The Incidence of Refractive Errors with
Subsequent Selection of Corrective Aids

SUMMARY
The Incidence of Refractive Errors with Subsequent Selection of Corrective Aids

This study follows the occurrence of refractive errors in population and the possible
selection of the appropriate type of corrective aids. Objective measurement and
subsequent determination of the subjective refraction of the eye is an essential act
in opotmetric practice. The file represented by 615 patients (1230 eyes) is divided
according to the refractive error of myopia, hyperopia and as a control group are
listed emetropic clients. The results of objective and subjective values of refraction
are compared and statistically processed.

Methods: The study included 615 respondents. To determine the objective refraction
the autorefraktokeratometer with Placido disc was used and the values of spherical
and astigmatic correction components, including the axis were recorded. These me-
asurements were subsequently verified and tested subjectively using the trial lenses
and the projection optotype to the normal investigative distance of 5 meters. After this
the appropriate corrective aids were then recommended.

Results: Group | consists of 123 men and 195 women with myopia (n = 635) of clients
with an average age 39 + 18,9 years. Objective refraction — sphere: -2,57 + 2,46 D,
cylinder: -1,1 + 1,01 D, axis of: 100° + 53,16°. Subjective results are as follows - the
value of sphere: -2,28 + 2,33 D, cylinder -0,63 + 0,80 D, axis of: 99,8° + 56,64°. Group
Ilis represented hyperopic clients and consists of 67 men and 107 women (n = 348).
The average age is 58,84 + 16,73 years. Objective refraction has values - sphere:
+2,81 + 2,21 D, cylinder: -1,0 + 0,94 D; axis 95° + 45,4°. Subsequent determination of
subjective refraction has the following results - sphere: +2,28 + 2,06 D; cylinder: -0,49 +
0,85 D, axis of: 95,9° + 46,4°. Group Il consists from emetropes whose final minimum
viasual acuity was Vmin = 1,0 (5/5) or better. Overall, this control group is represented
52 males and 71 females (n = 247). The average age was 43 + 18,73 years. Objective
refraction - sphere: +0,32 + 0,45 D; cylinder: -0,51 + 0,28 D, axis of: 94,7° + 57,5°.
Discussion: Values of objective refraction take higher values than the subsequent
execution of the subjective examination of the refractive error and recommendation of
the appropriate type of corrective aids. This all is in examined groups and in the individ
ual components of refractive errors. It also confirmed the hypothesis that the population
outweighs with-the-rule astigmatism, the deployment of resources according to the
literature ranges from 90° + 10°.

Conclussion: The values observed correction of refractive errors are then derived
also offer the most common prescription ranges and products for the correction of
given ametropia. In the selection and design corrective aids, we are often limited. Our
task is then to manufacture high quality, functional and aesthetic corrective aids, you
need to connect knowledge from the fields of optics, optometry and ophthalmology.
Faster visual rehabilitation simplifies clients’ rapid return to everyday life.

Key words: refractive error, objective refraction, subjective refraction, glasses,
contact lenses, population
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ropy. A special position is attributed

INTRODUCTION

Refractive errors are represented in
the population by short-sightedness,
long-sightedness and astigmatism.
The state in which the optical sys-
tem of the eye does not manifest
any refractive error is called emet-

to presbyopia, which is caused by a
physiological deterioration of the fle-
xibility of the ocular lens, but is not a
refractive error from a physiological
perspective [1, 7].

It is necessary to correct a refractive
error or ametropy, especially if it
causes asthenopic complaints. Unfor-
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tunately, even in today’s excessively
technical age it is possible to encoun-
ter workplaces where insufficient time
is devoted to this fundamental eye
examination. According to the health
indication and condition of the client
it is then possible to select from the
individual types of corrective aids.
These in particular are represented
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Table 1. Comparison of values of objective and subjective refraction

Group Objective Cylinder (D) Angle (°) Subjective Cylinder (D) Angle (°)
sphere (D) sphere (D)

I. myopia -2.57+2.46 -1.1£1.01 100°+£53.16° -2.28+2.33 -0.63+0.80 99.8°+56.64°

II. hypermetropia | +2.81+2.21 -1.0£0.94 95°+45.4° +2.28+2.06 -0.49+0.85 95.9°+46.4°

Ill. emetropy +0.32+0.45 -0.51+0.28 94.7°£57.5° - - -

by glasses and contact lenses. The
glasses frames serve not only as the
holder of the lenses of the eyeglasses,
but also as a fashion accessory. It is
possible to choose from a large quan-
tity of plastic or metal frames. Frames
made from natural materials such as
wood or horn can have a striking and
innovative effect.

Glasses lenses offer a wide range of
possibilities especially in the optical
properties of the materials used, but
it is also possible to improve these
properties in a combination with thin
layers. This primarily concerns anti-
-reflective finish, which provides the
wearer with greater visual comfort
in comparison with regular glasses
lenses by eliminating undesirable re-
flections, and thus providing the eye
with more visual information. Optical
image errors can then be alleviated
by selecting lenses with a higher
refraction index or in a version with
an aspheric surface [1, 2].

Contact lenses provide users pri-
marily with the advantages of an
unlimited field of vision, which in
the case of eyeglasses is restric-
ted by the shape of the frames. For
more active and sports oriented cli-
ents, contact lenses are of irrepla-
ceable value. They are more com-
fortable, ensure stable vision and
are safer than would be the case
upon performing the same activities
with glasses. Here also there is a
relatively wide range of materials
and versions available. Above all,
upon correction of high values of
refractive errors they are again the
preferred option in comparison with
glasses. In addition to correction
of the actual error, they also play
a role in strengthening the indivi-
duality and social integration of the
client. Regular checks of the ante-
rior segment and correct care for
contact lenses then ensure success
upon wearing these corrective aids.
Each wearer of contact lenses must
have reserve glasses available for
the case of interruption of their use.
A significant position is occupied by
surgical refractive procedures on the
cornea and cataract surgery. The

new crosslinking method of reinfor-
cing the cornea reduces the invasi-
veness of these highly specialised
procedures [4, 5, 8].

METHOD

615 clients, thus 1230 eyes, were
included in a randomised trial, where
they were divided into three groups.
The first two were represented by
refractive errors representing myopia
and hypermetropia. A group of emet-
ropic clients were chosen as the third,
control group.

The aim was to conduct an objecti-
ve measurement of the refractive
condition of the eye. For this pur-
pose an auto refractor-keratome-
ter with a Placid disc (KR 8100P,
Topcon, Japan) was used. The
determined values were then sub-
jectively tested using anatomical
testing frames and a set of glasses
lenses (Occulus). The determinati-
on of vision was conducted at the
standard testing distance of 5m,
using a projection optotype (ACP-8,
Topcon, Japan). The results of the
measurement were recorded and
then statistically processed using
the program Statistica 9, CZ-Czech
single user version by the Stat-
Soft® company, which is available
to students and employees of Ma-
saryk university. A suitable type of
corrective aid was then recommen-
ded for each client. In the majority
of cases, the glasses were produ-
ced stating the advantages of the
latest types of glasses lenses and
technological procedures in their
processing for the given correction
and specific error. A large degree

of emphasis was also placed on
the aesthetic aspect, i.e. functional
and attractive glasses. Upon selec-
tion of contact lenses, keratometry
was also measured during objective
measurement of refraction on the
above-stated instrument, and to-
pography of the anterior surface of
the cornea was conducted. On the
basis of the determined parameters
a suitable type of spherical, toric or
progressive contact lens was then
applied.

Clients who manifested signs of any
procedure on the cornea, blepharitis,
purulent conjunctivitis or other eye
disorder were not included in the study.

RESULTS

Group | is composed of 318 myopic
clients, 123 men and 195 women
(n = 635) with an average age of
39 + 18.9 years (min. 9 years, max.
95 years; median 35 years), graph
1. Values of objective refraction —
sphere: -2.57 + 2.46 D (min. -0.25 D,
max. -20.5 D; median -2.0 D), graph
2, cylinder: -1.1 £ 1.01 D (min. -0.25
D, max. -7.25 D; median -0.75 D),
angle 100° £+ 53.16° (min. 0°, max.
180°; median 97.5°).

Following a subjective examination
the results were as follows — value
of sphere: - 2.28 + 2.33 D (min. 0.0
D, max. -18.0 D; median -1.75 D),
cylinder: -0.63 + 0.80 D (min. 0.0
D, max. -4.5 D; median -0.5 D), an-
gle: 99.8° + 56.64° (min. 0°, max.
180°; median 95°), see table 1. It
is already clear upon first view that
the subjective refraction values are
lower than the determined objecti-
ve refraction values. The correction

Table 2. Incidence of corneal astigmatism in given sample of population

Group Direct ast. Indirect ast. Oblique ast. | No ast. (num-
(number of (number of (number of ber of eyes)
eyes) eyes) eyes)

|. myopia 278 59 285 13

IIl. hypermetropia | 113 42 182 1"

Ill. emetropy 113 15 111 8

total 504 116 578 32

CZECH AND SLOVAK OPHTHALMOLOGY 1/2012

1



MYOPIA|

Age distribution of groups I, Il and Il
HYPERMETROPIAII

EMETROPY I
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N: 635 N:
Average: 39,00 Average:
Median: 35,00 Median:
Min.: 9,00 Min.:
Max.: 95,00 Max.:
L-Qrt: 24,00 L-Qrt:
U-Qrt: 49,00 U-Qrt:
Dispersion: 355 Dispersion:
SD: 18,85 SD:
Sm.Ch.: 0,748 Sm.Ch.:
Peak: 0,844 Peak:
Slant: 0,00055 Slant:
95% confidence interval of SD

Lower: 17,87 Lower:
Upper: 19,95 Upper:
95% confidence interval average

Lower: 37,53
Upper: 40,47

Lower:
Upper:

348
58,84
62,00
9,00
88,00
53,00
69,00
280
18,73
0,897
0,882
0,612

95% confidence interval of SD

15,57
18,08

95% confidence interval average

57,07
60,60

N: 247
Average: 42,99
Median: 44,00
Min.: 3,00
Max.: 91,00
L-Qrt: 29,00
U-Qrt: 55,00
Dispersion: 351

SD: 18,73
Sm.Ch.: 1,192
Peak: 0,00681
Slant: -0,299
95% confidence interval of SD
Lower: 17,21
Upper: 20,54

95% confidence interval average
Lower: 40,65
Upper: 45,34

Graph 1. Age distribution of groups I- lll (p < 0.05)

of astigmatism is a further step in
stipulating the resulting correction.
According to the literature direct
corneal astigmatism occurs most
commonly in the population, there
are 278 eyes in this group, indirect
astigmatism was present in 59 eyes
and oblique astigmatism was deter-
mined in 285 eyes. 13 eyes mani-
fested a purely spherical shape of
the anterior surface of the cornea,
as shown in table 2. Myopia is the
most widely represented refractive
error in the population. The offer
of glasses lenses designated for
correction of this error is also very
side. It is possible to choose from a
basic version of material to special
slimline products, where emphasis
is placed primarily on the resulting
aesthetic effect within the glasses
frames. Contact lenses are popular
corrective aids for the correction of
myopia. In our case it was possible
upon correction to fully cover the
determined subjective refraction
values.

Group Il is represented by hyper-
metropic clients, and consists of
67 men and 107 women (n = 348)
with an average age of 58.84
16.73 years (min. 9 years, max. 88
years; median 62 years), graph 1.
Objective refraction measured by
instrument shows values of — sphe-
re: +2.81 £ 2.21 D (min. 0.0 D, max.
+19.0 D; median 2.38 D), graph 3,
cylinder: -1.0 £ 0.94 D (min. -0.25
D, max. -5.75 D; median

-0.75 D), angle 95° + 45.4° (min. 0°,
max. 180°; median 92°). The sub-
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sequent determination of subjective
refraction has the following results
— sphere: +2.28 + 2.06 D (min. 0.0
D, max. +17.0 D; median +1.75 D),
cylinder: -0.49 + 0.85 D (min. 0.0 D,
max. -5.0 D; median 0 D), angle:
95.9° + 46.4° (min. 0°, max. 180°;
median 90°), see table 1.

Direct corneal astigmatism was me-
asured in 113 eyes, indirect was
present in 42 eyes and oblique
astigmatism occurred in 182 eyes.
A spherical shape of the anterior
surface was determined in 11 eyes,
see table 2. Here also there is con-
firmation of the fact that the values
of measured objective refraction on
the auto refractor-keratometer are
higher than the subjectively verified
values. In the case of correction by
glasses, in the case of hypermetro-
pia we are partially limited by tech-
nological possibilities, and the use
of aspheric lenses was shown to be
the best option. These lenses redu-
ce the optical image error (spherical
aberration, distortion) and provide
the user with better vision primarily
in the periphery of the glasses lens.
Also upon correction using contact
lenses we are restricted in the case
of hypermetropia by the offer and
range of dioptric scopes, especially
at higher values of refraction error
and combinations with a higher va-
lue of correction cylinder.

Group Il consists of emetropic
clients, i.e. clients who did not re-
quire any corrective aid and whose
resulting subjective vision was at
least Vmin=1.0 (5/5) or better. In

3D histogram: Age distribution and values of objective refraction in myopia |
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Graph 2. Distribution of myopia in
given age group (p < 0.05)

3D histogram: Age distribution and values of objective refraction in hypermetropia Il
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Graph 3. Distribution of hypermet-
ropia in given age group (p < 0.05)

3D histogram: Age distribution and values of objective refraction
in control group Ill (emetropy)
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Graph 4. Distribution in control
group lll (emetropy) and in given
age group (p < 0.05)

total this group was represented
by 52 men and 71 women (n=247).
The average age is 42.99 + 18.73
years (min. 3 years, max. 91 years;
median 44 years), graph 1. Ob-
jective refraction in this group was
determined at — sphere: +0.32 %
0.45 D (min. -1.75 D, max. +1.5 D;
median +0.25 D), cylinder: -0.51 +
0.28 D (min. -0.25 D, max. -2.25 D;
median -0.5 D), angle 94.7° + 57.5°
(min. 0°, max. 180°; median 93.5°),
as shown in table 1 and graph 4.
Direct corneal astigmatism was
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measured in 113 eyes, indirect in
15 eyes and oblique astigmatism
was present in 111 eyes. A pure-
ly spherical shape of the anterior
surface was determined in 8 eyes,
see table 2. A subjective refraction
test then demonstrated that the cli-
ents did not require correction with
glasses or contact lenses. In this
group also we encounter the possi-
bility of wearing glasses, primarily
as a fashion accessory. From the
offer of contact lenses clients cho-
ose coloured lenses, which have a
cosmetic effect.

DISCUSSION

From the conducted measurements
it is possible to draw a number of
conclusions. According to the re-
sults presented in table 1 it is evi-
dent that the objective refraction
values are higher than the subse-
quent performance of subjective
examination of the given correction.
This was the case in all examined
groups and individual components
of refractive errors. The average va-
lue in myopia is in sphere -2.5 D ob-
jectively, whereas subjectively this
value is lower than -2.25 D, graph 5.
Also the objectively measured value
of the cylinder is -1.0 D in group 1,
whereas subjectively it is within the
range of -0.5 D to -0.75 D, graph 6.
However the angle of the corrective
cylinder is approximately the same
in both cases, which amongst other
factors illustrates the relatively high
degree of precision of the chosen
measuring instrument.

The situation is similar in group II.
The determined objective refraction
values are higher, i.e. the spherical
component shows +2.75 D, whereas
subjectively this is +2.25 D, graph 7.
This is evident also in the higher ob-
jective values of cylinder -1.0 D, in
comparison with a subjective value
of less than -0.5 D of the correction
cylinder, graph 8. In the case of the
angle of the correction cylinder, both
values are again virtually identical.
The hypothesis that the correction
of direct astigmatism, whose distri-
bution according to literary sources
is within the range of 90° + 10°, pre-
dominates within the population, is
also confirmed. [3-5]

The control group (group Ill) consisted of
clients who subjectively did not require
correction by glasses or contact lenses
and whose natural vision was at least 1.0
(5/5) or better. These respondents most

Point graph: Objective refraction — sphere v
Subjective refraction — sphere in myopia
Correlation: r = .94353
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Graph 5. Comparison of objective and subjective values in spherical compo-

nent (D) in myopia
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N: 502
Average: -1,089
Median: -0,750
Min.: -7,250
Max.: -0,250
L-Qrt: -1,250
U-Qrt: -0,500
Dispersion: 1,023
SD: 1,011
Sm.Ch.: 0,0451
Peak: -2,407
Slant: 7,412
95% confidence interval of SD
Lower:

Upper: 1,078

95% confidence interval average
Lower:
Upper:

-1,000

N: 502
Average: -0,636
Median: -0,500
Min.: -4,500
Max.: 0
L-Qrt: -1,000
u-Qrt: 0

Dispersion: 0,849
SD: 0,805

Sm.Ch.: 0,0359

Peak: -1,704

Slant: 2,985

95% confidence interval of SD
Lower:

Upper: 0,859

95% confidence interval average
Lower:
Upper:

-0,566

Graph 6. Comparison of objective and subjective values of cylinder (D) in myopia

frequently requested non-dioptric sun-
glasses, and also included those who
used cosmetic coloured contact lenses.
Unfortunately, in practice opticians
do not only encounter such low va-
lues of the refractive condition of
the eye. A combination of surfaces
of glasses lenses with a higher
astigmatism frequently results in an
aesthetically poor appearance of
the glasses as a corrective aid. As
a result it is suitable to utilise soft-
ware animation of the most state-of-
-the-art centring systems, which of-
fer the option of visualisation of the
specific product of the glasses lens,
the parameters of centring into the
selected frames and the values of
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the maximal thicknesses in order to
attain the required result [3-5].

For integration of the information
and for a general assessment of
the anterior segment of the eye,
topography of the cornea was also
performed on each subject using
the above-named instrument. This
enabled us to eliminate any poten-
tial pathological states and take into
account the proportion of corneal
astigmatism to general astigmati-
sm. The software also automatically
evaluated keratoconus screening.
However, if we compare the value
of the correction cylinder with the
value of corneal astigmatism, as is
evident from table 2, we find that
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Graph 7. Comparison of objective and subjective values of spherical compo-

nent (D) in hypermetropia Il
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Graphic overview of objective and subjective values of cylinder in group hypermetropia Il

Subjective ref. - cylinder (D)

MF{]

HEEEERERE O

T

« oo

® OE OB E ¥

N: 296
Average: -1,008
Median: 0,750
Min.: -5,750
Max.: -0,250
L-Qrt: -1,250
U-Qrt: -0,500
Dispersion: 0,875
SD: 0,935
Sm.Ch.: 0,0544
Peak: -2,679
Slant: 8,322
95% confidence interval of SD
Lower:

Upper: 1,018

95% confidence interval average
Lower:
Upper: -0,901

N: 292
Average: -0,494
Median: 0
Min.: -5,000
Max.: 0
L-Qrt: -0,625
U-Qrt: 0
Dispersion: 0,727
SD: 0,852
Sm.Ch.: 0,0499
Peak: -2,514
Slant: 7,065

95% confidence interval of SD
Lower:

Upper: 0,928

95% confidence interval average
Lower:

Upper: -0,396

Graph 8. Comparison of objective and subjective values of cylinder (D) in

hypermetropia Il

according to the measurement in
our sample of the population, ob-
lique corneal astigmatism predomi-
nates over direct astigmatism [7, 8].

CONCLUSION

From the determined values of co-
rrection of refractive errors we can
concur with the manufacturers of
glasses and contact lenses who
state similar resulting measure-
ments in their studies. This then
forms the basis for their offer of
ranges of optical strengths and
products for correction of the given
refractive error. However, we are
frequently limited in the selection
and design of a corrective aid. Alt-
hough this applies for infrequently
occurring refractive error values,
in the case of correction of clients
with high ametropy the selection is
generally limited. Our aim is then
to provide a quality, functional and
aesthetic version of corrective aids.
In this field also it is necessary to
beware of the advertising and mar-
keting tricks of certain vendors and
retail chains, which do not always
present true information. These
relate to regular and special types
of corrective aids, about which the
client is not sufficiently instructed
in advance.

In more complicated cases this
concerns not only mere correc-
tion of the actual refractive error.
These days, glasses are no longer
a handicap, but rather as well as
correcting the refractive error also
complement the client’'s image. An
important role in the correction of
refractive error is also currently
played by refractive surgery, and
correct choice of method eases
rapid rehabilitation of sight and re-
turn of the client to everyday life.
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