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History of IOLs that correct spherical aberration
In a recent review article,1 the potential visual
benefit of aspheric intraocular lenses (IOLs) was addressed. Unfortunately, the historical context of the
development of this important technology was not
properly covered. In my opinion, the article failed to
cite the relevant literature on the basics of aspheric
IOLs and their theoretical limitations. This may prevent the readers from a complete and accurate view
of the problem. As one of the individuals directly involved in the development of the first aspheric IOL,2
together with Sverker Norrby and Patricia Piers, I
would like to briefly summarize how this development actually happened. The initial concept of an
IOL to correct the spherical aberration of the cornea
came from a better understanding of the nature of
the optical aberrations in the young eye and how these
aberrations are modified by aging.
The relative contribution of the cornea and the lens to
the retinal image has attracted the attention of scientists
since Thomas Young in the XIX century. More recently,
in 1973, El Hage and Berny3 measured corneal spherical aberrations using a photokeratoscope and ocular
spherical aberrations using a Foucault knife-edge test.
They observed that the corneal values were more positive than the total eye values, which were the result of
the negative values for the lens spherical aberration. A
coupling of other higher-order aberrations between the
cornea and lens was discovered later.4,5 In addition to
the spherical aberration, horizontal corneal coma is
mostly compensated by the crystalline lens.6,7 This
mechanism in the young eye resembles an aplanatic
optical design,8 in which both spherical aberration
and coma are corrected.
Normal aging degrades the eye’s optical image
quality.9 Whether this change is a consequence of a deteriorated aging cornea or due to changes in the human
lens was an interesting open question, finally elucidated
in the context of the balance of aberrations previously
described. The corneal aberrations seem to be stable
with age,10,11 but the lens12 showed spherical aberration
changes, from negative values in the young lens to more
positive values in the older lens. This favored the hypothesis of a loss of the balance between aberrations of
the cornea and the lens as a consequence of the changes
in the aging human crystalline lens. This was first demonstrated experimentally in a study13 in which corneal
and ocular aberrations as a function of age were

measured simultaneously. The balance of spherical aberration and coma between the cornea and lens present
in younger subjects was disrupted by normal aging.
With this understanding of aberration coupling in
the older eye, we further evaluated the situation in
eyes after IOL implantation. The first experimental
studies of the in vivo optical quality of eyes implanted
with IOLs showed some unexpected results.14 The
objective retinal image quality appeared to be similar
to that in normal patients of the same age. Intraocular
lenses were manufactured with high optical quality
standards,15 having better quality than the isolated
older human lens. However, when these IOLs were
implanted in the eye, the resulting overall quality
was not significantly improved. The compensation of
aberrations in the eye provided an explanation to
this apparent paradox and, more interesting, a potential solution.16 The best IOL would not be a perfect (aberration-free) lens but rather the IOL with aberrations
opposite those of the corneal aberrations, mimicking
the situation in the young crystalline lens. These ideas
opened a new era in the optical design of IOLs.
It should be mentioned that aspheric IOLs had been
suggested earlier,17 but not in the context of a proper
understanding of the compensation of aberration.
The aspheric-optic technology was the platform
optimized to design an IOL with negative spherical
aberration, with a mean value similar to that of the cornea but with the opposite sign (Tecnis IOL, Abbott
Medical Optics). The path to the discovery of this technology is a good example of how better understanding
of the basic optical mechanisms of the eye was used to
improve patients’ quality of vision.
Another important aspect not properly covered in
the review article was the evaluation of the limitations
of spherical aberration–correcting IOLs using customized ray-tracing modeling.18,19 These studies were
initially used to set the ranges of the theoretical optical
improvements. The potential visual benefit of these
types of IOLs, and their limitations, has been
extensively reported in the clinical literature.
Pablo Artal, PhD, FARVO, FOSA
Murcia, Spain
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REPLY:
Although the purpose of our review was to
concentrate on the clinical results showing comparative visual performance after implantation of various
types of spherical and aspheric-surface IOLs, we are
happy to acknowledge that there is substantial additional literature dealing with the balance between corneal and lenticular aberration as a function of age and
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other matters. The studies cited by Artal are of obvious
historical and practical interest; several other groups
have also contributed substantially to developments
in this area but were omitted in the letter.1–9 Precisely
36 years ago, in 1973, El Hage and Berny1 indicated
that the cornea has a positive spherical aberration
that is compensated by the negative spherical aberration of the crystalline lens; but 30 years ago, in 1979,
Millodot and Sivak2 indicated that the compensation
does not occur in every subject (as in fact happens to
occur) and used the technique of submerging the eye
in water to measure internal aberrations. We did not
include those references either since they are not clinical papers comparing both types of IOLs but should
certainly be included in the letter by Artal and not
only his own work.
Undoubtedly, one of the more interesting aspects of
current work is the possibility that customized selection of aspheric IOLs based on corneal aberrations of
the individual eye may result in improved visual performance compared with that following implantation
of a single ‘‘standard’’ IOL design.10 The clinical results
in our review were based on the use of ‘‘standard’’
designs and we hope they will provide a useful
baseline against which customized performance can
be compared.
We appreciate Artal’s interest in our paper. It is gratifying to see that our work stimulates interest and is so
closely inspected.dRobert Montés-Micó PhD, Teresa
Ferrer-Blasco PhD, Alejandro Cervino, PhD
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