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Purpose: To evaluate the postoperative rotational stability of two prototype intraocular lens 
(IOL) designs (subsequently termed version 1 and version 2).
Patients and Methods: A prospective, multicenter, randomized, paired-eye, 6-month study 
evaluated the version 1 and version 2 IOLs. Results were compared with a control IOL 
(TECNIS® toric 1-piece monofocal IOL) evaluated in a separate, similarly designed study. 
Participants aged ≥22 years and scheduled to undergo bilateral cataract extraction were 
randomly assigned 1:1 to receive the version 1 or version 2 IOL in the first operative eye; 
the alternate test IOL was then implanted in the second operative eye.
Results: Mean absolute IOL rotation at postoperative week 1 was the primary effectiveness 
end point. Additional end points included the percentage of eyes with postoperative IOL 
rotation >5°/>10°, direction of lens rotation, surgeon-reported ease of IOL handling during 
implantation, and safety. At postoperative week 1, mean (±standard deviation) absolute IOL 
rotation was significantly lower for both version 1 and version 2 versus control (0.88° 
[±0.94] and 0.71° [±0.69] vs 2.24° [±3.21], respectively; both P < 0.001). For both study 
lenses, absolute rotation was <5° for all eyes at postoperative week 1, and no cases of 
rotation >10° were observed at any postoperative time point. From postoperative week 1 
onward, version 2 had a statistically significant clockwise bias in the direction of rotation 
(P = 0.03); similar findings were observed for version 1. Surgeons reported acceptable ease 
of IOL handling during implantation for both version 1 and version 2. No device-related 
adverse events were reported.
Conclusion: Both the version 1 and version 2 IOLs, each with frosted, squared haptics, 
demonstrated improved postoperative rotational stability compared with a control lens with
out frosted haptics. Because version 2 had the same overall geometry as the current TECNIS 
toric IOL, this design was selected for commercialization.
Trial Registration: German Clinical Trials Register, DRKS00015287.
Keywords: astigmatism, cataract, IOL rotation, surgery, toric IOL

Introduction
In eyes with corneal toricity, toric intraocular lenses (IOLs) reduce postoperative 
astigmatism after cataract surgery, improving uncorrected distance visual acuity 
and providing greater spectacle independence, compared with non-toric IOLs.1 

Correct postoperative positioning and stabilization of toric lenses are critical 
factors in achieving optimal astigmatism correction; each 10° of misalignment 
from postoperative rotation increases residual astigmatism by approximately 
one-third of the correcting cylinder power.2 A deviation of ≥5° may be clinically 
relevant, and a deviation of ≥10° may be an indication for secondary surgical 
intervention.3,4
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The TECNIS Toric 1-Piece (Johnson & Johnson Vision, 
Santa Ana, CA, USA) monofocal IOL is an ultraviolet light– 
absorbing posterior chamber IOL that compensates for cor
neal spherical aberrations and corneal astigmatism.5 Previous 
studies investigating the rotational stability of this 1-piece 
toric IOL have reported postoperative rotation in some 
participants.6–8 Research suggests that in cases of IOL rota
tion, most misalignment occurs within the first hour after 
surgery.8 In a retrospective review of toric IOL rotation data 
collected from a toric back-calculation website, the estimated 
overall rate of postoperative rotation ≥5° for the TECNIS 
toric IOL was low (<2%) but higher than that for the AcrySof 
toric IOL; the TECNIS toric IOL was also found to be biased 
toward counterclockwise rotation.6 Another retrospective 
cohort study also reported a tendency for the TECNIS toric 
IOL to rotate in a counterclockwise direction, with higher 
postoperative mean absolute rotation (3.79° vs 2.72°) and 
fewer cases of small rotation (percentage of eyes with ≤5° 
rotation, 81.8% vs 91.9%; ≤10° rotation, 93.2% vs 97.8%), 
compared with the AcrySof toric IOL.7 However, no signifi
cant difference was found in refractive outcomes (postopera
tive manifest refraction cylinder) or corrected visual acuity 
between these lenses.7

To address the issue of postoperative rotation, several 
prototype IOLs were developed that featured modified hap
tic designs with the goal of reducing the occurrence of large 
IOL rotations following implantation. A new clinical 
method was developed whereby the participants’ eyes 
were photographed with the IOL in its final position imme
diately before discharge from the operating theater and were 
subsequently photographed at the day 1, week 1, month 1, 
and month 6 postoperative visits.9 With custom-image pro
cessing software, the relative difference in orientation of the 
IOL (ie, the amount of lens rotation) was determined 
between operative and postoperative time points.9

The objective of the present 6-month study was to 
evaluate the postoperative rotational stability of two pro
totype IOLs with modified haptic designs (hereafter 
referred to as version 1 and version 2) and to compare 
the stability of a control IOL, which featured the same 
haptic design as the TECNIS toric (ZCT series) lens col
lected from a separate study with a similar study design.

Patients and Methods
Study Design
This 6-month, randomized, paired-eye, multicenter study 
(German Clinical Trials Register, DRKS00015287) was 

conducted at three study sites in Asia Pacific (Asian Eye 
Institute, Manila, Philippines) and Latin America (Laser 
Center, Santo Domingo, Dominican Republic; Centro de 
Oftalmología y Cirugía Plástica, San Salvador, El 
Salvador). All participants were examined through 
6 months after surgery, with a minimum of nine study 
visits: preoperative examination of both eyes, operative 
visit for the first eye, day 1 and week 1 postoperative 
examinations after the first eye surgery, operative visit 
for the second eye (after the day 1 postoperative examina
tion of the first eye but no more than 30 days after the first 
eye surgery), day 1 and week 1 postoperative examinations 
after the second eye surgery, and month 1 and month 6 
postoperative examinations of both eyes. All participants 
provided written informed consent, and each local institu
tional review board approved the study, which was con
ducted in accordance with the Declaration of Helsinki.

Rotation data for both IOL versions in this study were 
compared with rotation data for a control IOL from a separate 
clinical study that was conducted at the same three study sites 
and at four additional sites using a similar study protocol and 
the same methods for measuring rotational stability.

Inclusion and Exclusion Criteria
Participants were included in the study if they were aged 22 
years or older; were scheduled to undergo bilateral cataract 
extraction and implantation of posterior chamber monofocal 
IOLs between +10.0 and +25.0 diopters; were candidates for 
achieving postoperative best-corrected distance visual acuity 
of 20/30 Snellen or better; had clear intraocular media (other 
than cataract) in each eye; were available and willing to 
comply with the study procedures; had not participated in 
any other clinical trial within 30 days before the preoperative 
visit; and provided signed informed consent.

Key exclusion criteria that applied to each eye included 
pupil abnormalities, recent ocular trauma or surgery, pre
vious refractive surgery, increased risk for zonular rupture, 
poorly controlled diabetes, or other ocular or systemic 
disease that might have confounded study outcomes.

Randomization
Participants were randomly assigned in a 1:1 ratio to 
receive either the version 1 or the version 2 test IOL in 
the first operative eye; the alternate IOL was then 
implanted in the contralateral eye. The randomization 
schedule was uploaded into the system by the study spon
sor and was made visible only to site personnel on an 
incremental basis as participants were randomly assigned. 
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Each participant was assigned a lens sequence per the 
randomization schedule within the electronic data capture 
system after signing the informed consent form and after 
meeting all eligibility criteria; the investigator documented 
which eye was to be implanted first based on their standard 
clinical practice (ie, the eye with the worse cataract, poorer 
best-corrected distance vision, and/or more severe optical/ 
visual manifestations). The randomization schedule was 
generated using SAS (SAS Institute, Cary, NC) with 
a block size of 6 (2 investigational lenses × 3 implantation 
orientations) and with lens assignments balanced within 
each block. The randomization schedule defined which 
lens was to be implanted in the first eye, with the alternate 
lens implanted in the fellow eye. Lens orientation was also 
randomized at one of three orientations, where the surgeon 
was to align the lens axis markings (horizontal, vertical, or 
oblique); lens orientation was the same for both eyes of 
each participant. Participants and surgeons were not 
masked to the lens assignment. However, photo-analysts 
were masked to the identity of the study lenses.

Study Intraocular Lens Description
Both test lenses were prototype 1-piece IOLs designed to 
minimize the occurrence of large IOL rotations after implan
tation. Both had the same overall characteristics as the 
TECNIS Toric 1-Piece IOLs (ZCT series) except that they 
featured standard monofocal (ie, non-astigmatic) optics pri
marily to enable faster rates of enrollment and modified 
haptic designs (Figure 1A). Key design differences between 
the version 1 design and the TECNIS toric design were that 
version 1 had frosted haptics and a modified haptic geome
try with a slightly larger overall lens diameter. The key 
design difference between the version 2 design and the 
TECNIS toric design was that the haptics for version 2 
were frosted; however, the overall lens geometry, diameter, 
and haptic shape were otherwise the same as those of the 
TECNIS toric design. The only design difference between 
the control lens and the TECNIS toric lens was that the 
control featured a non-astigmatic monofocal optic. To 
enable measurement of lens rotation, all test and control 
lenses featured four orientation markings adjacent to each 
haptic–optic junction (as in the TECNIS toric design). 
Furthermore, in the control study, all study participants 
had standard monofocal (ie, non-astigmatic) IOLs implanted 
in both eyes. However, results of only the control lens (one 
eye of each participant) were referenced for the purpose of 
this publication.

Surgical Technique
Immediately before surgery, the investigator marked the 
sclera according to standard procedure for a toric lens 
case. For each eye, investigators used their preferred cor
neal marking technique to mark the horizontal (180°), 
oblique (45°), or vertical (90°) axis based on the randomi
zation scheme to enable alignment between intended 
orientation and actual IOL orientation during surgery.

The surgical technique for cataract extraction and IOL 
implantation was identical for test and control IOLs. 
Surgeons used their standard, small-incision surgical technique 
for cataract extraction, which might have included phacoemul
sification/aspiration alone or laser fragmentation combined 
with phacoemulsification/aspiration. IOLs were folded for 
implantation and inserted into the capsular bag using the 
UNFOLDER Platinum 1 Series Implantation System 
(Johnson & Johnson Vision). Following lens insertion into 
the capsular bag, the lens was rotated/positioned to precisely 
align the lens fiducial marks with the intended orientation using 
the axis fiducial marks at each of the haptic–optic junctions of 
the IOL. Once the IOL was positioned appropriately with the 
eye at normal tension, all viscoelastic around the IOL was 
removed, the incision was hydrated, and a scleral bounce test 
—with the surgeon repeatedly pressing on the sclera at the 
approximate location of the haptics with a Weck-Cel (BVI, 
Waltham, MA, USA) or similar surgical instrument and esti
mating the resultant lens rotation—was performed. If the esti
mated lens rotation was >5°, the lens was repositioned, but if 
the rotation resulting from the scleral bounce test was esti
mated to be ≤5°, repositioning was at the discretion of the 
surgeon. In the separate study that investigated the control IOL, 
all surgical procedures were identical to those described above, 
including the scleral bounce test and repositioning criteria.

After each surgical case, surgeons completed 
a questionnaire regarding the ease of IOL handling during 
implantation using their standard preoperative, operative, 
intraoperative, and postoperative medication regimens for 
each eye.

Analysis of Photographs
Figure 1B provides a photographic comparison of frosted 
haptics, as featured in both test IOLs (version 1 and ver
sion 2), and unfrosted haptics, as featured in the con
trol IOL.

At the end of each surgery (regardless of whether 
repositioning was required), ≥3 digital photographs were 
taken of the eye through the surgical microscope with the 
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lens in its final position. Similarly, ≥3 postoperative photo
graphs were taken at 1 day, 1 week, 1 month, and 6 months 
after IOL implantation using a digital camera attached to 
a slit lamp biomicroscope. Care was taken to ensure clear 
visibility in all photographs of the limbal and scleral 
vessels and the lens axis markings.

Paired operative and postoperative study photographs 
were analyzed by two independent photo-analysts masked 
to the origins of the photographs and trained to review and 
analyze photographs using custom image processing soft
ware in MATLAB (MathWorks, Natick, MA, USA). At 
each operative and postoperative time point, each analyst 

Figure 1 Design and characteristic features of the version 1 and version 2 test IOLs and the control IOL (A) and photographic comparison of frosted (left) and unfrosted 
(right) haptics at high magnification (B). 
Abbreviation: IOL, intraocular lens.
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selected the best image of the three photographs captured for 
each eye. To enhance image contrast and detail visibility, 
a Retinex filter was applied. Corresponding ocular landmarks 
were then identified in paired operative and postoperative 
images to register them with respect to ocular orientation. 
Subsequently, the IOL orientation was identified in each 
image by selecting and fitting a line through the IOL mark
ings, and the signed lens rotation was calculated as the 
difference in orientation between the operative and post
operative images. A detailed description of the analysis soft
ware, including results of a validation protocol, has been 
published.9 Photographs were reviewed and excluded from 
analysis if the orientation of the IOL could not be accurately 
determined (ie, due to insufficient pupil dilation resulting in 
the iris obscuring the IOL orientation marks). Data from both 
analysts were combined by averaging the signed rotation 
values from each analyst on a case-by-case basis. If the 
analysts had poor agreement, specifically if the signed rota
tion value from analyst A was not within ±3° of the signed 
rotation value from analyst B, both analysts repeated the 
analysis of that case. Cases were excluded (from photo
graphic analysis only) if agreement to within ±3° could not 
be achieved after a second round of analysis. The methods 
described for photographic analysis were identical to those 
used in the study that investigated the control IOL.

End Points
The primary effectiveness end point was the mean abso
lute IOL rotation at the week 1 postoperative time point. 
This was compared with the mean absolute rotation of 
the control IOL at 1 week. Success was established if 
either of the test IOLs demonstrated a statistically sig
nificant reduction in mean absolute rotation compared 
with the control IOL at the week 1 postoperative time 
point.

Additional study end points included the following: 
percentage of eyes with IOL rotation >5° and >10° 
(relative to operative placement) at each postoperative 
visit; direction of lens rotation; safety as measured by 
complications, adverse event (AE), and serious AE 
(SAE) rates; and surgeon responses to an operative 
questionnaire regarding the ease of IOL handling and 
implantation.

Statistical Analysis
Study sample size assumptions were based on the results of 
previous IOL rotational stability studies. Assuming a 1-sided 
alpha level of 0.05, a standard deviation (SD) of 3.5 for the 

MER000 (control) IOL and 2.1 for the investigational (test) 
IOLs, and a sample size of 135 participants in each IOL 
group, the study was estimated to have 88% power to detect 
a mean difference in absolute IOL rotation between either of 
the test IOLs and the control IOL of ≥1°. As a result, enroll
ment of approximately 193 participants was required to have 
a group of 135 contralateral implantation participants, taking 
into account a dropout/screen failure rate of 30%. However, 
enrollment for this study was stopped early, before that 
number of contralateral implantation participants could be 
reached because the SD values were lower than originally 
estimated, enabling the detection of a given effect size with 
fewer participants.

All analyses were performed on all participants in whom 
the study lens was implanted and who had data available (ie, 
no data were imputed). If a participant discontinued early, 
any data available before study exit were included.

Comparison of the test IOLs with the control IOL for 
mean absolute lens rotation was performed using 
a 1-sided, 2-sample t test (Satterthwaite t test). The 
2-sided Fisher’s exact test was used to compare IOL 
groups for the proportion of eyes with absolute lens rota
tion >5°. A 2-sided, 1-sample t test comparing the mean to 
0 (no directional shift) was used to evaluate mean signed 
rotation. Simple linear regression was used to evaluate the 
effects of axial length on absolute lens rotation. Summary 
statistics were calculated for absolute lens rotation, includ
ing the mean, SD, median, minimum, maximum, and 95% 
confidence interval. The frequency and proportion of eyes 
with medical findings/lens findings/complications/AEs and 
operative questionnaire data were also reported by IOL.

Results
Disposition and Baseline Characteristics
The first surgery was performed on October 16, 2018, and 
the last participant’s final surgery was performed on 
April 26, 2019; the final follow-up visit for the last parti
cipants was on September 21, 2019. In total, 99 eyes were 
implanted with version 1 and 98 eyes with version 2. The 
first eye of one participant was implanted with the version 
1 lens, but the second eye was implanted with a nonstudy 
lens due to a surgical complication. Data for the control 
lens included 124 eyes implanted with the control IOL.

Demographic and baseline characteristics of the partici
pants with the version 1, version 2, and control IOLs were 
generally similar (Table 1). Mean (SD) ages for the version 1, 
version 2, and control groups were 67.5 (8.7), 67.3 (8.7), and 
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66.5 (8.2) years, respectively. In the version 1, version 2, and 
control groups, most participants were female (68.7%, 
69.4%, and 70.2%, respectively) and most were classified 
as “other race” (52.5%, 52.0%, and 35.5%, respectively) or 
Asian (43.4%, 43.9%, and 46.0%, respectively).

Photograph Analysis
Overall, 94% (93/99), 93% (91/98), and 94% (117/124) of 
participants with the version 1, version 2, and control IOLs 
were included in the rotational analysis at postoperative week 
1 (Table 2). To estimate the repeatability of the photographic 
method, a Bland-Altman plot was generated showing the 
average of the month 1 and month 6 signed orientation versus 
the difference between these two time points for each eye 

(Figure 2). When data for both test lenses and the control 
were combined, a total of 274 eyes with signed rotation data 
at both month 1 and month 6 visits were included in this plot. 
The mean difference between time points was –0.21° (0.93), 
with upper and lower 95% limits of agreement of +1.62° and – 
2.04°, respectively. At postoperative month 6, 93% (92/99), 
88% (86/98), and 83% (103/124) of participants with the 
version 1, version 2, and control IOLs were included in the 
rotational analysis. Among the reasons for the exclusion of 
eyes from analysis were that images could not be analyzed 
because of insufficient pupil dilation or other image quality 
issues, the participant discontinued from the study, and analyst 
results were not in agreement to within 3° after repeated 
analysis.

Absolute Lens Rotation
Summary statistics for mean absolute IOL rotation at each 
postoperative time point are presented in Table 3. Boxplots 
of absolute lens rotation from operative to postoperative 
week 1, month 1, and month 6 are shown in Figure 3. At 
postoperative week 1, mean absolute IOL rotation was 
0.71° (±0.69) for the version 2 IOL and 2.24° (±3.21) for 
the control IOL, resulting in a statistically significant dif
ference of −1.53 (P < 0.001) (Table 3; Figure 3A). Similar 
findings were observed for the version 1 IOL, with a mean 
absolute IOL rotation of 0.88° (±0.94) that was signifi
cantly smaller than that of the control at 1 week (differ
ence –1.37; P < 0.001) (Table 4; Figure 3A).

Mean absolute rotations at postoperative month 1 and 
month 6 were 0.99° (±0.95) and 1.08° (±0.97) for the 
version 1 IOL, 0.87° (±0.92) and 1.03° (±1.09) for 
the version 2 IOL, and 2.47° (±3.31) and 2.53° (±3.27) 
for the control IOL (Table 3; Table 4; Figure 3B and C). 
Differences in mean absolute rotation between the test 
IOLs and control remained statistically significant for 
both version 1 and version 2 at the month 1 and month 6 
postoperative time points (all P < 0.001).

Comparing version 1 against version 2, the mean abso
lute IOL rotation was consistently lower for version 2 at 
all postoperative time points; however, this difference was 
not statistically significant at any time point (all P > 0.05) 
(Table 5).

Frequency of Large Rotations
For the version 2 test IOL, absolute rotation was >5° in 
zero eyes at postoperative day 1 and week 1, one (1.2%) 
eye at postoperative month 1, and one (1.2%) eye at post
operative month 6. Similarly, for the version 1 test IOL, 

Table 1 Participant Demographics at Baseline

Version 1 Version 2 Control

N = 99 N = 98 N = 124

Age, years

Mean (SD) 67.5 (8.7) 67.3 (8.7) 66.5 (8.2)

Age group, n (%)

<60 years 15 (15.2) 15 (15.3) 24 (19.4)
60–69 years 43 (43.4) 43 (43.9) 59 (47.6)

70–79 years 35 (35.4) 35 (35.7) 34 (27.4)

≥80 years 6 (6.1) 5 (5.1) 7 (5.6)

Sex, n (%)

Female 68 (68.7) 68 (69.4) 87 (70.2)
Male 31 (31.3) 30 (30.6) 37 (29.8)

Race, n (%)
Asian 43 (43.4) 43 (43.9) 57 (46.0)

Black 3 (3.0) 3 (3.1) 1 (0.8)

White 1 (1.0) 1 (1.0) 22 (17.7)
Other 52 (52.5) 51 (52.0) 44 (35.5)

Ethnicity, n (%)
Hispanic/Latino 57 (57.6) 56 (57.1) 49 (39.5)

Not Hispanic/Latino 42 (42.4) 42 (42.9) 75 (60.5)

Iris color, n (%)

Brown/black 98 (99.0) 97 (99.0) 105 (84.7)
Blue/gray 1 (1.0) 1 (1.0) 15 (12.1)

Green/hazel 0 0 4 (3.2)

Axial length, mm

Mean 23.29 23.33 23.42

SD 0.92 0.92 0.93
Median 23.14 23.21 23.33

Min 21.65 21.75 21.76

Max 26.01 25.93 26.41

Notes: Max, maximum; Min, minimum.
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absolute rotation >5° was reported in zero eyes at 
postoperative day 1 and week 1, one (1.1%) eye at post
operative month 1, and no eyes at postoperative month 6. 
For both version 1 and version 2 IOLs, no cases of rotation 
>10° were observed through 6 months. In the control 
group, absolute IOL rotation >5° and >10° was reported 
in 12 (10.3%) and five (4.3%) eyes at postoperative week 
1, 13 (11.4%) and five (4.4%) eyes at postoperative 
month 1, and 11 (10.7%) and five (4.9%) eyes at post
operative month 6, respectively.

At postoperative week 1, the proportion of cases with 
absolute IOL rotation >5° was significantly lower for both 
version 1 and version 2 relative to control (Fisher’s exact test, 
both P = 0.001). This statistical significance was maintained at 
postoperative month 1 (both P = 0.004) and month 6 
(P = 0.007 for version 2, P = 0.001 for version 1).

Direction of IOL Rotation
For both test and control IOLs, analysis of the mean signed 
lens orientation suggested a small but significant clockwise 
drift in orientation over time (ie, increasingly negative mean 
signed rotation from operative) (Figure 4). This clockwise 
bias in rotation direction was significant for the version 2 
IOL at postoperative week 1 (1-sample t test, P = 0.03) and 
for all IOLs at postoperative month 1 (P = 0.001 for version 
1, P = 0.006 for version 2, P = 0.02 for control IOLs) and at 
postoperative month 6 (P < 0.001 for version 1 and version 
2, P = 0.007 for control IOLs). Although statistically sig
nificant, the magnitude of this drift was small for both 
groups (the maximum mean signed rotation was 1.1° for 
control at 6 months), suggesting that this bias in rotation 
direction was not clinically significant.

Correlation of Signed Rotation Between 
Postoperative Time Points
For version 1, version 2, and control IOLs, the signed IOL 
rotation on postoperative day 1 was highly correlated to 
the signed rotation at future postoperative time points 
(Figure 5A–C), suggesting that most lens rotation occurred 
before the day 1 postoperative visit.

Relationship Between IOL Rotation and 
Axial Length
Figure 6 depicts a scatterplot of absolute IOL rotation at 1 
week compared with axial length at baseline for the ver
sion 1, version 2, and control IOLs. Linear regression 
analysis indicated a trend of increasing IOL rotation with Ta
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greater axial length for the control design; however, this 
was not statistically significant (R2 = 0.01; P = 0.26). 
Additionally, no statistically significant relationship 
between axial length and absolute IOL rotation at 1 week 
was found for either the version 1 (R2 = 0.003; P = 0.60) 
or version 2 (R2 = 0.002; P = 0.67) IOLs. Similar results 
were observed at postoperative month 1 and month 6.

Serious and Device-Related  
Adverse Events
Three SAEs were reported in participants with the version 2 
IOL. Two of these were ocular SAEs (diabetic macular 

edema and hemicentral retinal vein occlusion). The third 
SAE was nonocular: the participant died of an unknown 
cause before the postoperative month 1 visit. None of the 
SAEs were deemed related to the device, and no non- 
serious device-related AEs were reported for either the 
version 1 or version 2 IOLs.

Surgeon Assessment of Ease of IOL 
Handling During Implantation
Surgeon responses to the operative questionnaire for the 
version 1 (n = 99), version 2 (n = 98), and control IOL 
(n = 124) groups are summarized in Figure 7A–E. The 

Figure 2 Bland-Altman plot showing the average of month 1 and month 6 signed orientation versus difference between these time points (month 6 minus month 1 
orientation), by IOL. Mean difference and 95% limits of agreement are shown for test and control IOLs combined. Negative values indicate a clockwise difference in 
orientation between month 1 and month 6 time points. 
Abbreviations: IOL, intraocular lens; LoA, limit of agreement.

Table 3 Comparisons of Mean Absolute IOL Rotations for Version 2 versus Control at Postoperative Day 1, Week 1, Month 1, and 
Month 6

Postoperative Time 
Point

IOL N Mean 
Degrees

SD Median Min Max Lower 
95% CI

Upper 
95% CI

P

Day 1 Version 2 89 0.727 0.753 0.448 0.001 3.298 0.568 0.885 —
Control 117 2.393 3.051 1.424 0.007 15.159 1.835 2.952 —

Difference — –1.667 — — — — –2.247 –1.087 < 0.001

Week 1 Version 2 91 0.713 0.690 0.460 0.006 2.742 0.569 0.856 —
Control 117 2.243 3.211 1.032 0.017 16.800 1.655 2.831 —

Difference — –1.530 — — — — –2.135 –0.926 < 0.001

Month 1 Version 2 86 0.871 0.915 0.537 0.010 6.166 0.675 1.067 —
Control 114 2.466 3.311 1.296 0.026 17.093 1.851 3.080 —

Difference — –1.595 — — — — –2.238 –0.951 < 0.001

Month 6 Version 2 86 1.031 1.094 0.692 0.027 6.354 0.796 1.266 —
Control 103 2.533 3.267 1.460 0.001 17.472 1.894 3.171 —

Difference — –1.502 — — — — –2.180 –0.824 < 0.001

Abbreviations: IOL, intraocular lens; Max, maximum; Min, minimum.
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distribution of responses to the questions was generally 
similar between all three IOLs. For all questions, at least 
79% of surgeon responses were either 4 or 5 for both 
the version 1 and version 2 lenses on a response scale 
from 1 (very difficult) to 5 (very easy). Compared with 
the control design, surgeon responses for the version 2 
IOL suggested that there was a slight increase in lens 
resistance to rotation within the capsule for clockwise 
and counterclockwise rotations during implantation 
(Figure 7B and C), whereas the response distributions 
for version 1 were more similar to those of the control 
IOL for these questions. In response to the item 
“removal of viscoelastic from behind the IOL,” both 
version 1 and version 2 lenses were rated 4 or 5 in 

most cases (Figure 7D). Removal of viscoelastic was 
reported to impact the lens position in fewer cases for 
the test IOLs (“yes” response in 10% of cases for both) 
compared with the control IOL (“yes” response in 15% 
of cases) (Figure 7E).

Discussion
IOL rotation data collected using a photographic test 
method in this study indicated a significant improvement 
in rotational stability for both version 1 and version 2 lenses 
compared with a control lens. For both test lenses, 
a modified haptic manufacturing process resulted in the 
haptics being frosted, whereas for the control lens, 
the haptic surface and shape were identical to those of the 

Figure 3 Boxplot of absolute IOL rotation from operative to postoperative week 1 (A), postoperative month 1 (B), and postoperative month 6 (C). 
Abbreviation: IOL, intraocular lens.
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current TECNIS toric IOL (Table 1). In the case of the first 
test IOL (version 1), the haptic shape was also modified 
such that the overall diameter of the IOL was 0.5 mm larger 
than that of the current TECNIS toric (ZCT series) design. 
For the second test IOL (version 2), the haptic geometry and 
diameter were the same as those of the current TECNIS 
toric IOL (ie, the only difference between version 2 and the 
control IOLs was the frosted and squared haptics). This 
suggests that the significant reduction in postoperative 
IOL rotation observed with both the version 1 and version 
2 IOLs in this study was the result of greater static friction 

between the frosted haptic arms and the capsular bag. The 
lack of statistically significant difference in absolute rota
tion between the version 1 and version 2 designs suggested 
that frosting and squaring the haptics were the most sig
nificant design factors in improving rotational stability, and 
the additional design changes for version 1 (larger overall 
diameter and modified haptic geometry) provided no addi
tional benefit.

Both test IOLs were found to have significantly lower 
mean absolute rotation at the postoperative week 1 time 
point compared with the control IOL, and this trend in 

Table 4 Comparisons of Mean Absolute IOL Rotations for Version 1 versus Control at Postoperative Day 1, Week 1, Month 1, and 
Month 6

Postoperative Time 
Point

IOL N Mean 
Degrees

SD Median Min Max Lower 
95% CI

Upper 
95% CI

P

Day 1 Version 1 92 0.841 0.994 0.517 0.012 4.745 0.636 1.047 —
Control 117 2.393 3.051 1.424 0.007 15.159 1.835 2.952 —

Difference — –1.552 — — — — –2.146 –0.958 < 0.001

Week 1 Version 1 93 0.877 0.939 0.654 0.016 4.719 0.684 1.070 —
Control 117 2.243 3.211 1.032 0.017 16.800 1.655 2.831 —

Difference — –1.366 — — — — –1.984 –0.748 < 0.001

Month 1 Version 1 91 0.989 0.953 0.791 0.004 5.517 0.790 1.187 —
Control 114 2.466 3.311 1.296 0.026 17.093 1.851 3.080 —

Difference — –1.477 — — — — –2.121 –0.833 < 0.001

Month 6 Version 1 92 1.079 0.972 0.821 0.023 4.633 0.878 1.280 —
Control 103 2.533 3.267 1.460 0.001 17.472 1.894 3.171 —

Difference — –1.454 — — — — –2.122 –0.786 < 0.001

Abbreviation: IOL, intraocular lens; Max, maximum; Min, minimum.

Table 5 Comparisons of Mean Absolute IOL Rotations for Version 1 versus Version 2 at Postoperative Day 1, Week 1, Month 1, and 
Month 6

Postoperative Time 
Point

IOL N Mean 
Degrees

SD Median Min Max Lower 95% 
CI

Upper 95% 
CI

P

Day 1 Version 1 92 0.841 0.994 0.517 0.012 4.745 0.636 1.047 —
Version 2 89 0.727 0.753 0.448 0.001 3.298 0.568 0.885 —

Difference 87 0.082 — — — — –0.175 0.339 0.5260

Week 1 Version 1 93 0.877 0.939 0.654 0.016 4.719 0.684 1.070 —
Version 2 91 0.713 0.690 0.460 0.006 2.742 0.569 0.856 —
Difference 89 0.170 — — — — –0.045 0.385 0.1240

Month 1 Version 1 91 0.989 0.953 0.791 0.004 5.517 0.790 1.187 —
Version 2 86 0.871 0.915 0.537 0.010 6.166 0.675 1.067 —

Difference 84 0.080 — — — — –0.164 0.323 0.5164

Month 6 Version 1 92 1.079 0.972 0.821 0.023 4.633 0.878 1.280 —
Version 2 86 1.031 1.094 0.692 0.027 6.354 0.796 1.266 —
Difference 84 0.040 — — — — –0.239 0.319 0.7766

Abbreviation: IOL, intraocular lens.
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favor of the test lenses was maintained at the postoperative 
month 1 and month 6 time points for both version 1 and 
version 2. The mean absolute rotation for both test IOLs 
tended to be lower than previously reported for the 
TECNIS toric IOL (1° to 5°),7,8,10 the AcrySof toric IOL 
(Alcon Laboratories, Inc., Fort Worth, TX, USA) (1.5° to 
4.5°),7,11,12 and the enVista Toric IOL (Bausch+Lomb, Inc. 
Rochester, NY, USA) (1.11°).13 Additionally, no cases of 
lens rotation >5° were observed for either test IOL through 
1 week of postoperative follow-up in this study; mean 
absolute rotation was low at both the postoperative day 1 
(0.84° and 0.73°) and week 1 (0.88° and 0.71°) time 
points, respectively. For both test IOLs, no more than 
one eye was found to have absolute rotation >5° at either 
the postoperative month 1 or month 6 time points—that is, 
at least 98.8% of eyes had absolute rotation of <5° from 
1 month onward, indicating that both test IOLs provided 
acceptable long-term rotational stability. Previous studies 
that have investigated a range of toric IOL designs have 
reported comparable findings.3,8,12,14,15 In a study evaluat
ing four TECNIS Toric IOLs from the ZCT series 
(ZCT150, ZCT225, ZCT300, and ZCT400), pooled data 

for all four lenses demonstrated a mean absolute rotation 
of 2.70° (±5.51°) between postoperative day 1 and 
month 6.15 It is important to note that in that study, base
line photographs for rotational analysis were captured at 
postoperative day 1, whereas in the present study, baseline 
photographs were captured during the operative visit 
immediately before the participant was discharged from 
the operating room. Using the operative photograph as 
a baseline, the signed rotation at postoperative day 1 was 
highly correlated with the signed rotation at future time 
points for both test and control lenses in this study, sug
gesting that most lens rotation occurred before the 
postoperative day 1 visit. This finding is in agreement 
with results published by Inoue et al,8 in which IOL 
rotation was greatest within 1 hour following surgery for 
the TECNIS toric IOL. It is also congruent with the results 
of a study by Schartmüller et al,3 in which rotation of the 
Vivinex XY1 IOL (Hoya Corporation, Tokyo, Japan) was 
significantly greater within the first hour following implan
tation than at later time points.3 Similar results have been 
published by Miyake et al12 for the AcrySof (Alcon) toric 
IOL, in which IOL rotation was analyzed from 1 day to 2 

Figure 4 Mean signed IOL rotation from operative to postoperative day 1, week 1, month 1, and month 6 for the version 1, version 2, and control IOLs. Negative values 
indicate clockwise rotation, as observed from a slit lamp. Error bars represent 95% CIs of the mean values. 
Abbreviation: IOL, intraocular lens.
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years postoperatively, and it was found that the greatest 
IOL rotation occurred within 1 day following surgery.

In the current study, one case of lens rotation >5° was 
reported for both the version 1 and version 2 IOLs. For 
version 2, the absolute rotation was 6.2° at 1 month, 
which was double the next highest amount of lens rotation 
reported at this time point for this lens (3.1°). At 6 months, 
absolute rotation for this participant remained stable at 
6.4°. The investigator noted that this lens was not well 
situated within the capsular bag, with the superior edge of 
the IOL reported to be sitting in front of the anterior 
capsule at a postoperative visit; thus, the rotation observed 
in this case might have resulted from the nonstandard 
positioning of the IOL. For the version 1 case with rota
tion >5° at 1 month, the absolute rotation was 4.6° at 1 
week, 5.5° at 1 month, and 4.6° at 6 months, suggesting 

that this 1-month datapoint was the result of stochastic 
noise inherent to the photographic analysis method.

A small but statistically significant clockwise bias in 
the direction of lens rotation was observed at the post
operative week 1 time point for the version 2 lens and at 
the postoperative month 1 and month 6 time points for 
both test lenses and the control lens. These findings are in 
contrast to previous reports suggesting a counterclockwise 
bias for the TECNIS toric IOL.6,7 However, the mean 
signed rotation for all models at all time points was 
small; the largest mean signed rotation was –1.1° at 
6 months for the control lens and was thus not considered 
clinically significant.

In a previous case series assessing the rotational 
stability of the AcrySof toric IOL in 168 eyes by Shah 
et al,11 a strong positive correlation was found between 

Figure 5 Scatterplots of signed IOL rotation at postoperative day 1 versus week 1 (A), postoperative day 1 versus month 1 (B), and postoperative day 1 versus month 6 (C). 
Abbreviation: IOL, intraocular lens.
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absolute IOL rotation and axial length (r = 0.93; 
P < 0.001), that is, toric IOL rotation tended to be 
greater in eyes with longer axial length.11 As shown in 
Figure 5, data for the control lens in this study follow 
the same trend; however, linear regression indicated that 
this correlation was not statistically significant, nor was 
any significant correlation evident for either of the test 
lenses. The range of axial lengths of eyes in this study 
(range, 21.8–26.4 mm) was considerably smaller than 
that evaluated by Shah et al11 (range, 19.5–29.0 mm); 
thus, the lack of significance in this study may have 
been the result of a smaller effect size.

Surgeon responses to the postoperative question
naire suggest that the version 2 design offered slightly 
greater resistance to positioning in both clockwise and 
counterclockwise directions, whereas the responses to 
these questions for the version 1 IOL were more simi
lar to those for the control IOLs. The responses also 
suggested that both test lenses were less likely to be 
impacted by the removal of viscoelastic from behind 
the lens than the control lens. Collectively, the 

questionnaire and rotation data for these IOLs suggest 
a balance between rotational stability and ease of rota
tion during surgery—ie, that greater resistance to posi
tioning during surgery may be correlated to better 
postoperative stability.

This study was conducted at three sites in Asia Pacific 
and Latin America, resulting in a predominantly Asian or 
“other” race participant population. Although this may 
limit the generalizability of the results of this study, to 
our knowledge there is no empirical evidence in the litera
ture of racial or ethnic differences having an impact on 
rotational stability as a function of differences in ocular 
anatomy. Therefore, the results of this study are thought to 
be generalizable to other populations. Although data for 
the control IOL were obtained from a separate trial, the 
demographics of participants were comparable for both 
trials. Additionally, the surgeons who participated in this 
study were a subset of those in the investigation of the 
control lens; thus, any effect of variability in participant- 
related or site-related factors on outcomes was likely to be 
small.

Figure 6 Scatterplot of absolute IOL rotation at postoperative week 1 versus axial length for the version 1, version 2, and control IOLs. 
Abbreviation: IOL, intraocular lens.
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Figure 7 Surgeon responses to the operative questionnaire on ease of IOL handling during implantation for the version 1, version 2, and control IOLs. The operative 
questionnaire comprised questions on the following: ease of implantation of the IOL into the capsular bag (A); ease of positioning the IOL clockwise at the correct axis (B); 
ease of positioning the IOL counterclockwise at the correct axis (C); ease of removal of viscoelastic from behind the IOL (D); and whether or not the lens position was 
impacted by the removal of viscoelastic from behind the IOL (E). 
Abbreviation: IOL, intraocular lens.
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Conclusions
In conclusion, both test IOLs evaluated in this study 
demonstrated a significant improvement in rotational sta
bility compared with a control IOL at all postoperative 
visits up to 6 months. Both test IOLs stabilized within 
1 day of implantation, and rotational stability was main
tained at all follow-up visits. All eyes implanted with test 
lenses had <5° rotation at 1 week, and no rotations >10° 
were observed with either test IOL through postoperative 
month 6. Although both test lenses showed improvement 
over the control IOL and the difference between them was 
not statistically significant, the consistently lower mean 
absolute rotation for version 2 suggests it may trend 
towards greater stability than version 1. Given these 
results, and in consideration of version 2 having an overall 
haptic geometry identical to that of the current TECNIS 
toric IOL, this design was selected for commercialization 
under the brand name TECNIS Toric II (Johnson & 
Johnson Vision).

Abbreviations
AE, adverse event; IOL, intraocular lens; Min, minimum; 
Max, maximum; SAE, serious adverse event; SD, standard 
deviation.
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