ARQUIVOS BRASILEIROS DE

PUBLICACAOQ OFICIAL DO
CONSELHO BRASILEIRO
DE OFTALMOLOGIA

http://dx.doi.org/10.5935/0004-2749.2025-0395

Submitted for publication:
January 13, 2026

Accepted for publication:
June 23, 2026

Funding:
This study received no specific financial
support.

Disclosure of potential conflicts of interest:
The authors declare no potential conflicts of
interest.

Corresponding Author:
Alper Can Yilmaz
Email: dralpercnylmz@icloud.com

Approved by the following research ethics
committee:

Gulhane Faculty of Medicine, Health Sciences
University (approval number 2025-412).

Data Availability Statement:

The datasets produced and/or analyzed in
this study can be provided to referees upon
request.

Edited by
Editor-in-Chief: Newton Kara-Junior
Associate Editor: André Marcio V. Messias

ORIGINAL ARTICLE

Use of the internal astigmatism axis to
determine the toric intraocular lens axis:
Comparison between C-loop and plate-
haptic lenses
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Alper Can Yilmaz'

ABSTRACT

Purpose: This study aimed to evaluate the agreement between the internal astigmatism axis obtained
using the optical path difference-Scan 11l (NIDEK Co., Japan) and conventional slit-lamp biomicroscopic
measurements for determining the toric intraocular lens axis in non-dilated eyes. Methods: This
retrospective study included 56 eyes that underwent toric intraocular lens implantation and were
evaluated at postoperative week 6. The toric intraocular lens axis was measured using the optical
path difference-derived internal astigmatism axis under mesopic conditions without pharmacologic
pupil dilation and compared with slit-lamp biomicroscopic measurements obtained after pharma-
cologic dilation. Agreement between the two methods was assessed using Bland-Altman analysis,
the intraclass correlation coefficient, angular error analysis, and the distribution of clinically relevant
deviations. Subgroup analyses were performed for plate-haptic and C-loop haptic intraocular lens.
Results: The mean signed angular difference between the two methods was 0.00° (95% Cl:, -0.41° to
+0.41°), with 95% limits of agreement ranging from -2.99° to +2.99°. No systematic or proportional
bias was observed. The mean absolute angular error was 1.21°+0.91°, and no eye demonstrated an
intermethod discrepancy exceeding 5°. The difference between the two methods was <1° in 73.2% of
eyes, <3°in 98.2%, and <5° in all eyes. Excellent agreement was observed between the two techniques
(intraclass correlation coefficient >0.99, p<0.001). Comparable agreement was also observed in both
the plate-haptic and C-loop haptic intraocular lens subgroups. Conclusions: Optical path difference-
-derivedinternal astigmatism axis measurements demonstrated excellent agreement with conventional
slit-lamp biomicroscopic assessment for postoperative evaluation of toric intraocular lens alignment.
The low angular error, narrow limits of agreement, and absence of clinically meaningful discrepancies
suggest that this technique may serve as areliable alternative for determining the toric intraocular lens

axis in non-dilated eyes with adequate pupil size.
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INTRODUCTION

Refractive assessment has become increasingly important in cataract surgery.
With the advent of modern surgical techniques and advances in intraocular lens
(10L) technology, refractive cataract surgery has emerged as a key concept®. In
this context, the intraoperative management of astigmatism represents a critical
aspect of cataract surgery. If corneal astigmatism is left uncorrected during
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surgery, it can compromise postoperative visual outcomes,
necessitate spectacle correction, and negatively affect
patients’ quality of life®. Astigmatism of 1 diopter (D) or
less generally does not cause significant visual impairment;
however, among patients with cataracts, the prevalence
of corneal astigmatism exceeding 1.00 D, 1.50 D, and
2.00 D has been reported to be 32.5%-45.5%, 21.0%-26.2%,
and 8%, respectivelyG®). Astigmatism at these levels often
persists after surgery, resulting in residual postoperative
astigmatism and the subsequent need for corrective
lenses®7).

Limbal relaxing incisions, opposite clear corneal incisions,
and toric 10Ls are commonly used to correct corneal
astigmatism®. Studies have demonstrated that toric 10Ls
effectively correct astigmatism of 1 D or greater and may be
considered a first-line treatment option(™?. Furthermore,
toric 10Ls provide more predictable outcomes than other
techniques and, unlike some surgical approaches, can be
repositioned if necessary®®). The key to successful toric
IOL implantation is rotational stability. Each degree of 10L
rotation reduces astigmatic correction by approximately 3%
and may increase higher-order aberrations®™. When 10L
rotation is sufficient to compromise the effectiveness of
the toric IOL, early postoperative repositioning surgery can
realign the IOL with the intended axis®®.

Therefore, accurate assessment of IOL rotation is
essential. Traditionally, IOL rotation has been measured
using slit-lamp biomicroscopy, whereas more standardized
methods, such as retroillumination photography and
aberrometry, are now commonly employed(®. In this study,
we aimed to evaluate whether the internal astigmatism axis,
measured under mesopic conditions in non-dilated eyes
using the OPD-Scan IIl (Optical Path Difference; NIDEK Co.,
Ltd., Japan), can be used to determine the toric IOL axis and
assess |OL rotation.

METHODS

In this retrospective comparative study, data from
56 eyes that underwent cataract surgery with toric IOL
implantation for astigmatism correction at the Department
of Ophthalmology, Gulhane Faculty of Medicine, between
October 2024 and March 2025 were reviewed. Patients with
ocular surface disorders, keratoconus, or posterior capsule
opacification were excluded. The study was conducted in
accordance with the ethical principles of the Declaration of
Helsinki and was approved by the Scientific Research Ethics
Committee of the University of Health Sciences (Approval
No.s 2025-412).
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Preoperative refractive errors were assessed using an
autorefractometer (Tonoref Ill, NIDEK Co., Ltd., Aichi, Ja-
pan). Best-corrected visual acuity was evaluated using the
logarithm of the minimum angle of resolution (logMAR)
chart. Following anterior segment examination by slit-
lamp biomicroscopy, pupil dilation was induced using
tropicamide eye drops (Tropamid, 0.5% tropicamide, 5 mL;
Bilim Pharmaceutical, Turkey), and the retina and optic nerve
head were examined using a +90 D lens (Volk Optical, Ohio,
USA). In patients with advanced cataracts that precluded
retinal examination, B-mode ocular ultrasonography was
performed. Intraocular pressure was measured using a
pneumotonometer (NT-530, NIDEK Co., Ltd., Aichi, Japan)
and/or Goldmann applanation tonometry. The I0LMaster
500 (Carl Zeiss Meditec AG, Germany) was used to measure
axial length, keratometry, and anterior chamber depth and
to calculate IOL power. The SRK/T formula was routinely
used for IOL power calculation, whereas the Hoffer Q
formula was used for eyes with an axial length of less
than 22 mm. Before surgery, all patients received detailed
informationregarding the procedure and its associated risks,
and written informed consent was obtained.

Keratometry readings, corneal axis values, axial length,
anticipated surgically induced astigmatism (0.50 D), and
the planned incision site (90°-100°) were used to calculate
the toric IOL power and implantation axis. The IOL model
predicted to result in the lowest residual astigmatism was
selected from the preoperative calculations. After topical
anesthesia, the 0° and 180° corneal meridians were marked
preoperatively using slit-lamp biomicroscopy. Immediately
before surgery, after the patient was positioned on the
operating table, a Mendez corneal marker was aligned with
the previously marked horizontal meridians. The mainincision
site and intended IOL axis were then marked on the cornea.
During surgery, 28 patients received a plate-haptic toric
IOL (Acriva BB T UDM 611, VSY Biotechnology, Amsterdam,
Netherlands), whereas the remaining 28 patients received a
C-loop haptic toric IOL (Eyecryl, Biotech Vision Care, India).

Postoperative assessments were performed at 6 weeks.
Internal astigmatism and its axis were measured under
mesopic conditions (room illumination: 10-15 Ix) using the
OPD-Scanlll. Pupil dilation was theninduced with tropicamide
eye drops, and the toric IOL axis was determined by slit-lamp
biomicroscopy. OPD measurements were performed by an
experienced technician, whereas slit-lamp assessments were
conducted by an independent ophthalmologist who had not
participated in the surgical procedures. Agreement between
the two methods was primarily evaluated using Bland-
Altman analysis. Pearson correlation, linear regression,
and intraclass correlation coefficient (ICC) analyses were
performed as supportive analyses.
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Statistical analysis

Statistical analyses were performed using SPSS Statistics
version 30.0 (IBM Corp., Armonk, New York). Continuous
variables were expressed as meantstandard deviation (SD),
and categorical variables were presented as frequencies
and percentages. Data normality was evaluated using the
Shapiro-Wilk test, along with skewness and kurtosis values.

Because toric IOL axis measurements represent circular
datawithinao®-180°range, differencesbetweenmeasurement
methods were calculated using a circular angular difference
formula rather than simple arithmetic subtraction. Signed
angular differences were normalized to the interval of -90°
to +90°, whereas absolute angular errors were expressed as

values ranging from o0° to 90°.

Agreement between the two measurement methods
was primarily assessed using Bland-Altman analysis. The
mean difference (bias), SD of the differences, and 95%
limits of agreement (LoA; bias+1.96 x SD) were calculated.
A one-sample t-test was performed to determine whether
the mean bias differed significantly from o. Proportional
bias was assessed by linear regression analysis of the Bland-
Altman difference-versus-mean plots.

As supplementary analyses, intraclass correlation
coefficients (two-way random-effects model, absolute
agreement, single measurement [ICC 2,1]), Pearson
correlation coefficients, and simple linear regression analyses
were calculated. The absolute angular error between
methods was determined for each eye, and the frequency of
clinically relevant deviations (<1°, <3° <5° >5°, and >10°) was
evaluated.

Comparisons between the plate-haptic and C-loop
haptic I0L groups were performed using the independent-
samples t-test or the Mann-Whitney U test, as appropriate.
Categorical variables were compared using the chi-square
test or Fisher’s exact test when the expected cell count was
less than five. All statistical tests were two-sided, and a p
value of <0.05 was considered statistically significant.

RESULTS

A total of 56 eyes from 56 patients were included in
the analysis. Among the study participants, 31 (55.4%) were
female. The mean age was 65.46+10.76 years (range, 43-85
years). All patients had a mesopic pupil diameter greater
than 3 mm, with a mean diameter of 5.29+0.64 mm (range,
4.08-6.81 mm). The demographic and clinical characteristics
of the study population are summarized in Table 1.

No significant differences were observed between the
plate-haptic and C-loop haptic IOL groups with respect to
age, sex distribution, mesopic pupil diameter, or ocular
biometric parameters (all p>0.05), indicating that the two
groups were well matched at baseline.

Preoperative and postoperative outcomes

Mean corneal astigmatism was significantly reduced
from 2.18+0.52 D before surgery to 0.52+#0.30 D at 6
weeks postoperatively (p<0.001). Likewise, uncorrected
visual acuity improved significantly, decreasing from
0.75x0.20 l0gMAR preoperatively to 0.10+0.08 logMAR
postoperatively (p<0.001; Table 2).

Agreement between OPD and slit-lamp biomicroscopic
measurements

Bland-Altman analysis demonstrated excellent agreement
between the OPD-derived internal astigmatism axis and
the toric I0OL axis measured by slit-lamp biomicroscopy
(Figure 1). The mean signed angular difference (bias) between
the two methods was 0.00° (95% confidence interval [95%
Cl], -0.41° to +0.41°), indicating the absence of systematic
measurement error. The 95% LoA ranged from -2.99° to
+2.99°, demonstrating that measurements obtained with
the two techniques differed by no more than approximately
+3%in 95% of eyes.

Demographic and clinical characteristics of the patients.

Characteristic value
Gender, n (%)

Male 25 (44.6%)

Female 31(55.4%)
Age (years)

Mean 65.46+10.76

Range 43-85
Mesopic pupil diameter (mm)

Mean 5.29+0.64

Range 4.08-6.81
IOL type

C-loop haptic 28 (50.0%)

Plate-haptic 28 (50.0%)

10L= intraocular lens.

Comparison of corneal astigmatism and visual acuity before and after
surgery.

Variable Preoperative  Postoperative p-value
Corneal astigmatism (D) 2.18+0.52 0.52+0.30 0.000"
Uncorrected visual acuity 0.75%0.20 0.10+0.08 0.000"

(logMAR)
D= diopters; logMAR= logarithm of the minimum angle of resolution.
*p<0.05, paired-samples t-test.
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Bland—Altman Analysis — Overall (n=56)
Mean difference = 0.000° + 1.526°; 95% LoA = [-2.99°, +2.99°]
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Bland-Altman scatter plot of axis measurements between OPD and biomicroscopy (overall, n=56). The solid line shows the mean difference (bias), and

the dashed lines represent the 95% limits of agreement (LoA)

Regression analysis of the Bland-Altman plots revealed
no evidence of proportional bias (slope=-0.00, p=0.642). The
mean absolute angular error between the two methods was
1.21°£0.91° (range, 0°-4°). Agreement was excellent across
the study population, with intermethod differences of <1°
in 41 eyes (73.2%), <3° in 55 eyes (98.2%), and <5° in all 56
eyes (100%). No eye exhibited a discrepancy greater than 5°.
Intraclass correlation coefficient analysis further confirmed
excellent agreement between the two measurement
techniques (1CC [2,1] >0.99, p<0.001).

Agreement according to the IOL design

Subgroup analysis by IOL design showed a similarly
high level of agreement between the two measurement
methods. The mean bias was -0.14° (95% LoA, -3.38° to
+3.09°) in the plate-haptic group and +0.14° (95% LoA, -2.61°
to +2.90°) in the C-loop haptic group (Figure 2). No significant
proportional bias was observed in either subgroup.

The mean absolute angular error was 1.29°+1.01° in the
plate-haptic group and 1.14°+0.80° in the C-loop haptic
group. This small difference was not statistically significant
(p=0.745),indicating comparable measurement performance
regardless of IOL design.
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Correlation and regression analyses

As supportive analyses, both the biomicroscopically
measured IOL axis and the OPD-derived internal astigmatism
axis showed a strong correlation with the target axis
(r=0.998 for both methods, p<0.001). Linear regression
analysis demonstrated a strong relationship between each
measurement method and the target axis (biomicroscopic:
R?=0.996, p<0.001; OPD: R*=0.995, p<0.001). Direct
comparison of the two measurement methods also revealed
an almost perfect linear relationship (r=0.999, p<0.007;
R*=0.999, p<0.001). Similar findings were observed in both
the plate-haptic and C-loop haptic IOL subgroups.

Degree of IOL rotation

Thedegreeof IOLrotationrangedfromo°to 11°(mean+SD:
3.77°+2.95°) when measured using the conventional
biomicroscopic method, and from 0° to 14° (4.02°+3.17°) when
assessed by OPD. No statistically significant difference
was observed between the rotation degrees measured by
the two methods (p=0.180). The mean values were similar
and did not demonstrate a clinically significant difference
(Table 3). Comparison between the plate-haptic and C-loop
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Bland-Altman Analysis — By IOL Type

Plate-haptic (n=28)
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Bland-Altman analysis stratified by IOL type: Separate comparison of plate-haptic and C-loop haptic groups

haptic IOL groups revealed no significant differences in mean
rotation degree measured by either method (p=0.055 and
p=0.999, respectively; Table 4).

Distribution of rotation degrees

Based on OPD measurements, the proportion of I0Ls
demonstrating a rotation degree within 0°5° was 78.6% in
the C-loop haptic IOL group and 71.4% in the plate-haptic
IOL group. In contrast, corresponding proportions for the
conventional biomicroscopic method were 85.7% and 82.1%,
respectively. A detailed comparison of rotation degree
distributions by IOL type and measurement method is
presented in Table 5.

DISCUSSION

In the present study, agreement between toric IOL axis
measurements obtained using the OPD-derived internal
astigmatism axis and conventional slit-lamp biomicroscopy
was evaluated using Bland-Altman analysis. Bland-Altman
analysis demonstrated minimal bias (0.00°) and narrow 95%
LoA (-2.99° to +2.99°) between the two methods, with no
evidence of systematic or proportional bias. Furthermore,
the mean absolute angular error was only 1.21°, and no eye
showed an intermethod discrepancy greater than 5°. These
findings indicate that OPD-derived measurements provide
clinically comparable results to conventional slit-lamp
biomicroscopy for toric IOL axis determination.

Toric IOL rotation measured by both methods.

MeanzSD Range p-value

I0L rotation at 6 weeks ~ Biomicroscopy
postoperatively (°) OPD

3.77+2.95 0-11 0.180"
4.02+3.17 0-14

I0L= intraocular lens.
*Paired-samples t-test.

Comparison of toric IOL rotation by lens type and measurement method.

Biomicroscopy OPD p-value
Rotation at 6 weeks C-loop 3.75+2.95 3.75%2.68 0.999
postoperatively (%) haptic IOL (0-10) (0-9)
Plate-haptic  3.79%#3.01(0-11)  4.29%3.63 0.055

1oL (0-14)

10L= intraocular lens.

Distribution of rotation degrees for two different methods by IOL group.

C-loop haptic IOL Plate-haptic IOL

Variable n () n (%) p-value
OPD 0’ 3(10.7) 4(14.3) 0.781
-3 11(393) 10(357)
4°-5° 8(28.6) 6(21.4)
6°-10° 6 (21.4) 6 (21.4)
211° 0(0.0) 2(7.1)
Biomicroscopy 0’ 6 (21.4) 3(10.7) 0.561
-3 6(214) 10(357)
45" 12(42.9) 10(35.7)
6°-10"  4(14.3) 4(14.3)
211° 0(0.0) 1(3.6)

10L= intraocular lens.
*p<0.05, Chi-square test.
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Toric IOL implantation is an effective and safe surgical
method for correcting astigmatism in eyes with cataracts
andregular corneal astigmatism. However, achieving optimal
outcomes requires careful preoperative planning, precise
intraoperative alignment, and thorough postoperative
evaluation(®. Accurate preoperative calculation of kera-
tometric values, corneal axis, surgically induced astigmatism,
axial length, and toric IOL power, together with precise
alignment of the IOL along the intended axis during
surgery, is crucial for successful outcomes®. Preoperative
corneal marking or the use of eye-tracking systems is
intended to ensure accurate positioning of the IOL along
the target axis. However, even when the IOL is correctly
aligned, postoperative rotation may occur before complete
stabilization of the capsular bag and 10L®). Postoperative
rotation of toric IOLs occurs most frequently within the first
postoperative day, and the maximum rotation between
postoperative day 1and month 3 has been reported to be no
more than 2°¢2),

Each degree of toric IOL rotation results in approximately
a 3% reduction in astigmatic correction; therefore, a rotation
of 30° completely negates the astigmatic correction provided
by the lenst™. Accordingly, repositioning surgery is generally
recommended when rotation exceeds 10°®3). Therefore,
postoperative assessment of the toric IOL axis and the degree
of rotation is important for optimizing visual outcomes. In
the present study, two eyes implanted with plate-haptic
IOLs exhibited rotation greater than 10°. However, the
small number of such cases limited our ability to identify
potential risk factors or perform meaningful subgroup
analyses. Nevertheless, agreement between OPD-derived
and biomicroscopic measurements remained high, and no
clinically relevant discrepancies were observed in these eyes.

Postoperative toric IOL alignment is conventionally
assessed by slit-lamp biomicroscopy after pharmacological
pupildilation. However, the measurementsmaybeinfluenced
by patient-related factors, such as head position and
cooperation during the examination, as well as examiner-
related factors. In addition, poor pupil dilation and capsular
fibrosis may hinder visualization of the toric IOL alignment
marks. Photographic and camera-based systems can also
be used to determine the IOL axis, but, similar to the
conventional method, they require pupil dilation to visualize
the toric IOL reference marks(7'®, Several techniques have
been developed to reduce patient- and examiner-related
errors and provide more objective measurements. Viestenz
et al.t? measured IOL rotation using anterior segment
landmarks and reported an average measurement difference
of 2.5°. In another study, the baseline I0L position was
determined from intraoperative video recordings, and IOL

Arg Bras Oftalmol. 2026;89(5):¢2025-0395

orientation was subsequently evaluated at 2 weeks and
6 months postoperatively using digital retroillumination
images. Measurement variability ranged from 2.3° to 3.1%4,

Previous studies evaluating OPD-derived internal astig-
matism measurements for toric IOL axis assessment have
primarily reported strong correlations between OPD and
conventional measurement techniques. Carey et al.C>
reported a mean intermethod difference of 3.27°+2.98°
with 86.3% of eyes demonstrating a discrepancy within 5°,
supporting the validity of the OPD-based approach. Similarly,
Gurdal et al.® demonstrated a high degree of agreement
between OPD and slit-lamp measurements at 1and 6 months
postoperatively. In the present study, agreement was
evaluated using Bland-Altman analysis, which is considered
the preferred method for assessing agreement between
measurement techniques. The observed bias of 0.00°, LoA
within approximately #3°, and absence of proportional
bias provide further evidence that OPD-derived internal
astigmatism axis measurements may serve as a clinically
reliable alternative to conventional slit-lamp biomicroscopy.

The observed distribution of intermethod differences
further supports the clinical applicability of the OPD-based
approach. In the present study, 73.2% of eyes showed an
intermethod difference of <1°, 98.2% showed a difference
of <3° and all eyes demonstrated a difference within 5°.
Given that each degree of toric IOL misalignment reduces
astigmatic correction by approximately 3%, these findings
suggest that the differences between OPD-derived and
biomicroscopic measurements are unlikely to have a clinically
meaningful impact on decision-making or postoperative
refractive outcomes.

An additional strength of the present study is the
separate evaluation of plate-haptic and C-loop haptic toric
IOLs. Excellent agreement was observed in both subgroups,
and neither the mean bias nor the absolute angular error
differed significantly according to IOL design. These findings
suggest that the applicability of OPD-derived internal
astigmatism axis measurements is not limited to a specific
toric 10L platform and that comparable results can be
obtained with different haptic designs.

The OPD-based measurement of the internal astigmatism
axis has several limitations. First, OPD measurements
require a minimum pupil diameter of 3 mm. In patients with
smaller pupils, the iris may partially obstruct the projected
light beam, potentially reducing measurement accuracy.
Therefore, OPD scans should be performed under mesopic
conditions, and pharmacological pupil dilation should be
considered when the mesopic pupil diameter is less than
3 mm. Second, although two different toric IOL designs
were evaluated, the study was not designed or statistically
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powered to compare their rotational stability. Therefore, any
observations regarding differences between plate-haptic
and C-loop haptic I0Ls should be interpreted with caution.

The present study should be considered a clinical vali-
dation study that further supports the use of the OPD-derived
internal astigmatism axis for toric IOL assessment. Previous
studies have already demonstrated the feasibility of this
approach®29). Accordingly, the primary contribution of our
study is not the introduction of a new measurement concept
but the confirmation of its applicability in an independent
patient cohort and across toric IOLs with different haptic
designs. Further prospective studies with larger sample sizes
and additional IOL platforms are warranted to confirm the
generalizability of these findings.

Early postoperative evaluation may provide valuable
information regarding initial toric IOL rotational changes.
However, measurements were obtained at 6 weeks
postoperatively to minimize the potential effects of residual
corneal edemaand incomplete capsular bag-IOL stabilization
on OPD-derived assessments. Another limitation is that
slit-lamp biomicroscopy, an observer-dependent techni-
que, was used as the reference method rather than di-
gital photographic or image-based rotational tracking
systems. Consequently, some degree of examiner-related
measurement variability cannot be excluded. In addition,
residual postoperative astigmatism may be influenced by
factors other than toric IOL rotation, including IOL tilt,
decentration, and posterior corneal astigmatism. Therefore,
changes in the internal astigmatism axis should not be
interpreted as evidence of IOL rotation alone.

In conclusion, the excellent agreement demonstrated
by Bland-Altman analysis, together with the low absolute
angular error and the absence of clinically relevant in-
termethod discrepancies, suggests that OPD-derivedinternal
astigmatism axis measurements may serve as a reliable and
practical alternative to conventional slit-lamp biomicroscopy
for postoperative toric IOL axis assessment. Furthermore, in
eyes with an adequate pupil diameter, this method enables
axis assessment without pharmacological pupil dilation,
potentially simplifying postoperative evaluation in routine
clinical practice.
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