropia C2V V2C (+Cylinder) V2C (-Cylinder)

Media 3,15 1,60 0,80 0,00 0,80 1,60 90 2,40 -1,60 180

Median 3,00 1,50 1,00 0,00 0,50 2,00 90 2,50 -2,00 180

Mode 2,83 1,00 1,00 0,00 0,00 2,00 90 2,00 -2,00 180

Standard Deviation 1,41 1,66 0,43 0,00 1,77 0,82 90 1,65 -0,82 180

Figure 2. Regression: Index of Ametropia and LogMar

Table 3 Comparison between Index of Ametropia and Power Vectors at ages 3 months 

Table 4 Comparison between Index of Ametropia and Power Vectors at 9 months
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Discussion

Although the proposed Index of Ame-
tropia does not have an optical-anato-
mical representation, like the Spherical 
Equivalent or the Defocus Equivalent, 
it does have the mathematical support 
of the Principal Meridians of the eye in 
the same manner that the sides of a right 
triangle define the hypotenuse. 

These methods were already mentioned 
in the Introductory section, but a short 
analysis of their shortcomings could be 
helpful at this point. 

Spherical Equivalent. Its main draw-
back consists of not differentiating be-
tween high and low cylinders which is 
clinically and statistically inconvenient. 
Furthermore, a given Spherical Equiva-
lent may represent several refractive sta-
tes. If we average 6 and 4, the average is 
5, the same is obtained with 7 and 3; 8 
and 2; 9 and 1 or 4 and 6.  
 
Table 5 illustrates this point with posi-
tive and negative ametropias. Column 
5 shows the Index of Ametropia of each 
Ametropia and column 6 shows the co-
rresponding Spherical Equivalent.

Sphere Primary Cylinder Axis Secondary Index 
Ametropia

Spherical 
Equivalent

-1.75 -0.50 0° -2.25 2.85 -2.00

2.50 -1.00 0° 1.50 2.92 2.00

-1.00 -2.00 90° -3.00 3.16 -2.00

3.25 -2.50 90° 0.75 3.34 2.00

3.75 -3.50 0° 0.25 3.76 2.00

0.00 -4.00 90° -4.00 4.00 -2.00

5.00 -6.00 0° -1.00 5.10 2.00

Table 5 Comparison between Index of Ametropia and Spherical Equivalent. 

The Indexes of Ametropia are shown in 
orderly fashion that reflect the increa-
sing severity of the ametropias. The 
Spherical Equivalent, on the other hand, 
becomes meaningless reflecting only the 
plus and minus signs for the correspon-
ding hyperopic and myopic refractions 
but there   is no indication of severity of 
symptoms that arise in the various states 
of refraction. 
 
System of Vectors. The axis of astigma-
tism should not be   considered in vector 
analysis because axes locations do not 

represent severity in ametropias. Axes at 
50° are no more severe than axes at 20°. 
The proposed Index of Ametropia does 
not take cylinder axis avoiding unneces-
sary mathematical calculations. 

Categorization of Ametropias. Catego-
ries of ametropias are amenable to sta-
tistical analyses but only by non-para-
metric methods. The Index of Ametropia 
allows any kind of statistical analysis. 
 
Defocus Equivalent. Holladay4 does 
not specify the mathematical handling 
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of adding the absolute value (+) of the 
cylinder to the Spherical Equivalent in 
case of myopia (-) or hyperopia (+). Fur-
thermore, the drawbacks of the Spheri-
cal Equivalent apply equally to the Defo-
cus Equivalent. The Index of Ametropia 
avoids unnecessary calculations and acts 
solely on the power meridians of the 
ocular refraction. 

Furthermore, the proposed Index of 
Ametropia excels the current methods 
of summarizing and handling refractive 
data for statistical analyses and is based 
on the following criteria:

•	 It is a single number that takes into 
consideration the refractive state of 
the principal meridians without re-
gard to the astigmatic cylinder. 

•	 It concerns itself mainly with distant 
vision although it might be extrapo-
lated for near vision with a little ma-
thematical juggling.

•	 It is amenable to descriptive and in-
ferential statistical analyses.

As shown in Table 3 and 4, Miller’s11 
method (based on Long’s8 formulae, 
also used by Harris9 and Thibos10) can 
produce “average refractions”, “median 
refractions”, “mode refractions” and 
“standard deviation refractions”. This is 
achieved by converting the clinical no-
tation (Sphere, Cylinder and Axis) into 
separate vectors (M, J0 and J45) and fi-
nally convert the vectors back into clini-
cal notation. Mathematically speaking, 
there is no objection. However, it is not 
easy to judge or qualify, the results in 
terms of severity for the simple reason 
that the index of severity has not been 
specified. On which component should 

we base our criterions for appraising the 
severity of the results: the sphere? the 
cylinder? the axis?

Tables 3 and 4 correspond to a study to 
determine the emmetropization evolu-
tion of the refractive state in premature 
newborns at ages 3 and 9 months.  First 
column of the tables shows the Index of 
Ametropia for mean, median, mode and 
standard deviation. It is easy to observe 
at a glance, the refractive changes whe-
reas, the power vector method does not 
clearly indicate whether the significant 
refractive changes correspond to the 
sphere, the cylinder or the axis. Further-
more, a closer look at Tables 3 and Ta-
ble 4 shows the difference between the 
media of IA at 3 months (3,15) is much 
higher than at 9 months (1,90) meaning 
that ametropia at 3 months is also higher 
than at 9 months. This corresponds to 
the well-known emmetropization pro-
cess14. 

We believe that the refractive state 
should not be broken into sphere, cylin-
der and axis. It makes it difficult to dis-
cern which component reflects more ac-
curately the severity of a refractive state. 
One may ask, which is more severe, a 
4,00 Dpt. Sphere or a 4,00 Dpt. Cylin-
der. Our Index of Ametropia takes care 
of refractive states by disregarding the 
cylinders and axes and taking into con-
sideration the two principal meridians 
instead. 

Another important aspect has to do 
with visual care epidemiological studies. 
The proposed Index of Ametropia can 
be used to calculate all the descriptive 
statistics needed for such purpose (me-
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dia, median, mode, standard deviation, 
variance, correlations, anova, etc.) and 
the inferential analyses that may be re-
quired.

Nevertheless, we must consider a situa-
tion in which it is desirable to estimate 
the Ametropia, spherical or astigmatic, 
behind a given Index of Ametropia. The 
Index of Ametropia as it has been concei-
ved, does not lend itself to go backwards 
to find the ametropia from which it was 
derived. In other words, given only the 
hypotenuse, it is not possible to determi-
ne the sides that originated it.  However, 
this is not necessarily a disadvantage 
since in epidemiology, it is the graveness 
of the sequalae caused by a defective re-
fractive state, that really matters.

It seems more logical to take the Index 

of Ametropia to a Severity Scale Table 6, 
the Index of Ametropia obtained in some 
epidemiological research, to conclude, 
possibly, that the group under scrutiny, 
may require the attention of local or sta-
te authorities to correct whatever factor 
is acting on the population (illumina-
tion, nutrition, environment, etc.). In 
addition, the Index of Ametropia allows 
the comparative analysis of samples 
from different populations or, same po-
pulation at various times.
  
Summarizing, the Index of Ametropia 
that encompasses the power meridians 
of the ocular refraction into a single 
number, is a valuable tool in epidemio-
logical visual health research facilita-
ting the application of descriptive and 
analytical statistics. 

VISUAL PERFORMANCE
 VISUAL 
ANGLE 

(MINUTES)

VISUAL 
ACUITY 

(SNELLEN 
20)--

INDEX OF 
AMETROPIA

CATEGORY
OF

SEVERITY

Near or Normal Vision

Range of 
Normal 
Vision

0.63 13 0.00

0.80 16 0.00  

1.00 20 0.00 1 

1.25 25 0.17  

Mild Visual 
Severity

1.60 32 0.71

2.00 40 1.06 2

2.50 50 1.06

3.20 64 1.41  

Table 6 Severity Scale of Index of Ametropia
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VISUAL PERFORMANCE
 VISUAL 
ANGLE 

(MINUTES)

VISUAL 
ACUITY 

(SNELLEN 
20)--

INDEX OF 
AMETROPIA

CATEGORY
OF

SEVERITY

Low Vision

Moderate 
Vision 
Severity

4.00 80 1.77

5.00 100 2.12 3

6.30 126 2.48

8.00 160 2.83  

Severe 
Vision 
Severity

10.00 200 3.00

12.50 250 3.89 4

16.00 320 4.60

20.00 400 5.47  

Profound 
Visual 
Severity

25.00 500 6.53

32.00 640 7.43 5

40.00 800 8.84

50.00 1000 10.25  

Near or Blindness

Near 
Blindness

63.00 1260 Cuenta

80.00 1600 dedos 6

100 ------ ------  

Blindness NLP NLP NLP  

Conclusions

Spearman Correlation of 0,834 between 
Index of Ametropia and M.A.R., is statisti-
cally significant (p: < 0,001) and allows us 
to conclude that the Index of Ametropia is 
a valid indicator for assessing the severity 
of both, spherical or astigmatic ametro-
pias and consequently lends itself for pro-
per quantitative and statistical analyses. 
The r2 obtained, indicates that 62,56 % of 
variations of M.A.R. are directly related 
to variations in the Index of Ametropia. 
The remaining 37,43 % depends on other 
factors such as accommodation in hype-
ropes, age, pupil size and general health.  
In addition, Index of Ametropia and is an 
adequate tool for categorizing ametropias 
in accordance to the severity of the visual 

symptoms and degree of impairment 
caused thereby. 
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