
O R I G I N A L  R E S E A R C H

Comparing Rotational Stability Over Time 
Between Four Monofocal Toric Intraocular Lenses
Peter Hoffmann1, Richard Potvin 2, Robert D Anello3, Fritz Hengerer 4, Gerd Auffarth 5, 
Yves Guldenfels6, Eckart Bertelmann7, Ramon Ruiz Mesa 8, Isaak Fischinger9, Sandra Krawczyk10, 
Berthold Seitz 11, David Antolin-Garcia12, Stefanie Schmickler 13, Louis Hoffart14, 
Thomas Kohnen 15, Alvin S Relucio3

1Augen- und Laserklinik Castrop-Rauxel GmbH, Castrop-Rauxel, Germany; 2Science in Vision, Frisco, Texas, USA; 3HOYA Surgical Optics, Irvine, 
California, USA; 4Augenklinik, Bürgerhospital, Frankfurt, Germansy; 5Universitäts-Augenklinik Heidelberg, Heidelberg, Germany; 6La Clinique Rhena, 
Strasbourg, France; 7Charité – Universitätsmedizin Berlin, Berlin, Germany; 8Clínica OFTALVIST Ophthalmologie in Jerez de la Frontera, Jerez de la 
Frontera, Spain; 9Berlin Eye Research Institute, Berlin, Germany; 10Klinikum Stuttgart – Katharinenhospital, Stuttgart, Germany; 11Universitätsklinikum 
des Saarlandes Klinik für Augenheilkunde, Homburg/Saar, Germany; 12Hospital La Milagrosa Servicio de Ofthalmología, Madrid, Spain; 13Augen- 
Zentrum-Nordwest, Ahaus, Germany; 14Centre Vision Sud, Marseille, France; 15Universitätsklinikum Frankfurt, Frankfurt, Germany

Correspondence: Robert D Anello, HOYA Surgical Optics 110 Progress, Suite 175, Irvine, CA, 92618, USA, Tel +1-909-224-6149,  
Email bob.anello@hoya.com

Purpose: To evaluate the rotational stability of four different monofocal toric intraocular lenses (IOLs) from surgery to 4–6 months 
postoperative.
Methods: This was a subset of data from a prospective multi-center randomized clinical study. High resolution retro-illuminated 
images of eyes implanted with four different toric IOLs were obtained immediately after surgery, and at 1 day, 1 week, 1 month and 
4–6 months after surgery. Fixed scleral features were identified in the surgical image. An independent reading center evaluated the 
orientation of the IOL from all images, based on the angle between the toric axis marks and these fixed scleral landmarks. Rotational 
stability was determined by calculating differences in orientation between visits.
Results: Digital images from 299 eyes implanted with one of the four IOLs were available for analysis. Orientation data were successfully 
determined in about 90% of images. Biometry and IOL orientation were not significantly associated with IOL rotation. The Vivinex lens 
showed the lowest absolute rotation, with a mean value less than 1.5 degrees at all time intervals measured, with a maximum standard 
deviation of 1.4 degrees. The AcrySof lens was next lowest, with an absolute rotation below two degrees for all intervals. Mean absolute 
rotation for the Tecnis lens was significantly higher than for the other IOLs (>2 degrees for all intervals). For the AcrySof and Vivinex lenses, 
there were no reported rotations >10 degrees for any interval; 97% or more of results were <5 degrees, compared to 93% for the AT Torbi 
lens and 90% for the Tecnis lens. Only 6 lenses (4 Tecnis: 8.3%, 2 AT Torbi: 4.3%) had a rotation > 10 degrees at any time point.
Conclusion: Rotational stability appeared excellent for the Vivinex and AcrySof toric IOLs, with slightly more variable performance 
evident with the AT Torbi and Tecnis IOLs.
Keywords: toric, Vivinex™, XY1A, XY1-SP, AcrySof™ SN6ATx, Tecnis™ Toric ZCT, AT Torbi™, rotation, Astigmatism

Introduction
About a third of patients presenting for cataract surgery have corneal astigmatism > 1.0 D,1 all of whom would be likely 
to benefit from the implantation of a toric intraocular lens (IOL) to achieve improvement in UDVA (Uncorrected 
Distance Visual Acuity) and CDVA (Corrected Distance Visual Acuity), respectively. Most manufacturers now include 
toric IOLs in their product lines, in both monofocal and multifocal designs. Evidence indicates that a toric IOL 
appropriately oriented in the eye can provide patients who have corneal astigmatism excellent postoperative visual 
acuity and a significant reduction in their manifest refractive astigmatism.2

A key to the success of toric IOLs is their orientation in the eye. The optimal orientation is arguably the orientation 
that minimizes postoperative refractive astigmatism. Any deviation from this orientation will compromise the 
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effectiveness of the toric IOL, with an approximate 3% loss of intended cylinder correction for each degree of 
misalignment.3 There are two main components that may affect this optimal IOL orientation. The first is the alignment 
of the IOL at the time of surgery, and the second is the rotational stability of the IOL. In analyzing toric IOL 
performance, it is important to distinguish between this toric IOL misalignment and rotational stability.

Toric IOL misalignment occurs at the time of surgery, when the orientation of the toric IOL is not ideal (usually 
determined postoperatively, based on the patient’s refraction). This can be the result of calculation or measurement error, 
inaccurate alignment marking,4 surgically induced changes in the cornea that have not been accurately accounted for,5 or 
effects from the posterior cornea.6 Misalignment can be considered an error independent of the toric IOL implanted.

Rotational stability is a measure of any change in orientation of the IOL from its final operative orientation. In other 
words, rotational stability is not a measure of whether the lens is in the ideal position, but whether the lens stays in the 
orientation at which it was implanted. The term “IOL rotation” is often misused in the literature, leading to confusing and 
erroneous conclusions regarding IOL performance.7 Rotational stability can be affected by material, haptic design, 
incomplete removal of the viscoelastic at the time of surgery, as well as lens characteristics such as lens thickness and 
lens or anterior chamber diameter. While detailed analyses of these factors were beyond the scope of the current study, 
Lin et al provides a good overview of the subject.8 In addition, it is important to note that rotational stability is not 
reliably evaluated by examining clinical outcomes. A perfectly stable IOL may be implanted in an incorrect position – 
stability would be excellent, but the clinical outcome would be compromised.

As early as 1999, surgeons were attempting to use imaging technology to evaluate the rotational stability of toric IOLs.9 

Since that time the technology to evaluate IOL orientation has improved considerably, with high resolution digital 
photography and computer-assisted measurement systems now available.10 The use of ocular features such as scleral 
vessels to better determine the orientation of the lens in the eye, and the orientation of the eye in any captured image 
(compensating for issues such as head tilt or ocular cyclotorsion), has further improved the ability to accurately determine if 
IOL rotation has occurred.11 The combination of identifying fixed scleral features and digital evaluation techniques has 
demonstrated excellent inter-rater and intra-rater reliability and short-term reproducibility. Digital techniques have been 
demonstrated to be more precise than those based on manual techniques such as slit-lamp examination.12

The study results presented here evaluate the rotational stability of four different monofocal toric IOLs, from the 
immediate postoperative period to 4–6 months postoperative.

Methods
The data analyzed here are a subset of the data collected in a study evaluating the clinical performance of four different 
toric IOLs: Vivinex™ Toric (XY1A, XY1-SP, HOYA Surgical Optics, Singapore), AcrySof™ Toric (SN6AT, Alcon, Fort 
Worth, TX, USA), Tecnis™ Toric 1 (ZCT, Johnson & Johnson Surgical Vision, Irvine, CA, USA) and AT Torbi™ (709 
M/MP, Carl Zeiss Meditec, Jena, Germany). The first 3 lenses are made from hydrophobic acrylic materials and feature 
c-loop haptics. The AT Torbi is a hydrophilic acrylic IOL with plate haptics.

The study was a prospective, comparative, multicenter (15 sites across the EU), randomized, open-label, monocular 
design. The study was registered in the German Clinical Trials Register (trial registration number DRKS00015756, 
registered 10/17/2018). All subjects signed an approved informed consent document. The study was conducted in 
a manner consistent with good clinical practice and adhered to the tenets of the Declaration of Helsinki. The study 
was approved by all relevant ethics committees (see Table 1). Data is not available for sharing.

The study included subjects older than 22 years presenting for cataract surgery who were determined to be candidates 
for a toric IOL. All study subjects had to have corneal astigmatism between 0.70 D and 4.50 D in at least one eye 
(equivalent to 1.0 to 6.0 D at the IOL plane). Expected postoperative corrected distance acuity had to be 0.2 logMAR or 
better and the expected postoperative dilated pupil diameter had to be 5.5 mm or greater, to increase the likelihood of 
identifying the toric markings. Exclusion criteria included strabismus, amblyopia, pupil abnormalities (eg, non-reactive, 
fixed pupils, or abnormally shaped pupils), the presence of corneal pathology deemed likely to affect topography and 
subjects with conditions associated with an increased risk of zonular rupture. Any potential subject with acute, chronic, 
or uncontrolled systemic or ocular disease or illness that was considered likely to increase the operative risk or confound 
the outcome of the study was also excluded.
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Table 1 Study Investigators and Ethics Approval Information

Institution/ Address Investigator Ethics Committee Ethics 
Committee 

Approval 
Number

Charité – Universitätsmedizin Berlin 
Augustenburger Platz 113353 BerlinGermany

Prof. Dr. med. 
Eckart 

Bertelmann

Ethikkommission CharitéUniversitätsmedizin 
BerlinCharitéplatz 1 10117 Berlin

EA2/161/18

Klinikum Stuttgart – Katharinenhospital 
(KH)Kriegsbergstraße 6070174 

StuttgartGermany

Prof. Dr. med. 

Dr. Katrin 

Gekeler

Ethik Kommission an der Medizinischen Fakultät 
der Eberhard-Karls-Universitätund am 

Universitätsklinikum TübingenGartenstraße 
4772074 Tübingen

630/2018

Augen- und Laserklinik Castrop-Rauxel 
GmbHMünsterplatz 7D-44575 Castrop- 

RauxelGermany

Dr. med. Peter 

Hoffmann

Ethik-Kommission der Ärztekammer Westfalen- 
Lippe und der Medizinischen Fakultät der 

Westfälischen Wilhelms-Universität Münster 
Gartenstr. 210–21448147 Münster

2018–529-b-s

Augen-Zentrum-NordwestDomhof 1548683 
AhausGermany

Dr. med. 
Stefanie 

Schmickler

Ethik-Kommission der Ärztekammer Westfalen- 
Lippe und der Medizinischen Fakultät der 

Westfälischen Wilhelms-Universität Münster 
Gartenstr. 210–21448147 Münster

2018–529-b-s

Universitäts-Augenklinik HeidelbergIm 

Neuenheimer Feld 
40069120 heidelbergGermany

Prof. Dr. med. 

Gerd Auffarth

Ethikkommission Medizinische Fakultät 
Heidelberg Alte Glockengießerei 11/169115 heidelberg

S-557/2018

Augentagesklinik Spreebogen Berlin 
GbRBerlin Eye Research InstituteAlt- 

Moabit 101 b10559 BerlinGermany

Prof. Dr. med. 
Manfred Tetz

Ethikkommission der Ärztekammer 
BerlinFriedrichstr. 1610969 Berlin

Eth-W-V/2018

Augenklinik, BürgerhospitalNibelungenallee 

37–4160318 Frankfurt am MainGermany

Prof. Dr. med. 

Dr. med. habil. 

Fritz Hengerer

Ethik-Kommission bei der Landesärztekammer 
HessenIm Vogelsgesang 360488 Frankfurt am Main

MC 250/2018

Universitätsklinikum des SaarlandesKlinik 
für AugenheilkundeKirrberger Straße 100D- 
66424 homburg/SaarGermany

Prof. Dr. med. 

Berthold Seitz

Ethikkommission der Ärztekammer des 
Saarlandes Faktoreistrasse 466111 Saarbrücken

Bu-04/19

Universitätsklinikum FrankfurtTheodor- 
Stern-Kai 760590 Frankfurt am MainGermany

Univ.-Prof.Dr. 
med. Thomas 

Kohnen

Ethikkommission des FB Medizin 
Universitätsklinikumder Goethe-Universität 

Theodor-Stern-Kai 760590 Frankfurt am Main

19–337

Clínica OFTALVISTOphthalmologie in 
Jerez de la FronteraAvenida Puerta del Sur s/ 

n11408 Jerez de la FronteraSpain

Ramón Ruiz- 

Mesa MD

CEI de CádizDespacho 817. 8ª PlantaHospital 

Universitario Puerta del MarCadiz, Spain

NA

Hospital La MilagrosaServicio de 
OfthalmologíaCalle Modesto La Fuente 
1428010 MadridSpain

David Antolin 

Garcia MD

CEI de CádizDespacho 817. 8ª PlantaHospital 

Universitario Puerta del MarCadiz, Spain

NA

Centre Vision Sud8 Allée Turcat-Méry13008 
MarseilleFrance

Louis Hoffart 
MD

CPP TOURS Ouest 1Hôpital Bretonneau - CHRU 
TOURS2, boulevard Tonnellé37044 TOURS Cedex 9

2018T2-19

La Clinique Rhena6 rue de l’Église67000 
StrasbourgFrance

Yves Guldenfels 
MD

CPP TOURS Ouest 1Hôpital Bretonneau - CHRU 
TOURS2, boulevard Tonnellé37044 TOURS Cedex 9

2018T2-19
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The analysis of rotational stability was based on the technique described by Schartmüller et al,11 which required 
a high-resolution retro-illuminated image of the dilated eye (with toric IOL markings visible) to be obtained at the end of 
surgery, with the patient in the supine position. The reference for IOL alignment was provided by identifying several non- 
movable landmarks (scleral vessels or Axenfeld loops) on this baseline image. Subsequent images of the toric IOL in the 
eye were obtained at the 1-day, 1-week, 1-month and 4–6-month visits. High-resolution, retro-illuminated digital 
photographs of the study eyes with the subjects in the erect position were taken at the slit lamp. Additional measures 
of interest related to rotational stability were the preoperative biometry (axial length, anterior chamber depth, kerato-
metry), the IOL sphere and toric power, and the planned orientation of the IOL.

The orientation of the IOL at the surgical visit was recorded as the angle between the axis marks of the IOL and the 
identified landmarks of the eye. The orientation of the IOL at subsequent visits was determined in the same manner, 
where the IOL landmarks had to first be identified (using the surgical image as a reference). The IOL orientation at all 
visits was determined by an independent reading center (Li Wang, MD, PhD, Department of Ophthalmology, Baylor 
College of Medicine, Houston, Texas, USA) using a semi-automated software system (MATLAB version R2019a, 
MathWorks, Natick, MA, USA). For any image where the lens orientation could not be determined, a reason was 
provided. With this orientation data, the degree of rotation of the IOL at any visit interval could be calculated, with 
clockwise rotations considered to be positive. Changes in lens orientation were calculated for any two visits when 
a usable image was available for both visits.

The data was analyzed using linear regression techniques for multiple continuous variables, while analysis of variance 
(ANOVA) was used to analyze categorical factors. Statistical significance was set to p = 0.05.

Results
A total of 299 eyes were implanted with one of the four toric IOLs included in the study. Table 2 summarizes the 
availability of evaluable images at the surgical visit and each of the postoperative visits. The lowest and highest 
percentage of follow-up (across all visits) is provided at the end of the table, to indicate that the percentage follow-up 
was consistently high and not materially different between the IOLs. Table 3 summarizes the availability of rotation data 
between visits – it differs from Table 2 in that the rotation data calculation required an evaluable image at both visits. As 
with Table 2, the percentage follow-up is included, showing that 85–98% of eyes had calculated rotation data across the 

Table 2 Availability of Imaging Results

Images Analyzed at Given Time Point Follow up Rate

Lens Model Total eyes Surgery 1 Day 1 week 1 Month 4–6 Months Lowest Highest

Vivinex 162 153 154 158 153 158 94% 98%

AcrySof 41 38 38 38 38 37 90% 93%

Tecnis 47 41 46 44 46 45 87% 98%

AT Torbi 46 44 40 42 44 45 87% 98%

Table 3 Availability of Calculated Rotation Data

Visit Comparisons* Follow up Rate

Lens Model Total eyes V0 - V1 V0 - V2 V0 - V3 V0 - V4 V3 - V4 Lowest Highest

Vivinex 163 145 149 144 150 149 88% 92%

AcrySof 41 35 35 36 37 36 85% 90%

(Continued)
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visits. Again, the follow-up percentages were not materially different between the IOLs. The major factors that 
influenced being able to obtain the IOL orientation at a given visit were pupil size (ie, toric axis markings could not 
be located) and image quality.

The 259 eyes with rotation data for the operative to 1-day visit were analyzed using multiple linear regression to 
determine if biometry had any significant effect on results. Variables included axial length, anterior chamber depth, mean 
keratometry, keratometric astigmatism, IOL sphere power and IOL toric power. Results indicated none of the biometric 
variables investigated was statistically significantly associated with the operative to 1-day rotation for any of the IOLs 
implanted (p > 0.11 in all cases). A factorial ANOVA including IOL and category of astigmatism (against the rule, with 
the rule, oblique) showed no statistically significant effect of astigmatism orientation on results (p = 0.38). A more 
detailed correlation analysis showed that axial length was not significantly correlated with IOL rotation or absolute IOL 
rotation for any of the time periods investigated, for any IOL. For example, Figure 1 shows the Vivinex IOL results by 
axial length for the surgery to 1 week period. IOL sphere power was also not significantly correlated with IOL rotation or 
absolute rotation, except in one instance (AcrySof lenses, absolute rotation from surgery to 1 week, p < 0.05), but this 
result was not considered clinically relevant (all rotations were <4 degrees). Figure 2 shows the Vivinex IOL results by 
IOL power for the surgery to 1 week period.

Figure 1 Scatterplot of absolute rotation (surgery to 1 week) by axial length, Vivinex IOLs.

Table 3 (Continued). 

Visit Comparisons* Follow up Rate

Lens Model Total eyes V0 - V1 V0 - V2 V0 - V3 V0 - V4 V3 - V4 Lowest Highest

Tecnis 46 40 39 41 41 45 85% 98%

AT Torbi 46 39 40 42 43 43 85% 93%

Note: * V0 = surgery, V1 = 1 day, V2 = 1 week, V3 = 1 month, V4 = 4–6 months.
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A Chi-squared test showed that the occurrence of counterclockwise vs clockwise rotation was not statistically 
significantly different for any of the lenses (p > 0.05) between the operative and 1 day visit. To avoid the effects of 
positive and negative rotation values “cancelling out”, the absolute IOL rotation was analyzed. Figure 3 shows the mean 

Figure 2 Scatterplot of absolute rotation (surgery to 1 week) by IOL sphere power, Vivinex IOLs.

Figure 3 Mean calculated absolute rotation from baseline at each time period by IOL type.
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absolute rotation by time and IOL. A repeated measures analysis of variance for the absolute rotation by time and IOL 
showed a statistically significant difference by IOL (p = 0.007), driven primarily by the Tecnis lens (post-hoc testing with 
Tukey’s Honestly Significant Difference test). The Vivinex lens had the lowest absolute rotation observed, with a mean 
less than 1.5 degrees for all time intervals measured. The AcrySof lens was next lowest, with a mean absolute rotation 
below two degrees. The Vivinex lens also showed the lowest variability in results, evident in the smaller 95% confidence 
interval shown.

Figures 4 and 5 show the distribution of the absolute measured rotation in the early postoperative period (surgery to 
one day postop, and surgery to one week postop, respectively). There was a statistically significant difference in absolute 
measured rotation by IOL between surgery and 1-day postop, and surgery and 1-week postop (p < 0.01 in both cases), 
driven by the difference between the results for the Vivinex and Tecnis lenses (post-hoc testing with Tukey’s Honestly 
Significant Difference test).

Stability in the longer postoperative period was also of interest. Figure 6 shows the distribution of the absolute 
measured rotation between the 1 month and 4–6-month visits by IOL. There was a statistically significant difference in 
absolute measured rotation by IOL (p = 0.02), driven by the difference between the results for the Vivinex and AT Torbi 
lenses (post-hoc testing with Tukey’s Honestly Significant Difference test). However, the mean difference in absolute 
rotation between these two lenses was less than 0.5 degrees (Vivinex: 0.6 ± 0.55, AT Torbi: 1.0 ± 0.89). There was only 
one lens that rotated more than 5 degrees in this time interval, a Tecnis lens that exhibited more than 20 degrees of 
rotation between the surgical and one-day visits; this lens was observed to have rotated 5 degrees back towards the 
targeted alignment at the 6-month visit.

The degree of absolute rotation in individual eyes was categorized in 5-degree increments. Results, by IOL and visit 
interval, are shown in Table 4. The AcrySof and Vivinex lenses were the only lenses with no rotations greater than 10 
degrees reported at any visit interval. Furthermore, rotations within 5 degrees for AcrySof and Vivinex were 97% in 
contrast to only 90% and 90.7% for the Tecnis and AT Torbi lenses, respectively. Only six lenses exhibited rotation > 10 
degrees in any of the visit intervals analyzed. One subject with a Tecnis lens had an absolute rotation > 20 degrees at 3 of 
their 5 visits, and one subject with an AT Torbi lens had an absolute rotation > 20 degrees between the operative and 
1-week visits.

Figure 4 Box-whisker plot of the absolute rotation calculated between the surgical and 1-day visits by IOL.
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For all eyes there were 4 secondary surgical interventions. One (AcrySof) involved repositioning a dislocated haptic 
and 3 (Tecnis) involved realignment of the IOL. Two of these latter cases were related to IOL rotation, while one was 
related to an axis transcription error in surgical planning. There were no other serious adverse device effects reported.

Figure 6 Box-whisker plot of the absolute rotation calculated between the 1 month and 4–6 month visits by IOL.

Figure 5 Box-whisker plot of the absolute rotation calculated between the surgical and 1-week visits by IOL.
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Discussion
The analysis here was specifically related to evaluating the rotational stability of different toric IOLs. As the data shows, 
rotational stability of all lenses was very good. For both the Vivinex and AcrySof lenses there were no rotations >10 degrees in 
any time interval investigated; 97% or more of the lenses from these two companies rotated ≤5 degrees. Rotational stability of 
the Tecnis and AT-Torbi IOLs was slightly worse, with several lenses of each IOL model exhibiting rotations > 10 degrees.

Schartmüller et al applied the technique they pioneered, and the one used in the current study (described 
previously),11 to a rotational stability study of a non-toric version of the Vivinex IOL over a 6-month period.13 They 
reported that no IOL rotated more than 5 degrees, which appears consistent with the results found in the current study. 
Mean absolute rotations reported over the time periods they evaluated were 1.5 degrees or less, again consistent with the 
current study. Haptic design, lens diameter and material were not modified; these appear to be the primary factors 
associated with IOL rotational stability. The addition of a toric design element to the Vivinex platform had no apparent 
impact. As previous authors have noted, axial length does not appear correlated to IOL stability.14

Schartmüller et al also evaluated the rotational stability of the non-toric versions of the AcrySof and Tecnis IOLs in 
a separate study, using the same technique.15 Their results appear quite similar to those found for these lenses in the current 
study. Mean absolute rotation results were slightly better for the AcrySof than the Tecnis toric, consistent with the findings 
in the current study. However, they found slightly more outliers (rotations > 10 degrees) for the AcrySof lens than were 
found in the current study. Koshy et al reported higher levels of rotation for the toric version of the AcrySof lens than were 

Table 4 Categorized Distribution of Absolute Rotation Data

Lens Model Window ≤5 Degrees >5 and ≤10 Degrees >10 and ≤15 Degrees >15 and ≤20 Degrees > 20 Degrees

Vivinex V0 - V1 97.2% 2.8%

Vivinex V0 - V2 97.3% 2.7%

Vivinex V0 - V3 97.2% 2.8%

Vivinex V0 - V4 97.3% 2.7%

Vivinex V3 - V4 100.0%

AcrySof V0 - V1 100.0%

AcrySof V0 - V2 100.0%

AcrySof V0 - V3 100.0%

AcrySof V0 - V4 97.3% 2.7%

AcrySof V3 - V4 100.0%

Tecnis V0 - V1 90.0% 2.5% 2.5% 2.5% 2.5%

Tecnis V0 - V2 87.2% 2.6% 7.7% 2.6%

Tecnis V0 - V3 90.2% 4.9% 2.4% 2.4%

Tecnis V0 - V4 90.2% 4.9% 2.4% 2.4%

Tecnis V3 - V4 97.8% 2.2%

AT Torbi V0 - V1 89.7% 7.7% 2.6%

AT Torbi V0 - V2 92.5% 5.0% 2.5%

AT Torbi V0 - V3 92.9% 4.8% 2.4%

AT Torbi V0 - V4 90.7% 4.7% 4.7%

AT Torbi V3 - V4 100.0%

Note: V0 = surgery, V1 = 1 day, V2 = 1 week, V3 = 1 month, V4 = 4–6 months.
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found in the current study.16 While their study incorporated digital photography, head positioning was performed manually, 
to the best of the examiner’s ability, and there was no compensation for cyclotorsion.

Rotational stability of the AT Torbi lens was previously evaluated by Shi et al17 and Bascaran et al.18 In both studies 
there were significantly higher rotations reported than were found in the current study. However, their evaluations were 
based on slit lamp microscopy. Head tilt and cyclotorsion would add considerable variability to the orientation 
measurements with that methodology.

The results in Table 4 and Figures 4–6 corroborate previous observations that rotation primarily occurs in the early 
postoperative period.15,17 One known contributing factor to very early rotation is lack of adhesion to the capsule because 
of retained ophthalmic viscosurgical device (OVD). Thorough irrigation and aspiration of OVD is important to rotational 
stability.19 The changes from 1 to 3 months were less frequent and lower magnitude than those from the surgical visit to 
1 day, particularly for the Tecnis and AT Torbi lenses, where more rotations >5 degrees were observed.

There are some limitations to the current study. First, IOL orientation could not be determined in about 10% of all images due 
to image quality or pupil size issues. Second, outliers or extreme values for IOL rotation are rare, and the subject numbers in the 
current study were limited – a larger data set would be helpful to corroborate the findings here. Third, while some basic biometric 
characteristics were evaluated for correlation to rotational stability, data for more detailed analyses (eg capsular bag size, anterior 
capsule coverage,20 change in lens position21 or capsular bend22) were not available. Detailed surgical information such as 
viscoelastic choice, or wound closure technique was also not available for analysis. Finally, the study included the original design 
of the Tecnis toric IOL. Since this study was conducted, the rotational stability of the Tecnis lens was a recognized concern. The 
lens was redesigned to improve its performance. Stability data for the new lens are available in the literature and appear to be 
better than for the original design.23,24 In addition, Alcon has developed a new material (Clareon™) and is migrating their IOL 
portfolio to this material. Results from a recent study indicate that the rotational stability of the Clareon toric IOL is consistent 
with its predecessor, demonstrating very good postoperative rotational stability.25

Conclusion
High resolution digital photography and computer-assisted analytical techniques are an excellent method to evaluate the 
rotational stability of toric IOLs, provided that stable ocular landmarks are available for reference. These two require-
ments appear necessary for reliable measurement of rotational stability, a similar conclusion to that of Viestenz et al and 
Wolffsohn et al in earlier studies.26,27 Using such techniques, results here indicate that toric IOLs are very rotationally 
stable once implanted. The Vivinex and the AcrySof lenses demonstrated the best overall rotational stability, with 97% of 
all measurements showing less than 5 degrees of rotation, and all measurements showing less than 10 degrees of rotation, 
from baseline orientation at the time of surgery.

Funding
The study was sponsored by HOYA Surgical Optics.

Disclosure
Richard Potvin is a consultant to Alcon and HOYA. Robert Anello and Alvin S Relucio are employees of HOYA Surgical 
Optics. Gerd Auffarth reports grants and/or personal fees from Afidera, Alcon, AMO/Johnson&Johnson, Carl Zeiss 
Meditec, Contamac, Cristalens, Eyebright, Eyedeal, Hanita, Hoya, Oculus, Presbia, Rayner, Teleon, and 1stQ, outside the 
submitted work. Prof. Dr. Thomas Kohnen reports grants from University Clinic Frankfurt, during the conduct of the 
study. The authors report no other conflicts of interest in this work.

References
1. Hoffmann PC, Hütz WW. Analysis of biometry and prevalence data for corneal astigmatism in 23,239 eyes. J Cataract Refract Surg. 2010;36 

(9):1479–1485. doi:10.1016/j.jcrs.2010.02.025
2. Al-Mohtaseb Z, Steigleman WA, Pantanelli SM, et al. Toric monofocal intraocular lenses for the correction of astigmatism during cataract surgery: 

a report by the American Academy of ophthalmology. Ophthalmology. 2024;131(3):383–392. doi:10.1016/j.ophtha.2023.10.010
3. Holladay JT. Residual astigmatism with toric intraocular lens misalignment. J Cataract Refract Surg. 2020;46(8):1208–1209. doi:10.1097/j. 

jcrs.0000000000000273

https://doi.org/10.2147/OPTH.S522728                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Clinical Ophthalmology 2025:19 1354

Hoffmann et al                                                                                                                                                                      

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jcrs.2010.02.025
https://doi.org/10.1016/j.ophtha.2023.10.010
https://doi.org/10.1097/j.jcrs.0000000000000273
https://doi.org/10.1097/j.jcrs.0000000000000273


4. Visser N, Berendschot TT, Bauer NJ, Jurich J, Kersting O, Nuijts RM. Accuracy of toric intraocular lens implantation in cataract and refractive 
surgery. J Cataract Refract Surg. 2011;37(8):1394–1402. doi:10.1016/j.jcrs.2011.02.024

5. Potvin R, Kramer BA, Hardten DR, Berdahl JP. Factors associated with residual astigmatism after toric intraocular lens implantation reported in an 
online toric intraocular lens back-calculator. J Refract Surg. 2018;34(6):366–371. doi:10.3928/1081597X-20180327-01

6. Savini G, Næser K. An analysis of the factors influencing the residual refractive astigmatism after cataract surgery with toric intraocular lenses.  
Invest Ophthalmol Vis Sci. 2015;56(2):827–835. doi:10.1167/iovs.14-15903

7. Patnaik JL, Kahook MY, Berdahl JP, et al. Association between axial length and toric intraocular lens rotation according to an online toric 
back-calculator. Int J Ophthalmol. 2022;15(3):420–425. doi:10.18240/ijo.2022.03.08

8. Lin X, Ma D, Yang J. Insights into the rotational stability of toric intraocular lens implantation: diagnostic approaches, influencing factors and 
intervention strategies. Front Med. 2024;11:1349496.

9. Patel CK, Ormonde S, Rosen PH, Bron AJ. Postoperative intraocular lens rotation: a randomized comparison of plate and loop haptic implants.  
Ophthalmology. 1999;106(11):2190–2195. doi:10.1016/S0161-6420(99)90504-3

10. Shah GD, Praveen MR, Vasavada AR, et al. Software-based assessment of postoperative rotation of toric intraocular lens. J Cataract Refract Surg. 
2009;35(3):413–418. doi:10.1016/j.jcrs.2008.10.057

11. Schartmüller D, Schwarzenbacher L, Schriefl S, et al. Rotational stability of intraocular lenses: a standardized method for more accurate 
measurements in future studies. Am J Ophthalmol. 2021;231:200–207Epub. doi:10.1016/j.ajo.2021.06.006

12. Sandoval HP, Lane S, Slade S, Donnenfeld ED, Potvin R, Solomon KD. Evaluating rotational stability of an extended depth of focus toric 
intraocular lens using a slit lamp and image-based analysis. Clin Ophthalmol. 2020;14:2405–2410. doi:10.2147/OPTH.S272240

13. Schartmüller D, Schriefl S, Schwarzenbacher L, Leydolt C, Menapace R. True rotational stability of a single-piece hydrophobic intraocular lens. Br 
J Ophthalmol. 2019;103(2):186–190. doi:10.1136/bjophthalmol-2017-311797

14. Brar S, Ganesh S, Karegowda M. Clinical outcomes and rotational stability after implantation of a monofocal toric intraocular lens with textured 
haptics in normal versus high axial lengths. J Cataract Refract Surg. 2024;50(7):718–723. doi:10.1097/j.jcrs.0000000000001429

15. Schartmüller D, Schwarzenbacher L, Meyer EL, Schriefl S, Leydolt C, Menapace R. Comparison of long-term rotational stability of three 
commonly implanted intraocular lenses. Am J Ophthalmol. 2020;220:72–81. doi:10.1016/j.ajo.2020.07.019

16. Koshy JJ, Nishi Y, Hirnschall N, et al. Rotational stability of a single-piece toric acrylic intraocular lens. J Cataract Refract Surg. 2010;36 
(10):1665–1670. doi:10.1016/j.jcrs.2010.05.018

17. Shi R, Ma D, Zeng Q, et al. Rotational stability of monofocal and diffractive multifocal toric intraocular lens with identical design and material: 
a propensity score based prospective comparative study. BMC Ophthalmol. 2024;24(1):72. doi:10.1186/s12886-024-03281-4

18. Bascaran L, Mendicute J, Macias-Murelaga B, Arbelaitz N, Martinez-Soroa I. Efficacy and stability of AT TORBI 709 M toric IOL. J Refract Surg. 
2013;29(3):194–199. doi:10.3928/1081597X-20130129-02

19. Núñez MX, Henriquez MA, Escaf LJ, et al. Consensus on the management of astigmatism in cataract surgery. Clin Ophthalmol. 2019;13:311–324. 
doi:10.2147/OPTH.S178277

20. Sasaki K, Eguchi S, Miyata A, et al. Anterior capsule coverage and rotational stability of an acrylic toric intraocular lens. J Cataract Refract Surg. 
2021;47(5):618–621. doi:10.1097/j.jcrs.0000000000000489

21. Na KS, An D, Kim HS, Kim EC. Relation between change of effective lens position and toric IOL rotation after toric IOL implantation. Can 
J Ophthalmol. 2024;60. doi:10.1016/j.jcjo.2024.05.011

22. Chang P, Chen D, Hu B, et al. Effect of capsular Bend on the rotational stability of toric intraocular lens. Eye. 2023;37(3):480–485. doi:10.1038/ 
s41433-022-01964-0

23. Chang DH, Hu J, Miller KM, Vilupuru S, Zhao W. Post-market evaluation of rotational stability and visual performance of a new toric intraocular 
lens with frosted haptics. Clin Ophthalmol. 2022;16:4055–4064. doi:10.2147/OPTH.S389304

24. Osawa R, Sano M, Yuguchi T, Kaiya T, Oshika T. Effects of modified haptics on surgical outcomes and rotational stability of toric intraocular lens 
implantation. J Refract Surg. 2022;38(10):648–653. doi:10.3928/1081597X-20220715-02

25. Schartmüller D, Lisy M, Mahnert N, et al. Rotational stability and refractive outcomes of a new hydrophobic acrylic toric intraocular lens. Eye Vis. 
2024;11(1):25. doi:10.1186/s40662-024-00393-2

26. Viestenz A, Seitz B, Langenbucher A. Evaluating the eye’s rotational stability during standard photography: effect on determining the axial 
orientation of toric intraocular lenses. J Cataract Refract Surg. 2005;31(3):557–561. doi:10.1016/j.jcrs.2004.07.019

27. Wolffsohn JS, Buckhurst PJ. Objective analysis of toric intraocular lens rotation and centration. J Cataract Refract Surg. 2010;36(5):778–782. 
doi:10.1016/j.jcrs.2009.12.027

Clinical Ophthalmology                                                                                                              

Publish your work in this journal 
Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry; 
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care 
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The 
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

Clinical Ophthalmology 2025:19                                                                                                           1355

Hoffmann et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jcrs.2011.02.024
https://doi.org/10.3928/1081597X-20180327-01
https://doi.org/10.1167/iovs.14-15903
https://doi.org/10.18240/ijo.2022.03.08
https://doi.org/10.1016/S0161-6420(99)90504-3
https://doi.org/10.1016/j.jcrs.2008.10.057
https://doi.org/10.1016/j.ajo.2021.06.006
https://doi.org/10.2147/OPTH.S272240
https://doi.org/10.1136/bjophthalmol-2017-311797
https://doi.org/10.1097/j.jcrs.0000000000001429
https://doi.org/10.1016/j.ajo.2020.07.019
https://doi.org/10.1016/j.jcrs.2010.05.018
https://doi.org/10.1186/s12886-024-03281-4
https://doi.org/10.3928/1081597X-20130129-02
https://doi.org/10.2147/OPTH.S178277
https://doi.org/10.1097/j.jcrs.0000000000000489
https://doi.org/10.1016/j.jcjo.2024.05.011
https://doi.org/10.1038/s41433-022-01964-0
https://doi.org/10.1038/s41433-022-01964-0
https://doi.org/10.2147/OPTH.S389304
https://doi.org/10.3928/1081597X-20220715-02
https://doi.org/10.1186/s40662-024-00393-2
https://doi.org/10.1016/j.jcrs.2004.07.019
https://doi.org/10.1016/j.jcrs.2009.12.027
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Funding
	Disclosure

