ASPHERICAL IOLS AND THEIR
EFFECT ON VISUAL ACUITY, DEPTH
OF FIELD, SPHERICAL ABERRATION
AND CONTRAST SENSITIVITY

SUMMARY

The work compares visual functions after cataract surgery and implantation of spherical
(AABOO) and aspherical (ZCB0O, MX60) intraocular lenses (IOL). The study was conducted
in the years 2017-2018 at the European Eye Clinic Lexum Brno. The examined group con-
tains 60 eyes. The study focused primarily on the comparison of distance corrected visual
acuity (DCVA), the postoperative value of the total spherical aberration (SA), the depth of
field (DoF) for the near and the contrast sensitivity. A single-factor ANOVA test was used for
statistical analysis. Nearly all of the monitored values were statistically significantly better
for the aspheric IOL group. It was DCVA (ZCBOO: p = 0.048, MX60: p = 0.001), the total po-
stoperative SA (ZCBO0O: p <0.000, MX60: p = 0.003) and contrast sensitivity in lower mesopic
conditions (ZCBOO: p=0,041; MX60: p = 0.012). Only DoF was statistically insignificant.
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INTRODUCTION

In general, we know that of third-order aberrations, due
to the low spatial angles, coma and spherical aberrations
have the largest influence on vision. Other higher-order
aberrations are virtually equal to zero in the ocular system.
Thanks to angular symmetry, the possibility of correcting
spherical aberration is better in comparison with angular
asymmetric coma (1). The average corneal spherical aberra-
tion (SA) is +0.27 um, in individuals of Asiatic race +0.37 um
(2). A spherical intraocular lens adds to this SA a further
+0.15 um. An aspherical lens provides better reduction of
optical aberrations not only near the optical angle of the
lens but also outside of it. As a result, it is an advantage to
choose this lens for example in the case of decentred pupils,
capsules or loosened suspensory apparatus of the lens. We
also know from physical optics that both positive and nega-
tive SA increase the depth of field. Studies also show that
SA with a value of -0.15 um has a better influence on the
depth of acuity than its positive form (3, 4). If SA is equal to
zero, the patient should have higher maximum visual acuity
at the expense of a lower depth of field (DoF) interval.

METHOD

The retrospective study contained 3 types of intraocular
lens (IOL): aspherical enVista MX60 (n=20), Tecnis ZCBOO
(n=20) and spherical Sensar AABOO (n=20). These lenses
influence SA in 6 mm of its optical part by the following
values: enVista MX60 0.00 um, Tecnis ZCB0OO 0.27 um and
AABOO +0.15 pm. Corneal SA was measured preoperati-
vely and postoperatively (min. 1 month) on an Atlas in-
strument (Carl Zeiss Meditec, Oberkochen, Germany) and
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Pentacam (Oculus Optikgerate GmbH, Wetzlar, Germany).
Total SA was determined one month after surgery on a
WASCA instrument (Carl Zeiss Meditec, Oberkochen, Ge-
rmany). Pupil width was measured under lower mesopic
conditions of approx. 1 lux (night vision with clear moon)
(5). The evaluation was directly dependent on pupil wid-
th, i.e. if a pupil was measured at 3.65 mm, the values of
higher-order aberrations were calculated from a zone of
3.5 mm, these zones were graded at 0.5 mm intervals. The
minimum analysed zone in the study was 2.5 mm (pupil
width was 2.65 mm), maximum 5.5 mm (pupil width was
5.66 mm). Only patients of European race were included
in the study. Eyes which manifested any pathology influen-
cing contrast sensitivity were excluded. Visual acuity and
contrast sensitivity were measured with the aid of an au-
tomatic phoropter CV-5000Pro and optotype CC-100XP
(Topcon, Tokyo, Japan). A total of 76 eyes were measured,
of which 60 met the criteria for the study. The content of
the postoperative follow-up examination was monocular
and binocular subjective refraction (only Schéber's test),
measurement of contrast sensitivity, depth of field with
main level of acuity at 40 cm. Measurement of subjective
refraction and affiliated quantities took place with lighting
of approx. 301 lux (28fc). Contrast sensitivity was exami-
ned monocularly on 0.8 row with progressive reduction of
contrast. For example, a resulting value of 1.0 means that
the patient read row 0.8, which had contrast reduced by
50%. The main level of acuity (MLA) for near vision was
set at a distance of 40 cm, in 100% of cases it was attained
with the aid of the addition of +2.50 D. After stipulating the
correct value of addition, DoF was measured. The patient
was asked to fixate on 3 adjacent letters from a row 0.8 of
the Snellen eye chart for near vision (this represents a size

85



Fig. 1: Emmetropic eyes with 6 mm pupil and positive (A), ne-
gative (B) spherical aberration. The peripheral rays are refrac-
ted more than the paraxial. Same eyes after accommodative
miosis (C and D). Elimination of peripheral rays and thereby
also SA causes a hypermetropic (C) and myopic (D) shift. In the
case of B-D there is therefore an improvement of near vision.

of 1 on Jaeger charts). The text was then progressively mo-
ved closer until the patient stated that he/she was no lon-
ger reliably able to distinguish the given letters. The text
was then moved even closer until complete defocussing
of perception took place, and the text was subsequently
moved further away until the patient was again able to fo-
cus on the three letters. An arithmetical average was cal-
culated from these two distance values, and the result was
recorded as the near point with correction for near vision
(Push up test). A similar procedure was applied in order
to determine the far point with correction for near vision,
with the difference that a more distant focus was sought.

Table 1. Descriptive statistics of the whole sample

The resulting value of DoF was equal to the vergence of
the difference of these two distances, and represented the
“pseudo-accommodation” width of the patient's eye with
a single-focus IOL (the depth at which the patient was able
to read row 0.8). Patients were operated on by 3 experi-
enced surgeons. A temporal entry incision with a width of
2.2 mm was always used. Data analysis was conducted in
the STATISTICA 12 program (Statistica, Tulsa, OK, US). Ac-
cording to the frequency and graphic appearance of the
histograms of data, a single-factor ANOVA test was used
for statistical analysis. The statistical significance of the re-
sults was evaluated at a 5% level of significance (p <0.05).

RESULTS

Below we present selected results which we consi-
der the most significant. The values of postoperative
SA, DoF, DCVA and contrast sensitivity are graphically
illustrated. A table with a description is affiliated to
each graph. The value M represents the median of mea-
sured values for the given type of IOL.

DISCUSSION

The preoperative value of corneal SA was 0.10 + 0.06 um,
and did not differ statistically from the postoperative values
(p=0.46). It is therefore possible to state that SA was not
influenced by the surgical procedure upon cataract surgery.
The same conclusion was reached also by T.M. Al-Sayyari (6).
Jian-ping Liu (7) et al. conducted a meta-analysis of 7 studies
examining the difference between a spherical AcrySof Natu-
ral and aspherical AcrySof IQ. Similarly as in our study, they

Reliability | Reliability
Average interval interval
(-95%) (+95%)

o e 85
o | ames | 2m

71.53 75.74 73.00 56.00 99.00
-2.53 -0.84 =IL.25 -10.38 5.25
0.08 0.12 0.09 0.02 0.24
4.33 4.73 4.76 2.65 5.66
4.13 4.51 4.50 2.50 5.50
20.22 21.88 21.50 11.50 26.00
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0.19 0.28 0.20 -0.02 0.66

Abbreviations: SE —spherical equivalent, SA —spherical aberration, IOL — intraocular lens, UDVA — uncorrected distance visual acuity,

CDVA — corrected distance visual acuity, DoF — depth of field
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determined that eyes after implantation of an aspherical
IOL have statistically better contrast sensitivity in mesopic
conditions and a lower value of total postoperative SA than
eyes with spherical 10Ls. They also stated that they did not
find any statistically significant difference in postoperative
visual acuity between these lenses (p=0.137), which differs
from our study (ZCBOO: p=0.048; MX60: p=0.001). Few stu-
dies exist for an assessment of depth of field for near visi-
on between spherical and aspherical 10Ls. The best known
studies are presented and compared by Xian-Hui Gong (8).
These studies differ in their opinion of the effect of SA on

Table 2. Category description of tested sample.
16 20 20 20

ey [

Relative 36.67 26.67 33.33 33.33 3333
frequency

Table 3. Scanning descriptive statistics of the whole sample.

Corneal Pupil
SA average

ZCBOO 0.11pm  4.84 mm

Total Optical

postope- strength
rative SA of IOL

0.11um  19.81D

WO 008um  441mm  026pm  2041D
AU 010pum 436mm 033um  22.83D

Initial values of SA, pupil widths were not significantly statistically
different. Optical strength of IOL was statistically significantly hi-
gher in AABOO implantations in comparison with ZCBOO (p = 0.007)
and MX60 (p=0.038)

DoF. K. Rocha and S. Marcos (4, 9) state that DoF is statisti-
cally higher in the group with higher SA. By contrast, M.R.
Santhiago et al. (10) found no statistically significant corre-
lation between SA and DoF. Xian also agrees with this situa-
tion, as do our results - our study confirmed a statistically
significant difference in the total value of postoperative
SA (ZCBO0O: p <0.000; MX60: p=0.003), while the DoF value
between the groups however was statistically insignificant
(2CBOO: p=0.97; MX60: p=0.51). The aspherical ZCBOO in
fact had a slightly higher DoF value than AAB0O (1.35 D as
against 1.32 D). Secondarily we observed maximum acui-
ty for near distance. In the case of a spherical 10L, visual
acuity in full DoF was relatively constant (row 0.8 virtually
throughout the entire field), in the case of aspherical IOLs
it attained higher maximum values (row 1.0+ in the cent-
re of DoF and also a reduction of visual acuity occurred).
Unfortunately we did not have Snellen eye charts for near
vision for a higher value of vision 1.0, and for this reason
we did not statistically evaluate this matter. However, it is
possible to state that aspherical IOLs probably have a higher
maximum visual acuity than spherical I0OLs also for reading
distance, without reducing DoF.

CONCLUSION
From the measured results and the above informati-

on, it ensues that the choice of an aspherical intraocular
lens is ideal for patients with wide pupils, with a require-
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Postoperative values of spherical aberration
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Graph 1 Box graph of postoperative SA values

Table 4. Statistics of difference of 3 types of IOL for SA.

SA
- Indicated differences are significant on level of p <.050

{1} (M=,106) {2} (M=,263) {3} (M=,326)
ZCBO0O {1} 0,003 0,000

MX60 {2} 0,003 0,345
AABOO {3} 0,000 0,345

Total spherical aberration is postoperatively statistically significa-
ntly lower in the case of aspherical IOLs in comparison with spheri-
cal ones. Nominally ZCB0OO (p<0.000), MX60 (p=0.003).

Box graph of DCVA
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Graph 2. Box graph of postoperative DCVA values

Table 5. Statistics of difference of DCVA for 3 types of IOL.

DCVA
Indicated differences are significant on level of p <.050

{1}(M=1,29)  {2}(M=1,35)  {3}(M=1,19)
ZCBOO {1} 0,375 0,048
MX60 {2} 0,375 0,001
AABOO {3} 0,048 0,001

DCVA is postoperatively statistically significantly higher
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Box graph of depth of field in D grouped type of lens asph ioll

and 38v*60c
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Graph 3. Box graph of postoperative DoF values Box graph of depth
of field in D grouped type of lens asph iol1 and 38v*60c

Table 6. Statistics of difference of DoF for 3 types of IOL.

Depth of fieldin D
Indicated differences are significant on level of p <.050

{1}(M=1,35)  {2}(M=1,19)  {3}(M=1,32)
ZCB0O {1} 0,38 0,97

MX60 {2} 0,38 0,51
AABOO {3} 0,97 0,51

We did not find any statistically significant difference in depth of
field between the three types of IOL.

Table 8. Scanning descriptive statistics of depth of field

20 17.74 3.56 16.08
20 16.08 4.49 13.98
AABOO 20 17.03 3.96 15.17
All groups 60 16.95 4.01 15.91

Overview of DoF values in cm for all three types of IOL.

ment for maximum possible visual acuity and contrast,
and also for patients with a higher dioptric value of the
I0L. Scientific articles written on this issue also menti-
on a benefit in the form of better optical homogeneity,
which is thus an advantage for patients with a decentred
optic system of the eye (loosened suspensory apparatus,
eccentric pupil etc.) (11). Both aspherical 10Ls (ZCBOO,

Box graph of contrast sensitivity

12 T

+

10 ¥
-

06

Contrast
=
[=-]
|
a
|

— Median
125%-75%
T Range of non-remote
© Remote
02 * Extreme

ZCBOO MX60 AABOO + Average

04 o

Graph 4. Box graph of postoperative contrast sensitivity values.

Table 7. Statistics of difference of contrast sensitivity for 3 types of IOL.

Contrast sensitivity
Indicated differences are significant on level of p <.050

{1} (M=1,06)  {2}(M=1,09)  {3}(M=,94)
0,83 0,04
0,83 0,01
0,04 0,01

Average Reliability interval | Reliability interval
g (-95%) (+95%)

19.41 10.00 23.00 17.63
18.18 7.00 26.50 16.00
18.88 10.00 26.00 17.50
17.99 7.00 26.50 17.00

MX60) attained higher values of corrected distance visual
acuity (ZCB0O0: p=0.048; MX60: p=0.001), better contrast
sensitivity in lower mesopic conditions (ZCB0O: p=0.041;
MX60: p=0.012) and lower total postoperative SA (ZCB0O:
p<0.000; MX60: p=0.003) than in the case of the spherical
AABOO. The difference in depth of field for near vision (40
cm) between these IOLs was not statistically significant.
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