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Abstract
Introduction: Additional lenses implanted in the ciliary sul-
cus (AddOn) are one option for permanent correction of re-
fractive error or generate pseudoaccommodation in the 
pseudophakic eye. The purpose of this paper was to model 
the power and magnification behaviour of toric AddOn and 
to show the effect sizes with a Monte Carlo simulation. Meth-
ods: Anonymized data of a cataractous population upload-
ed for formula constant optimization were extracted from 
the IOLCon platform. After filtering out data with refractive 
spherical equivalent (RSEQ) between −0.75 and 0.25 dpt and 
refractive cylinder (RCYL) lower than 0.75, for each of the N 
= 6,588 records, a toric AddOn was calculated which trans-
fers the refraction error from spectacle plane to AddOn 
plane using a matrix-based calculation strategy based on lin-

ear Gaussian optics. The equivalent (AddOnEQ) and toric 
(AddOnCYL) power of the AddOn and the overall lateral 
magnification change and meridional magnification were 
derived for the situations before and after AddOn implanta-
tion, and a linear modelling was fitted for all 4 parameters. 
Results: RSEQ is the dominant effect size in the prediction of 
AddOnEQ and overall change in magnification (ΔM), where-
as the lens position (LP), corneal thickness (CCT), and mean 
corneal radius (CPa) play a minor role. In a simplified model, 
AddOnEQ can be estimated by 0.0179 + 1.4104 RSEQ. RCYL 
and corneal radius difference (CPad) are the dominant effect 
sizes in the prediction of AddOnCYL and the change in me-
ridional magnification (ΔMmer), whereas LP, CCT, CPa, and 
RSEQ play a minor role. In a simplified model, AddOnCYL can 
be predicted by −0.0005 + 0.0328 CPad + 1.4087 RCYL. Myo-
pic eyes gain in overall magnification, whereas in hyperopic 
eyes, we observe a loss. Meridional distortion could be in 
general reduced to 35% on average with a toric AddOn. Con-
clusion: Our simulation shows that with a linear model, the 
equivalent and toric AddOn power, as well as overall change 

This is an Open Access article licensed under the Creative Commons 
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in magnification, meridional distortion before and after  
AddOn implantation, and the reduction in meridional distor-
tion, can be easily predicted from the biometric data in pseu-
dophakic eyes with moderate refractive error.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

With the development of optical biometry in cataract 
surgery and the launch of the IOLMaster as the first opti-
cal biometer in 1999, the reliability of biometric measures 
increased significantly. In contrast to the first biometer 
generation, modern biometers are capable of measuring 
all relevant axial distances such as central corneal thick-
ness (CCT), phakic or pseudophakic aqueous depth, and 
crystalline or artificial lens thickness, as well as the vitre-
ous depth with a high precision. In addition, lens power 
calculation concepts responded to these new measures 
and upgraded by the use of additional parameters, e.g., 
corneal or lens thickness to improve the prediction of an 
appropriate lens power. Some newest generation biome-
ters are even capable of measuring the corneal topogra-
phy instead of keratometry or the curvature of both cor-
neal surfaces using Scheimpflug slit projection or optical 
coherence techniques.

But even with modern biometers and lens power cal-
culation concepts, there are situations where finetuning 
after cataract surgery is required, and AddOn lenses are 
an appropriate solution [1–6]. In situations where the pa-
tient decides for the option of pseudophakic pseudoac-
commodation only after cataract surgery, multifocal  
AddOn provide likewise a sufficient alternative [7–12]. 
Another indication for AddOn could be after TRIPLE or 
new TRIPLE procedure, where the cataractous lens was 
replaced during penetrating keratoplasty or DMEK/
DSAEK [3]. In those cases, the prediction of the appropri-
ate lens power may fail due to the unpredictable or vary-
ing corneal power, and AddOn can be used to correct the 
persisting cylindric and equivalent refraction error [13]. 
In contrast to capsular bag lenses, where the risk during 
manipulation or exchange increases 2–3 months after 
cataract surgery, AddOn can be implanted, manipulated, 
exchanged, or explanted at any time after IOL surgery. 
But, the drawback of this reversibility is that AddOn may 
rotate even months or years after implantation, which 
could induce crossed cylinders and a deteriorated visual 
performance with toric models [14, 15].

In contrast to capsular bag intraocular lenses, the pow-
er of AddOn is not calculated on the basis of standard 

biometric measures [13]. As with phakic lenses, for the 
calculation, we require the refraction at spectacle plane 
which should be corrected, the axial distance between the 
spectacle back vertex and the corneal front vertex (vertex 
distance, VD), and the corneal curvature, as well as the 
axial position of the AddOn in the eye with respect to the 
corneal front vertex (lens position, LP) [16]. The cornea 
could either be considered as thin lens with one refracting 
surface or as thick lens with a corneal front surface and 
back surface curvature, each with equivalent power and 
astigmatism with axis at random. In contrast to capsular 
bag lenses which typically show a significant variation 
with respect to the axial position predicted in the lens cal-
culation formula [11, 17, 18], the variation in axial posi-
tion of an AddOn shows only a minor variation, and we 
are able to predict the axial position of the AddOn from 
the measured pseudophakic anterior chamber depth and 
the axial distance between both IOL (typically between 
0.3 and 0.5 mm). Furthermore, as the refractive power of 
AddOn is typically in the lower range (in contrast to lens-
es in the capsular bag), the variation in axial position is of 
minor relevance [13].

In some clinical settings, the equivalent and toric pow-
er of an AddOn or phakic lens is derived from equivalent 
and cylindrical refraction using a fixed factor. This factor 
might be proper in many situations, but in some cases it 
may fail, and calculation of the AddOn power using a pre-
diction model yields superior results [19–21]. The pur-
pose of this paper is to evaluate the equivalent and toric 
power of AddOn lenses as well as the average and me-
ridional change in object to image magnification by 
means of linear Gaussian optics using matrix algebra and 
to derive linear models with a Monte Carlo simulation to 
evaluate the effect of biometric measures such as refrac-
tion, corneal curvature, and axial length on AddOn posi-
tion.

Methods

Dataset for the Monte Carlo Simulation
From a dataset of 21,340 data of a cataractous population which 

was uploaded for formula constant optimization to the IOLCon 
web-based platform (www.IOLCon.org), we extracted corneal 
front surface curvature data (flat and steep meridian including 
axis, mean radius [CRa], and radius difference [CRad]) as well as 
phakic anterior chamber depth data, axial length data, equivalent 
power of the capsular bag lens, and postoperative refraction data 
considered at spectacle plane (sphere, cylinder, and axis). The 
study was registered at the local ethics committee (Ethikkommis-
sion der Ärztekammer des Saarlandes, Reference No. 157/21). In-
formed consent of the patients was not required.
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From axial length data, phakic anterior chamber depth, and 
equivalent power of the capsular bag lens, we made an estimation 
of the pseudophakic anterior chamber depth. The axial position of 
the AddOn was assumed to be on average 0.4 ± 0.05 mm in front 
of the anterior vertex of the capsular bag lens (for the variation, a 
Gaussian distribution with a standard deviation [SD] of 0.05 was 
assumed).

Corneal front surface curvature was transferred to front surface 
power using corneal refractive index (nC = 1.376) and decomposed 
into equivalent power and astigmatic vector components in Ca0° 
(0°/90°) and Ca45° (45°/135°) [22]. CCT was modelled by a nor-
mally distributed random sequence with a mean of 550 µm and an 
SD of 20 µm. Mean corneal back surface curvature (CRp) was cal-
culated from a front to back surface curvature ratio of 1.214 ± 0.05 
according to the Liou-Brennan model eye and transferred to cor-
neal back surface power using the refractive indices of cornea nC 
and aqueous humour nA. From the astigmatic components Ca0° 
and Ca45°, the respective vector components for the corneal back 
surface (Cp0° and Cp45°) were extracted using a ratio of (nA–nC)/
(nC-1) ± 0.005. Spherical equivalent of refraction (RSEQ), refrac-
tive cylinder (RCYL), and cylinder axis (RA) could be directly ex-
tracted from the postcataract refraction data.

From the entire dataset, we filtered the data used for our lens 
power calculation and Monte Carlo simulation as follows:
• Data where toric capsular bag lenses were implanted were ex-

cluded;
• Data where the RSEQ was within limits (−0.75; 0.25) dpt and 

the RCYL was within limits of (0; 1.0) dpt were not considered, 
as in these situations, implantation of an AddOn is contraindi-
cated.
Finally, N = 6,588 data could be used for our Monte Carlo sim-

ulation.

Calculation of the AddOn
For each data, we performed calculation of a toric AddOn lens 

based on paraxial Gaussian optics using 4 × 4 matrix algebra [13, 
18, 22]. For all refracting surfaces (pseudophakic spectacle correc-
tion, corneal front surface, and corneal back surface), we derived 
4 × 4 refraction matrices, and for all homogeneous optical inter-
spaces (VD, CCT, and LP), we defined 4 × 4 translation matrices. 
From all the refraction and translation matrices, a 4 × 4 system 

matrix was defined. Assuming the aperture stop of the eye being 
located at the AddOn plane LP behind the cornea, we defined the 
chief ray passing through the centre of the aperture [23]. This se-
lection of the chief ray is necessary as the optical system described 
by the 4 × 4 system matrix is uncorrected. In a next step, an optical 
system was set up with the situation after implanting the toric  
AddOn. This system was assumed to transfer the refraction error 
at spectacle plane (before implantation of the AddOn) fully into 
the eye to the LP plane. Again, the 4 × 4 system matrix and the chief 
ray was determined for the postoperative situation, and from the 
system matrices of the preoperative and the postoperative situa-
tion, we extracted the equivalent power (AddOnEQ) and the cy-
lindrical power (AddOnCYL) as well as the implantation axis of 
the toric AddOn lens using an eigenvalue decomposition [23]. 
From the chief ray angle for the situation before and after implan-
tation of the AddOn, we calculated the meridional magnification 
disparity of the optical system for both situations as well as the 
relative object to image magnification change using eigenvalue de-
composition. What we get out is the meridional distortion before 
and after implantation of the toric AddOn as well as the change in 
overall magnification due to transferring the refraction from spec-
tacle plane to the AddOn plane LP.

Evaluation of the Data
The AddOn equivalent power and toric power, the relative 

overall change in magnification due to implantation of the  
AddOn (ΔM in %), and the meridional distortion of the pseudo-
phakic eye before (Mmer pre in %) and after (Mmer post in %) im-
plantation of the toric AddOn, as well as the ratio of meridional 
distortion before to after AddOn implantation (ΔMmer in %), were 
documented for all N = 6,588 data. Then, multivariable linear 
models were set up to describe the equivalent power of the AddOn 
(AddOnEQ) as a function of LP, CCT, CRa, and RSEQ and to de-
scribe the toric power of the AddOn (AddOnCYL) as a function 
of LP, CCT, CRa, CRad, RSEQ, and RCYL, respectively. In addi-
tion, multivariable linear models were derived to predict the rela-
tive change in overall magnification as a function of LP, CCT, CRa, 
and RSEQ and to describe the relative change in meridional mag-
nification as a function of LP, CCT, CRa, CRad, RSEQ, and RCYL 
due to implantation of a toric AddOn lens which transfers the 
refraction error from spectacle plane to LP. All biometric data and 

Table 1. Descriptive data of the AL, pseudophakic ACD, CCT, mean radius of curvature (CR) and radius difference 
between the flat and steep meridian (CRad) of the corneal front surface, RSEQ, and RCYL of the pseudophakic eye 
before implantation of the AddOn lens at spectacle plane

AL, mm ACD, mm CCT, µm CRa, mm CRad, mm RSEQ, dpt RCYL, dpt

Mean 23.83 4.90 542 7.78 0.28 −0.26 1.49
SD 1.65 0.35 27 0.31 0.18 0.71 0.97
Median 23.59 4.90 541 7.78 0.24 −0.25 1.25
Minimum 18.10 3.61 440 6.66 0.00 −2.75 0.00
Maximum 33.04 6.34 651 8.89 1.50 2.12 0.50
CI lower bound 21.39 4.33 498 7.27 0.06 −1.5 0.25
CI upper bound 26.68 5.49 586 8.29 0.61 0.87 3.25

The data refer to arithmetic mean, standard deviation, median, minimum and maximum, and lower and upper 
bounds of the 95% confidence interval.
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power data of the AddOn, as well as magnification data of our da-
taset, were described exploratively using mean, standard devia-
tion, median, and minimum and maximum value, as well as 95% 
confidence interval.

Results

Table 1 shows a listing of the mean value, standard de-
viation, median, and minimum and maximum, as well as 
the 95% confidence intervals, of all biometric parameters 
used for this Monte Carlo simulation for the filtered da-
taset (N = 6,588 cases). The axial length is not used for 
calculation of the AddOn, but is required to derive the 
size of the retinal image. The respective histograms of the 
distributions of parameters except the CCT are displayed 
in Figure 1.

Figure 2 shows the scatterplot with the correlation of 
the axis of RCYL and corneal astigmatism together with 
the fitted kernel distributions separated for low (up to 0.5 
dpt), moderate (0.5–1.0 dpt), high (1.0–2.0 dpt), and ex-
cessive values (more than 2.0 dpt) of RCYL. Cylinder axes 

around 0° (with the rule) or around 90° (against the rule) 
are much more prevalent than cylinder values in oblique 
axes (around 45° or 135°). In the subgroup with low RCYL 
values, the axis of RCYL and the axis of corneal astigma-
tism show much more scatter compared to the groups 
with moderate, high, or excessive RCYL values.

Table 2 lists the results of the AddOn power calcula-
tion as well as the calculation of magnification due to im-
plantation of an AddOn in terms of mean, standard de-
viation, median, range, and confidence interval. A com-
parison of the AddOnEQ with RSEQ and AddOnCYL 
with RCYL explains that the average and cylindrical pow-
er correction at AddOn plane is systematically higher 
compared to the correction with spectacles before Add-
On implantation. For our dataset, the RSEQ before Add-
On implantation was on average slightly myopic, and 
therefore patients on average benefit in magnification 
with AddOn implantation. Due to AddOn implantation, 
the meridional image distortion could be significantly re-
duced on average from 1.81% to 0.68%, and the ratio be-
tween meridional distortions before to after AddOn im-
plantation was on average 2.86. Figure 3 displays the ratio 

Fig. 1. Histograms of the distribution of AL, pseudophakic ACD, CRa, CRad, and SEQ and RCYL of spectacle re-
fraction. AL, axial length; ACD, anterior chamber depth.
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Table 2. Descriptive data of the equivalent power (AddOnEQ) and toric power (AddOnCYL) of the AddOn lens, 
overall change in magnification due to implantation of the AddOn lens (ΔM), meridional distortion in the spectacle 
corrected pseudophakic eye before (Mmer pre) and after implantation of the AddOn lens (Mmer post), and the ratio 
of meridional distortion before to after implantation of the AddOn lens (ΔMmer)

N = 6,588 AddOnEQ, dpt AddOnCYL, dpt ΔM, % Mmer pre, % Mmer post, % ΔMmer, %

Mean −0.35 2.11 0.44 1.81 0.69 2.85
SD 1.99 1.38 1.17 1.17 0.45 1.39
Median −0.34 1.78 0.41 1.55 0.59 2.63
Minimum −3.67 0.00 −3.58 0.01 0.01 0.11
Maximum 3.31 11.65 4.47 10.37 3.91 9.97
CI lower bound −2.04 0.36 −1.44 0.37 0.15 1.10
CI upper bound 1.26 4.73 2.43 4.03 1.55 5.49

The data refer to arithmetic mean, standard deviation, median, minimum and maximum, and lower and upper 
bounds of the 95% confidence interval.

Fig. 2. Scatterplot of the axis of RCYL and the axis of corneal astigmatism grouped for RCYL. For higher values 
of RCYL, the axis of RCYL and the axis of corneal astigmatism coincide much better than for lower values of 
RCYL. The kernel distributions in the plot show that RCYL and corneal astigmatism show the highest prevalence 
with axes around 0/180° (with the rule), followed by axes around 90° (against the rule).
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of meridional image distortion Mmer pre to Mmer post sep-
arated low, moderate, high, and excessive RCYL. The 
benefit towards a meridionally eikonic image (without 
meridional distortion) is much higher with a pre-existing 
high or excessive RCYL compared to a pre-existing low 
RCYL.

Model 1
The multivariable linear prediction model for the 

equivalent power of the AddOn (AddOnEQ) as a func-
tion of LP, CCT, CRa, and RSEQ is defined by Add-
OnEQ = −0.0050 − 0.0269 LP − 0.0272 CCT + 0.0204 
CRa + 1.4103 RSEQ.

The root mean squared error of the fit: 0.0365 and  
R2 = 0.999. The F value/significance level of this fit com-
pared to a constant model was 1.79 e 06/p < 0.0001.

Model 2
The multivariable linear prediction model for the 

overall change in magnification due to the AddOn  
implantation (ΔM) as a function of LP, CCT, CRa, and 
RSEQ is defined by ΔM = −0.0968 + 0.0280 LP + 0.0180 
CCT − 0.0048 CRa − 1.6509 RSEQ.

The root mean squared error of the fit: 0.0279 and  
R2 = 0.998. The F value/significance level of this fit com-
pared to a constant model was 4.20 e 06/p < 0.0001.

Fig. 3. Meridional distortion due to ocular astigmatism with spectacle correction (x axis, before implantation of 
an AddOn lens) and ocular astigmatism corrected with an AddOn lens (y axis, after implantation of an AddOn 
lens). The image distortion is systematically lower with AddOn lenses, especially with high amounts of pre-ex-
isting meridional distortions (with large astigmatism). The blue line indicates that meridional distortion does not 
change due to implantation of an AddOn lens.
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Model 3
The multivariable linear prediction model for the toric 

power of the AddOn (AddOnCYL) as a function of LP, 
CCT, CRa, CRad, RSEQ, and RCYL is defined by AddOn-
CYL = 0.0312 + 0.1601 LP + 0.1643 CCT − 0.1071 CRa + 
0.0198 CRad + 0.0445 RSEQ + 1.4135 RCYL.

The root mean squared error of the fit: 0.0494 and  
R2 = 0.995. The F value/significance level of this fit com-
pared to a constant model was 1.24 e 06/p < 0.0001.

Model 4
The multivariable linear prediction model for the ratio 

of meridional distortion before to after AddOn implanta-
tion (ΔMmer in %) as a function of LP, CCT, CRa, CRad, 
RSEQ, and RCYL is defined by ΔMmer = −0.6654 + 0.1600 
LP + 0.14198 CCT − 0.0170 CRa + 0.0080·CRad − 0.0027 
RSEQ + 1.6490 RCYL.

The root mean squared error of the fit: 0.0379 and  
R2 = 0.991. The F value/significance level of this fit com-
pared to a constant model was 2.87 e 06/p < 0.0001.

The isolated effects of LP, CCT, CRa, and RSEQ on  
AddOnEQ and ΔM are displayed for a better visualiza-
tion in scatterplots in Figure 4 together with the fit lines 
in terms of a minimization of the least squares fit error. 
Even if LP, CCT, and CRa show a statistically significant 
effect, RSEQ dominates the multivariate models 1 and 2, 
and therefore a simplification to AddOnEQ = 0.0179 + 
1.4104 RSEQ (root mean squared fit error: 0.0383) and to 
ΔM = 0.0016–1.651 RSEQ (root mean squared fit error: 
0.0297) seems to be appropriate.

The isolated effects of LP, CCT, CRa, CRad, RSEQ, and 
RCYL on AddOnCYL and ΔMmer are displayed for a bet-
ter visualization in scatterplots in Figure 5 together with 
the fit lines in terms of a minimization of the least squares 
fit error. Even if LP, CCT, CRa, and RSEQ show a statisti-
cally significant effect, RCYL and CRad are the major ef-
fect sizes in the multivariate models 3 and 4, and therefore 
a simplification to AddOnCYL = −0.0005 + 0.0328 RCYL 
+ 1.4087 CRad (root mean squared fit error: 0.0887) and 
to ΔMmer = 0.0013 + 0.0083 RCYL + 1.6482 CRad seems 
to be a sufficient fit (root mean squared fit error: 0.0699).

Fig. 4. Scatterplots with linear regressions 
which explain the isolated effects of the pa-
rameters used in models 1 and 2 for predic-
tion of equivalent power of the AddOn lens 
(AddOnEQ) and overall change on magni-
fication due to implantation of an AddOn 
lens (ΔM). For both models, the spherical 
equivalent outperforms the effect of axial 
LP, CCT, and mean CRa. The fit lines refer 
to the linear fit in terms of minimizing the 
root mean squared fit error.
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Discussion

AddOn lenses are a convenient and effective option to 
correct refractive deviations in pseudophakic eyes. An 
additional benefit of these lenses is their positioning in 
the sulcus ciliaris which allows for an exchange or explan-
tation at any time, and the surgical procedure of implant-
ing or removing this IOL is relatively simple without en-
dangering surrounding structures. In many cases, the 
present refractive error is within a moderate range, and a 
fast and easy method to predict the necessary power for a 
correcting AddOn would be useful. For this purpose, we 
derived linear models by means of linear Gaussian optics 
with a Monte Carlo simulation.

Monte Carlo simulations are statistical methods used 
to analyse the effect of dependent variables on target vari-
ables and to define (simplified) models for a prediction 
based on a large number of cases. As a starting point for 
our study served a large dataset of real clinical data. These 
data were first used to predict missing parameters such as 
the pseudophakic anterior chamber depth for estimation 
of the axial LP. To resemble realistic conditions, we fil-
tered out data where the spherical equivalent was within 
−0.75 and 0.25 dpt and RCYL within 0 and 0.75 dpt. Next, 
data were used to derive the power of an AddOn which 
corrects the eye for emmetropia, which means that spec-
tacle correction of the pseudophakic eye is transferred to 
the AddOn plane.

Fig. 5. Scatterplots with linear regressions which explain the isolated effects of the parameters used in models 3 
and 4 for prediction of toric power of the AddOn lens (AddOnCYL) and the lateral distortion ratio before to af-
ter implantation of an AddOn lens (ΔMmer). For both models, the RCYL and the difference between corneal ra-
dii in both cardinal meridians (CRad) outperform the effect of axial LP, CCT, mean CRa, and SEQ. The fit lines 
refer to the linear fit in terms of minimizing the root mean squared fit error.
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Calculations were performed with linear Gaussian 
optics restricted to the paraxial space using 4 × 4 matrix 
algebra [17, 22]. The principle of the calculation scheme 
used for this Monte Carlo simulation has been already 
presented in previous papers [13]. The respective system 
matrices for the situation before and after AddOn im-
plantation provide beside the equivalent and toric pow-
er (and axis) of the AddOn also lateral magnification in 
both cardinal meridians derived with an eigenvalue de-
composition. As the optical system of the anterior eye 
segment from spectacle to the AddOn plane is uncor-
rected, the rays in the ray bundle will not converge prop-
erly, and therefore a selection of a unique ray (in our 
situation the chief ray) is necessary to get out lateral 
magnification. This chief ray should pass through the 
centre of the aperture which was assumed to be located 
at the AddOn plane. Besides matrix calculation, there 
are several options for calculation such as vergence 
transform or raytracing strategies without restrictions 
to paraxial optics if all refractive surfaces are fully de-
scribed [13, 17, 22].

The characteristics of the dataset used for Monte Car-
lo simulation are described exploratively in Table 1 and 
in Figure 1. In Figure 2, we read directly that for higher 
values of RCYL, the coupling of the axis of RCYL and the 
axis of corneal astigmatism is very high, but for lower 
values, especially for RCYL up to 0.5 dpt, we see a large 
scatter. This scatter is mostly likely a result of measure-
ment uncertainties of subjective refraction and corneal 
shape. It is obvious that due to transformation of the re-
fractive correction from spectacle plane to AddOn plane, 
the spectacle minification is reduced for myopes, and the 
spectacle magnification is reduced for hyperopes as 
shown with the parameter ΔM. But as a consequence, we 
should also notice that meridional distortion as the dif-
ference of lateral magnification in both cardinal meridi-
ans subdivided by the average magnification is system-
atically reduced if a spectacle corrected cylinder is trans-
ferred to AddOn plane. From Figure 3, we see that more 
or less in all cases, meridional distortion could be re-
duced systematically especially with higher values of 
RCYL. On average, the meridional distortion was re-
duced to 1/2.85 = 35% as shown in Table 2 (column with 
ΔMmer).

As we can read out from the scatterplots in Figure 4, 
the axial LP, CCT, and corneal front surface radius (CRa) 
do not play a major role for the prediction of the equiva-
lent power of the AddOn and the change in overall mag-
nification due to implantation of an AddOn. The spher-
ical equivalent of refraction is the dominating effect size 

for prediction of AddOnEQ and ΔM, and therefore a 
simplified prediction model for the AddOn equivalent 
power with AddOnEQ = 0.0179 + 1.4106 RSEQ (with 
intercept) or a simple scaling with AddOnEQ = 1.4022 
RSEQ (without intercept) seems to be rectified.

Figure 5 shows that the axial LP, CCT, and the mean 
corneal front surface radius, as well as spherical equiva-
lent of refraction, do not play a major role in prediction 
of toric power of the AddOn or the change in meridi-
onal distortion. The dominating effect sizes are the dif-
ference of both corneal front surface radii (CRad) and 
the RCYL. Therefore, simplified prediction models for 
AddOnCYL = −0.0005 + 0.0328 CRad + 1.4087 RCYL 
and ΔMmer = 0.0013 + 0.0083 CRad + 1.6482 RCYL 
which include CRad and RCYL only seem to be suffi-
cient.

In general, in contrast to calculation strategies of cap-
sular bag lenses, there are only rare papers on calculation 
of AddOn lenses or phakic lenses [13, 19, 20]. In many 
situations, clinicians use simple scaling factors for deter-
mination of AddOnEQ or AddOnCYL powers around 
1.4, and the present study shows that for the situation of 
AddOn, such a simplification performs quite well in clin-
ical routine. But calculations with such simple scaling 
factor do not consider the individual characteristics of a 
patient and give no insight what happens if a toric Add-
On shows some deviation from the target axis. A calcula-
tion scheme as it is used here considers the preoperative 
refraction (RSEQ, RCYL, and axis) and corneal shape 
(CRa, CRad, and axis), as well as vertex distance (which 
was assumed to be 12 mm in this study) and the predict-
ed LP derived from the pseudophakic anterior chamber 
depth and the vault of the lens. As this calculation scheme 
deals with crossed cylinders, axes of RCYL and corneal 
astigmatism could be at random. And in addition, the 
prediction of overall magnification gain or loss due to 
AddOn implantation as well as the prediction of change 
(decrease) in meridional image distortion due to toric 
AddOn implantation might be a useful tool for patient 
counselling or indication of AddOn.

In conclusion, this Monte Carlo simulation showed 
that prediction of equivalent power and toric power of an 
AddOn could be properly done with simple (multivari-
able) linear models. In addition, these models allow for a 
prediction of change in overall image magnification and 
change in meridional distortion which may assist in pa-
tient counselling and decision-making for AddOn lens 
implantation.
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