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� PURPOSE: To evaluate the visual performance and rota-
tional stability of the Tecnis Toric 1-piece intraocular
lens (IOL) during the first 3 postoperative months.
� DESIGN: Prospective, single-center study.
� METHODS: In this study, patients with age-related
cataract and corneal astigmatism of 1.0 to 3.0 diopters
measured with the IOLMaster 500 (Carl Zeiss Meditec
AG) were included. Before surgery, rotating Scheimpflug
scans (Pentacam HR; Oculus) were performed and the
cornea was marked in the sitting position at the slit
lamp. Patients received a single-piece toric hydrophobic
acrylic IOL (Tecnis Toric; AMO). Immediately and
3 months after surgery, retroillumination photographs
were obtained to assess the rotational stability of the
IOL. Additionally, Autorefraction (Topcon), subjective
refraction, uncorrected and distance-corrected visual
acuity, keratometry, and Scheimpflug and ocular wave-
front (WASCA, Carl Zeiss Meditec AG) measurements
were performed at the 3-month follow-up.
� RESULTS: Thirty eyes of 30 patients were included in
this study. Mean absolute difference between the IOL
axis at the 3-month and 1-hour follow-up was 2.7 degrees
(standard deviation, 3.0 degrees). The IOL rotation was
less than 3 degrees and less than 6 degrees in 62% and
95% of all cases, respectively.
� CONCLUSIONS: The Tecnis Toric 1-piece IOL is rota-
tionally stable and shows excellent capsule bag perfor-
mance and refractive outcomes. (Am J Ophthalmol
2014;157:405–411. � 2014 by Elsevier Inc. All rights
reserved.)

M
ANY OF THE FIRST DESIGNS OF TORIC INTRAOC-

ular lenses (IOLs) in the early 1990s showed
an IOL rotation of more than 30 degrees in

one fifth of the patients.1 By contrast, modern toric
IOLs typically show a mean absolute rotation of 3 to 5
degrees,2–4 which would result in a loss of approximately
10% to 15% of the astigmatism-reducing effect of the
toric IOL.

The rotational stability of a toric IOL is determined by
the interaction between the toric IOL and the capsule
bag. The misalignment of the toric IOL, however, depends
on several other factors in addition to rotational stability.
In the current study, misalignment is defined as the differ-
ence between the intended axis of the toric IOL and the
actual axis, measured 3 months after surgery.
During surgery, misalignment can occur because of

cyclotorsion of the eye (resulting from the supine position
of the patient or from peribulbar anaesthesia), imprecision
of the surgeon when positioning the IOL relative to the
intended meridian, or both. Both of these factors can be
controlled more precisely by marking the eye before surgery
with the patient in the sitting position and by diligence on
the part of the surgeon.
After surgery, the IOL may rotate because it is either

undersized for the capsule bag or because of capsule
shrinkage during fibrotic contraction of the capsule bag dur-
ing the postoperative period. Most current IOLs are slightly
oversized for the capsule bag; therefore, the former is
observed rarely andwould bemore likely in long eyes, which
tend to have a larger capsule bag diameter.5,6 However,
capsule bag shrinkage is thought to induce rotation in
IOLs with open-loop haptics because of the asymmetry of
the haptic design. Typical IOL haptic designs that improve
rotational stability are either plate haptic IOLs or special
Z-haptic–shaped open-loop haptics that are designed to
counteract the rotational effect of compression of the
shrinking bag.7,8 Disadvantages are associated with both
of these IOL designs, however. Plate haptic IOLs have an
increased risk of posterior capsule opacification because of
a less effective lens epithelial barrier effect of the optic
edge. Additionally, this design may show more rotation
immediately after surgery because of a shorter haptic
length. The Z-haptic IOL, however, is cumbersome to
implant and is prone to damage during implantation.
With the limitations of current IOL haptic designs in
mind, the aim of the present study was to evaluate the
rotational stability of a novel single-piece hydrophobic
acrylic toric IOL with an open-loop haptic design.

METHODS
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form prior to taking part in the study. In this prospective
study, patients with age-related cataract and corneal astig-
matism were included. The inclusion criteria were cataract
and corneal astigmatism of between 1.0 and 3.0 diopters
(D) on autokeratometry (IOLMaster 500; Carl Zeiss Medi-
tec AG, Jena, Germany). Exclusion criteria included irreg-
ular astigmatism such as forme fruste keratoconus, corneal
scars, phacodonesis, pseudoexfoliation syndrome, trau-
matic cataract, and any other ophthalmic pathologic fea-
tures that may impact postoperative visual function.

The single-piece hydrophobic acrylic toric IOL (Toric
Tecnis; AMO, Abbott Park, Illinois, USA) of the current
investigation has an optic diameter of 6.0 mm and an over-
all diameter of 13.0 mm with open-loop haptics. The optic
is aspherical and has an ultraviolet filter and a 360-degree
sharp optic edge to prevent posterior capsule opacification.

On the day of preoperative assessment, patients under-
went a full ophthalmic examination, and optical biometry
was performed using the IOLMaster 500. Additionally,
corneal topography using a Placido system (Atlas; Carl
Zeiss Meditec AG) and corneal tomography using
Scheimpflug technology (Galilei; Ziemer, Switzerland)
were performed. A toric IOL was implanted only if all
3 methods yielded values that were within 0.5 D and 10
degrees of each other.

Toric power calculation software (AbbottMedical Optics,
USA; available at https://www.amoeasy.com/calc) was used
for calculating the toric power and the meridian for IOL
alignment. A surgically induced astigmatism value of 0.3 D
was entered for calculation, and the steep meridian of the
cornea was used for the incision position. This surgically
induced astigmatism value was determined by using values
collected from a previous study using the Naeser method,
wherein the nontoric model of the same IOL and the same
incision type and size were used.9 In cases where the axial
eye length was 22.0 mm or more, the spherical IOL power
was calculated on the IOLMaster 500 using the SRK-T
(Sanders-Retzlaff-Kraff-theoretical) formula. If the axial
eye length was shorter, the HofferQ formula was used. The
intended postoperative refraction was chosen to be between
0.0 and�0.5 D for the sphere and between�0.1 and�0.5 D
for the cylinder power to avoid axis flip of the astigmatism.

Before surgery, the horizontal meridian was marked with
the patient in the sitting position at the slit lamp. We
ensured that the patient’s head was straight in the chin
rest by focusing the horizontally oriented slit of the slit
lamp at the first Purkinjemeter reflex of the fellow eye,
then moving the slit beam to the study eye without chang-
ing the vertical position of the slit lamp. The marking pro-
cess continued only if the first Purkinjemeter reflex of
both eyes was at the same horizontal level; otherwise, the
patient’s head was repositioned and the process was begun
again. Using an insulin needle, small superficial incisions
were made on the limbus at the 3- and 9-o’clock positions.
Care was taken to center the slit beam on the center of the
pupil for alignment. For better visibility during surgery, the

incisions were highlighted with a sterile blue marking pen.
Finally, the correct position was verified by the observer at
the slit lamp. If one of the markings was slightly off, this was
recorded on the case report form to inform the surgeon
before positioning the corneal marker during surgery.
Surgery was performed under topical anaesthesia in all

cases by 2 experienced surgeons. To ensure uniformity of
the incision axis, a temporal self-sealing incision was
made in every study eye using a 2.8-mm single-bevelled
steel blade. The incision was followed by the injection of
an ophthalmic viscoelastic device (OVD), capsulorrhexis,
phacoemulsification, irrigation and aspiration of cortical
material, and injection of a cohesive OVD (Healon;
Abbott Medical Optics) into the capsular bag as
standard procedure. After aligning a corneal marking ring
(Mendez marker; Duckworth & Kent, Hertfordshire,
United Kingdom) with the preoperative markings, the
planned meridian was marked with blue pen dots. The
IOL was implanted into the capsule bag using the Emerald
AR injector (Abbott Medical Optics). After implantation,
the toric axis was positioned approximately 20 degrees
counter clockwise from the planned meridian by rotating
the IOL. The OVD then was aspirated thoroughly using a
bimanual irrigation/aspiration set. Special care was taken
to remove the OVD completely from behind the IOL by
slightly displacing and tilting it while reaching behind
the optic with the aspiration cannula. After this, the mark-
ings of the toric IOL were aligned to the corneal markings.
A last check for accuracy of placement was carried out after
filling the anterior chamber and hydrating the incisions,
and final alignment was made using the corneal marking
ring and a 30-gauge cannula through a paracentesis.
Retroillumination photography was performed at both 1

hour and at 3 months after surgery with a high-resolution
digital retroillumination imaging system.10 The optical sys-
tem consists of a slit lamp and a fiberoptic cable light source
(Carl Zeiss Meditec AG). This system allows coaxial illumi-
nation and imaging with a digital color camera (Canon
Incorporation, Tokio, Japan, EOS 5D Mark II) connected
to the system. The images were transferred directly to a per-
sonal computer and were saved to the hard disc as image files
(raw format) for later evaluation.11 As during the preopera-
tive marking process, the examiner (N.H., M.W. and S.M.)
assured that both eyes were level and that the patient’s head
positionwas straight before capturing the images. The exam-
iner was masked until the time that photograph was ob-
tained. To ensure that the examiner was masked as long as
possible, the retroillumination photograph was always
performed at the very end of the follow-up examination.
Several follow-up measurements were obtained at the

3-month postoperative examination. These included
autorefraction in IOL mode (Topcon RM 8800; Topcon
Corporation, Tokyo, Japan), subjective refraction using
the cross-cylinder method, IOLMaster 500 keratometry,
unaided and corrected distance visual acuity using a backlit
Early Treatment Diabetic Retinopathy chart at 4 m,
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