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Introduction

The use of toric IOLs for corneal astigmatism has become the gold standard [1, 2].
Hoffmann et al. have shown that corneal astigmatism of 1.5 D and 2.0 D occurs in
approximately 17% and 8% in the cataract population [3]. For the calculation of
toric IOLs, the accurate measurement of the cornea plays a decisive role [4–6].
Therefore, it is strongly recommended to rely on different corneal measurement
techniques.

Posterior Surface of the Cornea

The methods of measuring the cornea can be divided into two groups. Either only
the front surface of the cornea is measured and the influence of the back surface of
the cornea is estimated. This method includes, for example, keratometry (either
from one ring, 2 rings or a telecentric figure [7]) and Placido disc-based procedures.
In the second group, the back surface of the cornea (and the corneal thickness) is
measured as well as the front surface. This measurement is quite susceptible to
interference, however, so eye drops prior to the measurement should be avoided
(except for artificial tears) [8]. Both methods have their advantages and disad-
vantages and the current recommendations from the literature are contradictory
[9–11].
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Estimation of the astigmatism of the posterior surface of the cornea is possible,
because it shows an astigmatism with the rule in approximately 85% of all cases
[12–14]. This results in the following important characteristic: if only the front
surface of the cornea is measured and astigmatism with the rule is found, then the
total astigmatism of the cornea is less than that measured on the front surface. This
is because astigmatism with the rule on the front surface and negative astigmatism
with the rule on the back surface of the cornea cancel [15]. Consequently, if the
astigmatism is against the rule on the anterior surface of the cornea, the total
astigmatism of the cornea is larger than measured purely from the anterior surface.
It is important to note, however, that in the studies, a corneal posterior astigmatism
was defined relatively generously (60°–120°) with the rule, but about 15% of the
patients did not follow this pattern [13, 16].

Due to the different measurement methods, there are also different terms for how
the refractive power of the cornea is represented. These terms include conventional
keratometry (=simulated keratometry, or simK), true net power, total corneal
refractive power and total keratometry (TK). Conventional keratometry (simK) is
based on measuring the anterior corneal surface and the posterior corneal surface is
calculated using a fixed ratio. The other terms measure the total cornea and indicate
the refractive power in different ways. For example, true net power is a measure-
ment of the corneal front and back surface and the refractive power is then cal-
culated using Gaussian optics. Total corneal refractive power uses ray tracing using
Snell's law to determine the total refractive power of the cornea. The TK value is a
modified keratometry parameter that is used specifically for a biometric device and
also describes the total corneal refractive power. The special feature of the TK value
is that it can be directly transferred to any IOL formula without transversion [9].

All calculation models for toric IOLs, where the back surface of the cornea is
estimated, could be replaced in the future as better measurement methods become
available. For example, high-resolution OCT allow significantly better measure-
ments compared to more conventional measurement techniques [5]. In the mean-
time, there are various OCT devices that can produce high-resolution corneal
images (Anterion (Heidelberg Engineering, Germany) [17], Casia ss-1000 [5, 18]
(Tomey, Japan), MS-39 (CSO, Italy)).

It is essential to always use at least 2, better 3, different measurement methods
for the calculation of toric IOLs. There is no gold standard for the fusion of the
different measurements. It is important to repeat the measurements in case of
deviations and to choose undercorrection rather than overcorrection in case of doubt
and, above all, to inform the patient if the different measurement methods differ. As
already mentioned above, tomography also measures the back of the cornea and
therefore a deviation from topographic methods should be expected. It should also
be remembered that differences between different measurement methods often have
a relevant impact on the quality of measurements, such as tear film problems, an
irregular cornea or other problems.
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Formulae for Toric IOLs

Toric IOL power calculation formulae vary depending on the method of mea-
surement used for corneal measurement. Abulafia et al. [16] clearly showed that a
pure measurement of the corneal anterior surface without estimating or measuring
the posterior surface performs significantly worse. In the same study it was shown
that the Abulafia-Koch formula (AK correction) can be used directly for most toric
online calculators to achieve better post-operative toric refraction results (Fig. 1).

An important point is that it would be a mistake to measure and additionally
estimate the posterior corneal surface, as otherwise the posterior corneal surface
would be included twice in the formula. This has to be taken into account, espe-
cially with the companies' online calculators.

Most companies that offer toric IOLs have recently adapted their online calcu-
lators and offer a correction method for the posterior surface of the cornea. In most
cases the AK (Abulafia, Koch [16]) correction (formerly Baylor Nomogram) is
applied to estimate the influence of the posterior surface of the cornea.

Alternatively, the Barrett Toric Calculator on the APACRS website or on the
ASCRS website can be used (Fig. 2). This calculator uses a very similar concept, is
not a correction option for existing other formulae, but rather an independent for-
mula. In the meantime, the Barrett calculator has also integrated the function of
using the measured corneal back surface.

Another alternative is the EVO calculator, which also offers a calculation of toric
IOLs. One advantage of this calculator is that it also offers a calculation of toric
IOLs after myopic LASIK/PRK.

Fig. 1 Abulafia et al. [16] have developed the Abulafia-Koch formula (AK correction). The aim
of this correction is to estimate the influence of the posterior corneal surface and to correct the
resulting error
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Fig. 2 Barrett Toric calculator. a shows a 3 D astigmatism of the corneal anterior surface with the
rule (90°). However, due to the influence of the posterior corneal surface, the total corneal
astigmatism is only 2.17 D (bottom left in the figure). In b the same data are used, only the
astigmatism of the anterior surface is now against the rule (180° instead of 90°). The total corneal
astigmatism has increased to 3.18 D
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Finally, ray tracing concepts are also useful to calculate toric IOLs [19–21]. Ray
tracing concepts are especially relevant for cases after refractive surgery, or if IOL
tilt should be included in the calculation [22]. Another important advantage of ray
tracing is that irregular astigmatism can be better calculated and corrected.

Author’s recommendation

From our point of view, it is essential to measure the back surface of the cornea
with a modern measurement technique, such as OCT. On the one hand, this is to
exclude anticipated corneal ectasia, and on the other hand, to determine the ori-
entation and extent of astigmatism of the corneal surface. In cases where the
posterior corneal surface has a classical orientation with the rule, estimation
methods (AK correction, Barrett toric calculator) can be used, in all other cases it is
better to use the measured value and choose a formula where the measured posterior
corneal surface can also be used.
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