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Purpose: The aim of this study was to develop software for the universal objective 
evaluation of factors influencing intraocular correction of astigmatism, such as decentration, 
tilt, axial position and angular orientation the toric intraocular lens (IOL).
Patients and Methods: Software was developed using the MS Visual Studio environment. 
The analysis was presented using images of 67 eyes with an implanted IOLs of the SN6ATx 
model series. Decentration and angular position of the lens were obtained from images of the 
anterior segment of the eye, using a Visucam unit. Tilt was measured on tomographic images 
from OCT Avanti (in meridian of highest tilt and perpendicular meridian) and preoperative 
biometry parameters of eye (axial length, anterior chamber depth – ACD, ocular lens 
thickness – LT, limbus diameter and mean keratometry value) including postoperative 
anterior chamber depth (pACD) were measured using Lenstar LS900.
Results: Applying the software methodology to the evaluation of individual toric IOL 
parameters, the following results were obtained: mean decentration 0.25 ± 0.17 mm which 
was observed in 61.19% of eyes, mean misalignment to the planned axis equal to 3.8 ± 3.6 
degrees, mean highest inclination equal to 3.7 ± 1.2 degrees and mean difference of pACD 
and ACD was equal to 1.46 ± 0.31 mm. There was only a weak nonsignificant correlation 
between preoperative ACD versus decentration and tilt of IOL or a weak significant 
correlation between preoperative LT and both decentration and misalignment of IOL.
Conclusion: The use of the presented methodology for determining the positional 
parameters of the toric IOL provided comparable results with the results of recent 
studies. Software design can be considered as a suitable alternative to previously pub
lished techniques, with the significant advantage of the possibility of using universal 
input images, their graphical editing and especially the possibility of comprehensive 
analysis of all parameters.
Keywords: astigmatism and cataract, toric IOL centration, toric IOL tilt, toric IOL axis 
misalignment

Introduction
Cataract is a curable disease only by surgical removal of the clouded lens and 
implantation of an artificial intraocular lens (IOL). This gives the surgeon a unique 
opportunity to correct the refractive ametropia of the eye for optimal postoperative 
visual acuity and the independence of the glasses at a given distance. However, 
approximately up to 40% of patients diagnosed with cataract also have corneal 
astigmatism at least 1 D.1–5 If such astigmatism is not corrected, the patient will not 
be able to achieve his or her best potential visual acuity without glasses, and will 
partially lose contrast sensitivity, especially in the dark.
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The most effective solution for astigmatism and catar
act in one step is the implantation of a toric intraocular 
lens (TIOL). However, this presents the need to calculate 
the optical power of the IOLs, as well as the power of the 
correction cylinder value and the implant axis. Using 
modern non-suturing surgical techniques, optimised calcu
lation formulas and virtual imaging systems, the surgeon is 
able to achieve the angular orientation of the TIOL in the 
correction axis with an accuracy of 1 degree.

Several studies have reported successful results in 
minimizing postoperative refractive astigmatism. 
Despite a slightly different approach to preoperative 
diagnosis and optimisation of calculations, a small per
centage of eyes can be found in which the residual value 
of astigmatism exceeds a subjectively acceptable value 
up to 0.75 D cylinder. One of the necessary steps in the 
search for the cause of these individual postoperative 
refractive surprises is the evaluation of the positional 
parameters of the lens position in the capsular bag 
(such as axis misalignment) and subsequent estimation 
of their influence on residual astigmatism.6–9 However, 
no conventionally used methodology or comprehensive 
tool is available to obtain and summarize these values to 
determine all positional factors simultaneously. Most 
research on TIOL positioning in the capsular bag is 
limited to developing a methodology for assessing one 
or two parameters, with the procedure adapted only to 
a specific device. Therefore, the aim of this research was 
to design a user-friendly tool to objectively assess all 
positional factors such as decentration, angular orienta
tion, tilt, and axial position of the TIOL. The main 
requirement for the functionality of the custom software 
was the ability to universally use images acquired with 
commonly available visualization devices and to exploit 
this potential to create a free online tool. This study 
presents the design of the proposed tool for obtaining 
numerical outputs of each parameter. Using sample gra
phical outputs and then using the given methodology, 
a statistical evaluation on a set of patients is presented.

Materials and Methods
The design of a software tool for postoperative evaluation 
of positional parameters of the toric IOL was created, 
using the integrated development MS Visual Studio envir
onment with the code language of the Visual Basic (.NET) 
editor. The user has access to tools for graphic editing of 
loaded images (adjusting contrast or brightness, cropping 

an image, creating a negative, etc.) and also to basic 
methods of image segmentation (image thresholding).

The first step is to log the user into the software and 
enter the patient’s credentials, including biometry para
meters of eye, choosing laterality and model or size of 
the optical part of IOL. Then the user has the option to 
choose to enter the individual sections and then upload 
a suitable image for analysis. Evaluating the centring of 
a toric IOL consists of two steps: finding the reference 
point and centre of the optical part of the IOL. The 
reference point can be selected by the user as the centre 
of the visual axis (for example as an approximation by the 
first Purkinje image), centre of pupil or limbus. After basic 
graphical editing (zooming in or out, etc.), the user is able 
to manually mark three points as the boundary of the 
selected reference point and then mark the optical part of 
the IOL. The boundaries are visualised by a triangle 
bounded by a circle (Figure 1, left). The result of the 
decentration is presented as a decentration vector (value 
and direction) due to the knowledge of the diameter of the 
optical part. Determining the angle orientation of the TIOL 
depends on the quality of the image by visualising the 
markers. The user is able to mark two opposite marking 
points determining the angular orientation of the toric IOL, 
and the output will be a graphically displayed orientation 
angle to the horizontal plane (Figure 1, right). The deter
mined angular orientation of the TIOL was compared with 
the planned implant axis and evaluated as a misalignment 
in the following analysis.

The tilt of TIOL was evaluated on a similar principle as 
in the previous angle orientation procedure. For univers
ality of input images, the user has the additional possibility 
of defining the reference plane. First option is choosing 
reference plane himself (for example, in OCT images of 
the anterior segment of the eye by marking the iris plane) 
or use default setting (reference plane is horizontal plane 
of image). For tilt analysis, is necessary to upload at least 
two scans – scan in the critical meridian (choosing the 
meridian with greatest inclination) and the perpendicular 
scan. An example of the measurement result is presented 
in Figure 2.

An additional parameter is the axial position of the IOL 
in the visual axis, which can be determined directly by 
measurement using optical biometry as a parameter of the 
postoperative depth of the anterior chamber (commonly 
called pACD). The user of the proposed software can use 
direct input of this value, or can use graphical measure
ment, as previously mentioned. It is necessary to use scans 
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Figure 1 The resulting vector of decentration (left), the blue point is the centre of the pupil, which is highlighted by the blue circle, the yellow point is the centre of the 
optical part of the IOL, the edge of which is shown by the yellow circle. The decentration vector is determined by the relationship between these two points. The right part 
of the figure presents the determination of the angular orientation (orange line) of the toric IOL with respect to the horizontal plane (shown in green).

Figure 2 The resulting angle of tilt in critical and perpendicular meridians (tilt axis orange, reference plane green). In the upper part of the Figure, the resulting value of 170 ° 
is not intentionally corrected, for the purpose of additional evaluation of the direction of tilt (nasal, temporal).
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of the whole anterior segments of the eye (to define the 
anterior surface of the cornea and the anterior surface of 
the IOL), but with the condition of knowing the dimen
sions of the scale of the image. After all measurements, the 
data are presented as a final report for printing, including 
graphical outputs of the analysed images.

Images of 67 eyes were used to present the resulting 
values of the TIOL positional parameters obtained with the 
custom software. The inclusion criteria were as follows: an 
arthephakic eye underwent cataract surgery with implanta
tion of a toric intraocular lens into a capsular bag, image 
capturing was performed at least 2 weeks after surgery, 
operated by the same surgeon (Sarka Pitrova) and metho
dology, implanted toric IOL from the SN6ATx model line 
(calculated by Barrett Toric Calculator, using Verion 
image guided system for centration to pupil centre and 
axis alignment during surgery), eye without previous or 
postoperative disease or condition directly affecting gra
phically measured parameters, at least 14 days after sur
gery, optimal artificial mydriasis and suitable images for 
analyses.

The following data and captured images were used to 
demonstrate the principle of the tool. Images from 
Visucam 500 unit were used for decentration and angle 
orientation of toric IOL. The reference point for decentra
tion was the centre of the pupil. OCT Avanti with anterior 
module was used for evaluation of IOL tilt in 8 different 
meridians of tomography images of IOL in the frontal 
plane (followed by choosing the critical and perpendicular 
meridians), due to the low depth of the scans, a horizontal 
plane, ie, a plane perpendicular to the fixation axis, was 
chosen as the reference plane. Lenstar LS900 was used to 
determine the biometry parameters of eye. such as axial 
length (AL), ocular lens thickness (LT), limbus diameter 
(WtW), mean keratometry value (K) and especially pre
operative (ACD) and postoperative anterior chamber depth 
(pACD), ie, the axial position of the IOL in the visual axis. 
So the value of pACD was entered manually.

Data obtained using custom software was used for file 
analysis. Decentration, tilt, axial position, and misalign
ment of the angular orientation of the TIOL relative to the 
planned position were evaluated using the maximum, 
minimum, median and mean values including standard 
deviation for patient group. The relationship between the 
IOL positional parameters and the biometry values of the 
eye was evaluated using Pearson’s correlation coefficient.

Results
Custom software and the above methodology were used to 
determine the positional parameters of the TIOL. For this 
study, evaluation of IOL decentration to the centre of the 
pupil was selected. The mean scalar decentration (inde
pendently of the direction of the vector) was 0.25 ± 
0.17 mm (median = 0.21 mm), and the mean vector of 
decentration was equal to 0.04 mm in 139 degrees. 
Decentration up to 0.50 mm was found in 89.55% eyes, 
and in 61.19% it was up to 0.25 mm.

The mean misalignment of the intended and deter
mined angular orientations of the toric IOL was 3.8 ± 
3.6 degrees, and the median was 3.0 degrees, respectively.

In our cases, with the OCT Avanti anterior segment 
module, it is only possible to display an intraocular lens at 
a shallow depth of field (but with 8 different meridians of 
radial scans in one measurement), so the horizontal plane 
perpendicular to the visual axis is set as the reference 
plane. The mean tilt value in the critical meridian (most 
tilted meridian) was observed at 3.7 ± 1.2 degrees 
(median = 3.5 degrees), in the perpendicular direction 0.6 
degrees (median = 0.5 degrees). A maximum value of 10 
degrees was recorded for a single case, the highest fre
quency (33.90%) was set for a tilt of 4 degrees, but 91.5% 
of TIOL was tilted up to 5 degrees. The tilt in the nasal 
direction was defined for 96.6% of eyes, and in 64.4% of 
cases directly in a horizontal scan (180 degrees).

In the case of this study, only directly measured values 
using a Lenstar optical biometer were used. The mean 
pACD was equal to 4.6 mm, and the mean difference 
value between anterior chamber depth before (ACD) and 
after surgery (pACD) was equal to 1.46 mm.

The resulting values, including decentration, measured 
misalignment of intended correction axis, highest tilt 
(called critical), and difference between pre- and post- 
operative ACD and their correlation with the biometry 
parameters of the eye are presented in Table 1.

The finding of the correlations of all determined posi
tional parameters of the toric intraocular lens was corre
lated with biometric values of the eye defined before 
surgery. There was only weak correlation between preo
perative ACD versus decentration (r=0.23, P>0.05) and 
inclination (r=0.23, P>0.05) or weak correlation between 
LT and misalignment (r=0.28, P<0.05) or weak negative 
correlation between LT and decentration (r=−0.31, 
P<0.05).
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Discussion
The software design can be considered as an alternative to 
previously published techniques, with the significant 
advantage of the possibility of using universal input 
images, their graphical modification and especially the 
possibility of complex determination of all parameters.

For 67 eyes, mean values of decentration relative to the 
pupil centre (mean = 0.25 ± 0.17 mm), tilt (3.7 ± 1.2 
degrees), misalignment from intended axis orientation 
(3.8 ± 3.6 degrees) and mean difference of postoperative 
and preoperative ACD (mean diff = 1.46 ± 0.31 mm) were 
determined. A significant weak negative correlation was 
found for preoperative LT and decentration, and a weak 
significant positive correlation for LT and misalignment. 
The other parameters did not reach a significant 
correlation.

There are several studies involving different 
approaches to the methodology and various models of 
IOL. Most of the research has acquired images for evalua
tion of decentralisation and tilt using Scheimpflug imaging 
systems10,11 (SchIS) or the anterior segment OCT12,13 

(ASOCT) imaging system, each with its own customised 
image processing software. Contact measurement meth
ods, such as ultrasonic biomicroscopy14 inducing inaccura
cies due to eyeball deformation or methods using Purkinje 
image reflections (from refractive interfaces) with their 
own software solution or using the Purkinje-meter,15,16 

are not clinically widely used. The simplest method of 
evaluating intraocular lens decentration in ophthalmic 
practice can be determined using a slit-lamp by subjec
tively evaluating the distance between the edges of the 
optical part of the intraocular lens to the edges of the 
pupil in mydriasis.17,18 However, toric IOL alignment 
could also be determined, either subjectively by optical 
cut rotation19 or by image capture and subsequent analysis 
in graphics editors,20,21 or by the alternative use of aber
rometry to separate corneal and lens-induced (respectively 
internal) astigmatism.22

The main factors influencing the change in positional 
parameters of the intraocular lens in the capsular bag are 
the size of the capsulotomy and the design of the intrao
cular lens or haptic.23 Experimental and optical simula
tions of aberrations caused by IOL decentration according 
to Lawu et al24 and Perez-Gracia et al25 or Ashena et al26 

concluded that the critical value of decentration is the limit 
of about 0.50 mm.

The resulting values of decentration and tilt of this 
study (mean dec = 0.21 ± 0.17 mm, mean tilt = 3.7 ± 1.2 
degrees) were compared with the published results of other 
authors (independent of different IOL models and methods 
of measurement and selection of meridian of tilt): Assia 
et al:17 dec <0.50 mm (125 eyes, slit-lamp, pupilar axis) 
tilt not evaluated; Baumeister et al:18 mean dec = 0.19 ± 
1.46 mm for spheric and 0.27 ± 0.16 mm for aspheric IOL 

Table 1 Mean Values and Pearson’s Correlation Coefficients (r) of Determined Positional Parameters of Toric IOL

A Total of 67 Toric IOLs

Decentration [mm] Misalignment [Deg] Tilt [Deg] Δ ACD [mm]

Critical Perpend.

Min 0.01 0.0 1.0 0.0 0.47

Max 0.68 17.0 10.0 2.0 2.26

Mean±sd 0.21 ± 0.17 3.8 ± 3.6 3.7 ± 1.2 0.6 ± 0.5 1.46 ± 0.31

Median 0.21 3.0 3.5 0.5 1.44

AL r = 0.10 r = −0.01 r = −0.18 r = −0.10

ACD r = 0.23 r = −0.06 r = 0.23 r = −0.15

LT r = −0.31 r = 0.28 r = −0.11 r = 0.10

WtW r = 0.08 r = 0.04 r = 0.11 r = −0.03

K r = −0.14 r = 0.06 r = −0.16 r = −0.09

Note: r = Pearson’s correlation coefficient, significant values (P<0.05) are highlighted in bold. 
Abbreviations: AL, axial length; ACD, preoperative anterior chamber depth; LT, ocular lens thickness; WtW, limbus diameter; K, mean keratometry; Δ ACD, difference of 
postoperative and preoperative ACD.
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(21 eyes, slit-lamp, pupilar axis) and mean tilt = 2.89 ± 
1.46 degrees (spheric IOL) and 2.85 ± 1.36; Rosales et al:27 

dec = 0.21 mm and tilt = 1.54 degrees (21 eyes, SchIS); de 
Castro et al:10 dec = 0.228 mm and tilt = 0.243 (12 eyes, 
SchIS, pupilar axis); Wang et al:13 dec = 0.56 ± 0.31 mm 
and tilt = 2.94 ± 0.99 degrees (39 eyes, AS-OCT, pupilar 
plane).

For misalignment comparison with the results of this 
study (mean deviation = 3.8 ± 3.6 degrees), the following 
results of alternative studies were chosen (regardless of the 
length of the postoperative period, only for SN6ATx mod
els): Bauer et al:28 misal. = 3.50 ± 1.90 degrees (53 eyes, 
slit-lamp); Mendicute et al:29 misal. = 3.63 ± 3.11 degrees 
(30, slit-lamp); Mingo-Botin et al:30 misal. 3.65 ± 2.96 
degrees (20 eyes, photo editor); Visser et al:31 misal. = 
3.20 ± 2.80 degrees (67 eyes, slit-lamp); Grohlich et al:32 

misal. = 4.92 ± 4.10 (41 eyes, not technique not specified); 
Zhu et al:33 misal. = 8.83 ± 5.26 degrees (75 eyes, photo 
editor).

Conclusion
Software and methodology for the objective evaluation of 
factors such as decentration, tilt, angular orientation (and 
possibly postoperative axial position) of the toric IOL 
affecting the correction of astigmatism have been success
fully developed. The measured parameters generally cor
respond to the results of alternative methodologies. The 
software can be considered as a suitable alternative for the 
evaluation of the above-mentioned parameters in further 
studies, especially thanks to the possibility of graphical 
analysis using universal input images.
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